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1.0 PURPOSE

This test report describes the methods used for the Environmental and Dynamic
Testing of the Equipment Under Test tested for Persistent Systems This test
program was conducted to determine the ability of the Equipment Under Test to
successfully satisfy the requirements specified in the references listed in section
2.0 of this report.

1.1 Test Program Sequence
1.1.1. Receipt Inspection
Upon receipt at NTS, the Equipment Under Test was visually
inspected to ensure there had been no damage due to
shipping/handling, and to confirm that the test model number and
serial number coincide with those on the packing list.
No discrepancies or damage was observed.

1.1.2. Functional Test

The Equipment Under Test was checked for functionality before,
during and after testing as applicable.

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.ntscorp.com

Page 6 of 46



4)("
L2 NTS

@ NATIONAL TECHNICAL SYSTEMS
NTS Test Report Number: PR0O66693env.PSL
Revision 0
1.1.3. Testing
Tests and Test Methods
Test Standard/Test Method Test
Result
High Temperature |\ <15 810G Method 501.5 Procedure | Pass
Operation
Humidity Aggravated | MIL-STD-810G Method 507.5 Procedure I Pass
. MIL-STD-810G Method 510.5, Procedure |,
Blowing Dust Pass
71C
Vibration MIL-STD-810G Method 514.6 Procedure | Pass
Blowing Rain MIL-STD-810G Method 506.5 Procedure | Pass
Icing MIL-STD-810G Method 521.3, 6mm-13mm Pass
Low Temperature MIL-STD-810G Method 502.5, Procedure ll,
. Pass
Operation -20C
Low Temperature MIL-STD-810G Method 502.5, Procedure |,
Pass
Storage -55C
Altitude MIL-STD-810G Method 500.6, Procedure |, Pass
Storage Altitude, 60kft

2.0 APPLICABLE DOCUMENTS
2.1  NTS Quotation Number OP0222985
2.2 Persistent Systems PO Number 15930
2.3 NTS Project Number PR066693
2.4  MIL-STD-810G

2.5 NTS Corporate Quality Policy Manual
Revision 9, Dated September 20, 2018.

3.0 TEST ITEMS
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3.1 Description
Item # | Qty Description Part # Serial #
MPUS5 + RF-2100 28147, 2410,
1 ! Module WR-5100 B01694
2 1 PTT WR-PTT-01 00324, 00938
MPUS5 + RF-4100 25574, B-76,
3 ! Module WR>100 B014704
*Embedded 0-EMA40-
4 1 Module Board N/A 0000187

*Was not tested for Icing, Blowing Rain, Blowing Dust and Humidity.

3.2 Security Classification of Items

None
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4.0 TEST DATE(S) AND EQUIPMENT
4.1 Test Date(s)
Test Performed Test Date(s) Test
Results
MIL-STD-810G Method 521.3, Icing, 6mm-13mm 8/9/17 Pass
MIL-STD-810G Method 506.5 Procedure I, Blowing Rain 9/6/17 Pass
MIL-STD-810G Method 514.6 Procedure I, Vibration 8/23/17- Pass
! 8/24/17
MIL-STD-810G Method 500.6, Procedure |, Storage 10/2/17 Pass
Altitude, 60kft (4 units)
MIL-STD-810G Method 502.5, Procedure |, -55C (4 units) 10/5/17 Pass
MIL-STD-810G Method 507.5, Procedure I 12/8/17 Pass
MIL-STD-810G Method 510.5, Procedure I, 71C 12/13/17 Pass
MIL-STD-810G Method 502.5, Procedure Il, Low Temp 7/26/18 Pass
Operational -20C
MIL-STD-810G Method 502.5, Procedure |, Low Temp 10/5/17 Pass
Storage -55C
MIL-STD-810G Method 501.5, Procedure |, High Temp 7/26/18- Pass
Storage, 85C 8/2/18

4.2 Test Equipment

A list of the test equipment to be used is included in Appendix A of this
procedure. This equipment is calibrated according to ISO 10012-1 and
calibration is traceable to the National Institute of Standards and Technology
(NIST). Calibration records are maintained on file at National Technical
Systems.

5.0 GENERAL TEST REQUIREMENTS
5.1 Test Facility

The Equipment Under Test was tested for Environmental and Dynamic tests at
NTS test facilities located in Tinton Falls, NJ.
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5.2 Test Sample Configuration

The test item configurations are documented in the photographs contained
in this test report.

