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1 Pwros e

This test was designed to establidbwing sand and dusesistance riteria for the TASE00
following the testing standards and procedurased on DEL60 test criteriawith modifications
centered on actual product usage.

2 Bl owi ngn & abDastt
(DO-160F, MIL-STD-810G)

Category S Equipment that is subjected to blowing sand and dust during normal operation in its
installed location is identified in Category S. ltrecommended that the equipment go through
the following tests.

2.1 Dust Test
Agent

1 Dust in the test chamber should be maintained at a concentration of 3.5 to 8.8 g/m3 and
shall be 97% to 99% silicon dioxide.

1 Dust to be used can lved china clay osilica flour and must meet size distributions of
100% by weight less thatb0 um. This igeadily available as 140 mesitica flour and
should be comparable to test requirements.

2.2 Procedure

1. At an air velocity between 0.5 and 2.4 m/second, mairiteé test chamber at +25-+/
2°C and the relative humidity at not morenHz0%.

2. Submit the equipment to an exposure period of one hour along each direction of each
orthogonal axis in succession.

3. Repeat this cycle i test chamber set to +55 2°C with exposure period of one hour
along each direction of each orthogoneakan succession.

4. At the end of the exposure period, the equipment can be removed from the chamber and
cooled to room temperature. Externally accumulated dust only on surfaces required to
verify proper operation (e.g. displays, connectors, test portd) sbaremoved by
brushing wiping or lightly shakinglake careto notintroduce additional dust into the
equipment.

5. After removing the excess dust, manipulate the mechanical moving features of the
equipment ten times and check for clogging or ligdof movement. Determine
compliance with the applicable equipment performance standards.

2.3 Sand Test
Agent

150 to 850 um particle size of silica sand in a concentration of 2@54/m3, with a mean of
90 +F 5% by weight smaller than 600 pm and largjemn 150 um, and at least 5 percent by
weight 600 um and larger.
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Procedure

1. With the internal temperature of the testamber maintained at +25-27C and the RH
not more than 30%, submit the equipment to a minimum exposure period of one hour
with wind velcacities ranging from 19 m/s along each direction of each major
orthogonal axis in succession.

2. Repeat this cycle with the inteal temperature set at +5529C.

3. At the end of the exposure period, the equipment can be removed from the chamber and
cooled toroom temperature. Externally accumulated sand only on surfaces required to
verify proper operation (e.g. displays, connectors, test ports) shall be removed by
brushing wiping or lightly shaking. Be careful though not to introduce additional sand
into theequipment.

4. After removing the excess sand, manipulate the mechanical moving features of the
equipment ten times and check fologging or binding of movementDetermine
compliance with the applicable equipment performance standards.

3 Test Resul t s

The blowirg sand and dust testasa failure. The communicatiowith the gimbal remained in
working orderbut problems arose witthe video and the motor homing. The vidamnection

functioned properlyut the lens and windows weceated with dust and sand andféed to a

point where no image remains visible through IR or EO lenses.

The motor homing failed upon starp of the gimbal andemainel nonfunctioning after
blowing off the encoder reker and discSandwas inthe bearings around the bathusinga
grinding soundduring pan movement®all rotationfelt much stiffer from the friction ofhe
sandstuck inside A small crack in the heat sink on the top of the gimbal crown allowed some
sand to seep in and accumulatededihe crown.

After replacing the tilt encoder reader and disc inetheoder ear, the motand homingunction
startedworking properly. When combined with replacement windows and lenses, the gimbal
returred to full functionality. It is unlikely that the windows and lenses would experience the
samedegradation in the field.
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4 Testing Photos
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Figure 1 - TASE300Sand and Dust Test
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Figure 2 - Camera and Lens Covers

The photosshown inFigure 3 illustrate the crack that occurred in the crown housing heat sink
that allowed sand into the crown.

