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EXECUTIV E SUMMARY

Bruno Associate, Inc., expressd an nteret in acquirirg performane daia for lase-

marked bar code tags printed with the LabelLase® 1000 Tag Prirdienoltayy.

Specifically, Bruno Associates was interested in evaluatiagp#drformance of this
technoloty after exposue to a variety of environmental condition

In responseto this need, the Departmentof Industrial and Manufacturing
Engineering (IME) at Oregon State University (OSU) peréat this evaluation as an
independent third party to ensure data objectivity. LabelLase®wags encodedith
two Data Matrix symbols and a single Code 39 bar &yebol to performthe
evaluatin

A total of seventestswere carried out on the LabelLase®&tags Four tess were
selected from the MIL-STD-810F document:

- 501- High Temperatur

- 504 — Contamination by Fluids
Hydraulic fluid
Diesel fluid

- 509 — Salt Fog

- 521- Icing/Freeziig Rair

Three additiond tess (nct included in the MIL-STD-81CF documer) wele also selectec

- Abrasior
Very Fine 220 Grit SanBape
Medium 80 Grit Sand Paper
Coarse 40 Grit Sand Paper

- Impact Test

- Ultraviolet Light Exposur:

It was determind thet to guarante the two probability requiremers given in
equations (1) and (2) in Section 1.4 with a 90% confidenad, l@avsample plan with a
minimum sample size af = 34 was needed. Therefore, 34 LabelLase® \ags
requested from vendors that either manufacture or distribute piheducts. An
additional 5 tags per product family were also requesta@place any tags thatay
have been damaged prior to the execution of the tests. In sun88@ryagswere
requested to meet the needs for all the tests.



Test Results

Table | summarizes the results of all tests. Based on tessks, it is concluded that the
LabelLase® tags exhibited a strong durability under all test conslition

The final resuls of the abrasin test shoud be interpretd carefully, since the
objective was to test the tags to failure. The LabelLase®p@dsrmed very well inhis
test, considering the fact that they were exposed to wemgec sandpaper while a
significant amount of pressure was applied to theilasa with the lathe. Symbols used
in these tests survived (and were able to be read) evenlaft® 30 secondef
continuous exposure to abrasion.

Table I. Summary of Resulis for the Durabilit y Tests

Labelase® tags
Test Passed Failed
High Temperature 34 0
Contaminatiorby Fluids:
Diesel 34 0
Hydraulic Fluid 34 0
SaltFog 34 0
Icing/FreezingRain 34 0
Abrasionwith sandpaper
Fine 220 Grit 29" 5
Medium80 Grit 21 13
Coarsed0 Grit 17° 17
Impact 34 0
Exposureo Ultraviolet Light 34 0

! Survived three consecutivel5-secondabrasion intervals
2 Survived one 15-secondabrasion intervals

Althougt the result: of this batten of durability test: carnot be extrapolatd to reée-
world environmental conditions over long periods of time, |labgrasimulations of
variety of conditions provide some degree of evidence that thesenasked bacode
tag technologies may be robust for many military and commeapijalications that occur
in extreme and diverse weather and climate conditions.
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1.0 INTRODUCTION

Bruno Asscciatey, Inc. expressd an interet in acquirirg selectd perfcrmance daa for
the following bai code printing technoly:

Infosight’s LabelLase® 10(0 tag printer. The LabelLas® 10(0 tag printer is
designed to print high quality bar code symbols on standard 300- foohe))
rolls of continuous metallic tag stock, prekniand notched for easy breaft
after printing. Figure 1 depicts a sample tag printed with.fiieLase® 1000a¢
printer. These symbols are printed using,Gf8er technology. The metal teg
covered with a proprietary silicone coating of whishdiscolored by the GO
laser to create both symbology and human readable informat

CAGE 00002

Serial Mumber 5513HGR1313

] ® |
Part Number 6574867635009 |

| Manufacture Date 12102003

L

Figure 1. Sample Tags Printed with the LabeLase® 1000 Tag Printer

Specifically, Bruno Associats was interestd in determinitg whethe or nct the
readability of the symbols printed onto the LabelLase® tags iested by exposure @
variety of environmental conditions. In response to this need, the OStgtm
University (OSU) Mobile Technology Solutions Laboratory perforntesl ¢valuation as
an independet third pary to ensue dala objectivity.



1.1 SELECTED TESTS

Four tess were selectd from the MIL-STD-81CF standad to be carried out on the tes
LabelLase® sample tags. Three additional tests, stet lin the MIL-STD-810F, were
also conducted. These tests are presented in Table 1.