5.3 Functional Pass/Fail Criteria

The Equipment Under Test shall successfully satisfy the requirements
specified in the references listed in Section 2.0 of this procedure. The
Equipment Under Test will be checked for functionality before, during and
after testing as applicable.
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6.0 TEST PROCEDURE
6.1 High Temperature Storage

6.1.1. Requirement

The Equipment Under Test shall be tested for High Temperature
Storage using MIL-STD-810G, Method 501.5 Procedure | at 85°C
maximum.

6.1.2. Test Procedure

The Equipment Under Test was placed into the temperature chamber
in operational configuration.

The chamber temperature was adjusted to 35°C.

After temperature stabilization occurred, the following profile was run
for 7 cycles (adjusted for 85°C).

The chamber was brought back to ambient temperature.

The Equipment Under Test was visually examined for damage and
operated.

TABLE 501.4-IL High temperature cycles, climatic category - HotX

Ambient Air Conditions Induced Conditions

Time of Day Temperaturel: Humidity? Temperaturel: Humidity?

°C  (°F) % RH °C  (°F) % RH
0100 3599 6 35 (99) 6
0200 34 (94 7 34 (94) 7
0300 34 (93) 7 34 (94) 7
0400 33 (92) 8 ©2) 7
0500 33 @ 8 33 (92) 7
0600 2 o) 8 33N 7
0700 33 @ 8 36 (97) 5
0800 3599 6 40 (104) 4
0900 38 (101) 6 4 (1 4
1000 41 (106) 5 51124 3
1100 43 (10) 4 56 (133) 2
1200 44 (112) 4 63 (145) 2
1300 47 (116) 3 69 (156) 1
1400 48 (118) 3 70 (158) 1
1500 48 (119) 3 T (160) 1
1600 10 (120) 3 70 (158) 1
1700 48 (119) 3 87 (153) 1
1800 48 (118) 3 83 (145) 2
1900 16 (114) 3 55131 2
2000 42 (108) 4 48 (118) 3
2100 41 (103) 5 41 (10%) 5
2200 38 (102) 6 39 (103) 6
2300 38 (100) 6 37 (99) 6
2400 37 (99) 6 35 6

These cycles were derived from AR 70-38, 1 August 1979, and essentially conform to those in MIL-HDBK-310 and
NATO STANAG 2895, These values represent typical conditions thronghout a typical day in this climatic categery.
"Tnduced Conditions" are air temperature levels to which materiel may be exposed during storage or transit situations
that are aggravated by solar loading
2 Humidity control during high temperature testing is zenerally not necessary. Use these values onty in special cases.
= Data were originally recorded in °F and converted to °C. Hence. table data conversion may not be consistent

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.ntscorp.com

Page 11 of 46



4)’;'4
L2 NTS
= NATIONAL TECHNICAL SYSTEMS
NTS Test Report Number: PR0O66693env.PSL
Revision O
6.1.3. Comments

The Equipment Under Test complied with the High Temperature
Storage test.

Test Data

MIL-STD-810 High Temperature Storage
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==Temperature Degrees C
Test Equipment Used
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due

WC058388  Thermotron  Temperature Chamber SE-600-5-5 30390 5/3/2017 5/3/2018
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6.2.1.

6.2.2.

6.2.3.

Humidity

Requirement

NTS Test Report Number: PR0O66693env.PSL

Revision 0

The Equipment Under test shall be tested for Humidity using MIL-STD-
810G, Method 507.5 Procedure Il as in the profile below.

Test Procedure

The Equipment Under test was placed into the temperature/humidity
chamber in storage configuration.
The chamber temperature was adjusted to 30°C at 95% relative
humidity.
After temperature stabilization occurred, the following profile was run

for 10 cycles (1 cycle is 24 hours).

Operational checks were done on the 5™ and 10" cycles.

100
. .
e
80
1 Cycle 1Cycle —
g
14
A T
3 /
N = | S—
{ {

f \ Il .

30

20 g——o

10 Operate Dperate

See Note 3 —a Degt _m uRH T 7
. :
0 2 4 6 &8 1 12 14 18 18 20 22 24 26 28 3 I M 328 3B 40 42 44 48 48 50 B2 54 5O
Time (hrs)
Figure 507.5-7. Aggravated temperature-humidity cycle.
Comments

The Equipment Under test complied with the Humidity test.

