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Calibration and Adjustment

AR

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

K& : SEMNEVRERTHER - BEOLEMEIERITEMA (Al
EERINIST )

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

HE : WNERAHTENR  FERLGUEENESE

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

P TSP i — 1T - 18R28XT
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Calibration vs Adjustment Example

B Ak vs 1FEX

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.

NFREEANEFTIER - IRFERERIOSHEEHLMEIANT00 - BARWFREES

MBS ZERITER - BRIE /50 - X — MR -

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!)

KRB KX - RFREAZ—/NNLUATHME - XIZ2—MIER - BAR N RSEHR
FERIEERR - (BEXFPIFERN 1% o DU FR BN /R IEFARIATE) ( BRIFGSRAL HIRAIMDE | )

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.
EIRMFRMEANELLLR, FRATREEMEANE—H XMEREMBE,

Proper weathering testing involves both calibrations and adjustments.

ZAEW A BRI Y REAREE
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Calibration Benefits
BERIIFA

. Q-Lab and other manufacturers recommend regular calibrations of onboard irradiance and temperature
Sensors

Q-LabFIEMhH3E B A Ml 2842 IR EADR B L B3 1T & BRUE

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

RERFRRRE RENENEENERNMECE

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

BN ERZER P EEMIVREZ - ISBRERKWNEIHANFEEEEZF

Difference from

correct outcome
_=___"__,,_,,_—T——~—"’I”"’—’~’* SEMERNESR
® . z >

Test start

Test duration
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Calibration Benefits

AR

» (Calibrating all sensors regularly reduces deviations

EHREFI B Ra o R MR =

« Even with a long test duration, deviation remains small

BIEEANR 5 S B K - RETDZRIR/)

Only slight deviation
from correct outcome

NEEHAERKRER
v | =

Test start

Test duration
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The biggest problem with calibrations in weathering testing...

HEZEMAPRENEKROEZ, - o

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

REEFRU A8, RARERMOTRS, o .

The biggest iImprovement we can make for calibrations...

BTN RENRARHSE, o o

Make it easier and less expensive, so it is more likely that end-users will do them!

UREEARERE, EFT=EM!
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Sensor Terminology

e AIE

Onboard (or integrated) sensors are part of the tester, and Calibration sensors are external reference devices used for
are used for measurement and control calibration and adjustment of onboard sensors
M (RER) ERFIIREM—E 5, AT NEFEH RAECRBZNDHUNGFATRANAR RS L RS
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Reference Devices vs. Onboard Sensors

SEINE vs IR BT RS

QUV Irradiance Q-SUN Irradiance Q-SUN Temp

Onboard sensors

REERES

Reference devices

SENH
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Calibration in Test Standards

DT P A BOE L SE

« Test standards from ASTM, ISO, and other organizations often require calibrations, but there

is not always consistency
ASTM ~ ISOMEMABLRFINEATEBENE & - BHAARZE—H

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

ASTM G155 ( @INEAL ) MR ERE 7IEEHMNNIES :

6.3 Instrur:;jen.t C?Iibrath:n—To er:ps:lr; st.?’:)g’?rdization and . 6.3 /)‘( #ﬁ"' /ﬁ-' ﬁﬁ /?? ﬁf /f/b 'fﬂﬁ/;z# ’ 57‘5 fg /b
accuracy, the instruments associated wi e exposure apparatus v 22 s =t \ =g R
(such as timers, thermometers, wet bulb sensors, dry bulb B %fﬁ f 57 / g"-‘" # (ﬂ j /1 Z 7LH 7 #‘ "mg‘{- L 7:‘ "'E .
sensors, humidity sensors, UV sensors, radiometers) require }f /g/f_:? . 7_C—£7? /?/f—:?#‘ /_-E/f /g/f—:?%\ ,_%57)(!%
7ertiodic ca;libr'?;iorllto er;su:;z rl')epfatabig;‘y ct>f tes:. reSlIlltS. /5/5':‘2‘ %‘ fggy Z‘7L) %5%_ /'_E‘_';#ﬂﬁ“- /‘E-, jg‘(ﬁﬁ/;f /ﬂy Z:f[‘
nstrument calibration should be traceable to national or +~ ; ) AN e =
international standards. Calibration frequency and procedure ’f H % H/:z E f {-? ° /)( i#i& ‘ E'n/_'_’ll_ ﬂ'f_ /i}? EJ % = E@
should be in accordance with manufacturer’s instructions and E/-;ﬁ . /fo ﬁ’(’/ﬁﬁ ﬁfﬂ&/%“/ﬂf o= ﬂ?//m /?5%97
good laboratory practices. Z}?@?fﬂ E LFHGSC TS _Lf’;f’ﬁo
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Calibration in Test Standards

