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What We Will Talk About

» Basics of Weathering
= BRI ERFNIR
«  Why Perform Laboratory Weathering?
AT A2 MR EZ/ENL ?
« Laboratory Weathering Testing
Ko 2= E Bl
—  Xenon @XJ
—  Fluorescent UV ZZ 2240

« Elements of an Effective Testing Program

BRI 75 2

2 | Essentials of Lab Weathering

We make testing simple. ‘

QLAB



What We Will Talk About

Basics of Weathering

ZEMENERETE
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What is Weathering?

Changes in material properties resulting from exposure to the radiant energy
present in sunlight in combination with heat (including temperature cycling)
and water in its various states, predominately as humidity, dew, and rain.

HTRETHAATRARINGS - UGN ( BRREREN ) K ( £EEZ
LIE ~ B/KFIMRIK ) MSERIM s ERERIR1E
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Forces of Weathering
Know Your Enemy!

« Sunlight

FH

e Heat | |
3, VN \‘

VAR

« Water
7K

*Other factors can impact weathering as well but we will not focus on those today
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Sunlight

AAN
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Sunlight

* A form of energy

Ae=AIZEL

» Electromagnetic radiation

B B e S

« Usually described in terms of irradiance & wavelength (A)
AR RARRBEARKHTEL
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Electromagnetic Spectrum

|
X-rays ; . microwaves
iy, ove oy ova [N N | et MO

0 100 200 300 400 500 600 700 800 900 1000

‘ nanometers ’

Sunlight

uv 295-400 nm ~1%
Visible  400-800 nm ~55%
IR 800-3000 nm ~38%
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Even though it is only 7% of sunlight’s total radiant energy...

B R S X EFT7%

UV causes virtually all polymer degradation!
E2NE T SHPTER YRR
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Irradiance

RIRE

Irradiance’ is the rate at which light energy falls on a
surface, per unit area

[W/m?] or [J/s'm?]

BRE - fUER LI

Spectral irradiance? is the irradiance of a surface per
unit wavelength

[W/m2/nm]

FEERE - ERK MERE

Radiant exposure’ (or radiant dosage) is irradiance over
a period of time

[J/m?] or [W-s/m?]

1 ASTM G113 —Terminology

2 1SO 9288 — Physical quantities and Deﬁnit[ons

rRETIRIA S & - RIBE A EAVZRIR

10 | Essentials of Lab Weathering We make testing simple. ‘ @
QLAB




Spectral Power Distribution (SPD)
Noon Summer Sunlight EZ1F 4 B3t

2.5
: : : ——CIE 85 Table 4
1 1 1
2.0 : : : ——=SMARTS2 ASTM G177
1 1 1
1 1 1
Spectral 15 :UVB:
Irradiance ! ! UVA Visible
m2/nm ! 1
1 1 1
L |
0.5 - I i I
1 1
: |
OO I | | | | | | I I I

250 300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

SPD: The absolute or relative radiant power emitted by a source, or incident upon a receiver as a function of wavelength. (ASTM G113)
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Spectrum Modifiers
H L

 Sunangle XPHAEE

— Time of Year (e.g. summer)

— Time of Day (e.g. noon)

— Latitude
« Altitude ;&K
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Sunlight Through Window Glass

=T B IRIE R PE Y
2.5
—Daylight
2.0 1 =-==\Window
Spectral .5
Irradiance T
W/m?/nm) .
1.0 L
0.5 I
0.0 Il T T T T T T T

240 280 320 360 400 440 480 520 560 600 640 680 720 760 800
Wavelength (nm)
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Sunlight Through Automobile Glass PHYtEN R [EEIKIE

5 A= 3.3 mm thick, clear
| B= 5.8 mm thick, clear A |
10 -
! C= 4.0 mm thick, lightly tinted
0.8 - |
Spectral D= 4.9 mm thick, tinted ‘ /‘ |
Irradiance 0.6 1 ‘
(W/m?/nm) Direct
4 - .
Sunlight
02 -
OO ' T T I ' ' T T T T T
260 280 300 320 340 360 380 400

Wavelength (nm)
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Heat
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Heat Effects
A (V]

» Elevated specimen temperature
R ET S

« Dimensional change

IR

* FEvaporation

« Thermal aging
REAE
* Thermal cycling

RAEA
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Effect of Temperature: ;5 B 520
Oxidation Rate of Polyethylene ZE Z {& BV {EER

60
50
40
Oxygen Uptake 30 -
(ML/G)

