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SECTION TWO - KNOWLEDGE PROFILE

ELEMENT ONE

A systematic, theory-based understanding of the natural sciences applicable to your discipline
(e.g. calculus-based physics).

Context

All engineering fields are rooted in one or more of the natural sciences. In a broad context, natural science
is separated into physical and biological sciences. Physical sciences include chemistry, calculus-based
physics, astronomy, geology, geomorphology, and hydrology. Biological sciences involve living systems
and include biology, physiology, microbiology, and ecology.

Washington Accord graduates are expected to be able to apply this knowledge of the natural sciences
to solve complex engineering problems in their discipline.




Performance Indicators

e Fundamental quantitative knowledge underpinning nature and its phenomena.

e Knowledge of the physical world including physics, chemistry and other areas of physical or

biological science relevant to your discipline

e Knowledge of key concepts of the scientific method and other inquiry and problem-solving

processes

e Application of knowledge from one or more of the natural sciences to the solution of complex

engineering problems relevant to your discipline.

Summarise your knowledge of the natural sciences relevant to your discipline
and how it has been developed through formal study, on-job learning and/or
continuing professional development.

Note: please cross reference to your academic transcript(s) and continuing
professional development records, as appropriate.

Work Episode 1
Project:
Employer:
Designation:
Duration:

Illustration I:

I used my fundamental understanding of electrical principles, measurement sciences,
and applied physics in this research to create a standardized framework. My
study depended on core concepts of physics like electrical signal theory, error
propagation, pressure-force connections, and thermal behaviour of materials. While
testing pressure transmitters using dead-weight testers, | used my knowledge of
pressure physics to relate applied force and area. As a result, accurate span and linearity
checks were guaranteed. | used resistance—temperature relationships for RTDs,
thermoelectric principles guiding thermocouples, and cold junction compensation theory
to analyse and correct temperature variations for thermal calibration. In order to assess
voltage and current measurements, | relied on Ohm's law for electrical calibrations such
as signal resolution and instrument loading effects.

Illustration II:

In-depth uncertainty analysis was greatly aided by my application of mathematical
theorems and statistics. This involves expanding them to predetermined confidence
levels and combining several sources of uncertainty using root-sum-square techniques.
Understanding repeatability, resolution limits, and how the environment affects
measurements was necessary for my analyses.

Work episode 2:
Project:
Employer:
Designation:
Durations:

Illustration III:
My rooftop solar PV system design for this project depended on a methodical application

of physical concepts for a dependable and safe functioning. | evaluated voltage, current,
and power restrictions under various climatic situations, matched DC strings to AC loads,
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and sized inverters using my knowledge of electrical and electromagnetic theory. | used
Ohm's law and energy conservation concepts to guide my calculations for conductor
resistivity, voltage drop, and cable sizing.

In order to evaluate wind loads, pressure-velocity effects, and torque on the mounting
systems, | applied structural and mechanical principles based on fundamental physics
rules. This made sure the PV module arrays could fit under the roof's limitations and
resist the local wind conditions. In order to calculate module temperature coefficients, |
also took thermal physics into account. This made it possible for me to accurately
forecast operational and open-circuit voltages despite seasonal temperature
fluctuations.

Work episode 3:

Project: Design, fabrication, and performance enhancement of dead-weight pressure
gauge testing systems at systems engineers.

Employer:

Designation:

Durations:

lllustration IV:

I used my methodical knowledge of fluid physics, power mechanics, and natural
sciences in this project to create a dependable dead-weight pressure gauge testing
system. Using the formula F=mxgF = m \times gF=mxg, where m is the mass of the
piston and weights and g is the gravitational acceleration, | computed the force applied
by the piston and added deadweight using concepts from classical mechanics. | then
used P=F/AP = F / AP=F/A to convert this force into pressure, where A is the piston's
cross-sectional area as determined by its measured diameter. In order to ensure that
each incremental weight produced a known and repeatable pressure in the system,
these calculations demanded an understanding of circular geometry and units of force
and pressure.

Illustration V:

To comprehend how pressure is transferred through the hydraulic medium in the cylinder
and tubing, | applied ideas from fluid mechanics. This required taking into account how
piston-cylinder clearances affected leakage and frictional losses, which had a direct
effect on measurement accuracy at low pressures. | was able to create a system that
converted theoretical force into a regulated and quantifiable pressure output by
combining fluid and mechanics concepts, enabling the verification of both mechanical
and digital gauges.

Work episode 4:

Project: Design and Development of Electrical Wiring Layouts and Load Distribution
Plans for Commercial Projects at Sainath Polypack.

Employer:

Designation:

Durations:

lllustration VI:

for my project the design and development of the electrical wiring layouts and load
distribution plans for the commercial facility, | showed a methodical, theory-based grasp
of the natural sciences, the principles of electrical engineering based on calculus-based
physics, and circuit theory. | used electrical circuit theory to convert actual operating
loads into engineering design parameters throughout the design stage. Instead of using
theoretical maximum, | used power equations and NEC-based demand factors to
calculate total connected and demand loads for realistic system loading. To find
operating currents, choose suitable conductor diameters, and keep voltage drop to 3%,
| used resistive voltage drop formulae and Ohm's Law. This proved that | understood
energy loss mechanisms, conductor resistance, and current flow, which allowed me to




create branch circuits that preserved power quality and guaranteed steady equipment
functioning.

lllustration VII:

| balanced single-phase and three-phase loads over all phases using three-phase power
system theory. As a result, phase-wise overloading was avoided and neutral currents
were reduced. The distribution of lighting, electricity, HVAC, and IT loads was guided by
my knowledge of phase relationships and imbalanced load consequences. | used ETAP-
based load flow and short-circuit analysis to validate this theoretical application. In order
to verify system stability and compliance under typical and peak operating conditions, |
examined voltage profiles, current magnitudes, and fault behaviour there.




ELEMENT TwO

Conceptually based mathematics, numerical analysis, statistics and formal aspects of computer
and information science to support analysis and modelling applicable to your discipline.

Context

Branches of mathematics applied in engineering include arithmetic, algebra, geometry, trigonometry,
calculus, differential equations, numerical analysis, optimization, probability and statistics, simulation, and
matrix theory. Engineers apply mathematics in a wide variety of functions typically carried out in
engineering organisations such as planning, design, manufacturing, construction, operations, finance,
budgeting, and accounting.

Washington Accord graduates are expected to be able to apply this mathematical knowledge to solve
complex engineering problems in their discipline.

Performance Indicators

o Knowledge of mathematics, statistics and numerical methods that supports the development or
application of models that replicate ‘real world’ behaviours

e An understanding of the assumptions behind theoretical models and their impacts in the
development and use of those models

e  Ability to organise and analyse a data set to determine its statistical variability

¢ Knowledge of trigonometry, probability and statistics, differential and integral calculus, and
multivariate calculus that supports the solving of complex engineering problems

e Ability to apply differential equations to characterize time-dependent physical processes

Summarise your mathematical knowledge relevant to your discipline and how it er]‘;‘c’)'tda‘:ions to

has been developed through formal study, on-job learning and/or continuing your

professional development. supplementary
evidence

Note: please cross reference to your academic transcript(s) and continuing professional (da“euméif)d
development records, as appropriate. pag

Work Episode 1
Project:
Employer:
Designation:

Duration:

Illustration I:

In order to discuss instrument specifications into engineering limits and to quantitatively
assess measurement performances for this project, | employed both conceptual
knowledge of mathematics and numerical analysis. | used computational methods to




convert manufacturers' percentage-based precision figures into definite tolerances for
tasks such as calculating pressure limitations from full-scale ranges. This made it possible
to base calibration choices on precise numerical criteria as opposed to subjective
assessment.

Illustration II:

When analysing drift, hysteresis, and reproducibility in mechanical and electronic
instruments, | also used statistical reasoning. The highest and minimum observed values
from many measurements were used to assess repeatability, and the results were
standardized against full-scale ranges. | evaluated deviation patterns from random
fluctuations for temperature and pressure devices over several calibration points to identify
systematic errors like span drift. Structured numerical modelling was necessary for
measurement uncertainty analysis. | determined the specific factors that contribute to
uncertainty, such as repeatability, environmental variance, equipment resolution, and
reference accuracy. In order to determine the combined standard uncertainty and
expanded uncertainty at a specified confidence level, | merged these elements using root-
sum-square techniques. Through these computations, calibration results were converted
into statistically significant information appropriate for engineering decision-making.

Illustration IlI:

| also used formal computer and information science concepts to calibrate data in the
CMMS. In order to facilitate automated trend analysis and long-term drift modeling, |
defined data fields, associations, and audit trails. Predictive maintenance and evidence-
based asset decisions were facilitated by this combination of digital data management and
numerical analysis.

Work episode 3:

Project: Design, fabrication, and performance enhancement of dead-weight pressure
gauge testing systems at systems engineers.

Employer:
Designation:

Durations:

Illustration 1V:

| used numerical techniques to translate solar resource data, rooftop limitations, and
energy demand into workable PV system designs. | used system efficiency factors to
calculate DC array capacity, applied module temperature coefficients to forecast voltage
fluctuations under seasonal conditions, and computed daily and monthly energy
requirements using past billing data. To guarantee that string sizing, DC/AC ratios, and
cable voltage dips stayed within acceptable operating bounds, these computations
required exact numerical analysis.

Illustration V:

In evaluating the effects of shade, partial roof coverage, and anticipated energy yield, |
also used statistical reasoning. To guarantee accurate estimates of energy production, |
measured shading losses and incorporated them into performance ratio computations by
analysing sun-path data and roof surveys. In order to provide unambiguous traceability
and enable performance modelling tools to simulate energy production under various
environmental situations, | organized single-line schematics, PV string configurations, and
BOS component data in a methodical manner.




lllustration VI:

Using my knowledge of numerical analysis, and statistics, | designed and calibrated and
electrical power system based on performance evaluation of the dead-weight pressure
gauge testing system. During the design phase, | performed precise calculations to
determine the piston cross-sectional area using the formula A=1rx(d/2)2A = \pi \times
(d/2)"2A=11%(d/2)2, where d is the measured piston diameter. This area was critical for
converting the applied forces from deadweight into the resulting pressures in the system.
| calculated the forces from the combination of piston mass and added weights (F=mxgF
=m \times gF=mxg) and then derived the corresponding pressures (P=F/AP = F / AP=F/A)
for each calibration step.

Illustration VII:

| assessed the calibration results using statistical analysis as well. | determined the
absolute inaccuracy and percentage error in relation to the actual pressure by taking
gauge readings at each applied pressure. This enabled me to evaluate the impact of
friction and mechanical limitations on measurement accuracy as well as spot systematic
aberrations like under-reading at low pressures. In order to quantitatively assess the
system's dependability and performance, graphs and calibration lines were created to
show trends throughout the pressure range.

Work episode 4:

Project: Design and Development of Electrical Wiring Layouts and Load Distribution Plans
for Commercial Projects at Sainath Polypack.