(%) Ay ppung aageray
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Test Data
MIL-810G Humidity
120
100 = e e e Sy
80
60
0 WAVANAVANAWAVAWAVAW
20
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S>S=S3S=222=232=232=222=2=2=232=25=2=2=2=2Z=°>
o oo aogcaoagaogoogaoagogdgo<gco<gcocdg
NN N N NN WL WNmWLmWmWmmnmWwmnmWnmn
N O a1 AN N TWOMNOWOIOOTOTT AN MNMNSTINONOOOOODO JI NN <
NN NRd T NMNMTNAINNNQAdNM
A0 O T NN T AN NONANOWMOFTETN AAODOON O NN
— — i -
====Temperature Degrees C  ====-Humidity %RH
Test Equipment Used
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
WC005349 Espec E”‘g:lzr:n”;‘z:ta' EZZ?' 165010 10/18/2017 10/18/2018
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6.3 Blowing Dust

6.3.1.

6.3.2.

6.3.3.

Requirement
The Equipment Under Test shall be subjected to the conditions of the
Blowing Dust test per MIL-STD-810G Method 510.5, Procedure I.

Test Procedure

The Dust Test was performed on the Equipment Under Test at 71°C
for 6 hours. The dust concentration was 10.6g/m3 at a velocity of 8.9
m/sec.

The Equipment Under Test was removed from the chamber and
visually examined for damage and operated

Comments
The Equipment Under Test complied with the Blowing Dust Test
requirements.
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Test Data
MIL-810G 71C Blowing Dust
80
70
60
50 ———————o
40
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0
o I e R o B IO o T O o R R e IO R e O e R e AR o I o O e B e R e TR e R T e B o IR e R e B o B |
nmamnNaNunmaNmMmMaNOLaNanNaNInNaNIOL NI ANL AN NN N !N
OCANNMAOISTNINOBANANOODDTONDAdONN®O®
N A N <IN AN T O A NT O I N FTO AN MO WnMmMO AN MW O
NGO O HGWANDO OO AAdAANNNNMNMON®OM®M <
R T e B o B o B o R o O o O e R o R o R O o O o R o AR o R e O o B o |
===Temperature Degrees C==Humidity %RH
Dust Units 48=10.6g/m3
Test Equipment Used
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
WC005410 NTS Dust Chamber N/A 1 5/11/2017 5/11/2018
WC024133 Pacer Anemometer DA400 1017001 8/30/2017 8/30/2018
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6.4 Vibration

6.4.1.

6.4.2.

6.4.3.

Requirement

The Equipment Under Test shall be tested for Vibration using MIL-STD-
810G, Method 514.6 Procedure | ground vehicles.

Test Procedure

The Equipment Under Test was mounted to the vibration table in non-
operational condition.

The vibration profile was run for 1 hour per axis.

The Equipment Under Test was visually examined and an operational
check was conducted after the test.

Comments

The Equipment Under Test complied with the Vibration test
requirements.
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Test Data

=]
Curl DOF: 120 NATIONAL TECHNICAL SYSTEMS Test Level: 00000dB
Resolution: 800 CTRL: 0.7353gRMS
Longitudinal Random Vibration
A PSD g¥Hz [Control
0.05 x: 0,y: 0 Locked
0027 B
0.01"|
0005
g oo — -
£ o001
Y

0.0005 |

0.0002 |
0.0001 |
5e-005
26005
5¢-006
I 1 I I
10 20 50 100 200 500
Hz (Log)
Start Date: 08/09/17 Level Time: 0001 00:00 Stop Date: 08/0917
Start Time: 13:48:57 Level Time Remaining: 0000: 00:00 Stop Time: 14:53 23
=
Ctrl DOF: 120 NATIONAL TECHNICAL SYSTEMS Test Level: 00000dB

Resolution: 800 CTRL: 0.2064gRMS

Transverse Random Vibration
A PSD g?#Hz [Control

0.005 | : 0.y 0Locked

10 20 50 100 200 500
Hz (Log)
Start Date: 08/10/17 Level Time: 0001 00:00 Stop Date: 08/10/17
Start Time: 07: 26:35 Level Time Remaining: 0000:00:00 Stop Time: 08:30:03
= .
culpor: 120 NATIONAL TECHNICAL SYSTEMS Test Leve: 0000003

Resolution: 800

A PSD g?#Hz [Control

0.1 x: 0,y: 0 Locked

CTRL: 10606 gRMS
Vertical Random Vibration - Run 1

0.01"|

g¥/Hz (Log)

0.0002 |
0.0001 |

2e-005

10 20 50 100 200 500
Hz (Log)