20
10

0

0 100 200 300

Time in Hours
*Time In Hours Exposed to UV lamps
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Thermal Cycling in Florida
5 BRI EN

e 75°Cto 25°Cin 2 minutes
27 5P IN75°C to 25°C

« (Causes physical stress

35 B3R N 7]

« Affects coatings on plastics and
assemblies

B RFAE ERRE
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Temperature and Color ;B EFEN &
Darker Colors Have Higher Temperatures! R EmMAESHEE

Outdoors Outdoors
' Open Back Plywood Backed

0| S o @

-5 -5

Temperature A \
(oc) -10 -10

-15 -15

-20 -20

=25 -25 Fischer and Ketola, 71993 XD
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Heat behind Window Glass
AEFREEERNRE

Temperature of automobile interior components behind window glass can exceed 100 °C

FEIRIBEAFENIMEARE J#33100°C
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Water
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Major Effects of Water
HENEEZMW

«  Chemical Reactions {E= K M
— Reactions in solution
AR PRI N
— Facilitates reaction via increase in oxygen
transport ra
B INE SR 1 2 N, Y

Physical Effects #3852 N,
— Erosion 1218 ( FRIZKH R )
—  Absorption/freeze-thaw UK U</ /% 74
— Thermal shock vt
— Impact (material loss) #d - FIEREE
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Humidity ;2 B

« Measure of amount of water in air
ESPHKSE
* (Can lead to physical stress

OJEESHLER

« Humidity affects products both indoors and outdoors

Az E = NZE SN m

« Often expressed as Relative Humidity (RH), where 100% is
the most water that air of a given temperature can hold

AENEERN - 100%RHEERERRE FEEX R & AIK

A=
= B
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Rainfall [/

Surface effects FREI L
— Washing away surface layers
HERE
—  Chalking
#1E
—  Dirt removal
V=P

« Thermal shock

sl
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Dew &K

*  Moisture from the atmosphere that forms in the form
of small drops upon any cool surface

ARSPRIKS - BUNKERFE VR RERAIRE LA

*  High O, content

il

#

28

*  Long dwell time

EEENIEIRS
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Dew, not Rain, Is the Source of Most Outdoor Wetness!

&K, FRMK, BEFINERNHERER
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Dew Is Not Simulated in Many

Accelerated Lab Weathering Tests!

+ 7J<%E>'— \_\LEHI] #EZ{b1 %EPJEXH“FA
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Don’t Underestimate the Effect of Moisture!

T EZ B FHIE R R

« Changes the rate of degradation

L Z{CRIERER

« Changes mode of degradation
N2 Z{ERIRT]

« Difficult to accelerate
TRYENNIR

28 | Essentials of Lab Weathering




Summary: Forces of Weathering

. Sunlight BE%
— UV light causes virtually all polymer degradation
KINEEEMEL
—  Small changes in material formulation and/or spectrum can have large effects on material degradation

RN AT HE N E T E M RZ(ESBRANE N

. Heat (Temperature) ;2 /&
—  Sunlight + Heat = increased rate of degradation
PEYG+ R = ZEEERRS
— A material’s color strongly affects how hot it will get in sunlight

MRIRB e = IMEERY M RURE

. Water (Moisture) J#5%E
—  Sunlight + Heat + Water = Weathering
H+#+K = THEZAL
—  Dew, not Rainfall, is the source of most outdoor wetness
BK - AZMK - BRINBENTZRA
—  Products outdoors are wet much longer than you think

P o= A TR B Y Bl EE R AR R 2

Weathering includes synergistic effects between these factors!

ZIEE 1T T LILLBZFEAT D AT
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What We Will Talk About

Why Perform Laboratory Weathering?
N A EZ MR EMEZ(CN L ?
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N

Why Test? R{t A Z Mz ?

«  Meet specifications *  Save on material costs
wERISE MR A NP

«  Avoid catastrophes *  Expand existing product lines
3t 5 S X I RIMBEFmE

«  Enhance your reputation *  Enter new markets

B e HAFTHIA

»  Verify supplier claims *  Outrun the competition

VATl RV S F

* Improve product durability «  Stay ahead of regulations

12 = on My {5 14 RIFNT AN
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Laboratory Testing is a Tool for Directional Decision-Making
ZRENAESER@ARRNTE