Employer:
Designation:
Durations:
lllustration VIII:

During the load assessment and demand calculation phase, | used arithmetic and
algebraic formulations to compute total connected load and demand load using summation
models and code-based demand factors. In order to numerically estimate the impact of
individual loads across various operational zones, | created organized load inventories
using spreadsheet-based techniques. This made it possible for me to examine load
distribution patterns and confirm that feeder ratings and panel capacities matched
computed demand profiles analytically.

lllustration IX:

| used numerical techniques to determine operational currents, resistance-based voltage
drops, and authorized limitations for branch circuits in the conductor sizing and voltage
drop study. | assessed several conductor size choices and chose configurations that
satisfied thermal and voltage regulation requirements by modelling voltage drop as a
function of conductor length, current, and resistivity. The final design met both
performance and safety requirements thanks to this numerical comparison.

Illustration X:

| used MATLAB and ETAP for computer-based modelling and simulation to illustrate this
component. | created a computerized model of the electrical network and carried out load
flow and short-circuit investigations in ETAP. Network resistances, node voltages, and




current flows had to be represented mathematically for these simulations. In order to verify
system adequacy under typical and peak operating conditions, | analysed numerical
outputs such voltage profiles, phase currents, and fault levels. | managed design data,
created panel schedules, and coordinated wire layouts using computer-aided design and
information systems like AutoCAD Electrical and Excel.

ELEMENT THREE

A systematic, theory-based formulation of engineering fundamentals required in the engineering
discipline.

Context

Engineering fundamentals provide the knowledge base for engineering specialisations and represent a
systematic formulation of engineering concepts and principles based on mathematical and natural
sciences to support applications.

The core areas of engineering fundamentals knowledge include fluid mechanics, statics and dynamics,
electric circuits, solid mechanics, thermodynamics, heat transfer, mass transfer, and properties of
materials.

Washington Accord graduates are expected to be able to apply this knowledge of engineering
fundamentals to solve complex engineering problems.




Performance Indicators

e Ability to define key factual information in core areas of fundamental engineering knowledge

relevant to your engineering discipline

e Evidence of sufficient depth of knowledge of engineering fundamentals to demonstrate an ability
to think rationally and independently within and outside a chosen field of specialisation

e Evidence of sufficient breadth of knowledge of engineering concepts and principles to allow

subsequent professional development across a broad spectrum of engineering

e  Ability to apply knowledge of engineering fundamentals to solve complex engineering problems

relevant to your discipline

Summarise your knowledge of the core engineering fundamentals (as listed
above) and how they have been developed through formal study, on-job learning
and/or continuing professional development.

Note: please cross reference to your academic transcript(s) and continuing professional
development records, as appropriate.

Work Episode 1
Project:
Employer:
Designation:
Duration:
Illustration I:

In order to build the calibration system in a methodical way for this project, | relied on a
methodical and theoretical grasp of instrumentation engineering and metrology. | viewed
calibration as an engineering problem requiring the application of fundamental principles such as
formulation and assumptions, rather than as a normal maintenance activity.

The recognized measuring system concepts of accuracy, resolution, linearity, repeatability,
hysteresis, and long-term stability served as the foundation for my calibration process. My choice
to employ multi-point up-and-down calibration cycles and to record both rising and falling data in
order to detect non-linearity and directional errors was informed by these principles. | was able
to apply targeted changes rather than needlessly replace instruments when deviations became
concentrated at high-span values because | recognized them as span-related mistakes rather than
random noise.

lllustration II:

| applied engineering principles to the behavior of systems and the impact of the
environment. Incorporating controlled laboratory settings and stabilization periods into the
calibrated design, | also considered the impact of temperature, humidity, vibration, and
electrical noise on sensitive instruments. These issues were grounded in the concepts of
signal integrity and sensor behavior. In a similar vein, | identified individual error sources
and combined them into a single representative uncertainty value in accordance with
metrological formulas for uncertainty evaluation. In contrast to a notional pass or fail status,
this protected the data that represented the actual confidence level of each measurement.
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Work episode 2:

Project:

Employer:

Designation:

Durations:

Illustration 111

All engineering standards and physics principles were adhered to in the design of the
rooftop solar PV systems. | matched AC loads, sized inverters, and set up DC strings using
electrical engineering concepts to make sure that power, voltage, and current ratings
remained within operating bounds. | constructed the mounting systems using fundamental

principles of mechanical and structural engineering as a guide, accounting for torque, wind
loads, and roof integrity to guarantee long-term stability.

Through a thorough examination of thermal and energy conversion principles, | was able
to forecast module performance in a variety of temperature and irradiance conditions,
ensuring that system voltages remained stable and within inverter MPPT ranges all year

long. To ensure system safety and dependability, | created cable sizing, protection, and
grounding using recognized electrical formulas and standards.

Work episode 3:

Project: Design, fabrication, and performance enhancement of dead-weight pressure
gauge testing systems at systems engineers.

Employer:
Designation:
Durations:
lllustration 1V:

| designed and assembled the dead-weight pressure gauge testing system using a
methodical, theory-based principles of mechanical engineering. For material procurement,
I chose suitable materials for the piston, cylinder, and deadweight using concepts from
material science and mechanics. To minimize friction and leakage for smooth motion, |
used tolerance and fit principles to limit piston-cylinder gaps. For dimensional accuracy
and alignment of every component, | also applied my understanding of manufacturing
techniques including drilling, boring, and surface finishing. For continuous pressure
delivery, the fluid reservoir, hoses, and valves in the pressure transmission path were
designed using the principles of fluid mechanics.

Work episode 4:

Project: Design and Development of Electrical Wiring Layouts and Load Distribution Plans
for Commercial Projects at Sainath Polypack.

Employer:
Designation:
Durations:

Illustration V:




| used engineering design approaches to translate functional and operational requirements
into quantifiable electrical parameters throughout the system planning and load
formulation stage. By classifying all load types, computing connected and demand loads,
and designing feeder, panel, and branch circuit topologies according to computed current
levels and consumption trends, | created the electrical system. This method demonstrated
my proficiency with theory-based formulation, where system layout was determined by
electrical principles including power balance, load diversity, and continuity of supply.




ELEMENT FOUR

Engineering specialist knowledge that provides theoretical frameworks and bodies of knowledge
for the accepted practice areas in the engineering discipline; much is at the forefront of the
discipline.

Context

In addition to a broad understanding of fundamental engineering principles, professional engineers are
required to develop specialised engineering knowledge to support their practice. This may be aligned with
traditionally defined fields of specialisation such as structural, industrial or geotechnical engineering;
coherent combinations of such traditional areas; or more recently emerging fields such as software,
biomedical or mechatronics engineering.

Advancing technological knowledge and complexity means that technical specialisation is increasingly
necessary for an engineer to remain abreast of technological development throughout their career.

Washington Accord graduates are expected to be able to apply this engineering specialist knowledge to
solve complex engineering problems.

Performance Indicators

o Evidence of sufficient depth of knowledge to support practice within one or more recognised
field of engineering

e Evidence of a systematic understanding of the coherent body of knowledge related to a
particular field of engineering; its underlying principles and concepts; its usage and
applications; and analytical and problem-solving techniques

e  Ability to apply specialist engineering knowledge to solve complex engineering problems

Summarise your specialist engineering knowledge and how it has been developed er]cr’]‘(’)itda‘;onsto

through formal study, on-job learning and/or continuing professional your

development. supplementary
evidence

Note: please cross reference to your academic transcript(s) and continuing professional (dOC“me”Ea”d
development records, as appropriate. page number)

Work Episode 1
Project:
Employer:
Designation:
Duration:

Illustration I:
Established metrological frameworks that were in line with ISO/IEC 17025 standards and specified

by best practices for traceability, uncertainty assessment, and measurement system competency

served as the foundation for my work on this project. | put my knowledge-based comprehension

of sensor technologies and their modes of failure to use. This included researching mechanical




gauge hysteresis, RTD resistance non-linearity, thermocouple cold junction compensation errors,
and pressure transmitter span drift. Instead of depending on trial-and-error corrections, this
knowledge enabled me to identify the underlying source of discrepancies based on observed
calibration patterns. For instance, instead of calling the instrument unusable when pressure errors

increased significantly at full scale, | found span drift and fixed it with controlled reconfiguration.

lllustration I

| used traceability chains, accuracy ratios, and reference hierarchies to choose and qualify
calibration standards. | made sure that all calibration findings were defendable against technical
audit by enforcing minimal accuracy ratios and confirming certificates connected to national and
international laboratories. | used my considerable knowledge of measurement uncertainty as a
useful engineering tool. | included uncertainty directly into calibration certifications and decision-

making procedures rather than treating it as a theoretical idea.

Work episode 2:

Project:

Employer:

Designation:

Durations:

lllustration IlI:

| create designs that adhere to current technical specifications and industry standards
using my expertise in solar photovoltaic engineering. To maximize the performance of the
integrated system, | relied on my knowledge of PV module characteristics, inverter
operation, DC/AC matching, and maximum power point tracking. The systems complied
with IEC, IEEE, NEC, and pertinent IS safety requirements thanks to my understanding of

protection schemes, surge devices, isolation switches, and earthing procedures.

lllustration IV:

| researched and used specialized knowledge of temperature-induced voltage changes,
partial string mismatches, and shading effects to guide module location and string
arrangement. Based on exposure circumstances unique to the site, | computed wind load
and structural mounting principles. This made it possible for arrays to endure

environmental conditions without sacrificing functionality or security.

lllustration V:

In order to generate accurate forecasts of system output under local irradiance and
operating conditions, | additionally incorporated energy yield modeling and performance
ratio estimation approaches from recent literature and published research. The residential

and commercial systems were able to achieve solid technical functioning because to a mix




of theoretical PV expertise, practical design frameworks, and dedication to evolving
industry standards.

Work episode 3:

Project: Design, fabrication, and performance enhancement of dead-weight pressure
gauge testing systems at systems engineers.

Employer:

Designation:

Durations:

Illustration VI:

| created a system that uses regulated deadweight to produce consistent and accurate
pressure measurements utilizing stimulations as the main pressure standard. | was able
to predict under-reading and hysteresis, especially at low-pressure ranges, thanks to my
knowledge of mechanical behaviour, friction effects, and gauge sensitivity. for the
development of the system, | combined these specialized concepts with engineering
methods. | took responsibility for choosing materials with appropriate mechanical and
thermal characteristics and setting up piston-cylinder tolerances, which result in airtight

sealing for fluid transmission, in order to achieve optimum precision.

Work episode 4:

Project: Design and Development of Electrical Wiring Layouts and Load Distribution Plans
for Commercial Projects at Sainath Polypack.

Employer:

Designation:

Durations:

lllustration VII:

| used my specialist knowledge of commercial low-voltage distribution systems, such as
panel hierarchy design, feeder configuration, and circuit segregation techniques, during
the power distribution planning and system architecture stage. | defined load grouping,
diversity application, and phase balancing solutions appropriate for commercial settings
using recognized frameworks from IEEE Std 141. Instead of using haphazard wiring
configurations, this made that the electrical system was scalable, maintainable, and in line

with industry best practices.

lllustration VIII:

| used advanced protection engineering concepts during the protection design and
coordinating stage. In order to achieve selective coordination, | chose protective devices
by analysing fault levels, continuous load needs, and time-current characteristics. This
made it possible for me to create protection schemes that maintained upstream system
stability—a crucial need in contemporary commercial installations—while isolating failures

at the closest protective device.




| applied my understanding of load flow analysis, short-circuit modelling, and network
impedance representation to power system modelling and simulation using ETAP. To
verify system performance, | created a digital model of the distribution network and

analyzed simulation results such voltage profiles, fault currents, and phase loads.