Level Time: 0001:00:00 Stop Date: 08/10/17

Level Time Remaining: 000000:00 Stop Time: 10:17:06

Start Date: 08/10/17
Start Time: 09:12:40
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gCtrlDOF:le

Resolution: 800

A PSD g#%Hz [Control

NATIONAL TECHNICAL SYSTEMS

Vertical Random Vibration - Run 2

Test Level: 0.0000dB
CTRL: 10645gRMS

0.1

X: 0, y: 0 Locked

g?/Hz (Log)

10

Start Date: 08/10/17
Start Time: 10:29:38

NTS #

WC005346

WC005343

WC040825

WC040768

Manufacturer
Unholtz-Dickie

Unholtz-Dickie

Spectral
Dynamics

PCB

Hz (Log)
Level Time: 0001:00:00
Level Time Remaining: 0000:00:00

Test Equipment Used

500

Stop Date: 08/10/17
Stop Time: 11:34:00

Make Model S/N Cal. Date Cal. Due
- MA145A-
Amplifier 1301AR 2418 NCR NCR
Shaker T1000 476 NCR NCR
Vibration 2400-
Controller 2405-9700-1 1709 5/25/2017 5/25/2018
Accelerometer 353B16 173657 6/10/2017 6/10/2018
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6.5 Blowing Rain

6.5.1.

6.5.2.

6.5.3.

Requirement

The Equipment Under Test shall be tested for Blowing Rain using MIL-
STD-810G Method 506.5 Procedure I.

Test Procedure

The Equipment Under Test was pre-conditioned to 10°C above the
water temperature used for the blowing rain test.

The Equipment Under Test was inserted into the rain test chamber in
fused mode. The wind velocity was adjusted to 40 MPH and rainfall
rate was adjusted to 4” per hour. The test item temperature was 10
+2°C higher than the rainwater. This condition was maintained for 30
minutes.

The Equipment Under Test was oriented to expose 6 faces to the
blowing rain for 30 minutes each.

The Equipment Under Test was removed from the test chamber and a
visual inspection for water penetration was performed.

An operational check on the Equipment Under Test was performed.

Comments

The Equipment Under Test complied with the Blowing Rain
requirements.
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Test Data
DATA SHEET
Job Number: PR066693 Date: 9/6/17 Page 1 of 1
Client: Persistent Systems P.O. No.:
Test: Blowing Rain Test ltem: MPUS/PTT
Specification: Mil-Std-810G Model or P/N: WR-5100/WR-PTT-01
Para./Sect.: Method 506.5 Procedure | SIN(s): 28147/00324
Remarks: Testing was conducted for 30 minutes on each face with the EUT not
operating.
Test Duration | Unit Temp. | Water Temp. | Wind Velocity Rainfall Test Item Orientation
(minutes) (°C) (°C) (MPH) Rate
(infhour)
30 35 21 42 4 Front of EUT
30 35 21 42 4 Rotated EUT 90°
30 35 21 42 4 Rotated EUT 90°
30 35 21 42 4 Rotated EUT 90°
30 35 21 42 4 Rotated EUT 90°
30 35 21 42 4 Rotated EUT 90°
Test Performed By: Brian Pasznik
Project Manager: Mark Betts
Test Equipment Used
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
WC058388  Thermotron Tegz:zzjrre SE'620'5' 30390 5/3/2017  5/3/2018
WC024133 Pacer Anemometer DA400 1017001 8/30/2017 8/30/2018
NJ1348 NTS Rain Test System N/A N/A NCR NCR
WC064029 TBL:‘:;?LZ Turbine Blower ~ BT-Mega 26228 NCR NCR
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6.6 Icing

6.6.1.

6.6.2.

6.6.3.

NTS Test Report Number: PR0O66693env.PSL
Revision O

Requirement

The Equipment Under Test shall operate during and after exposure to
icing (rime and/or glaze) and freezing rain conditions without
degradation in performance or useful life, for a total ice accumulation
of up to 6 mm (.25 inches).

Normal operation to remove ice buildup or input force required to
clear ice buildup shall not damage the component.

Test Procedure
The Equipment Under Test was installed into the chamber.

The chamber temperature was stabilized at 0°C.

A uniform, pre-cooled water spray was delivered for 1 hour to allow
water penetration into the test item crevices/openings.

The chamber air temperature was adjusted to -10°C (14°F) water
penetration was allowed into the test item until 6 mm (.25 inches)
thickness of ice had accumulated on the appropriate surfaces.