AT AT PRI SE

Major, frequently-referenced weathering standards require at least annual calibration of onboard sensors. Further guidance is
sometimes also provided:
EHNECIVEERNREERBED —FRE—R - BNERHH-—THES :
— IS0 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 9370 BRIRFEERBRUENBRMESTEF—R - BREX "HX"

—  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.
ISO 4892-1 #HFIREEKB[RUAEMBHMERSTEEFE—R - BEHAEK

—  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.

ASTM G151 BEAEBREMI E ~ BIACHBNEHEF KETENBRTREERF[ENSE - UASERRENNEENMICHEBR A

A -

— 1509370 and ASTM G151 both require users to follow manufacturer's recommendations.

ISO 9370FIASTM G151 HER EHEBREIREFIEHNEXK

. It's not always clear how to meet this guidance!
X-.H:E E?ﬁxlb\ZE{‘(I%%
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Q-Lab’s calibration recommendations

Q-Labixk M HEF=E

* Q-Lab recommends frequent calibrations at regular intervals, for irradiance,
temperature, relative humidity, & other parameters
Q-Lab #HEFEHARE - WiaRE - RE - HXEEMEMSE
— We champion this within the standards community

HIEMEP—EHESER

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

AR T T2 - T AR ESLSE CIRBNES

« Q-Lab’s Universal Calibrator system makes calibration and adjustment simple in
QUV and Q-SUN testers
Q-LabRYEARUEN A B REM B RERE 2
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Universal Calibrator System

BARERS

Q-SUN irradiance

Q-SUN Q-SUN
uc20/Tuv uc20/42

SMART SENSOR SMART SENSOR

€

Q-SUN
uc202/1BP

SMART SENSOR

UM

UC202/BP

5

QUV irradiance

auy Quv
C. ucio/uvc uc1o/cw

SMART SENSOR SMART SENSOR

(43

16 | Calibration and Documentation We make testing simple. ‘




Universal Calibrator Benefits

R 13 A AR RO 4

«  Practicality SRRt
Simplest and most cost-effective system on the market
8 PERA TR R

Doesn't require an expensive service visit
FEGTENRSHED
— Compatible with all Q-Lab testers
REQ-LabFIAIRE

|h1|:||

«  Accuracy 4
— Proven, accurate, NIST-traceable calibration method
IERY - ERERY - NISTOREMRRIRETT A
—  All calibrations of reference devices are performed under test conditions
FREZERENNIBEEENIN R M7
« This solidifies the traceability chain
XL E G A %
— All calibrations of onboard sensors performed under actual test condition using reference devices of same
type as the onboard sensors

AR EE RN EEZ EABRR S ZRUENAESIRUIE Tk MATTH -
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Calibration: QUV Accelerated Weathering Testers

Calibration Frequency Calibration Instrument

Irradiance (RBBE 500 hours UC10 Smart Sensor

Black Panel Temperature

. 6 months Calibrated Reference Thermometer
ERARE

*  More frequent calibration is perfectly OK!

BB AR T

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

HMHIE ., AT ERERFNEN, WFEEFTRAE
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Calibration: Q-SUN Accelerated Weathering Testers

Calibration Frequency Calibration Instrument

Irradiance 1BIRE 500 hours UC20 Smart Sensor

Black Panel Temperature
FEE

Chamber Air Temperature
Relative Humidity 12 months Replacement
FRAZES/MEXEE

6 months UC202 Smart Sensor

«  More frequent calibration is perfectly OK!

BN R IR

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

LG STERCRBREN, hFEEHRAE
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Calibration: Q-FOG Corrosion Testers

Calibration Frequency Calibration Instrument

Temperature (Chamber Air,
Wet/Dry Bulb) 6 months Reference thermometer

mE (FEKERE, TBR/EBK)

Shower and Fog deposition

FORFIRE Standards-dependent Collections devices
D1/ J\r:v

?Q;%/giéow 6 months Tester sensors
IARLU\DIITN

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

Q-FOGH A, 1R 2% 8 I E b, TTaEENIET = i
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Calibration: Q-FOG Corrosion Verification

; : : E— ]
Corrosion coupons Pluviometry Independent verification
SR k= % 37 36 1iE

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

[TZERMRERA (BETARBE), LHBANNIRERAME RS N

+ Different style than an onboard sensor calibration, but a calibration nonetheless

MR ERRBRETR, BHE—MRE
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Why Use Q-Lab’s Irradiance and Temperature Devices for Calibration?