ELEMENT FIVE

Knowledge that supports engineering design.

Context

The design process — the root of engineering — is the process of devising a system, component or process
to meet desired needs. Engineering design is a systematic process that involves problem definition and
scoping, research, analysis, option development and selection, modelling to predict future performance,
detailed design and testing. Importantly, it also involves communication of the outcome in a way that
enables the design solution to be realised.

Washington Accord graduates are expected to be able to apply this knowledge of the design process to
solve complex engineering problems.

Performance Indicators
e  Ability to undertake research and analysis to support the design process

e  Ability to investigate a situation or the behaviour of a system and identify relevant causes and
effects

e Ability to develop from first principles and construct mathematical, physical and conceptual
models of situations, systems and devices, with a clear understanding of the assumptions made
in development of such models

e Application of technical knowledge, design methods and appropriate tools and resources to
design components, systems or processes to meet specified criteria

e Ability to analyse the pros and cons of alternative design options to support the development of
an optimised design alternative

e Ability to analyse the constructability or manufacturing feasibility of a project or product

e  Experience of personally conducting a significant design exercise, providing evidence of the
consideration of various realistic constraints, such as safety, reliability, ethics, economic factors,
aesthetics and social impact.

e Ability to apply appropriate design methods in solving complex engineering problems




Summarise your knowledge that supports engineering design relevant to your
discipline and how it has been developed and applied through formal study, on-
job learning and/or continuing professional development.

Note: please cross reference to your academic transcript(s) and continuing professional
development records, as appropriate.

. Work Episode 1
Project:
Employer:
Designation:
Duration:

lllustration I:

Instead of completing discrete technical tasks in this work episode, | explicitly used my engineering
knowledge to support the design and implementation of a full calibration system. | approached
the calibration framework as a fully constructed system that required precise performance goals,
defined inputs and outputs, and organized design choices. In order to assist this, | used my
expertise of design to convert operational requirements into technical specifications, such as
establishing calibration intervals based on instrument criticality, calibration ranges, tolerance
limits, and acceptance criteria. Instead of organizing the calibration procedure as a set of discrete
operations, | designed it as an integrated system. This required establishing the calibration
routine, choosing reference standards that satisfied minimal accuracy ratio requirements,
defining environmental control parameters, and figuring out stabilization times prior to
measurements. | designed these elements intentionally to work together so that calibration
results remained consistent and reproducible across different instruments and technicians.

Illustration Il

I combined software, hardware, and procedural elements into a unified functional framework by
using system design concepts. In terms of hardware, | chose reference tools like multifunction
electrical calibrators, dry block calibrators, and dead-weight testers. In terms of software, | set up
the CMMS to record historical trends, uncertainty values, as-found and as-left readings, and
instrument information. To guarantee consistent execution and traceability, | created
standardized calibration procedures and documentation templates. Additionally, | planned the
system to account for operating limitations and failure possibilities.

Work episode 2:
Project:
Employer:
Designation:
Durations:
Illustration 111

| started examining energy usage trends and roof conditions to ascertain the ideal system size,
module choice, and string design in order to translate site-specific requirements. To determine
the daily energy requirement, | started by examining past electricity billing data for both the
residential and commercial blocks. This translated to about 10 kWh per day for the residential
roof, guiding the baseline DC array sizing to about 3 kW. Larger and more variable loads resulted
in a system size in the tens of kilowatts range for the commercial plant.
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In order to plan the string layout and module placement, | measured the usable roof surfaces and
noted any obstacles such water tanks, parapets, ventilators, and surrounding trees. To minimize
shading losses, | grouped partially shaded modules on separate MPPT inputs, ensuring that local
shading would not reduce the output of the entire array.

lllustration IV:

I used my understanding of electrical design to set up strings inside inverter MPPT windows while
taking seasonal temperature extremes and module operating voltage into account. DC/AC ratios
were carefully chosen; the commercial system permitted a small amount of oversizing to
maximize efficiency, while the residential system favored little clipping. In accordance with IEC,
IEEE, and IS standards, | determined cable sizing based on string currents, lengths, and permitted
voltage drops. Protection devices such as DC isolators, string fuses, surge protectors, and AC
breakers were chosen.

lllustration V:

| used pressure-velocity correlations and wind load computations to guarantee mounting stability
for precise structural design. In order to avoid uplift and shading problems, | established the
location of ballast on flat residential roofs and mechanical fixings for the commercial shed,
modifying tilt, spacing, and anchoring. | produced realistic performance ratios in the 75—-80% range
by incorporating plane-of-array irradiance, shading losses, module mismatch, and system
efficiency factors using energy yield modelling.

Work episode 3:

Project: Design, fabrication, and performance enhancement of dead-weight pressure gauge
testing systems at systems engineers.

Employer:
Designation:
Durations:
Illustration VI:

In this project, a working dead-weight pressure gauge testing system was developed using my
engineering design expertise. To find the precise pressure generated for each applied deadweight,
| used calculations for piston diameter and cross-sectional area. | created the piston-cylinder
mechanism using these numbers to ensure smooth motion with minimum friction and leakage,
which is essential for precise low-pressure calibration.

| chose materials based on their corrosion resistance and mechanical qualities. | utilized steel for
the deadweight, transparent plastic for the fluid monitoring tube, and stainless steel for the
cylinder and piston. The outcomes of my analysis of the operational pressure range and the need
for accurate measurements informed my decision. | incorporated manufacturing and assembly
factors into the design, such as surface treatment to minimize wear and friction, alignment
techniques, and tolerances for piston-cylinder clearance. | developed a system that consistently
turned applied deadweight into precise and traceable pressures by integrating these design
calculations, material selection, and assembly planning.

Work episode 4

Project: Design and Development of Electrical Wiring Layouts and Load Distribution Plans for
Commercial Projects at Sainath Polypack.

Employer:




Designation:
Durations:
Illustration VII:

I used my understanding of material characteristics, resistivity, and temperature limits to choose
the right cable sizes for conductor sizing and voltage drop analysis, guaranteeing operational
dependability and compliance. Additionally, | validated the design and optimized circuit routing,
protection coordination, and system stability by modelling load flow, short-circuit circumstances,
and phase balancing using ETAP and MATLAB simulations. In order to guarantee continuity, safety,
and power quality, | integrated sensitive and emergency loads on special circuits with UPS and
protective devices.




ELEMENT Six

Knowledge of engineering practice in the engineering discipline.

Context

Engineers require knowledge of a broad range of tools and techniques relating to technical
(measurement, modelling, drawing, design), business (financial management, project management) and
interpersonal (communications, teamwork) aspects of modern engineering practice.

Washington Accord graduates are expected to be able to:

Create, select and apply appropriate techniques, resources, and modern engineering and IT
tools, including prediction and modelling, to complex engineering problems, with an
understanding of the limitations

Apply knowledge of management principles and economic decision making as part of the
management of engineering projects

Function effectively as an individual and as a member or leader in diverse teams

Communicate effectively with both technical and non-technical audiences

Performance Indicators

Tools and technologies:

Awareness of critical issues affecting current technical and professional practice

Awareness of current tools of analysis, simulation, visualisation, synthesis and design,
particularly computer-based models and packages, and competence in the use of a
representative selection of these

Appreciation of the accuracy and limitations of such tools and the assumptions inherent in their
use

Knowledge of materials and resources relevant to the discipline and their main properties and
ability to select appropriate materials and techniques for particular objectives

Knowledge of a wide range of laboratory procedures relevant to the discipline and a clear
understanding of the principles and practices of laboratory safety

knowledge of current types of systems, equipment, information technology, and specifications
that accomplish specific design objectives

Communication:

write correspondence that clearly and concisely communicates facts and circumstances
related to a project, product or process

plan, prepare and deliver an oral presentation, with appropriate visual aids and other
supporting materials

communicate effectively with both technical and non-technical individuals and audiences

Engineering management principles and economic decision making:

apply appropriate tools and techniques to monitor project schedules and costs

Teamwork:

Operate as an effective team member or leader of a multidisciplinary team




Summarise your knowledge in each of these core areas underpinning engineering
practice and how it was developed through formal study, on-job learning and/or
continuing professional development.

Note: please cross reference to your academic transcript(s) and continuing professional
development records, as appropriate.

Work Episode 1
Project:
Employer:
Designation:

Duration:
Hlustration I:

I used my practical engineering practice skills in instrumentation and calibration in this work
episode by making sure that technical choices were in line with real plant circumstances and
operational constraints. | knew that achieving calibration precision had to be done without
sacrificing human safety, production deadlines, or the equipment' long-term maintainability.
Instead of treating every instrument equally, | planned calibration procedures depending on the
instrument's critical conditions and process risk in accordance with standard industry norms to
avoid this. In order to carry out calibration work with the least amount of disturbance to vital
activities, | worked closely with the production, quality, and maintenance teams.

lllustration Il:

| followed all engineering and safety procedures during execution. Before working on active
circuits, | ensured electrical isolation; during dead-weight testing, | applied pressure carefully; and
during high-temperature calibrations, | enforced the proper thermal safety precautions.
Additionally, | considered calibration data to be an essential technical output. | ensured that all
calibration results remained dependable and defendable over time by implementing controlled
access, dual verification for crucial instruments, and complete audit trails within the CMMS to
safeguard data integrity.

Work episode 2:
Project:
Employer:
Designation:

Durations:

Illustration IlI:

| determined daily energy consumption by analyzing past billing data using my expertise
as an electrical engineer. The business load study produced a system in the tens of
kilowatts, while the average daily use of about 10 kwWh for the residential roof led to a 3
kW DC array design. | took seasonal temperature changes and module temperature
coefficients into consideration when choosing modules and configuring strings to stay
inside inverter MPPT voltage windows. In order to maximize inverter efficiency when

Provide
annotations to
your
supplementary
evidence
(document and
page number)




integrated with the residential system for minimal clipping and the commercial system for
small oversizing for peak energy capture, | chose DC/AC ratios.

Illustration 1V:

After calculating the minimal cable cross-sections using conductor resistivity and voltage
drop calculations, | chose commercial sizes that were slightly oversized to minimize losses
and heating. To ensure safe operation under both normal and fault conditions, protection
measures included DC isolators at arrays and inverters, string fuses for parallel strings,
surge protective devices on both DC and AC sides, AC circuit breakers, and residual
current devices. My knowledge of the fundamentals of mechanical and structural
engineering enabled me to create mounting solutions that could endure severe weather
and wind stresses unique to a certain site. | placed ballast supports on the flat roof of the
house, but mechanically secured structures were needed for the commercial industrial
shed. To lessen the effect of shade, | planned string positioning and MPPT grouping in
addition to modifying module tilt, spacing, and anchoring.

