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Introduction

oday’s companies have been charged with bringing products to p ; -

market faster with less cost. To accomplish this, they look to cut cost 2 _,43__5!'_"J- ST
and reduce time along every step of the 'dgvelopment pr’ocess. Weatl.lf:ring New EMMA /EM AQUA®
tests are part of that process. In determining a product’s weatherability, Suite Revolutionizes
answering two key questions may help: Outdoor Testing

e  How does uniformity of the three main weathering parameters— Page 10
solar radiation, temperature, and moisture—at the sample
surface affect throughput and ultimately the cost of a laboratory
accelerated weathering test?
e Isthere correlation between the variability of an accelerated
weathering instrument and the number of replicates necessary to
?}(;Brlrel:;re acceptable levels of confidence in the data generated by |I‘I Thl S I ssue
Uniformity and variability are converse concepts; higher
uniformity implies less variability. Variability is mathematically
represented by variance and standard deviation (the square root of
variance). The exposure chamber that generates the lower standard Atlas SC2000 Now Available
deviation has better uniformity. Better uniformity allows for the exposure for Large Components
of fewer replicates. Fewer replicates that need to be collected, prepared,
exposed, and analyzed lead to lower cost and reduced time in bringing
products to market.
This paper aims to answer these questions using two different Marks & Spencer
accelerated weatheru.lg chambers and shoYV why better uniformity allows Approves Atlas Ci3000+
labs to test fewer replicates, thereby reducing costs.

Atlas Ci4000 Fits the Bill

The uniformity of the three main weathering parameters at Flatbed SUNTEST
the sample surface in the Atlas Ci4000 Xenon Arc Weather-Ometer® is Now Even Bigger
so superior to the Q-Panel Xe-3HS that you need several Xe-3HS units
to achieve the same throughput as the Ci4000. Why? Because of the
variability or non-uniformity inherent in a Xe-3HS, and the fact that the

Continued on page 3 Don’t Miss Atlas at K’'Show!
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AtlasCommitment to Education

SUNTEST Workshop
Introduced in Germany

he one-day SUNTEST Workshop, which has been successfully
running in the Netherlands and Switzerland for the past several
years, is now being offered in Germany beginning in October 2004.
For more information, contact Bruno Bentjerodt at Atlas MTT GmbH
at +49-6051-707-245 or clienteducation@atlasmtt.de, or visit our website

at www.atlas-mts.com.

SUNTEST Workshop
October 4
Linsengericht, Germany

Xenotest® Workshop

October 6-7

Linsengericht, Germany
Weather-Ometer® Workshops
Miami, Florida

October 11
(Ci4000/Ci5000
Weather-Ometer Workshop

October 12-13
Ci35/Ci65
Weather-Ometer Workshop

October 14
Advanced Gi35/Ci65
Weather-Ometer Workshop

Duisburg, Germany
November 3—4

See page 19
for upcoming
Atlas shows and
presentations!

Fundamentals of Weathering |

October 5
Toronto, Canada
October 19
Phoenix, Arizona

November 24
Muenster, Germany

Fundamentals of Weathering Il

October 6
Toronto, Canada

October 20
Phoenix, Arizona

November 9, 11
India

November 25
Muenster, Germany

For more information on courses in
Europe, contact Atlas MTT GmbH, attention
Bruno Bentjerodt, +49-6051-707-245 or
clienteducation@atlasmtt.de. For more
information on courses in North America,
contact Theresa Schultz at +1-773-327-
4520 or tschultz@atlas-mts.com. Or visit
our website at www.atlas-mts.com.
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Uniformity, from page 1

Ci4000 has more than twice the e Water Spray Nozzle
specimen exposure area. The —— Specimen Xenon Lamp
Ci4000, which has at its center Xenon Spray

a single xenon source, is less a Back Sensor
variable than the Xe-3HS, which E;‘;IT - Spray

has three xenon sources, each _ I

with a separate irradiance control. Light — & e | Black Panel
Any rotating rack configuration LT Y of

that continuously moves the Specimen

Rack Test Specimen

specimens within the chamber has
less variability than the Xe-3HS.

In calculating the cost of exposing specimens in a laboratory-accelerated environment,
one should consider exposure uniformity and specimen throughput in the calculation. As stated,
the Ci4000 has more than twice the exposure area of a Xe-3HS and due to the far superior
uniformity in the Ci4000, the Xe-3HS will require more replicates than needed in the Ci4000.

The purpose of exposing replicates in a laboratory-accelerated environment is to
determine how the average and standard deviation of those replicates relate to the population
(lot) of product that is to be sold—not merely to see the average of a number of replicates.

The standard method for determining the confidence interval of the true mean from a small
number of replicates is to use Student’s t-table and the following equation’:

H=X =+ =

Where p is defined as the confidence interval within which we can say, with a
desired confidence, the true mean of our production lot lies; ¥ (called x-bar) is the average
of n replicates; s is the standard deviation of # replicates, and ¢ is a unit-less value from the
Student’s t-table.