Table 1. Selectdd Environmental Test Methods

TEST METHODS

501 | High Temperature
504 | Contamination by Fluids
509 | Salt Fog
521 | Icing, Freezing Rain
* | Abrasior
* | Exposure to ultraviolet light
* | Impact

* Testnot includedin MIL-STD -810F Standard
! Two different contaminating fluids were usedin this test

(hydraulic fluid and dieselfuel)
% Three different gradesof sand paper were usedin this test.

1.2 TEST SYMBOLS

The LabeLase( tags were encode with three bai codes a Code 38 symbo anc two Date
Matrix symbols. The Xdimensions of these bar codes were 7 l#ilsils, and 17.5
mils, respectively An exampl¢of date encode ontc thest symbol: was as follows:

Code 39 bar cot

6574867630097865
14 mils Data Matrix symbol

[)>? 06?7 17V00043? S5513HGR131312654? 1P65748676350097
17.5 mils Data Matrix symbol

[)>7 067 17vV0004:? S5513HGR13131265 1P€57486763500¢

Figure 2 depics the layoLt of the LabeLas® lase-marked tags

Figure 2. LabelLase® Laser-marked Tags



1.2 BAR CODE READER

A Portabe Dala Termind from Symbd Technologie, modd PDT 814¢-basd direc-part
marking (DPM) prototype, was employed to scan the Code 39 and Ratx bhr codes
encoded onto the test tags. The PDT 8100 series readerrtiggedizechandhel
computer that features a powerful miniature imaging systéim Smart Focu:
technology for superior image quality and fast, accurate bar coaleaature at the point
of activity.” The PDT 8146-based DPM prototype reader is depicted in Figure 3.

Figure 3. Symbcl Technologie’ PDT 814¢-based DPM Prototype Readel

! http://www.symbol.com/products/mobile_computers/itekpdt8100_intel_xs.html



1.4 SAMPLE SiZzE DETERMINATION

The primaly objective behird choosiilg a sampe size for the durability tess was to
ensure that it was not falsely concluded that the error ratéesgsmshan a particular value
(represented bp,) when in fact it was higher than this value.

Howeve, it is nat possibe to determite a unigLe sampe size bas« on this criterior
alone. In conformity with the customary statistical practiceus determiningsampls
sizes (i.e., Acceptane Sanpling procedures, a secoid criterion is needec

When it was concludd basd on the resuls of the tess thet the batch of test sampl
tags under consideration had amor rate of less thanpy, it was stated that "the batoh
test sample tags passed the test." The criteria for cigothe® sample size are based
this terminology. The minimum sample size used in the durateltyg satisfied the
following two probability requirements:

Prcb [acceyt the batch of test sampe tacs when the true errcr raleis® py] £ b
Prob [reject the batch of test sample tags wherrtieeetror rate i€ pi] £ a

The first inequaliy states thet the sampe size shoud be large enouch such thet if the
cr rate is greater thap,, there is a very small chance (less thaof not detecting it. ©
he other hand, if the error rate is definitely quite satisfgdassumed here to be lessitha
p1), there is a low probability (less tham) of "rejecting” the batch of test sample tags

From experience in previous projects in which similar experisneeteperformec

a typical value fop, is 10%. Similarlyp; ranges between 1% and 5%, whereas the risk
values ofa andb are typically set between 5% and 10%. It is importamhentionthat
the use of this standard for comparison does not imply thastBisino Associates’ final
policy determination on the acceptable error rate for the batastofample tags

Table 2 presents the minimum required sample sizebtained from referenc® for
different sampling plans. The sampling size can varyi@bdsed on the selected values
for p1, p2;a andb. These values oh represent the minimum required sample size
guarantee the two probability requirements given in equations{iL{23. In addition,
the value ofc shown in Table 2 represents the allowable number of olx$dailures for
a particular sampling plan. For example, if sampling plarwas used, the batch tefsi
sample tags would have passed the test and the test naud been considered a success
if the number of observed failures did not exceed 16. On the othéy ihdhe numbeoi
failures was greater than 16, it would have been considered & fardrthe batch aés
sample tags would have not passed the test.

[ Burstein,H,. (1971),Attribute Sampling:TablesandExplanationsMcGrawHill.



Table 2. Minimum Required Sample Size for Different Values of p;, p,,a andb

Sampling Plan| p P2 a b c N
1 0.04 | 0.10| 0.05 0.01 16 274
2 0.04| 0.10| 0.05 0.053 11 186
3 0.05| 0.10| 0.05 0.08 20 285
4 0.03| 0.10( 0.05 0.0 6 117
5 0.02| 0.10f 0.05 0.0 3 75
6 0.01| 0.10| 0.05 0.05 1 50
7 0.01| 0.10| 0.10 0.1q 1 34

Frcm refererce [1], it was determind thet to guarante the two probability
requirements given in equations (1) and (2) with a 90% confidemeg &ampling plan
#7 with a minimum sample size of = 34 was needed. For this sampling plathaf
number of observed failures did not exceed 1, then the batcét shneple tags under
evaluation was accepted; otherwise it was rejected.