Illustration V:

In order to provide accurate projections and get a performance ratio between 75 and 80%,
| took into account local solar irradiation, module orientation, shading, module mismatch,
wiring, inverter efficiency, and temperature implications for energy output and
performance. For balanced calculated results within realistic site limits, | coordinated
rooftop surveys, structural evaluations, and client needs throughout the project.

Work episode 3:

Project: Design, fabrication, and performance enhancement of dead-weight pressure
gauge testing systems at systems engineers.

Employer:
Designation:

Durations:

Illustration VI:

| adhered to national and international electrical standards, including IS 3621, IS 5182,
and IEEE guidelines for instrumentation accuracy, to ensure accuracy in operations and
calibration. In order to preserve dimensional accuracy and alignment, | integrated
machining processes like drilling, boring, and finishing into an orderly workflow for
component manufacturing, assembly, and testing.

| used stringent quality assurance criteria when choosing materials. | use steel for
deadweight to maintain stable masses, stainless steel for the piston and cylinder to
withstand high pressures and offer corrosion resistance, and clear tubing for secure fluid
level monitoring. For precise low-pressure readings, | managed piston-cylinder clearances
to reduce frictional losses and leaks.

Illustration VII

I used my knowledge of engineering methods to conduct surface protection, lubrication,
and leak testing during system commissioning. This was followed by a methodical
calibration using known deadweight. | took gauge readings, computed absolute and
percentage errors, and examined deviation sources such mechanical limitations and
friction. | also created calibration certificates, traceability matrices, and integrated the data
into the CMMS for monitoring and planned maintenance.




Work episode 4:

Project: Design and Development of Electrical Wiring Layouts and Load Distribution Plans
for Commercial Projects at Sainath Polypack.

Employer:
Designation:

Durations:

lllustration VIII:

When designing panel layouts and routing systems, | used engineering practice to make
sure that circuits were both physically possible and logically arranged within the limited
building space. In accordance with standard installation procedures that place a premium
on dependability and continuity in business settings, | created distinct circuits for vital
systems like servers and emergency lighting. In order to evaluate the design's viability,
optimize conduit routes, and verify compliance with safety and installation requirements, |
also used organized methods for validation and review in collaboration with contractors
and electrical specialists.




ELEMENT SEVEN

Comprehension of the role of engineering in society and identified issues in engineering practice
in the discipline: ethics and the professional responsibility of an engineer to public safety; the
impacts of engineering activity: economic, social, cultural, environmental and sustainability.

Context

Engineers design artefacts (facilities, structures, systems, products and processes) that are intended to
meet a societal need, but which typically impact on individuals or groups in different ways. As a result,
design and decision-making processes must take account of often conflicting stakeholder needs. An
understanding of this societal context and the ethical obligations that the engineer has in service of society
are critical components of engineering practice.

Washington Accord graduates are expected to be able to:

e Apply ethical principles and commit to professional ethics and responsibilities and norms of
engineering practice

¢ Understand and evaluate the sustainability and impact of professional engineering work in the solution
of complex engineering problems in societal and environmental contexts

Performance Indicators

° Demonstration of ethical behaviour in accordance with ethical codes of conduct and established
norms of professional conduct

e Evidence of making ethical decisions and regulating one’s own professional conduct in
accordance with a relevant code of ethical conduct

¢ Implementation of appropriate health and safety practices

e Application of safe practices in laboratory, test and experimental procedures

e  Awareness of the social and environmental effects of their engineering activities

e Awareness of sustainable technologies and sustainable development methodologies

e  Ability to identify risks as a consequence of engineering compromises made as a result of project
or business constraints, and understanding of techniques to mitigate, eliminate or minimise risk

¢ Knowledge of appropriate risk management techniques used to assess the accuracy, reliability
and authenticity of information

e Understanding of the role of quality management systems tools and processes

Summarise your knowledge of the role of engineering in society and how it has er]‘r’]‘(’)itda%ons o

been developed through formal study, on-job learning and/or continuing your

professional development. supplementary
evidence

Note: please cross reference to your academic transcript(s) and continuing professional | (document and
development records, as appropriate. page number)

Work Episode 1
Project:
Employer:
Designation:
Duration:
Illustration I




| applied engineering in this work episode with the knowledge that precise measurement and
instrumentation are essential for process efficiency, product quality, and public safety. | created
the calibration system to protect employees, clients, and the society at large from hazardous
situations, product flaws, and energy inefficiencies. Whereas calibrations were carried out in
accordance with high technical guidelines with verified references and reported uncertainty, all
of my decisions were informed by ethical and professional duty. Additionally, | made sure that all
safety procedures—such as heat protection, regulated pressure application, and electrical
isolation—were properly followed.

Work episode 2:
Project:
Employer:
Designation:
Durations:

Illustration Ill:

In accordance with the project's specifications, | realized that the design of rooftop PV systems
required engineering because they directly affected public safety, operational dependability, and
sustainable energy consumption. | made sure that every structural and electrical component was
built to avoid risks like short circuits, overvoltage, and structural failure. In order to offer safe
maintenance access and lower the chance of accidents, | included the appropriate arrangement
of walkways, isolators, and junction boxes.

| approached the design with professional responsibility, according to dependability standards
including IEC, IEEE, NEC, and IS codes. The requirement to prevent operational inefficiencies that
could jeopardize energy delivery or result in premature equipment stress was the basis for
equipment selection, including string grouping, shade analysis, and MPPT assignment. Structural
choices for ballast and mechanical fixings were made to ensure longevity of the installation,
reducing the need for frequent replacements.

Work episode 3:

Project: Design, fabrication, and performance enhancement of dead-weight pressure gauge
testing systems at systems engineers.

Employer:

Designation:

Durations:

Illustration IV:

Through this study, | realized how important precise pressure measurement is to the efficiency of
industrial operations and the safety of equipment. In order to fulfill this responsibility, | created a
reliable dead-weight pressure gauge testing system that supported safe pressure-based decision-
making and decreased the possibility of undetected error in measurement. | ensured that results
were accurate, transparent, and ethically reported by adhering to established criteria and
maintaining complete traceability in calibrating processes. Instead of ignoring deviations, | made
sure to explicitly identify mistakes and restrictions, which is a reflection of my professional
obligation as an engineer. By creating an affordable method that minimized dependency on
outside calibration services and increased the useful life of pressure gauges, | also took
sustainability and economic considerations into account.

Work episode 4:

Project: Design and Development of Electrical Wiring Layouts and Load Distribution Plans for
Commercial Projects at Sainath Polypack.

Employer:

Designation:

Durations:




Illustration V:

| addressed the facility's economic viability by optimizing load distribution and lowering energy
losses through coordinated phase distribution and conductor sizing. Circuits for critical IT and
emergency systems were segregated to guarantee continuous operations, promoting social and
functional constancy for users and staff. By choosing suitable conductor sizes and materials to
reduce energy waste and lower the facility's carbon footprint, environmental and sustainability
considerations were included. Shorter conduit routes and smart layout planning reduced material
consumption and made maintenance simpler.

ELEMENT EIGHT

Engagement with selected knowledge in the research literature of the discipline.

Context

Research and broader lifelong learning capabilities are essential if the engineer is to remain up to date
with rapidly evolving scientific knowledge, technology and engineering tools critical to engineering

practice.

Washington Accord graduates are expected to be able to use research-based knowledge and research
methods as part of the investigation of complex problems in their discipline.

Performance Indicators

Advanced knowledge in at least one area within your discipline, to a level that engages with
current developments in that area

Understanding of how new developments relate to established theory and practice and to other
disciplines with which they interact

Describe advancements in engineering research and technology and science in a particular
area of engineering practice

Review research articles pertaining to a project component typically encountered in a specific
area of engineering design

Choose topics most appropriate for continuing education to increase depth of technical
knowledge pertinent to the specific area of engineering practice

Commitment to lifelong learning




Summarise your research knowledge and how it has been developed through
formal study, on-job learning and/or continuing professional development.

Note: please cross reference to your academic transcript(s) and continuing professional
development records, as appropriate.

Work Episode 1
Project:
Employer:
Designation:

Duration:
Hlustration I:

For a thorough knowledge of the choice of calibration methods, reference standards, and
uncertainty evaluation approaches in this work episode, | read academic literature,
technical reports, and industry standards. To create a reliable calibration approach, |
looked at ISO/IEC 17025 frameworks, metrology guidelines, and scientific publications on
drift, error propagation, and sensor behaviour. To assure precise adjustments for
temperature measurement, | looked at studies on RTD non-linearity and thermocouple
cold junction compensation. The use of dead-weight testers and multi-point verification
cycles, among other established methods in professional literature, served as guidelines
for pressure and flow calibration procedures.

Work episode 2:
Project:
Employer:
Designation:
Durations:
lllustration II:

To comprehend how these variables affect actual energy output, | read published research
papers and technical reports on PV module behaviour, inverter efficiency, DC/AC ratios,
and string configuration. | was able to design string placement and MPPT assignments so
that shaded modules wouldn't lower the system's overall performance thanks to research
on shading impacts, module mismatch, and plane-of-array irradiance.

In order to develop mounting systems, including ballast placement on residential flat roofs
and mechanically fastened supports for the factory shed, | referred to structural
engineering literature and pertinent wind load requirements. | was able to estimate voltage
fluctuations by taking temperature coefficients into account using thermal performance
studies and module datasheets, ensuring that string voltages remained within the MPPT
range of the inverter during seasonal extremes.

Work episode 3:

Project: Design, fabrication, and performance enhancement of dead-weight pressure
gauge testing systems at systems engineers.




Employer:
Designation:
Durations:
lllustration II:

| concentrated on published research outlining the connection between generated
pressure, piston area, and applied mass as well as acknowledged drawbacks of
mechanical gauges at low pressure ranges. This made it easier for me to figure out why
mechanical restrictions and friction cause under-reading and nonlinearity in Bourdon tube
gauges. | organized my experimental strategy using knowledge from this literature, figuring
out incremental loading steps, and calculating the number of observations needed to find
recurring patterns. My assessment of error causes was also influenced by earlier research,
which helped me differentiate between system-induced effects and aberrations due to the
instrument.

Work episode 4.

Project: Design and Development of Electrical Wiring Layouts and Load Distribution Plans
for Commercial Projects at Sainath Polypack.

Employer:
Designation:
Durations:
lllustration 1V:

| studied relevant technical literature throughout the project to help with the development
and optimization of load distribution plans and electrical wire layouts. To help with panel
load estimations, phase adjustment, conductor sizing, and protective device selection, |
looked at IEEE standards and IS codes for references. These resources gave me
theoretical as well as practical foundations for fault analysis, circuit segregation, and
commercial power distribution, allowing me to match my designs with current industry
standards. To be able determine connected and actual operational loads, | studied the
literature on load demand assessment, diversity factors, and energy usage reduction. |
was able to identify techniques for sensitive load protection, emergency circuit design, and
preserving voltage stability under changing circumstances by conducting research on
commercial electrical installations.