N2 BE(FERHQ-LabB & IR 1T AR E 1 171K

« Irradiance (UC10, UC20) (&R E
— Calibrated to specific spectrum of xenon lamp/filter combination or UV lamp
X5 E @K JE1E B SR IMT IAUE
— Eliminates effect of spectral mismatch
HERICE KRBC %

— Avoids saturation issues with off-the-shelf spectrophotometers

Bt R Y (R TR A O]

«  Temperature (UC202) ;B E
— Accounts for radiant heating from xenon lamps
ZREK FERVES
— Includes convective cooling effects

RIS AR

Reference thermometers and generic UV measurement devices do not calibrate onboard
sensors properly for their service environment

SEREITMERENEHN T TR N AERSRERRERE RS
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Spectral Mismatch - Optical Filters in Q-SUN Testers
FIERACH - QSUNRATIRBEHIT ISR

20 |]—Extended UV - Quartz
||—Extended UV - Q/B
|]—Daylight - B/B
]—nDaylight - F
«  Differences between optical filters 15 -|—Daylight-Q \
. . . . |—Window - B/SL
can lead to mis-calibration if not | —Window-a
accounted for E  |—Window-R J\
LSRN N oo \ s 2 'N\. A 9
MRAZ RS CF TR ZBNES - O] £ 4 L Window SFS /\\
RN \ ~
BEASEREER B
E
«  This is known as spectral mismatch S
XN KA E £
280 300 320 340 360 380 400
Wavelength (nm)
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Spectral Mismatch

FEIE KA

« If a UC20 calibrated for Daylight-Q filters measures a tester with Window-Q filters installed,

an actual irradiance of 1.00 W/m?/nm @340 nm will measure only 0.94 W/m?/nm
WMRIZFEARNZEWindow-Qilg/ + ABARUC20%EEFEDaylight-QEIMEUNE - MEEZT 40.94
mAZE1 ( IERE) .

«  That spectral mismatch-induced error is 6%
JEIE R BCS I RERYIRZE N 6%
—  This can significantly affect test results!
hed==$ -1 [} 2
— The opposite scenario (i.e. calibrating Daylight-Q with a Window-Q reference device) causes the
reverse issue

MHRHER ( BIEAWindows-Qig E R KR EDaylight-Q ) S EHKRAID)E

Imagine errors possible for a device not designed for Q-SUN testers at all!
BER—T, —TMEARFRNQ-SUNIZFIRITHRAANSHINEFEIR !
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Q-Lab Global Calibration Locations - ISO 17025 Accredited
Q-Lab £BRELEHLH - 1SO 17025 AIE

. US .. K

. UK *
« China

* Germany
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Calibration Certificates - Onboard Sensors

AN - IRFIEKES

27 | Calibration and Documentation

Calibration Certificate

Irradiance Sensors used in
QLAB QUV and Q-SUN Test Chambers
The imadiance sensors in this tester are certified to have been calibrated using instrumentation traceable to the National Institute of Standards:

and Technology (NIST). Imadiance calioration is done in accordance with the following intemal Q-Lab procedure: LP-CAL04,
This calibration is 1SO 17025 accredited by AZLA.

~F [Accreire)

CERT Fmal

Traceability Chain

AUV or &-SUN |::>| radiometer ‘n::>‘ By ‘l::>‘ spectroradiometer ‘1:>‘ FEL Lamp‘ =

Calibration Certificate

Temperature and RH Sensors for Use in P )
QLAB QUV, QCT, Q-SUN & Q-FOG Test Chambers o Cikr g

The thermomatar (and hurmidity sensor for G-SUN Xe<3 Series 1-22)in this tester s cerified 1o have been calibrated using insiimentason traceable
o the Nasonal Inssitute of Sisndsrds and Technology (MIST). Tempersture calibration is done in acoordance with intemal ©-Lsb procedure LP-
GAL01, LP-CALD1b, and LP-CALD1c and the temperature scabe is IT5-60. Relave humidity calibration (f applicable) is done by direct
cemparisen 12 3 calibrated NIST . intemal Q-Lai P-CAL2 150 170

| {emperature sensor in QUV, QCT, Q-SUN (non-BF), | 5 ‘ working standard

iradiance sensor radiometers
Customer Name and Address: Tester Information: Calibration Performed: 7j
Model: | || cabration pate:
Serial N Valid Until
Prior Calibration Date: a0 resommenss onsl scoreics cafratons
cefauit Vaic Untr eniryof 12 months fom the sensor’|
orginal calibration aate 150 17025, howaver, atows any|
Working Standard Radiometer: customer i request s d ther

complete diserstion.