To be able to execue this plar, it was recommendd thet Bruno Associats provide:
the OSU teem with a sampe of the following:

1. Thirty-four (34) LabeLas® metallic tacs per durability tes, for a totel of 34C
metallic tacs (34 metallc tacs * 10 tests = 340 tag:

It was also recommencd thet Bruno Associats provide the OSU teem with 5
additional test samples per test as a backup. In summahg process of carrying out
the durability tests described in Section 2.0, a tot890f LabeLase® metallic tageere
requeste

10



20 DURABILIT Y TESTS & RESULTS

2.1 HIGH TEMPERATURE TEST

The objective of this testwasto asses the degradatio on performanc anc continuet
readability of the test sample tags after exposure totéigperature conditionsThis
test simulated the severe temperature conditiamsdfon regions of the world with hot
climates.

2.1.1 Test Equipment

Temperatue chambr (see Figure 4).
Gages to monitor:
Temperature in the chamber.
Temperature of the test sample tags.
Humidity in the temperaturghambe

Figure 4. Autoclave Air Temperature Cell

2.1.2 Test Procedure

Step 1. Before performing the high-temperattLe tes, conduit a visue examinatiol
of the test sample tags to identify any physicdcs or damage that may
be present and read each individual test sample tagoréRthe number of
successful and unsuccessful reads and note any obpbgsichl defects
or abnormalities. If any of the bar code symbolstamed in the tag takes
longer than four seconds to read, it will be considered an unsudaessf

Step 2: Place the test sample tags inside the temperbamder atstandar
ambient conditions. (Temperature = 7ZFL8°F, Relative humidity 2C
to 80%, Atmospheric pressure = Site pressure)

Step 3: Adjust the chamber's temperature to 91°F (33°C) and imaindé
temperature until the test sample tags stabilize attémperature. Thies

11



sampe tacs ate sad to be stabilized at the chambels temperatLe when its
temperature changes at the rate no more than 3.60°F per hour.

Step 4: Expose the test sample tags to the temmmem@inditions of thatorag
cycle for at least seven 24-hour cycles. A 24-hour temopereycle
consists of changing the temperature of the test samplestagsinding
from 91°F to 160°F (33°C to 71°C) and back to 91°F (33@) a 24
hour period. The rate of temperature change should not exceed®6)F (3
per minute to prevent thermal shock.

Step 5: At the completion of the last cycle, adjust the tesuperchamber’s air
temperature to standard ambient conditions and allow the testestagpl
external temperature to stabilize.

Step 6: Conduct a post-test visual examination and readrehcidual testsampl
tag. Record the number of successful and unsucceesfis and notany
observed physical defects or abnormalities. If any of the barssedbol:
contained in the tag takes longer than fouorsix to read, it wilbe
considered an unsuccessful read.

2.1.2 Tes Result:

The high temperatur tes was performec using a progran controllable oven. In this test
no physical defects were found either in the pre or-pasial inspection. All tags were

successfully read before and after the heating process. This s the high
temperatLe test ate summarizd in Table 3.

Table 3. High Temperature Test Results

Result
Tested
Passed |Failed
LabelLase® Tags
Coce 39 Bar Code Symt 34 34 0
Small Data Matrix Symbol 34 34 0
Large Data Matrix Symbol| 34 34 0

Bas« on these result, it cen be concludd thet LabelLas® Tacs passd the high
temperatie test conformirg to the MIL-STC-810F standar

12



2.2 CONTAMINATION BY FLUIDS TEST

The objective of the test was to asses the degradatin on performane ard continuet
readability of the test sample tags after exposure to noioatang fluids. It was
anticipated that the test sample tags may be asedlentification tags omeav
equipment, and this test demonstrated the resistance tgeddrom fluids thatare
commonly encountered when using many types of equipment. Theomamninatin
fluids used in this test were:

Diesd fuel
Hydraulic fluid . John Deer’s Hy-Gard™ hydraulic/transmission fluid. Gigrc
oil hes aviscosiy betwemn the ISO grades of 46 ard 68 @ 40°C

2.2.1 Teg Equipment

Contaminatio facility
Tank within the test enclosure (non-reactive with the contamimanthich thetesi
sample tags were exposed to the selected contaminant keysrom
Thermometer for recording the temperature of the contaniniia.
Thermometer for recording the temperature of the test sdatple

2.2.2 Test Procedure

Step 1. Before performing the contaminatior by fluids test, caduct a visua
examination of the test sample tags to identify any mlydiefects or
damage that may be present and read each individuadategietag
Record the number of successful and unsuccessful reads andnyote
observed physical defects or abnormalities. If any of thecbdesymbol:
contained in the tag takes longer than four secadodread, it willbe
considered an unsuccessful read.