SECTION THREE - EVIDENCE OF APPLICATION OF KNOWLEDGE

Work Episode 1

Project:
Employer:
Designation:
Duration:

Location:

Introduction

In this project, | developed and implemented standardized calibration procedures for electrical,
electronic, and mechanical process instruments in an industrial automation environment. The project
aimed to reduce the persistent inconsistency between instrument readings and actual process
behavior, which affected product quality, process stability, and maintenance planning. | was
responsible for building a complete calibration framework from the ground up, based on the
fundamental metrological practices, and robust enough to withstand both internal and external

technical scrutiny.

Background

The plant processes and operations used a wide range of instruments such as pressure transmitters,
thermocouples, RTDs, flow instruments, digital multimeters, and mechanical gauges to control and
monitor production. Over time, operators started to distrust some of the readings. High-span pressure
values did not correlate with actual process conditions, temperature profiles of furnaces drifted from
expected curves, and mechanical dial gauges showed different values for the same displacement when

approached from different directions.



| also discovered that there was no fixed calibration maintenance process. The operators fixed
calibrations on ad hoc basis. When | reviewed the logs, | learned that some devices were checked only
when they visibly misbehaved, others were “calibrated” with unverified references, and almost
nothing was properly documented. There was no clear traceability to higher standards such as ISO/IEC
17025-compliant laboratories, and there were no quantified uncertainty values for any calibration
work. As a result, measurement error became normalized, and the plant carried hidden risk in both

quality and safety.

Project Overview

The project scope covered the structured calibration process for the main process instruments:
pressure transmitters, temperature sensors (thermocouples and RTDs), electrical measuring devices
(DMMs and panel meters), flow instruments, and mechanical dial gauges. | decided to integrate the
complete process, starting from reference selection and environmental control to data acquisition,

uncertainty evaluation, and documentation.

Project objectives

The project objectives are summarized below:

establish a traceable link between all critical instruments and their reference standards;

|”

e convert calibration from a simple “pass/fail” exercise into a quantified process with defined
tolerance and uncertainty;

e standardize calibration methods across all the instruments;

o reduce measurement-related process deviations and support predictive maintenance;

e provide a complete set of documentation for audits and long-term trend analysis.

Roles and responsibilities

Designed the calibration methodology and defined performance and acceptance criteria for each

instrument category based on risk.

Selected high-accuracy reference standards, verified traceability certificates, and excluded any

references that did not meet the required accuracy ratio.

Structured calibration into logical batches, planned resource usage.



Coordinated with production, quality, and maintenance teams to minimize disruption to critical

operations.

Allocated technicians to specific tasks, clarified procedures, correct connection methods, and

enforced safety precautions for each instrument type.

Configured the calibration management module within the CMMS, including data fields for as-

found/as-left readings and instrument metadata such as ID, location, and criticality.

Project calculations and design phase

To start working on the project, | first mapped all the critical instruments to their respective safety
interlocks, legal metrology, batch quality control, and energy usage reporting. This mapping exercise
gave me a risk-based hierarchy, which later guided calibration depth, frequency, and investment

decisions.

Once | had completed the instrument-level mapping, | began by defining measurement ranges,
instrument resolution, and tolerance limits in detail. For every pressure transmitter, | started from the
manufacturer’s full-scale accuracy. For example, if a transmitter covered 0—10 bar with an accuracy of
10.25% of full scale, | translated this into a numerical tolerance of £0.025 bar. | used the formula below

for tolerance levels:

Tolerance = +(0.25% x 10) = +0.025 bar

| repeated this process for temperature probes and voltage/current measurements, converting
percentage specifications into exact ranges. This allowed the calibration to be exact and within explicit

acceptance limits.

For reference selection, | imposed a minimum 4:1 accuracy ratio between the reference and device
under test. For example, a pressure reference with +0.005% FS accuracy could be used to calibrate a
transmitter with £0.02% FS accuracy, but not the other way around. | performed a similar comparison
for temperature, voltage, and current, using tables to document traceability ratios. Whenever the
ratio fell below the threshold, | either sourced a more accurate reference or downgraded the

calibration scope of that device.



Table 1: Accuracy Comparison for Traceability Confirmation

Parameter

Reference Standard Accuracy | DUT Accuracy | Traceability Ratio

Pressure Calibration +0.005% FS +0.02% FS 4:1
Temperature Calibration | £0.02°C +0.1°C 5:1
Voltage Measurement +0.01% RDG +0.05% RDG 5:1

To maintain accuracy, | considered the environmental factors as well. | knew that uncontrolled

temperature and humidity would directly distort sensitive measurements. | specified a laboratory

environment with temperature controlled at 23°C £2°C and relative humidity between 45% and 55%.

| introduced mandatory stabilization periods before calibration, especially for temperature and

precision electrical devices. | also assessed vibration, dust, and electrical noise sources and ensured

they were minimized during calibration windows.

Input
Standard

Power Supply

Source

Pressure or Vacuum

Component Under Test

Cutput
Standard

Figure 1: An overview of Calibration System

| based the actual calibration method on the five-point up-and-down cycle: 0%, 25%, 50%, 75%, and

100% of the range. | applied this to pressure transmitters using a dead-weight tester, to

thermocouples and RTDs using a dry block calibrator, and to electrical instruments using a

multifunction calibrator. At each point, | recorded the reference value, the device reading, and the

error. | measured these points in increasing order and then in decreasing order to determine the

problems with iterative values.




While calibrating a 0-10 bar pressure transmitter, for example, | observed that at 100% span the error
exceeded the tolerance limit, while mid-range values were still acceptable. This pattern suggested
span drift rather than a random error. Instead of simply declaring the instrument unfit, | analyzed the
deviation, performed span adjustment through the configuration software, and repeated the
complete five-point cycle. The as-left readings moved back within the tolerance band across all test

points. | recorded both sets of readings to show the effectiveness of the corrective action.

Sample Calibration Data — Pressure Transmitter

Test Point Reference Value DUT Reading (bar) Error (bar) Result
(bar)
0% 0.00 0.002 +0.002 Within limit
50% 5.00 5.021 +0.021 Within limit
100% 10.00 10.061 +0.061 Exceeds Limit

| tested the mechanical dial gauges using the slip gauges while increasing the displacement
measurements to evaluate hysteresis during the downward and upward travel. Next, | calculated the
Repeatability using the formula below:

Max Reading - Min Reading

Repeatability (%FS) = Ul Scale x 100

A repeatability threshold above +1% FS triggered instrument rejection.

For temperature calibration of K-type thermocouples, | considered cold junction compensation in
addition to the dry block reference temperature. Pre-calibration deviations reached around 1-2°C at
upper ranges, which were unacceptable for tight thermal processes. After adjustment and proper
compensation, | successfully brought the deviations down to within +0.3°C at key points. | used the
calibration records to draw simple curves that showed before-and-after alignment between reference
and device readings, which made the improvement easy to understand for non-instrumentation

colleagues.

For the mechanical dial gauges, | used a dial gauge calibration stand and slip gauges to simulate

controlled displacements. | moved the gauge upward in steps, recorded the readings, then returned



downward through the same steps and captured the values again. | computed hysteresis and
repeatability statistically rather than visually. Gauges with repeatability errors beyond the defined
threshold were marked for repair or replacement. This approach prevented technicians from

accepting borderline instruments simply because the endpoints appeared “close enough.”

Measurement uncertainty analysis was the most mathematically intensive part of the design phase. |
listed all contributors: reference uncertainty, DUT resolution, method repeatability, environmental
variation, and operator influence. For each calibration type, | assigned appropriate standard
uncertainties and combined them using root-sum-square calculations to obtain a combined standard
uncertainty. | then determined expanded uncertainty using a coverage factor corresponding to a 95%
confidence level. | incorporated these values into the calibration certificates rather than keeping them
as internal notes. This turned uncertainty from an expert-only concept into an explicit attribute of

every reported measurement.

In parallel, | designed the data flow. | configured a DAQ system to capture continuous readings where
useful, particularly during dynamic pressure or temperature ramp tests. | mapped calibration data
fields in the CMMS database and defined relationships between instrument IDs, process areas, and
calibration history. The resulting system allowed me to generate trend charts automatically, showing

drift behaviour over months or years and supporting predictive maintenance decisions.

Throughout this work, | aligned my decisions with ISO/IEC 17025 principles even though the internal
lab was not formally accredited. | treated the standard as a design benchmark for traceability,
documentation, uncertainty handling, and competence requirements. | ensured that all reference
standards carried valid calibration certificates traceable to national or international laboratories such
as NABL or NIST. | recorded the traceability chain explicitly in calibration reports and in the CMMS

records.

For this project, | applied standard electrical safety practices and internal HSE procedures rigorously.
Before any calibration involving live circuits, | ensured isolation and power shutdown. For pressure
calibration with dead-weight testers, | worked within safe pressure rates, checked all fittings for
integrity, and ensured that discharge paths were controlled. During high-temperature operations with

dry block calibrators, | enforced the use of appropriate PPE and clear work-area demarcation.

| also recognized information integrity as a safety-related issue. Incorrect calibration data could lead

to wrong process decisions and potential incidents. To address this, | implemented restricted access



to calibration result variations, required dual sign-off for critical instruments, and used the CMMS

audit trail to track any changes.

| built the reports for each instrument category by creating step-by-step calibration procedures that
described equipment setup, environmental conditions, test points, adjustment rules, and acceptance
criteria. | designed standardized data sheets for recording reference values, as-found and as-left

readings, errors, and observations.

| prepared calibration certificate templates that included instrument identification, reference
equipment details, measurement results, tolerance status, and calculated uncertainty. | developed a
traceability matrix that showed how each reference standard linked back to national or international
standards. | configured the CMMS to store these documents, link them to the corresponding

instruments, and generate reminders before the next due date.

For management and audit purposes, | set up automated performance trend charts and summary
reports showing the number of instruments failing at first attempt, common error patterns, and drift
trends over repeated calibrations. This allowed decision-makers to identify problematic instrument

models, refine calibration intervals, or plan replacements rather than reacting to isolated failures.

By the time | completed this work, calibration in the plant had shifted from a loosely managed
maintenance activity to a structured engineering function. Instruments returned to service with
known accuracy and quantified uncertainty, and their histories were traceable and reviewable. The
process supported predictive maintenance and strengthened both quality control and safety.
Personally, | deepened my understanding of calibration engineering, metrological standards, and the
practical balance between theoretical rigour and plant realities, and | demonstrated that | could

design, justify, and lead the implementation of a complex technical system end-to-end.

Work Episode 2
Project:
Employer:
Designation:

Duration:

Location:

Introduction

In this project, | designed and developed on-grid rooftop solar photovoltaic systems for both



residential and commercial buildings at the Sainath Polypack. The work scope included load
assessment and rooftop survey through detailed electrical and structural design, inverter and
string sizing, protection coordination, and performance modelling. The client wanted to offset
a substantial portion of their grid consumption while staying fully compliant with local
standards and utility interconnection rules.

Background

The Sainath Polypack facility consisted of residential and industrial space. On the residential
side, there were staff quarters and a guest house with the usual lighting, fans, small
appliances, and domestic water pumps. On the industrial side, the plant operated extrusion
and packaging machines, air compressors, large fans, and office HVAC. Electricity tariffs
were high and power quality was not always ideal. Therefore, the management wanted to
reduce their dependency on the grid without compromising supply to critical equipment.

