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Executive Summary

Quality and procurement teams sometimes ask why a calibration can cost as much as the
instrument itself, or more. The answer is that manufacturing cost and calibration cost belong to
two independent economies. An instrument can be mass produced. A calibration cannot.

More important, the cost of not calibrating almost always exceeds the cost of either calibration or
replacement. False acceptance of bad product, false rejection of good product, lost traceability, recalls and
audit findings all flow from a measurement nobody can defend. This paper explains the economics and the risk
behind that conclusion.

1. Why Instruments Are Often Inexpensive

The retail price of a measuring instrument reflects manufacturing economics, not the value of the
measurement it makes. Manufacturing cost includes engineering, materials, labor, quality control, testing,
marketing, overhead, and the upkeep of the machines and gauges used to build the product. So how does a
$12 stopwatch or a $100 digital thermometer reach a store shelf?

* Volume. Fixed engineering and tooling costs are spread across tens or hundreds of thousands of units.
¢ Supply chains. Efficient sourcing drives down the variable cost of every unit.

¢ Automation. Where machines replace manual work, labor cost per unit approaches zero.

* Thin margins on volume. A manufacturer can be profitable on a few dollars per unit when the volume is
high enough.

None of those advantages apply to calibration. Every calibration is performed one instrument at a time by a
trained technician, against a documented procedure and a chain of reference standards.

2. What Actually Drives Calibration Cost

Calibration is a service built on skilled labor and reference standards, not a manufactured good. In an
accredited laboratory, the main cost drivers are these.

Trained metrology labor Technicians qualified to recognized standards, including technicians trained in U.S. Air
Force PMEL programs, working inside an accredited quality system.

Reference standards The laboratory's own standards, each calibrated in turn against higher tier references
with documented uncertainty at every link.

Procedures and uncertainty A documented method and uncertainty budget for every parameter and every test point
budgets on the scope.

Environmental control Temperature, humidity, vibration and interference control sufficient to support the
laboratory's stated capabilities.

Quality system and Proficiency testing, internal audits, management review and recurring outside
accreditation assessment, carried behind every certificate issued.
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Similar instruments can sometimes share a setup, but batching never approaches the economics of mass
production. The cost floor of an accredited calibration is set by the labor and standards needed to do it
correctly, whatever the instrument cost at retail. That is why a $20 stopwatch, a $30 ruler or a $100
thermometer can cost more to calibrate than to replace. It is also why free or discounted calibration bundled
with a new instrument is usually a sales incentive on the instrument, and often not an accredited service at all.

Two independent economies

The cost to manufacture an instrument says almost nothing about the cost to calibrate it. A high volume retail
product can sell for less than its calibration costs, because calibration is driven by labor, standards,
uncertainty and accreditation, and none of those scale with retail volume.

3. The Cost and Risk of Not Calibrating

The tempting conclusion is simple. If calibration costs more than the instrument, throw the instrument away
and buy a new one. That conclusion misses the purpose of calibration. Calibration does not exist to maintain
the instrument. It exists to protect the decisions you have already made with it.

False acceptance and false rejection
Every measurement supports an accept or reject decision about a product, process or service, and two kinds
of error are possible.

* False acceptance passes bad product as good. That is consumer risk, and it carries cost, safety, recall and
liability exposure downstream to your customer.

* False rejection fails good product as bad. That is producer risk, and it shows up as scrap, rework, lost yield,
missed shipments and lost margin.

Both risks are governed by measurement uncertainty and by the guard bands set against each tolerance.
Calibration keeps that uncertainty bounded and those guard bands valid. A drifting, uncalibrated instrument
widens both risks at the same time, and it does so silently.

Lost traceability when an instrument is discarded

Replacing an instrument at the end of its interval instead of calibrating it does more than waste an asset. It
destroys the as-found data that would have shown whether the instrument drifted out of tolerance while it
was in use. ISO/IEC 17025 calls for results before and after adjustment to be reported where available
(§7.8.4.1(d)), and that as-found reading is what makes an impact assessment possible.

ISO 9001:2015 §7.1.5.2, IATF 16949, AS9100 and the FDA quality management system regulation in 21 CFR Part
820 all expect you to assess the validity of past results when an instrument is found unfit for purpose. If the
instrument went in the trash, that assessment is impossible, and the auditor's next question becomes very
uncomfortable.
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4. The Risk Math, Simply Stated

Calibrate the instrument The calibration None. Uncertainty stays bounded, records stay defensible
and as-found data is preserved.

Replace the instrument The new instrument plus its As-found data on the old instrument is lost, so past
enrollment production cannot be assessed.
Keep using it uncalibrated Nothing today Unknown false acceptance and false rejection risk, audit
nonconformities, and potential recall, liability and reputation
cost.

5. When Replacement Is the Right Choice

Replacement is the correct decision in a few specific cases.

¢ The instrument is beyond repair or past its useful life, and the impact on past production has already been
assessed using as-found data from its last calibration.

e The instrument is consumable by design, such as single use, time limited or expended in normal use, and is
replaced on a controlled interval.

e A documented technology refresh has been approved, the old instrument's history is archived, and the
replacement is verified alongside it before the old unit retires.

In nearly every other case, and especially for instruments used in production accept and reject decisions,
regulated environments or safety critical work, calibration is the lower risk and lower total cost choice, even
when the invoice is larger than the price tag.

6. Talking to Your Finance Team

e Frame calibration as a measurement integrity service, not instrument maintenance. The cost protects
every decision made with the instrument, not the instrument itself.

* Compare the cost of calibration to the cost of a single recall, audit finding or scrapped lot, not to the
instrument's shelf price.

* Treat bundled or free calibration as what it usually is, a sales incentive that is often not accredited and not
directly comparable to an ISO/IEC 17025 service.

* Recognize that discarding an instrument at the end of its interval is a traceability decision, not a budget
decision, and that it carries audit consequences.

Questions or next steps

Working through a specific calibrate or replace decision? We will help you run the numbers. Contact the
Quality Assurance Manager at quality@fieldcal.com or call (480) 756-8828. The full white paper series is
available at fieldcal.com/resources.
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