Type:
g 0. Lab st racommencs tnat s user
SeralNo: |lcotraton verfestion check every 500 gt hours
Lght ours since e astcatraton can be found
Calibration Da by pushing the 7 button and seroling t D10 on the.
U esteror D 30 0 SUN ssters

MIST

Q-FOG and RH sensor in Q-SUN Xe-3 series 1-22

thermometer (or hygrometer) ‘ ':>‘

Chamber aif temperature .
Black Panel < (Q-SUN only) <

UV filter type (Q-SUN only):
Imadiance sensor
wavelength (Q-SUN only):

Lamp type (QUV only):

[] irradiance {  wim?at _ nm)* ] llluminance (lux)
As Found ch.1 ch.2 ch.3 ch.4

Zero - reference radiometer

Zero — unit under test”

Span - reference radiometer

Span — unit under test
As Left ch.1 ch.2 cn.3 ch.4
Zero — reference radiometer
Zero — unit under test”

Span - reference radiometer

Span — unit under test

Al Q-SUN and QUV tester series 73 and higher or testers with upgraded TEBR. *iadiance unit for UVC-254 is mWicm?
The calibration uncertainty at a 95% confidence level using a coverage factor of k=2 is 6.

Calibration Performed By: Approved By.
- -

This certificate shall not be reproduced except in full without the approval of O-Lab Corporation. | Page 1 of 1

G-Lab Corporation | 800 Canterbury Road | Westiake, OH 44145 USA | Repair@-iab.com | +1-440-835-8700

a-sunBe black panel | [ ST reference standard
temperature sensor || themometer || Mlackpanel oy R CT o |

‘Customer Name and Address: Tester Information: Calibration Performed:
Model; @-FOG CRHIBI0HTC =1 || catibration Date:
Serial No: Valid Until:
Prior Calibration Date: Q-Lab recommends annual, accredited

calibrations for temperature and RH
‘sensors. As such, Q-Lab specifies a defaut
“Valid Unti” entry of 12 months from the
‘sensor'soriginal calibration date.

1S0 17025, however, allows any customer
10 Tequast a diffsrent or blank date at their
complete discretion.

Working Standards Used:
Type of Device Manufacturer and Model Serial Number

Sensor Type: = = =
Calibration Point: 1 2 1 2 1 2
Reference Thermometer
{or Hygrometer Reading): = = = ]
Tester Temperature (or RH Reading)
As Found:

Tesler Temperalure (or RH Reading)
As Left

The calibration uncertainties at a 95% confidence level using a coverage factor of k=2 are as follows:
Temperature: + 0.25°C, Q-SUN Black Panel: + 1.9°C, Relative Humidity: +3 4%

Calibration Performed By: Approved By:

This ceriificate shall not be reproduced except in full without the approval of G-Lab Corporation. | Page 70f 1
Q-Lab Corporation 800 Canterbury Road | Westlake, OH 44145 USA | Repair@q-lab.com | +1-440-835-8700
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Traceability Chain - Irradiance

B E - RIRE

Calibration Certificate
Irradiance Sensors used in
QLAB QUV and Q-SUN Test Chambers

The irradiance sensors in this tester are certified to have been calibrated using instrumentation traceable to the National Institute of Standards
and Technology (NIST). Imadiance calibration is done in accordance with the following intemal Q-Lab procedure: LP-CAL-04.
S AJLA

ACCREDITED)

CERT #230301

Traceability Chain

Onboard irradiance sensor

Calibration UC20 / UC10 radiometer

Master UC20 / UC10 radiometers (n=3)

—

Spectroradiometer

—

FEL Lamp

P
wn
=
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—>| radiometer ‘ :D‘ ra%i:‘ris;grs ‘ C—>| spectroradiometer l:>| FEL Lamp. | —
-—
Customer Name and Address: Tester Information: Calibration Performed:
Madel: J Calibration Date:
Serial No: Valid Until:
Prior Calibration Date: __ C-Lab recommends annual, acoredited calibrations

for imadiance sensors. As such, Q-Lab species 3
efault “Vaiid Unti" entry of 12 months fom the sensar's
originl calibration date. 150 170125, however, allows any)
Working Standard Radiometer: customer to request a difierent or blank date at their
complete diseretion