Project Overview

The project scope covered the complete technical design of two grid-tied rooftop systems: a
smaller residential-scale plant and a larger commercial plant feeding the production loads.
For both, I planned a sequence that started from energy demand and roof constraints and
ended with a validated set of drawings, schedules, and performance estimates. The main
blocks of work included: detailed load assessment; rooftop survey and shading analysis; PV
module and string configuration; inverter selection and DC/AC matching; balance-of-system
(BOS) design including cables, connectors, junction boxes, protection, and earthing;
structural design checks and wind load considerations; grid-tie integration; and energy yield
modelling with performance ratio estimation.

| decided to treat the two roofs as separate but technically consistent projects. The residential
system could target a relatively high self-consumption ratio, while the commercial system
focused more on peak-daytime load shaving and reliable export within the utility’s harmonic
and voltage limits.

Project objectives
The project objectives are summarized below:

e establish properly sized, site-specific rooftop PV systems for both residential and
commercial roofs at Sainath Polypack;

e offset a significant share of daytime grid energy usage while maintaining stable grid
interaction and acceptable power quality;

e ensure that module, inverter, cable, and protection selection met IEC, IEEE, NEC, and
relevant IS standards for safety and reliability;

e optimize PV orientation and string configuration to minimize shading and mismatch
losses and to keep performance ratio within a target band of 75-80%;

e document the project for future reference and operation

Roles and responsibilities
My roles and responsibilities for the project are summarized below:

e Analyzed historical load profiles for residential and commercial consumers using
monthly billing data and typical daily usage patterns.



e Conducted rooftop surveys to measure usable areas, identify shading sources, and
assess structural feasibility.

e Defined PV array capacities selected suitable module technologies, and engineered
string configurations to match inverter MPPT windows.

e Selected grid-tied inverters, verified DC/AC ratios, and checked that all DC and AC
operating parameters remained within inverter limits under worst-case conditions.

e Designed BOS components, including DC/AC cable selection, protection devices,
earthing, surge protection, and isolation, and checked compliance against applicable
standards.

e Performed preliminary wind load and structural checks on mounting systems and
specified mounting arrangements suitable for rooftop conditions.

e Developed energy yield estimates and performance ratio calculations based on local
irradiance assumptions, shading losses, and system efficiency factors.

e Prepared single-line diagrams, layout drawings, calculation sheets, and technical
reports and coordinated with management and prospective installers to clarify
technical queries.

Project calculations and design phase

| started by reviewing twelve months of electricity bills for both the residential and
production blocks. I calculated average daily energy consumption from the monthly kwWh
values. For example, a typical residence consuming about 300 kWh per month translates to
roughly 10 kWh per day after dividing by 30 and rounding to account for weekday/weekend
variation. The main plant block had a much higher and more variable profile, with weekday
consumption peaking due to machinery and office HVAC. This analysis confirmed that a
properly sized rooftop PV could cover a meaningful portion of daytime demand.

At the same time, | inspected the roofs physically. The residential building had a relatively
flat RCC roof with water tanks, parapet walls, and a few trees nearby. The factory shed had a
larger but more complex roof, with north—south trusses, ventilators, and equipment
projections. | quickly realized that shading, structural capacity, and wind exposure would
strongly influence the layout. | also knew from literature and site experience that many
rooftop systems underperformed because of poor string design, partial shading, mismatched
inverters, and weak protection schemes. | wanted to avoid repeating those mistakes and use a
structured engineering approach instead of rule-of-thumb sizing.

To begin the design, I converted the monthly grid consumption into daily and then into target
PV coverage. For a representative residence with around 300 kwWh per month, the average
daily consumption worked out to approximately 10 kWh. Instead of sizing for 100%
coverage, | aimed for a practical offset based on typical solar production hours and realistic
efficiency. | assumed about 4.5-5.0 effective sun-hours per day and an overall system
efficiency in the 75-80% band after accounting for module, inverter, wiring, and temperature
losses. Dividing the target daily energy by the product of sun-hours and efficiency gave me a
baseline DC system size in KW. For the 10 kWh/day example, this led to a requirement of
roughly 2.5-3 kW of PV capacity, so | rounded to a 3 kW design to provide some margin. |
repeated similar calculations for the commercial block, where the load was higher and more
spread throughout the day, and derived a capacity in the tens of kilowatts range.



| did not treat the roof area as an abstract number; | measured actual usable space. On the
residential roof, | walked the surface with a tape and recorded dimensions between parapets,
around tanks, and near chimneys. On the factory shed, | combined physical checks with
drawings to understand truss spacing and access routes. | also evaluated shading sources:
nearby trees, neighboring buildings, parapets, and tank shadows. Instead of relying solely on
intuition, | used simple sun-path visualisation (via software and sketches) to identify the
hours and months where certain portions of the roof would be shaded. My aim was to keep
annual shading losses below roughly 8-10% through array positioning and string grouping.
Wherever shading was unavoidable for part of the day, | planned to use that region for strings
on separate MPPT inputs so that shaded modules would not drag down the entire array.

Module selection required a balance between efficiency, module size, cost, and string
voltage. | opted for high-efficiency mono-PERC type modules in the typical 450-550 Wp
range. Higher wattage modules reduced the number of modules, simplified mounting, and
used roof area more effectively. | looked carefully at the module temperature coefficient for
voltage, which was around —0.3% per °C. That coefficient guided me in evaluating the worst-
case cold-weather open-circuit voltage and hot-weather operating voltage. For instance, |
estimated the module temperature at the roof surface (which could reach well above ambient)
and then adjusted the standard test condition voltage accordingly to determine the expected
voltage swing. This prevented the string open-circuit voltage from exceeding the inverter’s
maximum DC limit under the coldest plausible morning conditions.

I then sized the strings against each inverter’s MPPT voltage window. I took the minimum
and maximum MPPT voltages given in the inverter datasheet and divided these by the
expected module operating voltage range to determine how many modules could be put in
series. For the selected modules, this yielded a practical string length that fell within the
inverter’s operating range throughout the temperature envelope. Once I had a minimum and
maximum possible string length, | chose a specific integer value that offered sufficient
headroom. | then calculated how many such strings were needed in parallel to reach the target
DC array capacity. This UV-style sizing ensured that when | defined, for example, a nominal
10 KW inverter, its DC side was neither severely undersized nor dangerously oversized in
voltage.

In parallel, | addressed inverter selection and DC/AC matching. | checked each candidate
inverter’s maximum DC input power, current ratings per MPPT, and AC output rating. |
aimed for a DC/AC ratio in the approximate range of 1.0-1.2 for the commercial system,
accepting some DC oversizing so that the inverter would clip only at rare peaks but otherwise
operate closer to its optimal efficiency point. For the residential system, where the client
valued minimal clipping even more than absolute energy vyield, | kept the ratio closer to unity.
| cross-checked all combinations to ensure that short-circuit current from the strings did not
exceed the inverter’s input current limits. Only when voltage and current checks were both
satisfied did | finalise the inverter selection.

The BOS design demanded a careful cable sizing exercise. On the DC side, | started from the
string current, cable length, and an allowable voltage drop window of roughly 1-2%. | used
standard conductor resistivity for copper and rearranged the voltage drop relationship to solve
for the minimum required cross-sectional area. When | arrived at a theoretical size, | shifted
to the next available commercial standard size, favouring slightly oversizing to reduce both
losses and heating. | then verified that the continuous current and expected fault current
remained within cable and connector ratings. On the AC side, | repeated a similar sizing



process based on inverter AC output current, run length to the main distribution board, and
permissible voltage drop under full load. In each case, | treated cable selection as a calculated
engineering decision, not a guess.

Protection and isolation were designed in line with on-grid PV practice and applicable
standards. | specified DC isolators near the arrays and at the inverter inputs, string fuses
where parallel strings warranted string-level protection, and surge protective devices for both
DC and AC sides to address lightning and switching surges. On the AC side, | selected circuit
breakers and residual current devices as per expected currents, fault levels, and utility
requirements, making sure breaking capacities were adequate. | included overvoltage and
undervoltage protection at the inverter—grid interface. I also paid attention to earthing and
bonding; I specified a dedicated earth for the PV structures, proper bonding of module frames
and mounting rails, and integration with the building’s earthing system to give a low-
impedance path for fault currents.

Structural and wind load considerations could not be ignored, especially on the high, exposed
factory roof. I consulted relevant wind load standards and took the site’s basic wind speed as
a starting point. Using the simplified pressure—velocity relationship, | estimated design wind
pressure and then considered terrain factors and roof category to get effective loads on the
array. | ensured that the chosen mounting structure—typically aluminium rails on hot-dip-
galvanized steel supports—had adequate anchoring, either through ballast (for flat roofs) or
mechanical fixings (for sheet roofs). | checked that module spacing and tilt did not create
excessive wind uplift or cause modules to shade each other at critical sun angles. Whenever
the preliminary calculations indicated high forces, | adjusted tilt, row spacing, or fixing
density. For the residential flat roof, I could rely more on ballast blocks, while for the factory
shed | preferred mechanically fixed arrangements tied into purlins.

After fixing the main design parameters, | proceeded to energy yield and performance
calculations. 1 used locally applicable monthly solar irradiance data and factored in the plane-
of-array irradiance based on module orientation and tilt. I then applied successive loss
factors: temperature-related losses, soiling, module mismatch, DC wiring losses, inverter
efficiency, AC wiring losses, and estimated shading losses from the earlier survey.
Multiplying these stepwise by the theoretical energy yield gave me an expected annual
production for each system. For the smaller residential plant, | obtained an expected annual
yield in the mid-thousands of kWh, sufficient to offset a large portion of the daytime
domestic load. For the commercial system, the annual production was in the tens of
thousands of kWh. The resulting performance ratio fell in the mid-70s to around 80%,
consistent with what well-designed rooftop systems typically achieve. | compared these
values with published benchmarks to ensure that my assumptions were realistic and not
overly optimistic.

Grid integration and power quality required particular attention for the commercial plant. |
reviewed the inverter specifications related to total harmonic distortion (THD), anti-islanding
protection, ride-through behaviour, and reactive power capability. | chose inverters with THD
well within IEEE-aligned limits and with anti-islanding features that satisfied utility
requirements. | also confirmed that under typical and peak output, the voltage rise at the point
of interconnection remained within acceptable bounds, taking into account feeder impedance
and transformer characteristics. Where necessary, | proposed minor adjustments to the
connection point or the cable run to keep the voltage within limits.



Safety consideration was not limited to electrical parameters. During design, | ensured that
maintenance access paths existed between module rows, so that technicians could safely
reach junction boxes, isolators, and inverters without stepping on modules. | integrated
signage requirements—danger notices, isolation point labels, and single-line diagrams near
the main PV distribution boards—into the documentation. | also recommended lockable
isolators and clear labelling of circuits to avoid inadvertent energization during maintenance.