Figure 3 - Crack in Crown Housing Heat Sink
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Figure 4 - Payload Board

Figure 5 - Encoder Access Panel
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5 Test Document s

GFo — 1004 CASCADE -

Cascade Technical Sciences

December 28, 2011

Certification No: CTC 2035

Attention: Chade_s Audette EzﬁﬁlNEuEam Yg;?gq Plowy
Goodrich - Cloud Cap Technology e (mgf'mmm
205 Wasco Loop Fax: (503) B43-1798
Hood River, OR 97031 wivw_cascadetek com
Reference:  a. RTCA DO-160F
b PO#M03844 g
c. Quote CTQ 10800
d. Cascade TEK Job No. 2035 TESTING CERT #2552.01
CERTIFICATION

Cascade Technical Sciences hereby certifies that One (1) Tase 300 Gimbal, S/N 044, was subjected to
the following tests:

1. Hurudity: Per Reference (a) RTCA DO-160F, Section 6.3.1, Category C and (c) ltem 1,
sample was exposed fo two temperature and humidity cycles per specification, with
temperature extremes of +38°C and +55°C, with humidity between 85% and 95%.

2 Blowing Dust: Per Reference (a) RTCA DO-160E, Section 12 4, Category D and (c) ltem 2,
sample was exposed to 1 hour per direction of blowing dust at an air velocity of 0.5-2.4 m/s,
and concentration of 3.5 to 8.8 gfma, with conditions of +25°C, below 30%EH. Test was
repeated at +55°C for a total of two runs.

3 Blowing Sand: Per Reference (a) RTCA DO-160F, Section 12.5, Category S and (c) ltem 3,
sample was exposed fo one h-:lur per direction of blowing sand at 18-29 m/s ar speed,
concentration level of 2.2 gm/m’°. Conditions of +25°C, below 30%RH, for two runs. Test
repeated at temperature of +55°C, for a total of 2 runs.

Testing was done in accordance with the above references as evidenced and reported in the
accompanying data. The test sample was returned to the customer’s facility for evaluation.

The onginal of this report is on file at Cascade Technical Sciences, Inc. under the above referenced
certification number for review by authorized personnel. The results of the testing reported herein
relate only to the actual item tested.

Respectfully submitted,
David Bowles

Quality Manager
Cascade Technical Sciences, Inc.

This test certification shall mot be reproduced, except in full, without wiitten authorization from Cascade Technical Sciences.
Total number of pages in this document is 56.

The objective of this test program was to subject costomer provided test hardwars to environmental sinmlation in compliance with costomer stated specification.
inciding any authorred modification, deviations or concessions to the onginal requirements. The hardware consisted of ibems identified m the appropnate ssctions
af this repart. In addstion to test hardware identification, each section comtains mformation that describes the assodiated test setup and perfonmance and the resulting
data. CascadeTEK Inc measuning mstraments wsed in testing were calibmted according to the requirements of ANSINCSL Z340-1-1944, ISOIEC 17025-2005 and
are WIST maceable. Calibration records are on fle and available for inspection by request. Because the test methods are well established and are qualitagve of semi-
quanfitative m natore. CascadeTEE, Inc does not apply measurement uncertamty unless oblipted by comtract. Measured valoe related to the comesponding
tolerance requirement is used to decide whether a fest mests the requirements of the specification. Any test hardware operaticnal s=tups and resulting evaluations ar
inspections performed by the customer are not inchuded in this report, umless they were explicidy requested. While observations andfor specification compliance

statements may be reported. o inferpretations of opinions regarding customer product performance are intended. Unless otherwise mdicated in the appropriate
report section, all conmact oblisatiens were met and the test objectve achieved.
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CASCADE
TEK Cascade Technical Sciences, Inc.
: L\ TEST DATA FORM DS10
BATE STARTED CUSTORER TECHNICIAN SIONATURE |
Goodrich 7
12-21-2011 / - ‘
| DATE COWPLETED EPECIMEN DESCRIPTION !NunmL
Tase 300 Gimbal /’
12-22-2011 »
TEMPERATUKE LASORATORY) TYPE OF TESY !
Blowing Dust / /
+72°F rnu LT VL
HUMIDITY (LADCRATORY) TEST SPECIFICATION PARAGRAFH NUMBER
RTCA DO-160E, Section 12.4 Cat D, 2035
30%