Type: e
) ©-Lab also recommends that the user performs a
SerialNo: ||caliraton verification check every 500 light howrs
Light hours since the last cafibration can be found

Ci Date: .
by pushing the 7 butten and scrolling to D10 on the
QUV tester or D5 on Q-SUN testers.
Chamber air temperature .
Black Panel < (Q-SUN only): <
Lamp type (QUV only): J UV filter type (Q-SUN only):
Irradiance sensor J
wavelength (Q-SUN only):
[ wadiance {  wim?at  nm)*  [] lluminance (lux)
As Found Ch. 1 Ch.2 Ch.3 Ch. 4

Zero — reference radiometer
Zero — unit under test*
Span - reference radiometer

Span — unit under test
As Left Ch. 1 Ch. 2 Ch.3 Ch. 4

Zero — reference radiometer
Zero — unit under test*
Span — reference radiometer
Span — unit under test

* All Q-SUN and QUV tester series 73 and higher or testers with upgraded TEBR. *iradiance unit for UVC-254 is mWiem?
The calibration uncertainty at a 85% confidence level using a coverage factor of k=2 is +6 5%

Calibration Performed By: Approved By:
[— [C

This certificate shall not be reproduced except in full without the approval of Q-Lab Corporation. | Page 1 of 1

Q-Lab Corporation | 800 Canterbury Road | Westlake, OH 44145 USA | Repair@g-ab.com | +1-440-835-3700

We make testing simple. ‘ @

AB



. . Calibration Certificate
Traceability Chain - Temperature Temperature and RH Sensors for Use in

IS A N=| QLAB QUV, QCT, Q-SUN & Q-FOG Test Chambers falal CIRT 3101
E :y'ﬂ E Q J:g: o
I -

l 'm x The thermometer (and humidity sensor for Q-SUN Xe-3 Series 1-22) in this tester is certified to have been calibrated using instrumentation traceable
to the Naional Insftute of Standards and Technology (NIST). Temperature calibration is done in accordance with intemal O-Lab procedure LP-
CAL-01, LP-CAL-01b, and LP-CAL-01c and the temperature scale is [T5-80. Relative humidity calibration (if applicable) is done by direct

= forbeak ety e

Traceability Chains
temperature sensor in QUV, QCT, Q-SUN (non-BP), ) working standard = NIST
Q-FOG and RH sensor in @-SUN Xe-3 series 1-22 thermometer (or hygrometer)
ster
Q-SUN BP black panel |, Y reference standard N
ftemperature sensor EJ‘ thermometer | t‘;{?ﬁﬁoﬁgﬂ, = thermometer =
Customer Name and Address: Tester Information: Calibration Performed: 7j
Black Panel CAT/RH Sensor g | My

Serial No: Valid Until:
Prior Calibration Date: Q-Lab recommends annual, accredited

calibrations for temperature ur!d RH

Onboard temperature Onboard chamber air o ey o o
‘sensor's onginal calibration date.

sensor temp or RH sensor forequet et of bk ke o k-

complete discretion.

Working Standards Used:
Type of Device Manufacturer and Model Senal Number

Master UC202

Working standard
thermometer or SensorType: = — =

Reference standard hygrometer St o 1 2 12 2

th t (or Hygrometer Reading): 3| 3| =1 — =1 JE3
ermomerter Tester Temperature (o RH Reading)
As Found: = = |
}T\zsﬁzrﬂremperamre {or RH Reading) = = = = = =

The calibration uncertainties at a 95% confidence level using a coverage factor of k=2 are as follows:
Temperature: £ 0.25°C, Q-SUN Black Panel: £ 1.9°C, Relative Humidity: £3.4%

NIST NIST R —— P—

[ [

This certificate shall not be reproduced except in full without the approval of C-Lab Corporation. | Page 1 of 1
Q-Lab Corporation 800 Canterbury Road | Westlake, OH 44145 USA | Repair@g-lab.com | +1-440-835-8700
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Calibration Temperature Sensors

RARE E R

Calibration Certificate #030522182992411UC202/BP

UC202 Black Panel Calibration Thermometer for

QLAB Use with Q=SUN Xenon Test Chambers laccaforren.