Laboratory Accelerated tests can help you:
sLhw = A0ER M o] PIFS IR

— Make decisions better and/or faster

BB 4 B RAVARR

— Reduce risk of making bad decisions

PR R AR SR A X

— Reduce risk of making decisions too slowly

PRARARZEE T IERIXPG

32 | Essentials of Lab Weathering

We make testing simple. ‘

QLAB



What Kind of Test Should | Run?
¥ Mz st 2l 2

Accelerated Test Type Result Test Time Results compared to
Quiality Control Pass / fail * Defined #%E #] Material specification
==kl RS S * Short ¥ AY[8] MRS
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What Kind of Test Should | Run?
¥ Mz st 2l 2

Accelerated Test Type Result Test Time Results compared to
Quiality Control Pass / fail * Defined #%E #] Material specification
==kl RS S * Short ¥ AY[8] MRS
Qua||.f|ca.t|on/ Pass / fail . Defined B Referencg material
validation ot o or specification
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What Kind of Test Should | Run?
¥ Mz st 2l 2

Accelerated Test Type Result Test Time Results compared to

Quiality Control Pass / fail * Defined #%E #] Material specification
==kl RS S * Short ¥ AY[8] MRS

Qua||.f|ca.t|on/ Pass / fail . Defined B Referencg material
validation ot o or specification
Correlative Rank-ordered data ) gpen—ended T Natural exXposure

. y E (Benchmark site)
X i + Medium BRI AR (5 )

35 | Essentials of Lab Weathering We make testing simple. ‘

QLAB



What Kind of Test Should | Run?
¥ Mz st 2l 2

Accelerated Test Type Result Test Time Results compared to
Quality Control Pass / fail * Defined HAZEHY Material specification
pa==g el I/ KR * Short %25 M AL

Reference material

Quialification / validation Pass / fail * Defined #E#] P
. . . o or specification
E’!\_TL'LJ—_E ﬁﬁ/%)& * Short %ELHT_“ET %Ett*j*:l'
Correlative Rank-ordered data * Open-ended FHE Natural exposure
. . . i (Benchmark site)
X Y HE X * Medium F Y8 ERIREE (PSR )
- Natural exposure
o Service life N : .
Predictive Acceleration fact * Open-ended F5E (Service environment)
cceleration factor . N
Fap T * Long K18 B RRAR (SCPRIME )
MEEF ?
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What is Natural Weathering?
HouBEREIL

Outdoor exposure of materials to unconcentrated sunlight, the purpose of
which is to assess the effects of environmental factors on various functional
and decorative parameters of interest.

MRTEEINEBTELIAN N - EENEMEHEREN SZHEMIMNISEEN -

Global benchmark weathering sites:
FIKEEF NN A
— South Florida (Subtropical) E##M (I )

— Arizona (Dry Desert) WWAISRAS ( FI&WE )
— Midwest (Northern Industrial) PAEE ( AEEF T W/ EX )
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Why Is Natural Weathering Important?
RN LBAZEMIEEE ?

« Natural weathering is more complex than artificial (laboratory)
weathering

HARBMLEA LNERZ(EEE R

» Accelerated laboratory tests are not always realistic
MiRZEAEM A D EESERY

« Laboratory test accuracy should always be verified by outdoor tests
LI =N i 2 S E W AN RS UE

« Ongoing outdoor weathering tests build a library of highly valuable
data, at low cost

FA9NEHR oI DU T S MBI EUREZE
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What We Will Talk About

Laboratory Weathering Testing 3258 Z= I1ZEZ (£
— Xenon WX

—  Fluorescent UV 7 F5£29)h
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Xenon Arc
Laboratory Weathering

AT EAE




Xenon Arc Test Chamber

AT Z 4L M3 A5

Rotating
Rack

SOLAR EYE

Irradiance

Sensor

| Water

Spray Nozzle

Xenon
Lamp

Filter

— Test Specimen

— Black Panel
Thermometer

Rotating Rack
et

41 | Essentials of Lab Weathering

Xenon
Lamp

Filter

Water

Test

Specimen -

N\.I

Spray Nozzle

W . SOLAREYE
Irradiance
Sensor

Black Panel
Thermometer

Flat Array
TRzl
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Xenon Arc Lamps

RALKT &

Air-cooled Water-cooled Water-cooled

/4
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Xenon Arc Spectra - Major Influencing Factors

WATHE - TENZWER

» Optical filters

J6RE R

 Irradiance level (intensity)

iR e

«  Wavelength at which irradiance is controlled (“control point”)
Tt IR 1 =

* Lamp aging
Ah=EAw
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Unfiltered Xenon Arc vs. Sunlight
KB vs. XS