Step 2: Let the test fluid’s temperature stabilize tcatinbient temperature.

Step 3: Immerse test sample tags in the specifiedluestfor 24 hours. After the
24 hours have elapsed, allow the test sample tags to drainlligatura

Step 4: Expose the test sample tags to ambient tem@ecatditions for $ours
Visually examine the test sample tags for any phisieterioration. Also,
perform a read operation on the test sample tags and recorduhs. res
the test sample tags are still operational, repeat thigguoe for another
16 hours and perform the visual and read checks again.

Step 5: If the test sample tags are still operationpéatestep 4 for two additional
24-hour periods.

Step 6: Let the test sample tags stabilize at stamahabient conditions.

Step 7: Conduct a post-test visual examination and read each indieishsaimpl
tag. Re cord the number of successful and unsuccessful reads aahynot
observed physical defects or abnormalities. If any of the barssedbol:
contained in the tag takes longer than four secadodread, it willbe
considered an unsuccessful read.

13



2.2.5 Test Results
2.2.3.. FuelsFluid Group -- Diese
In this tes, no physicd defecs wete found on the LabeLas® tacs in either the pre-test or

post-test visual examination. Also, all the pre-tedt after-test reads were performed
successfully for all tags. The results of this test are surnetaim Table 4.

Bas«d on these result, it cen be concludd thet LabelLas® tacs passd the
Contamination by Fluids (Diesel) test conforming to the MIL-SFIDF standard.

Table 4.Contamination by Fluids (Diese) Test Results

Result
Tested
Passed |Failed
LabelLase® Tags
Cade 39 Bar Code Symk 34 34 0
Small Data Matrix Symbol | 34 34 0
Large Data Matrix Symbol | 34 34 0

2.2.3.. Hydraulic Oils Group — Mineral Basec

In this tes, no physicd defecs were found on the LabeLas® tacs in either the pre-test or
post-test visual examination. Also, the pre-test and-taf$érreads were performed
successfully for all tags. The results of this test anersarized in Table 5.

Bas«d on theswe result, it cen be concludd thet LabelLas® tacs passd the
Conteminatior by Fluids (Hydraulic oil) tes conforming to the MIL-STD-81CF standarc

Table 5. Contamination by Fluids (Hydrauli ¢ Oil) Test Results

Result
Tested
Passed |Failed
LabelLase® Tags
Code 39 Bar Code Symi 34 34
Small Data Matrix Symbol| 34 34 0
Large Data Matrix Symbol| 34 34 0

14



2.3 SALT FOGTEST

The objective of this test was to asses the degradatin on performane ard continuet
readability of the test sample tags after their exgosumperiods of Salt Fog. Thies
was designed to simulate those regions of the world that areximipr to amarine

environmet whele exposue to sat in the atmosphee i< likely.

2.3.1

Test Equipment

Sat fog test chambe

2.3.2

Supporting racks did not affect the characteristicheftalt fog mist.
Condensation was controlled and prevented from dripping directthediest
sample tags.

The salt solution was not returned to the supplying resqarenting
contamination from the test chamber or test samplestatdsce.

The test chamber was vented to prevent pressure buildup.

Test Procedure

Step 1. Before performing the sali fog test conduc a visual examinatioi of the tes
sample tags to identify any physical defects or damagerismatbepreser
and read each individual test sample tag. Record the mwhbeccessfi
and unsuccessful reads and note any ausephysical defectr
abnormalities. If any of the bar code symbols containetia tagtake:
longer than four seconds to read, it will be considered an unsucaessful

Step 2: Adjust the salt fog test chamber’s temperature to @51) andexpos
the test sample tags to this temperature foreadt Itwo hourdefore
introducing the salt fog.

Step 3: Continuously atomize at51% salt solution into the salt fog tedtambe
for a period of 24 hours. During the entire exposure pereEmbkurehe
salt fog fallout rate and pH of the fallout solutidn24- hourintervals
Ensure the fallout is between 1 and 3 ml/8bm

Step 4: Let the test sample tags dry at standard ambient temperdtuataan
relative humidity of 50% or less for 24 hours. Do not distuebtdsl
sample tags or adjust any mechanical featuresglthiandrying period.