SPECWEN NUWSERS (PN - SN}
M/N- Tase 300 S/N- 044

PHOTO - Yes
| DATE/TIME REMARKS TECH
12-21-11 | TEST SUMMARY: Expose non-operating sample to 1 hour per direction of blowing AY
dust. Conditions of +25°C, below 30%RH, 0.5-2.4 m/s air velocity and concentration
of 3.5 to 8.8 ¢/m*®. Repeat at +55°C for a total of 2 runs. Upon completion remove
all exterior sand with customer to perform visual & operational test of sample.
0845 | Sample on-site éﬁd‘t)ean set up foréxposure. | AY
1021 Sample set up in 1 axis and begin ramp of chamber to +25°C, below 30%RH with AY
air speed of 2 m/s & 0 sand concentration.
1028 | Begin ramp to 5 mis air speed and dust concentration of 7.0 g/m® while at +25°C & | AY
5%RH (techmcuan may increase air flow to obtain dust levels per specuflcatlon)
1033 | Begin 1 hour of blowing dust per specification in 1 axis. | AE
1143 1 hour in 1> axis complete. Pause exposure and rotate sample to 2"J axls AY
1145 | Begin 1 hour of blowing dust per specification in 2™ axis. AY
1245 | 1 hour in 2@ axis complete. Pause exposure and rotate sample to 3" axis. AY |
1248 | Begin 1 hour of blowing dust per specification in 3° axis. AY
1348 | 1 hour in 37 axis complete. Pause exposure and rotate sample to 4" axis. AY
1352 | Begin 1 hour of blowing dust per specification in 4™ axis. AY
1452 | 1 hour in 4™ axis complete. Pause exposure and rotate sample to 5™ axis. | AY
1457 | Begin 1 hour of blowing dust per specification in 5" axis. AY
1557 | 1 hourin 5" axis complete. Pause exposure and rotate sample to 6" axis. AY |
12-22-11
0720 | Begin 1 hour of blowing dust AT +25°¢ per specification in 6" axis. AY
0821 1 hour in B™ axis complete. Return chamber to ambient conditions. | AY |
0822 | 1% run completed. Begin 2™ run ramp to +55°C. AY
0840 | Begin 1 hour of blowing dust per specification in 1* axis. 1T AY |
0940 1 hour in 1% axis complete. Pause exposure and rotate sample to 2“d axis. AY
D945 | Begin 1 hour of blowing dust per specification in 2™ axis. AY
1045 | 1 hour in 2" axis complete. Pause exposure and rotate sample to 3 axis. AY

Test Data Form DS10-10/04
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TE & Test Continuation Cascade Technical Sciences, Inc.

DATE STARTED : CUSTOMER

12-21-2011 Goodrich
OATE COWPLETED SPESWEN DESCRIPTION

12-22-2011 Tase 300 Gimbal
TEMPERATURE (LABORATORY) TYPE OF TEST

+72°F Blowing Dust
THRUMIDITY ICABORATORYT | TEST SPECIFICATION FARAGRAPH NUNBER |
30% RTCA DO-160E, Section 12.4Cat. D

SPECIMENS NUMBER (PN ~ 3/N)

M/N- Tase 300 S/N- 044 |

DATE/TIME TEST DATA INITIAL |
12-22-11
1050 Begin 1 hour of blowing dust per specification in 3" axis. AY
1150 1 hour in 3" axis complete. Pause exposure and rotate sample to 4™ axis. AY
. 1159 Begin 1 hour of blowing dust per specification in 4™ axis. AY
1259 1 hour in 4™ axis complete. Pause exposure and rotate sample to 5™ axis. AY
1308 | Begin 1 hour of blowing dust per specification ins"axis, | AY ]
1408 | 1 hour in 5™ axis complete. Pause exposure and rotate sample to 6" axis. AY |
1411 | Begin 1 hour of blowing dust per specification in 6™ axis. AY
1511 6" axis completed. Sample removed from chamber with post exposure photos AY
taken. Sample returned to customer facility for final evaluation.
- Test Complete -
|
== |
[
DS11 10/04
TASE300 Sand and Blowing Dust Test 1-20-12 Page 10 of 18
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CASCADE "