3.0

Unfiltered s p

Xenon Arc |
2.5

2.0
Spectral Sunlight Outside
Irradiance . Atmosphere
(W/m2/nm) J, ! ! ve
10 | )
Noon Summer
Sunlight
0.5

250 300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)
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Overview of Filters
TqiEREB4

Rotating drum “lantern” Flat array filter

Daylight B¢
«  Window &IKIE

e Extended UV £RIMLEE

*Other specialized filters used occasionally
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Daylight Filter Comparison
B 8 kLB

1.4
] Outdoor solar spectrum 4
1.2

Atlas Boro/ Boro

10 | =Q-Lab Daylight - B/B

|rradiance 0 | Q-Lab Daylight-Q
(W/m2/nm) |
0.6 A /\/

0.4

i\

280 290 300 310 320 330 340 350 360 370 380 390 400
Wavelength (nm)
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Window Filter Comparison

B XIS 2 RYEEER

14
Sunlight through window glass
1.2 1 Atlas Boro/ Soda Lime
10 4 Window - B/SL
Irradiance | Window - IR
(W/m2/nm) Window - Q
0.6
04
0.2
OO I I T T T T T T T T

280 290 300 310 320 330 340 350 360 370 380 390

400
Wavelength (nm)
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Extended UV Filter Comparison
RHERIE R

1.4

] Outdoor solar spectrum J ‘)‘
12 1 e (- ab Extended UV - Q/B N{\/ /

1.0 A Atlas Quartz/Boro

Irradiance 08
(W/m2/nm)
06 }/ v
0.4 /-
0.0 :

280 290 300 310 320 330 340 350 360 370 380 390 400
Wavelength (nm)
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Optical Filter Aging - Water-Cooled vs Air-Cooled
REelt - Kisvs X2

Filters for water-cooled lamp systems need to be replaced every 400-2000
hours

KR ERIRRFEE400-2000/)\H E #1

— Contaminants, even in ultra-pure de-ionized water, reduce filter transmittance over
time

) - BIEEBAES KD - TRBENENHERRETIESRVEGR

« Almost all filters for air-cooled lamp systems do not age or need to be
replaced

JVFFRBRIMSHRDBRAZL - AFEER
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Q-SUN SOLAR EYE™

Irradiance Control

Feedback Loop Control A¥ 1R
—  Xenon-arc lamp &
— Light sensor Y¢3%3L
— Control module 2R

« Wavelength at which irradiance is

controlled is referred to as Control
Point

1l 2 0 = AU R AR N I =

- SOLAR EYE
system

\ 4

N\
VIV
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Irradiance Control Point Options
e R A A

« Narrow Band Ews
— 340 nm
— 420 nm
e Wide Band FEtH
— Total UV TUV (300-400 nm)
— Global (300-800 nm) — not recommended FH#E#E300-800nm Izl

Shorter wavelengths cause more photodegradation
RRAS R
Fails to account for xenon lamp aging

TR E ARV D)
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Why Is Choice of Control Point Important?
N AEFRUMPEEE 2

« Xenon Arc lamps age with use
EEFERATI =

« Spectral shift limits useful lamp life
FEEB IR F T ESm

« Controlling irradiance in wavelength region of interest maximizes
repeatability and reproducibility

Rl RN KX ERE S AN I EEMA o BT
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Black Panel Temperature Control

AR A o B 42

* Most common in test standards

ENHIEPRE B

« Approximates maximum specimen surface temperature

NBZEFEmRENE&RSRE

« (Can be used in combination with chamber air temp sensor and
control

e A ZE = RE IR LB I 2]
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Black Panel Temperature Sensors

bR (T e
Panel Construction AST.M : lSO. :
Designation Designation
Black painted U Black Panel
stainless steel ByCFanel 2Bk
e 5 BN

Black painted Insulated Black

stainless steel Panel Black Standard
mounted on 0.6 cm - ZEHR

s
white PVDF HREBRIR

* White Panel versions of the above are available but far less commonly used
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To maximize acceleration, use maximum service temperature

& AR KR RIE E R INE

To minimize error, DO NOT excéed maximum

service tempeéerature
A/ MEMNEE IR, BZEY&E LIFRE
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Chamber Air Temperature Control

S B2

» Required by certain test methods

B LETRESK

« Necessary for control of relative humidity (RH)
nEEGEEHREZE SR EZEGHIRY

« Sensor must be shielded from light

ERSL NI S

« BP temp always hotter than chamber air temp from absorbing
radiant heat

EUREREICR FPATESREE

56 | Essentials of Lab Weathering We make testing simple. ‘

QLAB



Relative Humidity Control

X8 [ ]