Step 5: At the end of the drying period the test sampgje wall be returnedcat
the salt fog chamber and steps 2 and 3 will be repeatdnore time d
get a total two wet and two dry 24-hour periods.

Step 6: Conduct a post-test visual examination of the tegiiesaagsand
document the results. If necessary, use a gentle washrimguwater (at
standard ambient conditions) to aid in the corrosion examination.

Step 7: Conduct a post-test visual examination and read each uradlivgdtsample
tag. Record the number of successful and unsuccessful reads aadynote
observed physical defects or abnormalities. If any of the bar code symbols
contained in the tag takes longer than four secondsdo itesill be
considered an unsuccessful read.

15



2.3.2 TesiResults

The sat fog test was perforrred usirg a test chambr creatd for this purpos. This
chamber is depicted in Figure 5.

Figure 5. Salt Fog Chamber

To approximae the actud salinity of seawate, the salire soluticn used in the test was
created using Instant Ocean® with a specific gravity adjustel.023. The salineix
also included macro and micronutrients typically found s$eawater (e.g.
chloride, sodium, sulfate, and potassium, etc.). The tetaperaf the chamber’
water supplywas maintaind at 95°F (35°C).

In this tes, no physcel defecs wete found on the LabeLas® tacs in eithel the pre or

post-visual inspection. Also, all LabelLase® tags weaceessfully read before armdter
the exposue to the sat fog. The resuls of the sat fog test ate summarizd in Table 6.

Table 6. Salt Fog Test Results

Result

Tested
Passed|Failed

LabelLase® Tags
Code 39 Bar Code Syml | 34 34 0
Small Data Matrix Symbal 34 34 0
Large Data Matrix Symbal 34 34 0

Based on these results it car be concluder thal LabelLase( tacs passd the sat fog
test

16



2.4 ABRASION TEST

The objective of this testwasto asses:the degradatioron performanceand continues
readability of the test sample tags after exposuabtasion. This test was performed to
simulate abrasion that might occur due to the following canrditi

1. Exposue of the tag's surfae to contat with foreign object;, such as during
shipment.
2. Incidentd contat with sandes used on ard arourd tools ard shelves

2.4.1 Test Equipment

Abrasive material:

o Three grit sizes of CAMI Grade sand paper of alumirxide
Very coarse #40
Medium #80
Very fine #220

Lathe (see Figure 6)

Lase Markec Barcodt Tac

Sard Papr Mount

Lathe Mount

Figure 6. Side View of Abrasion Station

2.4.2 Test Procedure

Step 1. Before performirg the abrasiortest, conducta visual examinatior of the
test sample tags to identify any physical defeor damage that madog
present and read each individual test sample tag. Record the raimber
successful and unsuccessful reads and note any observed| pleysicis
or abnormalities. If any of the bar code symbolstamed in the tagakes
longer than four seconds to read, it will be considered an unsudaess.

Step 2: Attach the test sample tags on the grindinghtafuhe lathe.

Step 3: Attach the sandpaper to the grinding surface.

Step 4: Set the rpm of the lathe to 35 rpm.
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Step 5: Expose the test sampe tacs to the grinding proce:s for 15 second:

Step 6: Conduct a post-test visual examination of the tegilesaags and
document the results. If necessary, use a gentle wash in gunater(a
standard ambient conditions) to aid in the visual exammatif the
abrasive process. Dry the test sample tags thoroughly.

Step 7: Conduct a post-test visual examination and read eachiuaditest ample
tag. Record the number of successful and unsuccessful reads amehynote
observed physical defects or abnormalities. If any of the bar syedbol.
contained in the tag takes longer than four secaadread, it willbe
considered an unsuccessful read.

Step 8: Repeat the steps 1 through 7 for ten 15-second intervaidsl failure,
which ever occurs first.

Step 9: Repeat steps 1 through 8 for each grade of sandpaper

2.4.- Test Result:

The abrasin test was performed usirg a fixture built specificaly for the task. This
fixture is depicted in Figure 7 ard Figure 8.

Figure 7. Abrasion Station (Back View)
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Figure 8. Abrasion Station (Front View)

In this tes, no physicd defecs wete found on the LabelLase( tagsin the pre-visua
inspection. All tags were successfully read befoeeatbrasion process. The fixture that
held the test samples was advanced until there nvasidible sound from theontac
with the sandpaper. The timer was started at the fitsicsof contact and the fixtuveas
advanced an additional 10/1000 of an inch.