The t-table and equation are the most time-tested and easiest tools at hand to estimate
the results of a small number of replicates from a production lot. Military specifications
call for their use, ISO guidelines refer to them, and ASTM G169-01 Standard Guide for
Application of Basic Statistical Methods to Weathering Tests mentions Student’s t-tests
in section 6.2.1 as the simplest method used to “...compare the means of two independent
samples.”

Now, subtract ¥ from both sides of our familiar equation in order to get:

U—X == =

u—Xx allows us to compare different exposure chambers and decide the number
of replicates we need to expose if we want a similar confidence interval. It tells us about
uniformity of exposure inside a chamber. Moving ¥ to the left side of the equation allows us to
focus on the interval in which we can estimate, with a known degree of confidence, the true
mean of our production lot. Look at the following table:

PS Chips Ci4000 Xe-3HS

n Replicates 6 5 4 6 5 3
t.,, @95% 2.6 2.8 3.2 4.3 2.6 2.8 3.2 4.3

s 0.14Ab 0.14Ab 0.13Ab 0.13Ab 0.23Ab 0.23Ab 0.21Ab 0.21Ab
w=X +0.15Ab +0.18Ab +0.21Ab +0.24Ab +0.28Ab +0.52Ab

In this table, we see four columns for a Ci4000 and four columns for the Xe-3HS. If we
look at the bottom row and left-hand column, we see that the #— x values vary according to

Continued on next page 3



SunSpots

Uniformity, from previous page

the number, %, of replicates randomly placed in the exposure area. The way we use this table
is as follows: Find the sets of y#— ¥ values for the Ci4000, which are equal or close to the values
for the Xe-3HS. Now look above those #—x values in the row labeled “n replicates.” These
are the numbers of replicates that you need to expose in an Xe-3HS in order to have the same
confidence interval of the true mean for the lot you're producing as you have in the Ci4000. In
this case if you choose 4 replicates in a Ci4000, you would need 6 in a Xe-3HS. If you choose 3
in a Ci4000 you would need 4 in an Xe-3HS.
The table on page 3 represents one test of one standard reference material (SRM)
polystyrene chips running SAE J1960. While the Xe-3HS cannot officially meet the standard,
the manufacturer has been implying that it does. Let’s look at others:

Orwet Ci4000 Xe-3HS
n Replicates 6 5 4 5 4 3
t,,,@95% 26 2.8 3.2 43 26 28 3.2 43
S 0.69AE 0.68AE 0.67AE 0.67AE 1.60AE 1.51AE 1.52AE 1.57AE
n=X +0.73AE +0.85AE +1.07AE +1.89AE +2.43AE +3.90AE
In the table above we see that for the Orwet reference material running
ISO 4892-2:2003, we could randomly place 3 samples in a Ci4000, but we would need 6 in
an Xe-3HS in order to get the same x— X value and have the same confidence in our estimation
of the mean of our production lot. Another example:
Blue Wool Ci4000 Xe-3HS
n Replicates 6 5 3 6 4 3
to,, @95% 2.6 2.8 3.2 4.3 2.6 2.8 3.2 43
S 0.23AE 0.24AE 0.22AE 0.21AE 0.30AE 0.29AE 0.29AE 0.28AE
n-X +0.24AE +0.30AE +0.52AE +0.32AE +0.46AE +0.71AE

In the table above we see that for the Blue Wool SRM running ISO 4892-2-B, we would
need to place 5 replicates randomly in an Xe-3HS to get about the same y— X valueas4ina
Ci4000.

Let’s look at the subject of variability (non-uniformity) in another way—curves:

Graphs 1, 2 and 3 (see next page) are Weibull? probability density function (PDF)
curves for twenty-seven data points in each exposure chamber exposing PS Chips, Orwet, and
Blue Wool SRMs, respectively (from left to right). The tall and narrow curves show the data
from the Ci4000. The shorter and wider curves show the data from the Xe-3HS. As you would
expect, taller and narrower curves indicate better uniformity. But there is another interesting
point about these graphs. Notice that the results from the two different exposure chambers
are completely different; the curves are located at different points of the x-axis. In a word, the
results are not “reproducible.” The results from the Atlas source and chamber, which has
been supplied to the accelerated weathering market for decades, are different from the
Xe-3HS. Furthermore, the results in the Ci4000 are repeatable; this is not the case for the
Xe-3HS.

Irradiance is another factor in the superiority of the Ci4000. The 3-D chart in Figure 1
(see next page) shows the irradiance uniformity of the Ci4000 in order to compare it to the flat
array of the Xe-3HS in Figure 2.

We can look at uniformity with respect to Black Panel Temperature (BPT) of the
Ci4000 and the Xe-3HS as well (Figures 3 and 4).

The values in these 3-D charts were measured using Atlas Xenocals and BPT sensors
on the surface of the three tiers in the Ci4000 and in a grid on the surface of the Xe-3HS.



















