Documentation was a major part of my responsibility. | prepared rooftop layout drawings
showing the locations of module strings, walkways, and junction boxes. | developed DC and
AC single-line diagrams that depicted string connections, combiner boxes, inverters, AC
distribution, and interconnection with the grid. For every critical design decision—such as
string length, cable size, DC/AC ratio, or wind load check—I maintained a calculation sheet
with inputs, formulas, and results documented clearly enough that another engineer could
repeat or audit them. | compiled equipment datasheets, compliance certificates, and standards
references into a single design folder that would later support procurement and inspections.

Once the design and documentation were finalised, | walked the client through the key
aspects: the expected energy production, the approximate payback period based on current
tariffs, the protection and safety measures, and the maintenance needs. | highlighted the
limitations as well, such as residual shading in certain months and the fact that performance
depended on panel cleanliness and inverter uptime. By being transparent about trade-offs, |
built trust and avoided unrealistic expectations.

By the time | completed this project, | had turned a general request for rooftop solar into two
fully engineered on-grid PV systems tailored to the Sainath Polypack site. The designs
addressed load patterns, roof constraints, electrical integration, structural safety, and grid
compliance as a coherent whole. | strengthened my ability to translate theoretical PV
equations and standards into practical design decisions, and | learned to justify each major
choice with data and calculations rather than assumptions. The experience reinforced my
interest in solar engineering and gave me confidence that I could lead similar rooftop PV
projects from concept through to implementation.

Work Episode 3

Project: Design, fabrication, and performance enhancement of dead-weight pressure gauge
testing systems at systems engineers.

Employer:

Designation: Mechanical Engineer
Duration:

Location:

Introduction:

For this project, | worked at Systems Engineers on the design, construction, and performance
enhancement of a dead-weight pressure gauge testing system. My goal in doing this study
was to develop a dependable calibration system that could be utilized in a controlled setting



to verify both mechanical and digital pressure gauges. My goal from the start was to create a
system that was affordable for regular engineering usage, accurate, and simple to use. |
translated theoretical pressure connections into a functional calibration system using my
knowledge of mechanical engineering and fundamental metrology. To guarantee correct
alignment and airtight performance, | personally carried out the design calculations, chose
the right materials, and oversaw the components' production and assembly. Once the setup
was finished, | ran calibration tests, watched how the gauges behaved in various pressure
ranges, and examined the data to identify system constraints and error causes.

Background:

| discovered that precise pressure measurement was essential for guaranteeing dependability
and security in both industrial testing and research applications while | was employed at
Systems Engineers. Numerous pressure gauges, including digital gauges and mechanical
models like Bourdon tube gauges, were frequently subjected to mechanical strains,
temperature swings, and fluctuating pressure cycles. Zero drift, hysteresis, and loss of
repeatability are examples of long-term operating failures caused by these problems. Process
control and measurement precision were directly impacted by these flaws. | saw that these
mistakes might go unnoticed and lead to inaccurate pressure measurements in service if there
was no consistent, traceable calibration.

| found that while dead-weight pressure testers are considered as very accurate and reliable
primary standards. In many industrial settings, this rendered them unsuitable for routine
calibration work. Because of this, digital and electromagnetic pressure gauges were frequently
utilized as reference tools. However, | was aware that in order to guarantee the accuracy of
their readings over time, these gauges also required routine verification against a higher-order
standard. | worked on creating a straightforward, affordable, and dependable dead-weight
pressure gauge testing device for internal calibration in order to solve this problem. In order
to produce known, repeatable pressure values with a reasonable degree of accuracy, | planned
and built the system. | assessed gauge behavior through this experiment, including mechanical
constraints, friction effects, and under-reading at low pressures. Through this project, | was
able to increase my trust in pressure measurement and quality control procedures while
bridging the gap between standard calibration theory and real-world industrial needs.

Project Overview:

The development and design of a dead-weight pressure gauge testing equipment to enable
precise calibration of mechanical and digital pressure gauges was included in the project's
scope. | realized that although while dead-weight pressure testers are acknowledged as
primary pressure standards, their usage for routine calibration is limited due to their high cost
and requirement for expert operation. In order to get around this, | created a testing setup
that used controlled dead weights to produce known pressure values. | subsequently
improved my confidence in pressure measurement by using this system to assess gauge



performance, spot under-reading at low pressures, and comprehend the impact of friction

and mechanical constraints.

Project Objectives:

To calibrate mechanical and digital pressure gauges and assess their accuracy across
the operating pressure range.

To identify gauge behavior such as under-reading, hysteresis, and sensitivity at low
pressure levels.

To analyze the effects of frictional losses and mechanical constraints on measurement
accuracy.

To improve confidence in pressure measurement and support quality assurance
through reliable calibration practices.

Roles and Responsibilities:

1.

10.

11.

| carried out the literature review to understand pressure measurement principles,
calibration standards, and dead-weight tester operation.

| worked with a design team to develop the overall design concept of the dead-weight
pressure gauge testing system using a piston—cylinder mechanism and known
deadweights.

For materials selection and equipment procurement of each system component, |
evaluated the service conditions, fabrication requirements, durability, corrosion
resistance, availability, and cost.

| prepared punch-list and ROI for material choices for mechanical strength, reliability,
and economic feasibility.

Performed design calculations like piston area determination, applied force, generated
pressure, gauge error, and percentage error.

| planned and executed machining operations such as marking out, cutting, drilling,
boring, and finishing while maintaining dimensional accuracy and alignment.

| controlled piston—cylinder clearances to minimize frictional losses and leakage while
ensuring smooth piston movement.

| assembled the complete calibration system for mechanical stability, alignment, and
airtight sealing of the fluid system.

| conducted test like leak testing, lubrication, surface finishing, and corrosion
protection to improve system reliability and service life. | also performed dead-weight
tester for recording corresponding pressure gauge readings.

Statistical analysis of the calibrated results was performed to identified sources of
error such as friction and mechanical constraints, and interpreted trends across the
pressure range.

| documented experimental data, prepared graphs and tables, and developed
calibration equations based on test results.



Project calculations and design phase:

For this project, | personally carried out all calculations and design tasks for the development
of a functional dead-weight pressure gauge testing system that was also cost-efficient. My aim
was to ensure that the system could produce accurate and repeatable pressures using a
piston—cylinder mechanism and deadweights. This allowed for effective calibration of
mechanical and digital pressure gauges.

During the design phase and component selection, | started by planning the overall system
layout. | identified the major components required in the system like cylinder, piston and
piston plate, pressure gauge (digital or Bourdon type), transparent tube, fluid reservoir,
deadweights, control valve, hose, gauge stand, and base. For material procurement my
requirement factors involved mechanical strength, durability, corrosion resistance,
workability, cost, and suitability for the operating environment. | selected stainless steel for
the piston and cylinder to make sure that high pressure and thermal resistance occurred along
with corrosion resistance, and smooth machining. Deadweights were made of steel to provide
stable and precise mass. | used a transparent plastic tube for safety and ease of monitoring
fluid flow.

The piston diameter was measured as 0.0325 m. | calculated the cross-sectional area using
the formula for a circle:

d = 32.5mm = 0.0325m

Area of circular piston:

[+
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4
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This area was critical for converting the applied force from deadweights into the resulting
pressure in the cylinder.

| calculated the force applied on the fluid by combining the mass of the piston and added
deadweights, using the equation F=mxgF = m \times gF=mxg, where m represents the total
mass and g is the gravitational acceleration (9.81 m/s?). For example, with the piston alone
(1.0194 kg), | computed the applied force as 9.999 N. | then incrementally increased the
applied load by adding 1 kg deadweights at each step, calculating the total force for each case,
up to 6.0194 kg. Using the calculated forces, | determined the corresponding pressure
transmitted to the fluid with P=F/AP = F / AP=F/A, where A is the piston cross-sectional area.
| personally measured the piston diameter as 0.0325 m and calculated the area as 0.00082958



mZ. For the piston-only mass, this gave a pressure of 12.05 kPa. | repeated this calculation for
all applied loads to establish a set of theoretical pressures for calibration.

S/N | Piston Diameter (m) [ Area (m?) | Total Mass (kg)
1 0.0325 0.00082958 | 1.0194
2 0.0325 0.00082958 | 2.0194
3 0.0325 0.00082958 | 3.0194
4 0.0325 0.00082958 | 4.0194
5 0.0325 0.00082958 | 5.0194
6 0.0325 0.00082958 | 6.0194

Once the design system was fabricated, | performed calibration tests by applying the known
weights and recording gauge readings. | calculated the absolute error as the difference
between true pressure and gauge reading, and the percentage error relative to the true
pressure. For example, at 1.0194 kg, the gauge read 10 kPa, resulting in an absolute error of
2.05 kPa and a percentage error of 20.54%. | performed these calculations for all applied loads,
creating calibration curves and identifying systematic errors, such as under-reading at low
pressures.

True Pressure
(Calculated Value)

R S

Gauge Pressure
(Measured Value)

N S

Absolute Error
(True - Gauge)

N

% Error
(Error/True x 100%)

| was responsible for controlling piston-cylinder clearances to reduce friction and leakage that
was critical for getting accurate low-pressure measurements. My selection for materials was
based on their individual physical and mechanical properties, corrosion resistance, and cost-
effectiveness. | chose stainless steel for the piston and cylinder, steel for deadweights, and a
Bourdon tube gauge (0-200 kPa) for their enhanced mechanicalistic and physical properties.



During the design phase, | also took into account the requirements for assembly like such as
drilling, boring, and alignment, ensuring the system was sealed and lubricated effectively.

All my analytical calculations were guided by the reports | obtained from fabrication and
assembly procedures. | ensured that each component met the specific design specifications
highlighted by the client before assembly. Once the system was designed and assembled, |
tested it by applying known weights and comparing the measured gauge readings with the
theoretical pressures through statistical analysis. | analyzed deviations, documented errors
that came forward, and evaluated the effect of friction, clearance, and mechanical constraints
on them. Through these pressure and analytical testing, | was able to ensure that the
calibration system was both accurate and reliable.

SIN True Pressure Gauge Pressure Absolute Error %
(KN/m?2) (KN/m?) (KN/m?) Error
1 12.05 10 2.05 20.54
2 23.88 19 4.88 25.68
3 35.71 29 6.71 23.12
4 47.53 39 8.53 21.87
5 ]59.36 51 8.36 16.38
6 71.18 62 9.18 14.80

As the site engineer, | was responsible for the implementation of relevant international and
national standards for the dead-weight pressure gauge testing system. | followed IEEE
guidelines related to instrumentation and measurement accuracy for reliable signal
transmission, sensor interfacing, and data integration during gauge testing. | adhered to Indian
Standards (IS 3621 and IS 5182 series) governing pressure measurement devices and
calibration procedures.

| established an organized procedure to oversee and record pressure gauge calibration. |
produced templates for calibration certificates that included information on the instrument,
reference tools, measured outcomes, tolerance, and uncertainty. In order to ensure that all
measurements could be confirmed, | also created a traceability matrix that connected each
reference standard to national or international standards. When the next calibration was due,
| set up the CMMS to save these details, link them to the appropriate equipment, and send



out reminders. In order to monitor first-attempt failures, recurrent mistakes, and measure
drift over time, | also created trend charts and summary reports. This made it easier to
pinpoint troublesome devices and improve calibration schedules.