CERT 4738301

This Black Panel Calibration Thermometer has been calibrated to test procedure UC-110002-T using instrumentation traceable to the
National Institute of Standards and Technology (NIST). It should only be used to calibrate the black panel temperature sensor in
Q-SUN Xenon Test Chambers. The Q-Lab Corporation calibration lab is 1SO 17025 accredited by A2LA_

Traceability Chain

UC202 Calibration Thermometer ‘I:D‘ Master Black Panel Thermometer ‘I:‘,>| Refe_;rLence . = |;'>
Q-Lab Corporation Serial No: _18-20924-11-UC202/BP | | Calibration Date: 3 May-2022
Repair Dept —————————

800 Canterbury Road Prior Calibration: 20-Jan-2022 Valid Until 3-May-2023
Westlake, OH 44145 \ ) .
United States Certificate will be made valid for 12

months from date of calibration unless
otherwise specified by the customer at the
time of order placement.

Master Black Panel Thermometer Serial Number: 03-0262-3-BP
Reference Standard Thermometer Serial Number: 200588533

Initial Final

MASTER DATA 1 2 average 1 2 average
zero (ice bath) - - 0.o0°Cc - - 0.0°C
full range (in Q-SUN) 89.2°C 92.3°C 90.8°C_(A)| 88.8°C 919°C 904°C (C)
mid range (in G-SUN) - - - 485°C 504°C 49.5°C

Initial (as received) Final (after calibration)
UNIT UNDER TEST DATA 1 2 average 1 2 average
zero (ice bath) - - 0.0°C - - 0.0°C
full range (in G-SUN) 87.6°C 903°C 890°C (8)] 8s0°C 916°C 903°C_(D)
mid range (in Q-SUN) - - - 487°C 49.9°C 49.3°C
change ((D-C) - (B-A)) 5 - - - - 18°C
Condition when received: Good. Proceed with Calibration. The calibration uncertainty at a 95%
Comments: R8 confidence level using a coverage

factorof k=2is £ 1.5°C
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Calibration Certificate: Temperature Sensors - Traceability Chain

BRAIES : REERER - B

Calibration Certificate #030522182992411UC202/BP

UC202 Black Panel Calibration Thermometer for ifac=mrA UC202 Calibration
. = ~oT
QLAB Use with Q-SUN Xenon Test Chambers il e Thermometer
This Black Panel Calibration Thermometer has been calibrated to test procedure UC-110002-T using instrumentation traceable to the @
National Institute of Standards and Technology (NIST). It should only be used to calibrate the black panel temperature sensor in

Q-SUN Xenon Test Chambers. The Q-Lab Corporation calibration lab is 1SO 17025 accredited by A2LA. Master BlaCk Panel

Thermometer
’ . Reference Standard
UC202 Calibration Thermometer Master Black Panel Thermometer E:) E:) NIST
Thermometer
Q-Lab Corporation Serial No:  18-20924-11-UC202/BP Calibration Date: 3-May-2022 Ref dard
Repair Dept — ererence Stan ar
8500 Canterbury Road Prior Calibration: 20-Jan-2022 valid Until: 3-May-2023 thermometer
Westlake, OH 44145
United States Certificate will be made valid for 12
months from date of calibration unless
otherwise specified by the customer at the
time of order placement. N | ST

Master Black Panel Thermometer Serial Number: 03-0262-3-BP
Reference Standard Thermometer Serial Number: 200588533
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Calibration Certificate: Temperature Sensors - Calibration Validity

BAEUED : IREEIE AR - BER M

Q-Lab Corporation Serial No:  18-29924-11-UC202/BP Calibration Date: 3-May-2022
Repair Dept

800 Canterbury Road Prior Calibration: 20-Jan-2022 Valid Until: 3-May-2023
Westlake, OH 44145

United States Certificate will be made valid for 12

months from date of calibration unless

otherwise specified by the customer at the
time of order placement.

Master Black Panel Thermometer Serial Number: 03-0262-3-BP
Reference Standard Thermometer Serial Number: 200588533
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Calibration Certificate: Temperature Sensors - Test Data

AU : BEERER - N EUE

Initial Final

MASTER DATA 1 2 average 1 2 average
Zero (ice bath) - - 0.0°C - - 0.0°C
full range (in Q-SUN) 89.2°C 92.3°C 90.8°C  (A) 88.8°C 91.9°C 90.4°C (C)
mid range (in Q-SUN) - - - 48.5°C 50.4°C 49.5°C |