*  Required by many test methods
RZMl T 20
—  Textiles Z54R
—  Automotive J5%F
*  Many xenon testers can generate and control relative humidity
RZiz e o] LUESIAE X R E
—  Boiler-type system 35
—  Nebulizer system B

*  For many durable materials, RH makes very little difference compared to spray and
condensation

XHRZ MfEFan - AT KBRS 5 - 2 ERTERR/N
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Xenon Arc Water Spray
ﬁd:TZK um:

Front spray Bl
—  Primary method of water delivery
KK EZE T A
— Calibration technique for front spray recently developed (ASTM D7869)
ASTM D7869 37 I3 UL & E RV E

Back spray 7 I
— Result of a failed experiment intended to generate condensation;
persists in some standards

NFEELRMARNKRMESEN - —EfERFE
Dual spray XI5tk

— For delivering a 2nd solution, e.g. acid rain, soap

FEINss —FPiAiR - LEUIRERR

Immersion (Ponding) 7Ki®
— Alternative to front spray called out in some standards

BRI LA AP ALE RV B
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Xenon Arc Summary

«  Best simulation of full-spectrum sunlight

618 KFEICAEHL

*  Lamps experience aging (fulcrum effect)

TEZE (XFA )

«  Temperature effects

plRAl

*  Water spray and RH control

TK B AR 22

« Additional cost, maintenance, and complexity compared to fluorescent UV testers

MAICRIMALE - AEST - HFEEHR
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Q-SUN Xenon Arc Testers
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Fluorescent UV
Laboratory Weathering

RICRINEE




Fluorescent UV Schematic

RIEEINREE

Room Air Cooling

UV Lamps

Spray Nozzle

(QUV/spray only) Test Specimen

Test Specimen Swing-Up Door

i| HEATED WATER [ Oxygenation Vent
v vw—=|
Base Cabinet T Water Heater
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https://www.youtube.com/watch?v=ID6zcAhF3Qs&t=7s
https://www.youtube.com/watch?v=ID6zcAhF3Qs&t=7s

Fluorescent UV Lamps

4 eahedng Test

pecelera
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QUV Lamp Summary

. UVA-340 (Daylight UV)

UVA-351 (Window UV)

UVB-313EL/FS-40 (Extended UV)

UVC-254 (UVGI)

Cool'White (Indoor, office)
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UVA-340 Lamps

14 A
12 1 Sunlight I
Spectral 10 \\
Irradiance 08
(W/m2/nm) |
0.6
0.4
UVA—340)\
0.2 \
OO 1 I I I I
260 280 300 320 340 360 380 400

Wavelength (nm)
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UVA-351 Lamps
16
14
Sunlight behind
12 window glass ]
Spectral 10 :
Irradiance 08 N
(W/m?/nm) "~ |
0.6
0.4
0.2
0.0 :
280 300 320 340 360 380 400
Wavelength (nm)
We make testing simple. ‘ Q

260
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UVB Lamps

14
12 A
Spectral 10 Suniight A I
Irradiance ,; | UVB-3T3EL \
(W/mZ/nm)O T

6
| FS-40% A
0.4 SR
0.2 a
1 P4
s
0.0 ' | |

260 280 300 320 340 360 380 400
Wavelength (nm)
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UVC Lamps

60

>0 UVC-254

40

Spectral
Irradiance 30

(W/m2/nm)
20

10 Sunlight

. -
240 260 280 300 320 340 360 380 400
Wavelength (nm)
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Cool White Lamps

Cool White
- Office Fluorescent
0.8
Spectral
. 0.6
Irradiance
(W/m2/nm)
0.4 S—-
0.2 — -
0.0 -+ — |‘ 4J?#| -t T 1
250 300 350 400 450 500 550 600 650 700 750 800

Wavelength (nm)

69 | Essentials of Lab Weathering We make testing simple. ‘ @

QLAB




QUV SOLAR EYE™ Irradiance Control

Feedback Loop Control
71348 = (5 2
— Fluorescent UV lamp &9
— Light sensor 1Rk
— Control module ¥z &R
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Fluorescent Lamp Advantages

RICRINT LS

*  Fast Results

RERLE

«  Simplified irradiance control
E{CiER E

*  Very stable spectrum — no aging
FERE - A=21E

*  Low maintenance

R41P

—  Simple calibration &2 Ej &
*  Low price and operating cost
ALY A FNZB 1T AN
«  Simple and easy to maintain
HEPfE e
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Temperature & Color ;EEMEER A