Work Episode 4

Project: Design and Development of Electrical Wiring Layouts and Load Distribution Plans for
Commercial Projects at Sainath Polypack.

Employer: Sainath Polypack
Designation:

Duration:

Introduction:

My role as an engineer in this project was the design and development of electrical wiring
layout through computational tools like MATLAB, AutoCAD Electrical, and ETAP for proper load
distribution plans in commercial projects. Using systematic developmental research
methodology, | performed critical electrical activities like site requirement analysis, power
system analysis, precision layout design, and load distribution planning. As part of my duties,
| had to create accurate schematics, panel layouts, single line diagrams, and wire drawings
while making sure that all available space was used and that the relevant electrical codes and
IS were followed. For system safety, | conducted power system studies, including analysis of
load flow, short-circuit risk calculations, and protection synchronization. | also created BOQs
for materials and got official regulatory approvals, and | designed balanced load distribution
across phases that helped improve transformer operation and minimize energy losses.

Background:

My goal for this project was to solve Sainath Polypack's commercial buildings' demand for
safe, effective, and code-compliant electrical installations. | concentrated on fixing typical
problems seen in commercial projects, such as poor circuit planning, uneven load distribution,
and incorrect wiring layouts, which can result in energy losses, system breakdowns, and safety
risks. | developed structured electrical wire layouts and load distribution plans by analyzing
site needs, operational loads, and functional zoning using my understanding of systematic
developing technique. For operational safety, system compatibility, and regulatory
compliance, | adhered to NEC and IEEE standards. As an engineer, it was my responsibility to
convert real-world site conditions into engineered electrical solutions to encourage optimum
energy distribution and long-term system performance in a commercial setting.

Project overview:

The requirement for a sophisticated, organized, and code-compliant approach to electrical
installations in commercial facilities at Sainath Polypack was addressed by this research-based
project. | used integrated field data, computed demand factors, and circuit segregation



techniques to study and translate site-specific operational electrical requirements into

coordinated wiring layouts and load distribution plans. In order to lower operational risk and

increase system reliability, my main goals were to achieve balanced panel loads, regulate

voltage drop, and implement a protection strategy. My design calculations were all in line with

IEEE and NEC requirements for commercial power distribution systems that are safe and

maintainable.

Project objectives:

Evaluating the electrical and operational demands of the commercial facility through
structured site assessment.

Preparing electrical wiring layouts with the aid of computational stimulations that
meet commercial installation requirements and regulatory codes.

Determination of connected and demand loads and integrating them across panels
and phases to avoid overloading.

Selection of materials like conductor sizes and protection devices based on calculated
currents, voltage drop limits, and fault conditions.

Using power analysis and stimulations for coordination checks and safety of the
proposed system.

Roles and Responsibilities:

1.

I was in charge of doing a site requirement study to determine the commercial facility's
operational, functional, and electrical demands.

Created comprehensive panel configurations, circuit zoning, and wire layouts in
compliance with commercial design standards.

In order to provide balanced phase and panel loading, | was in charge of developing
load inventories and performing demand load calculations.

| separated circuits for lighting, electricity, HVAC, IT equipment, and emergency
loads to enhance system safety, and troubleshooting.

Based on computed system parameters, | derived conductor sizing, voltage drop
limitations, and protective device ratings.

Using AutoCAD Electrical, | created comprehensive electrical system layouts, circuit
zoning, routing patterns, and panel configurations in compliance with commercial
design standards.

| carried out power system analyses, such as load flow and short-circuit analysis, to
confirm system functionality.

Keeping safety concerns in minds, | improved reliability by optimizing the electrical
design using technical evaluation and simulation data.

Throughout the design process, it was my responsibility to ensure compliance with
NEC, IEEE, and pertinent local electrical standards.

Project calculations and design phase



In order to better understand the operational, functional, and electrical requirements of the
commercial facility at Sainath Polypack, | began working on the design phase of the project by
conducting a thorough site requirement analysis. To examine the system's demand, | looked
at earlier risk analysis data and reports on electrical circuit systems. | collected field data on
usage patterns, operational zones, and all current loads. | built an accurate electrical design
using the information from these calculations. | converted and analyzed site requirements into
an integrated electrical system using my understanding of systems engineering. | created a
highly sophisticated wiring layout and a simulated electrical load circulation system to help
confirm circuit functionality using computational tools including MATLAB, AutoCAD Electrical,
and ETAP.

Phase 1 - Requirement analysis
- site visits
- load inventory
- functional needs

Phase 2 - Wiring layout design
- zoning and circuits
- AutoCAD layout
- panel positioning

Phase 3 - Load calculation and
distribution
- MATLAB computation
- conductor sizing
- voltage drop and SC analysis (ETAP)

l

Phase 4 - Validation and optimisation
- ETAP simulation
- Expert review
- Final adjustments

For the electrical design, | visited site, met with stakeholders for discussions, and spatial
analysis. | identified all electrical consumers and categorized them according to their
operational nature, such as lighting, general power outlets, HVAC systems, IT/server
equipment, and emergency loads | prepared a detailed BOQ for load inventory, where each
load was quantified using its rated power and quantity. The total connected load (TCL) was
calculated using the standard summation method:

TCL=5(PixQi)



During the planning phase, | made sure that no electrical equipment was missed. LED lighting
(12-35 W lights), office PCs (150 W), HVAC units (up to 5 TR), server equipment (400 W per
unit), and auxiliary systems like UPS and emergency lighting were among the linked loads in
the roughly 300 m? sample commercial unit that | examined for the project. Using NEC-
recommended demand and diversity factors to account for actual operating conditions rather
than theoretical maximum loading, | computed the demand load after figuring out the
connected load. For instance, in compliance with NEC regulations, continuous HVAC loads
were divided by 1.25 and general receptacle loads by a demand factor of 0.8. Because of their
constant usage profile, lighting loads were deemed to be at 100% demand.

Moving on to the phase balancing and load distribution planning for system stability, reduce
losses, and improve equipment life. | developed load distribution matrices to evenly distribute
single-phase and three-phase loads across all three phases of the supply system. Using the
calculated demand load, | applied the panel balancing principle:

The application of the demand factor has followed the electrical code, [demand load =
connected

load x demand factor

Office receptacles - 1800W x 0.8 = 1440W

HVAC (continuous load) - 1500W x 1.25 = 1875W
Lighting - 756W x 1.0 = 756 W

By ensuring that each phase carried roughly equal current, these computations reduced
neutral conductor current and avoided phase-wise overloading. In order to maintain
symmetry, | paid close attention to single-phase loads that were alternatively assigned across
phases, such as lighting circuits, office outlets, and IT equipment. | divided all loads into
different categories during the wiring layout design phase, such as lighting circuits, general
power outlets, HVAC systems, server/IT equipment, and emergency loads. | then assigned
separate circuits and safety precautions to each category. To ensure constant illumination
levels and avoid voltage fluctuations brought on by high-demand equipment, | created
separate lighting circuits. To handle varying plug-in loads without affecting lighting
performance, separate circuits were assigned to general power outlets. | supplied special
circuits with suitably rated wires and circuit breakers for HVAC systems, which represent
continual and high-capacity loads (up to 5 TR units).

Panel load balancing equation has been used to prevent overloading,
Load per phase = total load / 3

This panel makes sure stable voltage levels, increased equipment lifespan and stable voltage
levels.

Required ampacity has been calculated based on the conductor sizing,



| =P/V

2250W computer load at 220V,

| =2250/220=10.23 A

A 2.5 mm? conductor (ampacity ~20A) has been chosen.
A maximum of 3% for branch circuits has been allowed.
Voltage drop = 2xLxIxR/1000

Where L = cable length (m)

R = resistance per km

L=30m, 1=10A, R=7.41 Q/km

Voltage drop = 2x30x10x7.41/1000

=4.44V

Voltage drops % = 4.44/220 x 100 = 2.02%

Because server rooms and IT equipment were vulnerable to voltage fluctuations and outages,
I handled them as sensitive loads. To protect servers, UPS systems, and related power supplies
from brief disruptions brought on by general-purpose loads, | set aside dedicated circuits for
them. For these circuits, higher-rated conductors and carefully chosen protective devices were
utilized to guarantee continuous functioning and support the vital nature of IT infrastructure.
To guarantee availability during fault situations or power outages, | separated safety and
emergency-related loads, such as backup systems and emergency lighting, onto separate
circuits. According to NEC and IEEE regulations for commercial installations, this division made
sure that malfunctions in non-essential circuits would not jeopardize life-safety systems.

load unit W qty total W pf kW

@ Lighting Floor 1 156 40 6600 ©.92¢ 6.0
1 AC Unit 1 3500 4 14000 ©.90 14.0
2 Computers 300 30 %9900 ©.95 9.0
3 Elevator 5000 1 5000 ©.80 5.0
4 Small Motors 1500 6 9000 ©.85 9.0

Total design load (kW): 40.75

Estimated average power factor: 0.89
Estimated supply line current (A): 63.66
Suggested main breaker rating (A): 80
Panel 1: 5 loads, total 40.75 kW




Because problems could be rapidly isolated to particular functional zones without affecting
the entire electrical system, this circuit segmentation simplified debugging. It improved long-
term system reliability, decreased nuisance tripping, and increased operational safety. Using
ETAP simulations and load-flow analysis, | confirmed the efficacy of this segregation by
verifying that, under typical and peak operating conditions, each circuit ran within allowable
current, voltage drop, and protection limitations.

During the project's last phase, | verified the electrical layout using professional technical
review and simulation-based analysis to make sure the suggested system was dependable,
safe, and followed IS electrical codes. | conducted load flow study throughout the whole
distribution network using ETAP software. This made it possible for me to assess profiles of
voltage, phase loading, and current flow under typical operating circumstances and to spot
any circuits that were getting close to overload or had an intolerable voltage drop.

Bl Lighting
[ Elevator
Bl HVAC

Electrical Wiring Diagram and Load
distribution plan of Complex

| oversaw a professional design review with two commercial construction contractors and
three seasoned electrical experts when the simulations were finished. They independently
reviewed the system's overall regulatory compliance, load distribution charts, panel
schedules, and wiring layouts. | integrated their useful suggestions into the design. | reduced
long conduit lines to simplify the routing, for increased efficiency and easier installment. For
increase system stability and lower strain on shared panels, | also shifted air conditioning
demands onto dedicated circuits. | also improved the lighting layout in order to maintain
consistency throughout work areas.

Some of the safety and electrical international standards that | followed in this project are
given below:

e IS 732 — Code of practice for electrical wiring installations, applied for circuit design,
wiring methods, and installation safety.
e [S 3043 — Code of practice for earthing.



e |EEE Std 141 (Red Book) — Applied for commercial power distribution planning, load
assessment, and phase balancing.
e |EEE Std 242 (Buff Book) — Used for protection coordination and selection of protective
devices based on fault conditions.
e |EEE Std 399 (Brown Book) — Referenced for load flow and short-circuit analysis
methods.
Some of the software that | used in this project are given below:

e AutoCAD Electrical
e ETAP

e MATLAB

e Microsoft Excel

e Dialux Evo