The resuls obtaind in the abrasin test with the fine sard paper (i.e,, 220 grit) are
shown in Table 7. The LabelLase® tags withstood three consedétisecond cyclesf
abrasio, failing in the fourth 15-secoid interval

Table 7. Abrasion Test Resulls -- 220 Grit Sard Paper (Fine)

Run 1 Run 2 Run 3 Run 4
Tested 15-Seconds | 15-Seconds | 15-Seconds 15-Seconds
este Result Result Result Result
Passed[Failed|Passed|Faile d|Passed Faile dPassed |Failed
LabelLase® Tags

Code 39 BarCodeSymt | 314 | 34 | o | 34 | o | 34 | o |
Small Data Matrix Symbol| 34 | 34 | o | 34 | o | 34 | o |
Large Data Matrix Symbol| 34 34 0 34 0 34 0 |
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The resuls obtaired in the abrasiol tes with the mediun sanc pape (i.e., 8C grit) are
shown in Table 8. The LabelLase® tags withstood three conseddtisecond cyclesf
abrasion, failing in the fourth 15-second interval.

Table 8. Abrasion Test 80 Grit Sard Paper (Medium)

Run 1 Run 2 Run 3 Run 4
Tested 15-Seconds | 15-Seconds | 15-Seconds | 15-Seconds
Result Result Result Result
Passed|Faile d|Passed[FailedPassed Faile d |Passed|Failed
LabelLase® Tags
Code 39 Bar Code Symi 34 34 0 34 0 34 0 21 13
Small Data Matrix Symbol| 34 34 0 34 0 34 0 29 5
Large Data Matrix Symbol| 34 34 0 34 0 34 0 25 9

The results obtainec in the abrasiol tes with the coars: sanc pape (i.e., 4C grit) are
shown in Table 9. The LabelLase® tags withstood thelfirstecond cycle of abrasion,
failing in the second interval.

Table 9. Abrasion Test 40 Grit Sard Paper (Coarse

Run 1 Run 2
T q 15-Seconds 15-Seconds

este Result Result

Passed| Failed | Passed | Failed
LabelLase® Tags

Code 39 Bar Code Symt 34 34 0 17 | 17
Small Data Matrix Symbol| 34 34 0 13 | 13
Large Data Matrix Symbol| 34 34 0 9 | 9
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Figure 9 depics somne of the damaie incurred by the tacs during the abrasin tests

Figure 9. View of LabelLase® Damace after an Abrasion Run

2.5 ICING/FREEZING RAIN

The objective of this test was to asses the degradatin on performane ard continuet
readability on the test sample tags after being subjdotefleezing rain andce
accumulation. This test was designed to simulate icimgditions that couldoe
encountered in some parts of the world and in aviation.

2.5.1 Teg Equipment

Freezirg rain icing accumulatin test chambel
Supporting racks did not affect the characteristics of therwaist deposition.
Condensation was controlled and prevented from dripping directly on the test
sample tags.
The solution was not returned to the supplying reservoir preverdimgminatio
from the test chamber or test sample tags surface.
The test chamber was vented to prevent pressure buildup.

Cold water delivery system

Temperature measuring devices to measure the chamber temgerat

Depth gauge
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2.5.2

2.5.¢

Test Procedure

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Before performing the Icing/Freezing Rain test, conduct a visua
examination of the test sample tags to ideraifly physical defecter
damage that may be present and read each individuadategietag
Record the number of successful and unsuccessful reads andnyote
observed physical defects or abnormalities. If any of the bar pdbol:
contained in the tag takes longer than fouors#s to read, it wilbe
considered an unsuccessful read.

Adjust the Icing/Freezing Rain test chambengp&rature to 14°F (-10°C)
and expose the test sample tags to this temperatua¢ l@ast two hours
before introducing the Icing/Freezing Rain solution.

Position depth gage measuring devices so that the tkidared®e easily
measured prior to testing.

Cool the water supply to between 32°F (0°C) and 41°F (5°C). Dislever
water atomized spray into the Icing/Freezing Rain teamber at a ratef
25 mm/h. The droplet size of the water sprayed on top of theatesile
tags should be between 1mm and 1.5mm.

When an application thickness of 6mm has been acluevbd surfacef
the test sample tags, the application willHadted and the testhambe
temperature will be maintained for four hours to altbe ice to harden.

At the end of the hardening period, an attempt to readsthgatnpldag:s
without removing the ice will be conducted and the reseltended. If the
test sample tags can be read successfully without icevegnthenrepea
steps one through 5 to continue the applicatrmeess and increashe
thickness of the ice to the next desired thickness ldRepeat thigproces
for all four different thicknesses (6mm, 13mm, 37mm, and 75mm).

