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Today is the 1st of a three-part 
webinar series on standards, 
calibration, and documentation

All upcoming and archived 
webinars can be accessed at:
q-lab.com/webinars

Q-Lab’s Standards and Calibration Series

Date Topic

01 Sep Calibration and Documentation

08 Sep What’s New in Standards

15 Sep How to Run ISO 105-B02

Q-Lab Confidential

http://www.q-lab.com/webinarseries
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Administrative Notes

You’ll receive a follow-up email from 
info@email.q-lab.com with links to a 
survey, registration for future webinars, 
and to download the slides

Use the Q&A feature in Zoom to ask 
us questions today!

Q-Lab Confidential

mailto:info@email.q-lab.com
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• Calibration and adjustment

• Benefits of calibration

• Calibration requirements in weathering and corrosion testing

• Q-Lab calibration recommendations

• Calibration documentation

• Accuracy and uncertainty

Agenda

Q-Lab Confidential
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• Calibration: comparison to a known 
measurement standard. Often traceable 
back to a national metrological institute (e.g. 
NIST in the United States).

• Adjustment: change made to a measuring 
system so it outputs proper values of the 
quantity to be measured.

• These procedures are often performed 
together, but not necessarily!

Calibration and Adjustment

Q-Lab Confidential
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1. Compare the watch to the official US time, at time.gov. If the 
watch reads 10:55 and time.gov says 11:00, then your watch 
has been compared to a known reference and shown to be 
5 minutes slow. This is a calibration.

2. Fly to a neighboring time zone and move your watch ahead 
one hour to compensate. This is an adjustment. No 
comparison to a known standard is involved, but this 
adjustment should get the watch closer to displaying the 
correct time (unless you got on the wrong flight!)

Calibration vs Adjustment Example

3. Compare the time on your watch to time.gov and then set your watch to match 
that time as closely as possible. This is both calibration and adjustment.

Proper weathering testing involves both calibrations and adjustments. Q-Lab Confidential
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• Calibration and adjustment

• Benefits of calibration

• Calibration requirements in weathering and corrosion testing

• Q-Lab calibration recommendations

• Calibration documentation

• Accuracy and uncertainty

Agenda

Q-Lab Confidential
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• Q-Lab and other manufacturers recommend regular calibrations of 
onboard irradiance and temperature sensors

• Calibration ensures that displayed values of irradiance, temperature, 
and relative humidity can be trusted

• Even small deviations in measurement and control can lead to 
significantly different results over a long test period.

Calibration Benefits

Test duration

Difference from 
correct outcome

Test start Q-Lab Confidential
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• Calibrating all sensors regularly reduces deviations

• Even with a long test duration, deviation remains small

Calibration Benefits

Test duration

Only slight 
deviation from 
correct outcome

Test start Q-Lab Confidential
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The biggest problem with 
calibrations in weathering testing…

Many end-users neglect to do them, because they 
often are difficult and/or expensive…

The biggest improvement we can 
make for calibrations…

Make it easier and less expensive, so it is more likely that 
end-users will do them!Q-Lab Confidential
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• Calibration requirements in weathering and corrosion testing
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• Calibration documentation

• Accuracy and uncertainty
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Q-Lab Confidential
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Sensor Terminology

Onboard (or integrated) sensors are 
part of the tester, and are used for 

measurement and control

Calibration sensors are external 
reference devices used for calibration 
and adjustment of onboard sensorsQ-Lab Confidential
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Reference Devices vs. Onboard Sensors
Q-SUN Irradiance Q-SUN Temp

Onboard 
sensors

QUV Irradiance

Reference 
devices

UC20UC10

UC202

Q-Lab Confidential
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• Test standards from ASTM, ISO, and other organizations often 
require calibrations, but there is not always consistency

• Consider ASTM G155 (xenon arc weathering). This gives very 
open-ended guidance on calibration:

Calibration in Test Standards

Q-Lab Confidential
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Major, frequently-referenced weathering standards require at least annual calibration of 
onboard sensors. Further guidance is sometimes also provided:

– ISO 9370 (Plastics — Instrumental determination of radiant exposure in weathering tests — General guidance 
and basic test method) requires onboard sensor calibration checks more frequently than annually, but does 
not define “frequent.”

– ISO 4892-1 (Plastics — Methods of exposure to laboratory light sources — Part 1: General guidance) 
recommends onboard sensor calibration checks more frequently than annually, but does not require them.

