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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;

I”

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;

e 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 £0.25% 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.
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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) = ol 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.