TEK
[ i./_

\

Cascade Technical Sciences, Inc.
5245-A NE Elam Young Pkwy
Hillsboro, OR 97124

A\
\ TEST EQUIPMENT LIST
TEBY: o vwnive s JOB NUMBER: 2075 DATE: /2 22/ 200/
EQUIPMENT MANUFACTURER MODEL SIN CAL NO. CALIBRATED CALIBRATION
DESCRIPTION DATE DUE DATE
: - (MM/DDIYY) (MMIDDIYY) |
1180
SAND&DUST = HASTEST | HDTDS216 0912085 REFERENCE
CHAMBER SOLUTIONS
RECORDER = YOKOGAWA | AX104-42 | S4J9C05716 218 el | R
CONTROLLERS ~ YUDIAN ALS18 | TEMPHUMIDITY | 2141215 | 4 22 oy | o opoore
\ |
SAND/IDUST
DETECTOR | YOKOGAWA | DT-450G 91JC00407 N/A | REFERENCE
T
ANEMOMETER | CHANGWANG EZD-3 NONE N/A | REFERENCE
| POWDER MIL-STD- NIA B -
DUST TECHNOLOGY 810F R NO CAL

DS2-10/04 Test Equipment List

TASE300 Sand and Blowing Dust Test 1-20-12
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1st Thru 5th Axes

File Name : Goodrich Job #2035 Blowing Dust at +25¢ (Tase 300 Gimbal SN-044)-20111221-0000.mid
Data Count : 67 Group : Group01 Tag Count : 4 Sampling Interval : 300.000 sec

Start Time : 2011/12/21 10:25:00.0 End Time : 2011/12/21 15:55:00.0
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Cloud Cap

TRIG]

File Name : Goodrich Job #2035 Blowing Dust at +25¢ & +55¢ (Tase 300 Gimbal SN-044)-20111222-0000.mid

Data Count : 97 Group : Group01 Tag Count:4 Sampling Interval : 300.000 sec

Start Time : 2011/12/22 07:15:00.0 End Time : 2011/12/22 15:15:00.0
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CASCADE™

/TEK7 Cascade Technical Sciences, Inc.
= L\L

TEST DATA FORM DS10

DATE STARTED CUSTOMER TECHNICIAN SIGNATURE

Goodrich

12-19-2011 —
DATE COMPLETED SPECIMEN DESCRIPTION ENGINEE! [e] E)
Tase 300 Gimbal //Z
12-20-2011 ? A
TEMPERATURE (LABORATORY) TYPE OF TEST ENGINEER
Blowing Sand . / /
e& (HrDe 2r)

+73°F [eers
HUMIDITY (LABORATORY) TEST SPECIFICATION PARAGRAPH NUMBER JOB NUMBER
RTCA DO-160F, Section 12.5 Cat S, 2035
30% \
SPECIMEN NUMBERS (P/N - S/N)
M/N- Tase 300 S/N- 044
PHOTO - Yes
DATE/TIME REMARKS TECH
TA

12-19-11 | TEST SUMMARY: Expose non-operating sample to 1 hour per direction of blowing
sand. Conditions of +25°C, below 30%RH, 18-29 m/s air velocity and concentration
of 2.2 g/m®. Repeat at +55°C for a total of,a/runs. Upon completion remove all

exterior sand with customer to perform visual & operational test of sample.
2. pB =2ty

0700 Sample on-site and begin set up for exposure. TA
0803 | Sample set up in 1" axis and begin ramp of chamber to +25°C, below 30%RH with TA
air speed of 2 m/s & 0 sand concentration.
0808 Begin ramp to 18 m/s air speed and sand concentration of 2.2 g/m? while at +25°C & | TA

8.8%RH.
0915 | Begin 1 hour of blowing sand per specification in 1% axis (see NOTD #1) TA
1017 1 hour in 1% axis complete. Pause exposure and rotate sample to 2" axis. TA
1030 | Begin 1 hour of blowing sand per specification in 2™ axis. TA
1137 | 1 hour in 2" axis complete. Pause exposure and rotate sample to 3 axis. TA
1145 | During rotation of sample to 3" axis, technician found that mounting screws of TA

customer fixture were no longer holding sample in stationary position. Notify

Customer and pause exposure.