– ASTM G151 (Standard Practice for Exposing Materials in Accelerated Test Devices that Use Laboratory Light 
Sources) requires onboard sensor calibration checks every time a lamp, optical filter, or test cycle is changed, 
and annual NMI-traceable calibration and adjustment of reference radiometers.

– ISO 9370 and ASTM G151 both require users to follow manufacturer’s recommendations.

• It’s not always clear how to meet this guidance!

Calibration in Test Standards

Q-Lab Confidential
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• Calibration and adjustment

• Benefits of calibration

• Calibration requirements in weathering and corrosion testing

• Q-Lab calibration recommendations

• Calibration documentation

• Accuracy and uncertainty

Agenda

Q-Lab Confidential
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• Q-Lab recommends frequent calibrations at regular intervals, for 
irradiance, temperature, relative humidity, & other parameters
– We champion this within the standards community

• Technical documentation gives clear guidance on what to do 
and when

• Q-Lab’s Universal Calibrator system makes calibration and 
adjustment simple in QUV and Q-SUN testers

Q-Lab’s calibration recommendations

Q-Lab Confidential
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Universal Calibrator System

Q-Lab Confidential
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• Practicality
– Simplest and most cost-effective system on the market
– Doesn’t require an expensive service visit
– Compatible with all Q-Lab testers

• Accuracy
– Proven, accurate, NIST-traceable calibration method
– All calibrations of reference devices are performed under test conditions

• This solidifies the traceability chain
– All calibrations of onboard sensors performed under actual test condition 

using reference devices of same type as the onboard sensors

Universal Calibrator Benefits

Q-Lab Confidential
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Calibration: QUV Accelerated Weathering Testers

Sensor Calibration Frequency Calibration Instrument
Irradiance 500 hours UC10 Smart Sensor

Black Panel Temperature 6 months Calibrated Reference 
Thermometer

• More frequent calibration is perfectly OK!

• Worth recalibrating also when test cycle, 
lamps, or sensors are changed

Q-Lab Confidential
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Calibration: Q-SUN Accelerated Weathering Testers

Sensor Calibration Frequency Calibration Instrument
Irradiance 500 hours UC20 Smart Sensor

Black Panel Temperature 6 months UC202 Smart Sensor

Chamber Air Temperature
Relative Humidity 12 months Replacement

• More frequent calibration is perfectly OK!

• Worth recalibrating also when test cycle, 
lamps, filters, or sensors are changed

Q-Lab Confidential
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Calibration: Q-FOG Corrosion Testers

Sensor Calibration Frequency Calibration Instrument
Temperature (Chamber Air, 
Wet/Dry Bulb) 6 months Reference thermometer

Shower and Fog deposition Standards-dependent Collections devices

Shower flow 6 months Tester sensors

Q-FOG calibrations, especially for collections, 
can vary depending on test

Q-Lab Confidential
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Calibration: Q-FOG Corrosion Verification

Corrosion coupons Pluviometry Independent verification

• Widely-used calibration techniques (usually with adjustment) to ensure that the 
corrosivity delivered by the tester is what is expected.

• Different style than an onboard sensor calibration, but a calibration nonethelessQ-Lab Confidential
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• Irradiance (UC10, UC20)
– Calibrated to specific spectrum of xenon lamp/filter combination or UV lamp
– Eliminates effect of spectral mismatch
– Avoids saturation issues with off-the-shelf spectrophotometers

• Temperature (UC202)
– Accounts for radiant heating from xenon lamps
– Includes convective cooling effects

Why Use Q-Lab’s Irradiance and Temperature 
Devices for Calibration?

Reference thermometers and generic UV measurement devices do not 
calibrate onboard sensors properly for their service environment Q-Lab Confidential
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• Differences between 
optical filters can lead 
to mis-calibration if not 
accounted for

• This is known as
spectral mismatch

Spectral Mismatch
Optical Filters in Q-SUN Testers

Q-Lab Confidential
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• If a UC20 calibrated for Daylight-Q filters measures a tester with 
Window-Q filters installed, an actual irradiance of 1.00 W/m2/nm 
@340 nm will measure only 0.94 W/m2/nm

• That spectral mismatch-induced error is 6%
– This can significantly affect test results!