Initial (as received) Final (after calibration)
UNIT UNDER TEST DATA 1 2 average 1 2 average
Zero (ice bath) - - 0.0°C - - 0.0°C
full range (in Q-SUN) 87.6°C 90.3°C 89.0°C (B) 89.0°C 91.6°C 90.3°C (D)
mid range (in Q-SUN) s - - 48.7°C 49.9°C 49.3°C
change ({(D-C) - (B-A)) - - - - - 1.8°C
Condition when received: Good. Proceed with Calibration. The calibration uncertainty at a 95%
Comments: R8 confidence level using a coverage

factor of k=2 is + 1.5 °C
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Calibration Irradiance Sensors (Radiometers)

RAERRBEEGRSE (BRI
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Calibration Certificate #300822202170413UC20/340
UC20/340 Radiometer for Use with the SOLAR EYE

Irradiance Control System on Q-SUN Xenon Test ; (BccaeDIveD)
QLAB Chambers
This radiometer is certified to have been calibrated using i i ble to the National Insitute of Standards and
Technology (NIST) and in accordance with ASTM test method G130 sec. 6.4. It should only be used to measure xenon lamps
in @-SUN Xenon Test Chambers. Q-Lab's calibration lab is ISO 17025 by AZLA for the calil of

Traceability Chain

spectroradiometer

‘ radiometer ‘ =3 ‘ 3 master ‘=;>

l=:>‘ FEL Lamp ‘l:‘,>‘ NIST ‘

[aLab Corporation

Serial No: - 13 [Calibration Date: 30-Aug-2022
[Acceptance Testing erial No: 20-21704-13-UC20/340 alibration Date: ug-

800 Canterbury Road Prior Calibration: 26-Aug-2021 ‘alid Until: 30-Aug-2023
Westlake, OH44145 ASTM G151, sec. 5.1.7.4 and IS0 9370 sec. 6.1.1
United States

require annual calibration. As such, Q-Lab
specifies a default "Valid Unti™ entry of 12 months
from the radiometer’s original calibration date. ISO
17025, however, allows Users to request a different

or blank date at their discretion.
Master Radiometer Serial Numbers: #1:20-19803-12-UC20/340  #2: 20-19809-12-UC20/340  #3: 19-32937-12-UC20/340
Irradiance (W/m2/nm @340nm})

MASTER DATA #1 #2 #3 Avg.
Zero 0.00 0.00 0.00 0.00
SPAN, Full-Range 1.30 128 127 1.28
SPAN, Mid-Range 035 034 0.34 0.34
UNIT UNDER TEST DATA

As Received - ZERO 0.00
As Recelved - SPAN, Full-Range (A) 140
After Cleaning - ZERO 0.00
‘After Cleaning - SPAN, Full-Range () 141
After Calibration - ZERO 0.00
‘After Calibration - SPAN, Full-Range (C) 128
After Calibration - SPAN, Mid-Range 0.34
% Change After Cleaning - SPAN, Full-Range (B-A)A 1%
9% Change After Cleaning and Calibration - SPAN, Full-Range (C-A)/A| -9%
Condition when received: ‘Good. Proceed with Calibrati The cali uncertainty ata
Comments, Working Standard R9 95% level using a

coverage factor of k=2 is + 5.5%
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Calibration Certificate: Irradiance Sensors - Traceability Chain

BRAILETS : RIGEE RS - B

ucio / UC20

Calibration Certificate #300822202170413UC20/340 oy U C'I O /ﬂu C 20
UC20/340 Radiometer for Use with the SOLAR EYE fac=mRA
Irradiance Control System on Q-SUN Xenon Test : * Y{AScAENED Masters (n = 3)
QLAB Chambers | @
This radiometer is certified to have been calibrated using instrumentation traceable to the National Institute of Standards and

Technology (NIST) and in accordance with ASTM test method G130 sec. 6.4. It should only be used to measure xenon lamps
in Q-SUN Xenon Test Chambers. Q-Lab’s calibration lab is ISO 17025 accredited by AZLA for the calibration of radiometers.

Spectroradiometer

Traceability Chain
radiometer : r.naster spectroradiometer FEL Lamp J\/l
radiometers

il

NIST
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Calibration Certificate: Irradiance Sensors - Calibration Validity

AL - BREE RS - BEARHY

Q-Lab Corporation Serial No:  20-21704-13-UC20/340 [ |Calibration Date: 30-Aug-2022

Acceptance Testing

800 Canterbury Road Prior Calibration: 26-Aug-2021 Valid Until: 30-Aug-2023

We:stlake, OH44145 ASTM G151, sec. 5.1.7.4 and 1SO 9370 sec. 6.1.1

United States require annual calibration. As such, Q-Lab
specifies a default "Valid Until" entry of 12 months
from the radiometer's original calibration date. ISO
17025, however, allows users to request a different
or blank date at their discretion.