1531 Continue blowing sand exposure 12-20-11. TA

12-20-11
0536 | Begin ramp of chamber to +25°C, below 30%RH and 3 m/s air speed with sample TA

in 3" axis per customer instruction (2 mounting screws).

0543 | Ramp to 18 m/s air speed, 2.2 sand concentration while at +25°C & 13%RH TA
0623 | Begin 1 hour of blowing sand per specification in 3% axis. TA
0725 | 1 hour in 3™ axis complete. Pause exposure and rotate sample to 4™ axis TA
0734 | Begin 1 hour of blowing sand per specification in 4™ axis. TA
0837 | 1 hour in 4™ axis complete. Pause exposure and rotate sample to 5™ axis. TA
0859 | Begin 1 hour of blowing sand per specification in 5™ axis. TA
1001 | 1 hour in 5™ axis complete. Pause exposure and rotate sample to 67 axis. TA

Test Data Form DS10-10/04
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CASCADE"™
i
LITZE ( Test Continuation Cascade Technical Sciences, Inc.
DATE STARTED CUSTOMER TECHNICIAN SIG URE
12-19-2011 Goodrich o o
DATE COMPLETED SPECIMEN DESCRIPTION ENGIIEER»(& ATURE) ¥
12-20-2011 Tase 300 Gimbal P Ll
TEMPERATURE (LABORATORY) TYPE OF TEST E e INEEI =
+73°F Blowing Sand /Fjg/l [Err] [ g«m i
HUMIDITY (LABORATORY) TEST SPECIFICATION PARAGRAPH NUMBER JOB NUMBER ¥
30% RTCA DO-160E, Section 12.5 Cat. S 2035
SPECIMENS NUMBER (P/N - S/N)
M/N- Tase 300 S/N- 044
DATE/TIME TEST DATA INITIAL
12-20-11
1010 Begin 1 hour of blowing sand per specification in 6™ axis. TA

1114 1 hour in 6™ axis complete. Ramp chamber to ambient conditions with +25°C TA
blowing sand exposure complete.
1122 From ambient conditions begin ramp of chamber to +55°C, below 30%RH and TA
3 m/s air speed.

1145 Begin ramp to 18 m/s air speed and sand concentration of 2.2 g/m? while at TA
+25°C & 8.8%RH.
1157 Begin 1 hour of blowing sand per specification in 6" axis at +55°C. TA
1300 1 hour in 6™ axis complete. Pause exposure and rotate sample to 5" axis. TA
1310 Begin 1 hour of blowing sand per specification in 5" axis at +55°C. TA
1411 1 hour in 5™ axis complete. Pause exposure and rotate sample to 4" axis. TA
1425 | Begin 1 hour of blowing sand per specification in 4™ axis at +55°C. TA
1527 1 hour in 4™ axis complete. Pause exposure and rotate sample to 3" axis. TA
1532 Begin 1 hour of blowing sand per specification in 3™ axis at +55°C. TA
1632 1 hour in 3 axis complete. Pause exposure and rotate sample to 2™ axis. TA
1637 Begin 1 hour of blowing sand per specification in 2™ axis at +55°C. TA
1737 1 hour in 2™ axis complete. Pause exposure and rotate sample to 1% axis. TA
1743 Begin 1 hour of blowing sand per specification in 1% axis at +55°C. TA
1845 1 hour in 15 axis complete. Begin ramp of chamber to ambient conditions. TA
1856 Chamber at ambient conditions and remove sample and take post exposure TA
photos.
1705 Sample to remain on-site for further testing. TA

- Test Complete -

DS11 10/04
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