The chamber air temperature was maintained for a minimum of 4
hours to allow the ice to harden.

Comments

The Equipment Under Test complied with the Icing requirements.
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Test Data
P Y TEST PROFILE PRO66693
Sy NTS
S
Customer Name: Persistent Systems Unit(s) Under Test: MPU5+RF, PTT
Test Name: Icing/Freezing Rain Quantity: 2
Specification: MIL-810G P/N(s): WR5100, WR-PTT-01
Spec. Date SIN(S): 28147, 324
Para. / Method: Method 521.3
Accumulated Ice 6mm
Initial Temperature in Degrees C 1°C
End Temperature in Degrees C -20°C
Initial Dwell at 1°C 1 hour
Dwell Time After Ice Accumulated 4 Hours
TEST SETUP AND RESULTS
Test Started: | 8/23/2017 | | Test Completed: | 8/25/2017 |
Unit Under Test Information Y [ N |NA Comments
Tested in shipping container: X
Operating during test: X
Operated by client: X
Powered during testing: X
Passes post-test functionals: X
Physical damage noted: X
Does unit(s) pass requirements: X
COMMENTS: Examined for physicaldamage only.
I Test Technician: | Brian Pasznik |
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Test Equipment
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
WC005475 Thermotron Temperature Chamber WP-904-TCM-10 DX89140201 5/11/2017 5/11/2018

Photographs
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6.7 Altitude (Storage)

6.7.1.

6.7.2.

6.7.3.

Requirement

The Equipment Under Test and all support equipment subject to air
transport shall operate after exposure to air transport at altitudes up
to 60,000ft above sea level in unpressurized vehicles with no
degradation in performance or useful life.

Test Procedure
The Equipment Under Test was installed into the chamber.

The test chamber’s temperature and humidity were maintained at
ambient conditions and the chamber altitude was ramped to 18,300 m
(60,000 ft.). The pressure ramp was performed at a rate not to exceed
10 m/s (2,000 ft./min). The chamber altitude versus time conditions
was continuously recorded.

These chamber conditions were maintained for a period of 60 minutes.
The chamber altitude versus time conditions was continuously
recorded.

Comments

The Equipment Under Test complied with the Altitude requirements.
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Test Data
Altitude - Non-Operational
30 2
29 N 0
28—\ 7\
- -4
27 // B -6
26 - -8
25 / - -10
\ / 12
24 - -14
23 -16
n © © ©V OV V O OV OV OV LV LV oo ovuovoovouovoovouowvoowvuoovo o
AR B S B B B A~ B B At B A L~ A I S~ B~
N AN 00O N 1 00 <F A N ST ONMOMO UM O OAN OO N N 0
TN damMONYENNOTddNNONT TN QR
O OO0 o ™ ™ =+ o o o +d d N N N N N N N N N Mmoo
R I e B B B R IO o B e B e B o B R o O o O O o R e B o B e B e B B B B |
====Temperature Degrees C === Altitude -13.66PSIG=60kft
Test Equipment
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
WC005408 NTS Altitude Chamber N/A 1 8/24/2017 8/24/2018
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6.8 Low Temperature (Storage)

6.8.1.

6.8.2.

6.8.3.

Requirement

The Equipment Under Test shall be tested for Low Temperature using
MIL-STD-810G, Method 502.5 Procedure | at -55°C.

Test Procedure
The Equipment Under Test was installed into the chamber.

The Equipment Under Test was placed into the temperature chamber
in operational configuration, turned off.

The chamber temperature was adjusted to -55°C.

After temperature stabilization occurred, the test was continued for 4
hours.

The chamber was brought back to ambient and Equipment Under Test
was visually examined for damage and operated.

Comments

The Equipment Under Test complied with the Low Temperature
Storage requirements.

36 Gilbert Street South e Tinton Falls, New Jersey 07701
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Test Data
Low Temperature Storage
20
20 \ A
10 -§ 7
10\ /
\ J 4
200 T\ 4
-40 \ [
-50 m
-60
S 323232322323333333=32=22=2222=2222
S dd<d < << <<IIIIIICICSSaacaacaaaa
[V I Uo T U T Vo T U T U TN U TN U TN U Y U Y U O ' Y (' O U I U I U Y U0 I X0 Vo Vo Vo T Vo T U TR U IR U0 )
S¥EsSsSSSSSTSSSSSTSSSSSSSSSSS
O NN OO AT NOMNMOWOIOANWOW ASTNOM OO AN N 0
NfTmnmogmnmgaodadnmnmadngndANNY QoS
00 00 00 O O O O O O O OO0 o H A =" A N AN AN AN A A o
LR e B B IR B IR T TR B T TR o I B |
==Temperature Degrees C
Test Equipment
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
WC058388 Thermotron Temperature Chamber SE-600-5-5 30390 5/3/2017 5/3/2018

Photographs

- - - - -
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6.9 Low Temperature (Operational)

6.9.1.