After steps 1 through 6 have been repeated as reduereck will be
removed by striking the flat surface with a hammer to fracthe iceanc
facilitate removal.

Conduct a post-test visual examination and read each indieishsalnpl:
tag. Record the number of successful and unsuccessful reads armghynote
observed physical defects or abnormalities. If any of the bar syodbol:
contained in the tag takes longer than four sectmd®ad, it will be
considered an unsuccessful read.

Test Results

The icing/freezingrain test was performedusing a freezerwith the temperatur¢set al
14°F (-10°C). The water was introduced over the top efriezer and the solution was
frozen to form a clear ice coating that covered the tags uaifarm depth ofémm
After the prescribed hardening period, the tags were rainboeen the freezer and ¢h
ice was removed. All tags were visually inspected aadl.r This process wa
repeated for all four recommended ice thicknesses.

No physicd defecs wetre found on the LabeLas® tacs in eithel the pre or post-visua
inspectin in all test case. All tacs wete successfuy reed befole ard after the
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icing/freezirg process The result: of the icing/freezin¢ rain tes are summarize in Table

10.

Table 10. Icing/Freezing Rain Test Results

Tested Result -
Passed [Failed
LabelLase® Tags
Code 39 Bar Code Symi 34 34 0
Small Data Matrix Symbol| 34 34 0
Large Data Matrix Symbol| 34 34 0

Bas«d on thewe result, it cen be concludd thet LabelLas®

Icing/freezing rain test.

tacs passd the
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2.€ IMPACT TEST

The objective of this test was to asses: degradatior on performanceand continuet
readability of the test sample tags after a direct implacneasured force. This test
simulated the results of an impact that could result frombgect accidentallypeing
dropped on, or falling agains, the surfae wheie the test sampe tacs are mounted on.

2.6.1 Test Equipment

Impact te staticn (see Figute )
Impact force generator

Impact Zon
For Sample
Tag Placement

N

Figure 10. Impact Test Station

2.6.2 Test Procedure

Step 1:  Before performirg the impact tes, condudt a visuel examinatin of the tes
sample tags to identify any physical defects or damagertag bepreser
and read each individual test sample tag. Record the numbecadssful
and unsuccessful reads and note any observedcaphgefects or
abnormalities. If any of the bar code symbols contained in thiakag
longer than four seconds to read, it will be considenednsucessfL
read.

Step 2. Instal the test sampe tacs on the test station
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Step3:  Drop a 2lb impad load from a test heigtt of 48 inches onlo the tes
sample tags, with the test sample tags being positioned steéhaibw
will strike the surface at a 45-degree angle to the label.

Step4: Conduct a post-test visual examination and read each iddiasua
sample tag. Record the number of successful and unsfutaesgisanc
note any observed physical defects or abnormalities. If athyedbarcode
symbols contained in the tag takes longer than four secondsdtatredll
be considered an unsuccessful read.

Step 5:  Repeat step 3 with a 5-1b impact load, thefonperstep 4.

Step 6:  Repeat step 3 with a 10-1b impact load, theorpe step 4.

2.6.2 Test results

The impac fixture was built specifically for this test. The impac statior was designe
with a piece of 0.25 inch diameter steel rod attached to tteembot the impact-sled
The tags were placed in the impact zone; the weight wasedtdo the sled and tiséec
was dropped from the prescribed height onto the tgggcimg the surface of thag
The impact fixture is depictd in Figure 1lard Figure 1z

Figure 11. Impact Station and Impact Slec
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Figure 12. Impact station

All LabeLas® tags¢ passe the visua pre-inspectiin ard wele readake after the tes
was completed. This procedure was repeated with each succeksiaelgr weight. All
LabelLase® tags continued to perform and were readable ater thecumulative
damage of all three impacts. The results are presenteable T1. Figure 18how:
sorre of the damare incurred from the test procedure

Table 11. Impact Test Results

Run 1 Run 2 Run 3
Tested 2 Ibs 5 lbs 10 Ibs
Passed|Failed|Passed |Failed |Passed |Failed
LabelLase® Tags
Code 39 Bar Code Symt 34 34 0 34 0 34 0
Small Data Matrix Symbol| 34 34 0 34 0 34 0
Large Data Matrix Symbol| 34 34 0 34 0 34 0
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Figure 13. Impact damace to tags after impact from three weights

Bas«d on these result, it cen be concludd thet LabelLas® tacs passd the impac
test.
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2.7 EXPOSURETO ULTRAVIOLET LIGHT TEST

The objective of this testwasto asessthe degradatioron performanceand continuer
readability of the test sample tags after simulated-tlerm exposure to sunlight. this
test, sunlight was simulated using an ultraviolet (UV)t Isghurce that reproducéisat
portian of the electromagnec spectrim thet ranges from 200 — 400nm

2.7.1 Test Equipment

Ultraviolet light soure (see Figure 14).
Palm Springs Sunlamp
Manufactured by KBI Inc.