Temperature difference between colored panels and Black Panel

Outdoors UV Fluorescent
Open Back UVA-340 Lamps, 70 °C BPT

' Neee
Temperature ->
e \
-10

AN

-20

Fischer and Ketola, 1993

-25
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Condensation 55

Room Air Cooling

? [

v =]l

Base Cabinet [~ Water Heater
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Condensation Advantages

MBS

*  Closest match to natural wetness
T EBAF IR
«  Best way to accelerate water in an laboratory tester
L0 22 M0 B e AU 7K N2
Elevated temperature

¥

N=|
/I

* High O, content

= s A=
EEN===

. . Creating condensation in the
«  Tester performs distilling —you cannot deposit :
debris on specimens! Water is guaranteed to be QUV is easy and does not
clean. requlre expensive, pure water
HmREGHR - 2R £ K
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Water Spray 7K I3 #k

» Ensures that parts get fully saturated
RUEME m e 2 7K 18 A

 (Creates erosion & thermal shock

B IRAN P T

Creating spray in the QUV is difficult and relatively expensive
FEQUV K I 2 RV 7157 22
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Fluorescent UV Summary

«  UVA-340 best simulation of short-wave UV
UVA-340f] & & i IR PARZ R =5

«  UVB-313 fastest & most severe
UVB-313X & &AM R

«  Stable spectrum — no aging
RERICIE - AZ1E

*  No visible light

=Y,

«  Condensation realistic & rigorous
RRESSEINEK - TR

*  Water spray available but not RH control

BKBAMERBIE EHEH]
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QUV Accelerated Weathering Tester
Model QUV/se
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Fluorescent UV and Xenon Arc - Complementary Technologies

RICEIMNITAT - R RA

Fluorescent UV

Xenon Arc

e UVA-340 best simulation
of shortwave UV

* Full spectrum (UV-Vis-IR)

* UVB-313 might be too severe

* No visible light

 Best simulation of long wave UV &
visible light

+ Stable spectrum

* Spectrum changes

* No RH control

» Condensation or water spray

e RH control

» Water spray

* Inexpensive, simple to use

* More complex system

78 | Essentials of Lab Weathering

We make testing simple. ‘

Q

QLAB



What We Will Talk About

Elements of an Effective Testing Program

BN ENER
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What Kind of Test Should | Run?
3 M i% f5E - i 2

Accelerated Test Type Result Test Time Results compared to
Quality Control Pass / fail * Defined HAZEHY Material specification
pa==g el I/ KR * Short %25 M AL

Reference material

Quialification / validation Pass / fail * Defined #E#] P
. . . o or specification
E’!\_TL'LJ—_E ﬁﬁ/%)& * Short %ELHT_“ET %Ett*j*:l'
Correlative Rank-ordered data * Open-ended FHE Natural exposure
. . . i (Benchmark site)
X Y HE X * Medium F Y8 ERIREE (PSR )
- Natural exposure
o Service life N : .
Predictive Acceleration fact * Open-ended F5E (Service environment)
cceleration factor . N
Fap T * Long K18 B RRAR (SCPRIME )
MEEF ?
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Putting It All Together

« Identify the kind of accelerated test
Wm0z MR B 89
— Outdoor data is imperative to correlative and predictive testing
FINEIEX THRRMMEMESm I 2RER
« Identify service environment
RGBS PR ES
— Indoor or Outdoor ZERAEZZEIN
— Wet or Dry BEAZ T8
— Hot or Cool #8(/2
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Putting It All Together

»  Use Best Practices
B fESE
— Run until a defined failure mode
—EBENIHAIE X R AET LN
— Use multiple replicates
FHEEH
—  Perform evaluations and reposition frequently
TE BRI AL AN EE HRAE AR
*  Pick an appropriate Test Architecture
HEEZNR A RS
— What does the standard say?
YRR A ?
— Is full spectrum important?
ENREEEAL?
— How important is water uptake?

KIRWAZEE ?
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Thank you for your attention!

Questions?

Send your inquiry to:
kqu@qg-lab.com
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Q-LABFEMEAXRE R MFHS:
i {3 kMl i B R

v BRARHINE  MEFHIZER

v ZERBIRBEANE - &R ERSES

v Z25U0ERE- RELEREFE

v AARBRAOR - HoBEFEEE - BiISE24NNWAGE %
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