– The opposite scenario (i.e. calibrating Daylight-Q with a Window-Q 
reference device) causes the reverse issue

Spectral Mismatch

Imagine errors possible for a device not designed for Q-SUN testers at all!Q-Lab Confidential
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• Calibration and adjustment

• Benefits of calibration

• Calibration requirements in weathering and corrosion testing

• Q-Lab calibration recommendations

• Calibration documentation

• Accuracy and uncertainty

Agenda

Q-Lab Confidential
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• US

• UK

• China

• Germany

Q-Lab Global Calibration Locations
ISO 17025-Accredited

Q-Lab Confidential
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Calibration Certificates
Onboard Sensors

Q-Lab Confidential
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Traceability Chain
Irradiance

NIST

FEL Lamp

Spectroradiometer

Master UC20 / UC10 radiometers (n=3)

Calibration UC20 / UC10 radiometer

Onboard irradiance sensor

Q-Lab Confidential
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Traceability Chain
Temperature

NIST

Reference standard 
thermometer

Master UC202

Onboard temperature 
sensor

Black Panel

NIST

Working standard 
thermometer or 

hygrometer

Onboard chamber air 
temp or RH sensor

CAT/RH Sensor

Q-Lab Confidential
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Calibration Temperature Sensors

Q-Lab Confidential
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Calibration Certificate: Temperature Sensors
Traceability Chain

NIST

Reference standard 
thermometer

Master Black Panel 
Thermometer

UC202 Calibration 
Thermometer

Q-Lab Confidential
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Calibration Certificate: Temperature Sensors
Calibration Validity

Q-Lab Confidential
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Calibration Certificate: Temperature Sensors
Test Data

Q-Lab Confidential
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Calibration Irradiance Sensors (Radiometers)

Q-Lab Confidential
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Calibration Certificate: Irradiance Sensors
Traceability Chain

NIST

FEL Lamp

Spectroradiometer

UC10 / UC20 
Masters (n=3)

UC10 / UC20

Q-Lab Confidential
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Calibration Certificate: Irradiance Sensors
Calibration Validity

Q-Lab Confidential
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Calibration Certificate: Irradiance Sensors
Test Data

Q-SUN UC20 QUV UC10

Q-Lab Confidential
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• Calibration and adjustment

• Benefits of calibration

• Calibration requirements in weathering and corrosion testing

• Q-Lab calibration recommendations

• Calibration documentation

• Accuracy and uncertainty

Agenda

Q-Lab Confidential
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Calibration Uncertainty Budget

• The accuracy of onboard 
sensors is determined by the 
accuracy of the references 
used to calibrate them.

• This is calculated by 
preparing an uncertainty 
budget, shown here for UC20 
irradiance smart sensors

UC 20 source of uncertainty
Est.  uncertainty 

(%)
2 Std-Dev

Std. uncertainty
(%)

1 Std-Dev

Parameter #1 1.16 0.58
Parameter #2 1.00 0.50
Parameter #3 1.00 0.50
Parameter #4 0.08 0.04

Parameter #5 0.08 0.04

Parameter #6 0.20 0.10
Parameter #7 2.50 1.25
Parameter #8 1.00 0.58

Parameter #9 0.28 0.14

Parameter #10 4.80 2.40
Parameter #11 0.30 0.20
Parameter #12 0.60 0.30
Parameter #13 1.43 0.71
Parameter #14 2.00 1.00
Parameter #15 0.70 0.35
Parameter #16 2.86 1.43
Parameter #17 1.43 0.71

Combined Uncertainty ±5.6% ±2.8%Q-Lab Confidential
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• A very common question in calibration: What is the accuracy of my sensors?
• Consider BP/IBP sensors:

– Calibrated with a k=2 measurement uncertainty of +/- 1.5 °C. This is stated on 
the device calibration certificate.

– Calibrated under a radiant load from a xenon-arc lamp and are intended for use 
specifically in a Q-SUN Xenon Arc tester. This is the main source of uncertainty.

– We calibrate these devices using reference black panel sensors, and our 
laboratory accredited to perform the calibration in accordance with ISO 17025.

Accuracy and Uncertainty

The accuracy of onboard sensors is determined by the 
accuracy of the references used to calibrate themQ-Lab Confidential
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• Calibration of onboard sensors is critical for correct, consistent performance of 
weathering and corrosion testers

• Calibration requirements from test standards are not always very descriptive
• The Universal Calibrator system makes irradiance and temperature calibration 

simple for QUV and Q-SUN testers
• Extensive documentation is provided with calibration certificates for onboard 

sensors and calibration devices, including:
– Traceability chain
– Customer information and calibration validity
– Test conditions
– Reference devices and test data

• Sensor accuracy is determined by the accuracy of the devices used to 
calibrate them

Summary – Calibration and Documentation

Q-Lab Confidential
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Thank you for your attention!

Questions?

Send your inquiry to: 
info@q-lab.com

Q-Lab Confidential
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