Master Radiometer Serial Numbers: #1:20-19803-12-UC20/340  #2: 20-19809-12-UC20/340  #3: 19-32937-12-UC20/340
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Calibration Certificate: Irradiance Sensors - Test Data

WA : IBREG RS - MR

Q-SUN UC20 QUV UC10

Irradiance (W/m?/nm @340nm)

MASTER DATA #1 # #3 Avg. . ) UV-A Lamps (Wimnm @Mﬁmﬁa Lamps (W/m‘nm @310nm)
MASTER DATA (calibration version 2) # # w3 Avg. # #2 " Avg.
Zero 0.00 0.00 0.00 0.00 Foro
SPAN, Full-Range 130 128 1.27 128 ST
SPAN, Mid-Range 0.35 0.34 0.34 {034
UNIT UNDER TEST DATA (calibration version 2)
As Received - ZERO
UNIT UNDER TEST DATA R T =
As Received - ZERO 0.00 Alter Cleaning - SPAN, Ful-Range (8)
As Received - SPAN, Full-Range (A) 1.40 e FaiToomms =
After Cleaning - ZERO 0.00 Ater Calibralion - SPAN. Vid-Range
After Cleaning - SPAN, Full-Range (B) 1.41
After Calibration - ZERO
After Calibration - SPAN, Full-Range (C) 1.28
After Calibration - SPAN, Mid-Range 0.34
% Change After Cleaning - SPAN, Full-Range (B-A)/A 1%
% Change After Cleaning and Calibration - SPAN, Full-Range (C-A)/A -9%
Condition when received: Good. Proceed with Calibration. The calibration uncertainty at a
Comments: Working Standard R9 95% confidence level using a

coverage factor of k=2 is £ 5.5%
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Agenda

»  Calibration and adjustment
RN 2

*  Benefits of calibration

BRI A

*  Calibration requirements in weathering and corrosion testing
T ZAEME RN P RREZSK

* Q-Lab calibration recommendations
Q-LabfREHEE

»  Calibration documentation
RAE

»  Accuracy and uncertainty

EREMAEERE
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Calibration Uncertainty Budget
NEABEE

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

IREERSRNERERATHTREENZ

EIX B ERE

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

X ZdI mhl AEEEMERITEN - 1E

PR HTUCOIRIREEREL B =R
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UC 20 source of uncertainty

Est. uncertainty
(%)

[Std. uncertainty]
(%)

2 Std-Dev 1Std-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 0.7
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 +56% | +2.8%

We make testing simple. ‘
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Accuracy and Uncertainty

HERENTHAEN

« A very common question in calibration: What is the accuracy of my sensors?

KEF—TIFEELHIEAE : (R EFEZSL ?

»  Consider BP/IBP sensors:
Z AR/ FBIRERES
— Calibrated with a k=2 measurement uncertainty of +/- 1.5 °C. This is stated on the device calibration certificate.
k=2 NNEABEE N +/-1.5°CH - XEIRKFREIET EB5HH
— 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.

E@IMTES FRE - TTTHTQ-SUNGIRE - XEAREMNEERIR
—  We calibrate these devices using reference black panel sensors, and our laboratory accredited to perform the calibration

in accordance with 1ISO 17025.
HNERSsZEREEERSRAXLERE  FEHENWIRNEERISO 170258 EH R

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

REERBVWEREDRRTHATRACHSEITHAERE
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Summary - Calibration and Documentation

B - BEMXHICR

. Calibration of onboard sensors is critical for correct, consistent performance of weathering and corrosion testers

IRE R RERRIRUEX TRIEEEI—HWZEME RN EZERER

. Calibration requirements from test standards are not always very descriptive

AR AR AP X TRUEEK A B ZRIFA

. The Universal Calibrator system makes irradiance and temperature calibration simple for QUV and Q-SUN
testers

BRANERGERERENREREZFRES

. Extensive documentation is provided with calibration certificates for onboard sensors and calibration devices,
including:
REBRLMRERENREIERRME ¥ RS0 -
—  Traceability chain BB %5E
—  Customer information and calibration validity & {5 B AR
—  Test conditions iz &4
—  Reference devices and test data £ E1& & MM EE

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

RELRABBEARERENBERE
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Thank you for your attention!

Questions?

Send your inquiry to:
kqu@qg-lab.com
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