700 watts of power
70 % UVB
30 %UVA

Figure 14. KBI' s Ultraviolet Light Source

Enclosd tedt statior
Measurement device to monitor the amount of UV lightinly the test sampléags

during the test

2.7.2 Test Procedure

Step 1

Step 2:

Before performirg the ultraviolet light exposue tes, condut a visua
examination of the test sample tags to identify pinysical defect®i
damage that may be present and read each indivektakampleag
Record the number of successful and unsuccessful reads ananynot
observed physical defects or abnormalities. If any of theddesymbol:
contained in the tag takes longer than four secondsath it will be
considered an unsuccessful read.

Instal the tet sampe tacs in the te<t station
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Step 3: Turn on the UV light source anc measur the amoun of light thai is beincg
generated by the lamp in the enclosed test station. Recombthitsr

Step 4: Expose the test sample tags to the UV light for 24. hdums was
completed in four 6 hour intervals to minimize théeptal for firethat
could occur through the heat generated by the UV Light (apaiely
200 degrees F).

Step 5: At the end of the test session, measure aadree amount of UV light
that the lamp is generating inside the box and recorcethats.

Step 6:  Conduct a post-test visual examination and read each iddiasua
sample tag. Record the number of successful and unstidcesadsanc
note any observed physical defects or abnormalities. If any dfaitede
symbols contained in the tag takes longer than four secomdadpit will
be considered an unsuccessful read.

2.7.2 Tes Result:

The ultraviolet light test was performed usirg a 70C-watt UV lamp théet producs 65% of

its light in the UVA range (320-400 nanometers), anth 3§ its light in the UVB range
(280-320 nanometers). The LabelLase® tags were placed 15 imniag from the light
source well within the footprint of the light. In thisst, no physical defects were found
on the LabelLase® in either the pre or post-visual inspectiontadsl were successfully
read before and after exposure to the ultraviolet light sourcereBhds of thaultraviole
light test are summarizd in Table 1Z.

Table 12. Ultraviolet Light Test Results

Result
Tested
Passed |Failed
LabelLase® Tags
Code 39 Bar Code Symt 34 34 0
Small Data Matrix Symbol| 34 34 0
Large Data Matrix Symbol| 34 34 0

Bas«d on these resulty, it cen be concludd thet LabeLas® tags passe the ultraviolet
light exposure test.
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3.0 CONCLUSIONS

Table 13 summarizs the resuls of all test.. Based on these result, it is concludd tha
the LabelLas® tacs exhibited a strorg durability.

The final resuls of the abrasin test shoud be interpretd carefully, since the
objective was to test the tags to failure. The LabelLasg®parformed very well in this
test, considering the fact that they were exposed to very csamdpaper while a
significart amourt of pressue applied to their surface with the lathe

Table 13. Summary of Test Results

Labelase® tags
Test Passed Failed
High Temperature 34 0
Contaminatiorby Fluids:
Diesel 34 0
Hydraulic Fluid 34 0
SaltFog 34 0
Icing/FreezingRain 34 0
Abrasionwith sandpaper
Fine 220 Grit 29" 5
Medium 80 Grit 21" 13
Coarsel0 Grit 17 17
Impact 34 0
Exposureo Ultraviolet Light 34 0

! Survived three consecutivel5-secondabrasion intervals
2 Survived one 15-secondabrasion intervals

Althouch the resuls of this battery of durability tests carnot be extrapolatecto
exposure to realworld environmental conditions over long ged time,laborator
simulations of a variety of conditions provide some degree of evidesicéhe laser
marked bar code tag technology evaluated in this study magbhbstrfor manymilitary
and commercial applications that occur in extreme and diverseweatdclimate
conditions.

In summar, the projet¢ team was highly impressd with the performane anc
durability of the LabelLase® tags. On a special note, tlee &Edation printer that
produced the LabelLase® tags is, in our opinion, a niagakthrough in technologwpr
durable part marking. A laser ablation marking systam cost upwards of over
$400,000. The LabelLase product currently retails for approximijjjjjjip. and does
an excellent job of making high quality durable symbology and humaalbikeacharkor
the chemically treated metal tags. We believe pineduct has a bright futurm
commercial and military applications where the marks mustves very harsl
processing and environmental conditions.
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