6.9.2.

6.9.3.

Requirement

The Equipment Under Test shall be tested for Low Temperature using
MIL-STD-810G, Method 502.5 Procedure Il at -20°C.

Test Procedure
The Equipment Under Test was installed into the chamber.

The Equipment Under Test was placed into the temperature chamber
in operational configuration, turned on.

The chamber temperature was adjusted to -20°C.

After temperature stabilization occurred, the test was continued for 3
hours while monitoring the functionality of the Equipment Under test
for the duration of the low temperature test.

The chamber was brought back to ambient and Equipment Under Test
was visually examined for damage and operated.

Comments

The Equipment Under Test complied with the Low Temperature
Operational requirements.
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Test Data
Low Temperature Operational
30
20 ~‘
10 \
° 7\
-10 \
-20 L ane
-30
=2 2322222222222 =2=22=2=2=2=2=2=2=2=22
[ W WY o WY o WY o Y o W WY WY WY o W o W o Y o T o WY WY N WY WY o Y o R o R o R o W = W o WY
C0 00 00 00O 00 00O 00O 00 ©O OO 00 00O ©CO 00 ©O OO OO 00 0O ©O OO OO O 00 o
2290990900099 Q9900Q2C2QQ2Q9QQCQ99Q
O < N O 00 O T N OO0 WO TN O WO ST N OO0 O N O
TN DI ANTNNOTANNNTNO I ANMT W
gg\—l\—IH\—l\—lHHHNNNNNNNMMMMMMMM
==Temperature Degrees C
Test Equipment
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
WC005759 Thermotron Temperature Chamber F-16-CHMV-5-5 28376 8/24/2017 8/24/2018

Photographs
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& MPUS View2 — After Exposure
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& PTT Viewl — After Exposure

WR-PTT-01 Side and Belt Clip «PERSISTENT SYSTEMS | 4



& PTT View2 — After Exposure
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& PTT View3 — After Exposure

WR-PTT-01 Knobs and Connector
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& Exposed Areas - Magnified

Microscopic Images of Fungal Growth on Samples

WR-5100 Enclosure Example of Other Side Black Paint (Magmflcatlon x100)' WR-5100 White Letters (Magmfucatuon x25)




& Exposed Areas - Magnified
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WR-5100 ON/OFF Knob (Magnification x25) WR-PTT-01 Belt Clip (Magnification x25)
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Fungus Data

The table below was used to rate the amount of fungal growth.

Amount of Rating Comments
Growth

None 0 Substrate is devoid of microbial growth.

Trace 1 Scattered, sparse or very restricted microbial growth.

Light 2 Intermittent infestations or loosely spread microbial colonies on substrate
surface. Includes continuous filamentous growth extending over the entire
surface, but underlying surfaces are still visible.

Medium 3 Substantial amount of microbial growth. Substrate may exhibit visible
structural change.

Heavy 4 Massive microbial growth.

Part Description of Fungal Gorts MIL-STD-810
Growth Growth Rating
WR-5100
Even distribution of
loosely arranged A. niger Aspergillus niger
1 Label fruiting bodies over label, Penicillium funiculosum )
with more sporadic Aspergillus versicolor
presence of the other two
species.
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Fungus Data

Description of Fungal . MIL-STD-810
Part Species .
Growth Growth Rating
White Label Side: Even
distribution of loosely
arranged A. niger fruiting
bodies, with more
scattered, intermittent
infestations of the other Aspergillus niger
Black paint two species. Asperg/:llus versicolor )
Aspergillus flavus
Other Sides: Consistent Penicillium funiculosum
growth of both A. niger
fruiting bodies and P.
funiculosum colonies;
more growth than on
white label side.
There is a surge in growth
on these letters, with Aspergillus niger
White letters on | much greater density than | Penicillium funiculosum 5
black paint the black paint; some Aspergillus versicolor
letters have very dense Aspergillus flavus
growth.
Intermittent infestations . .
of sporulating fungi over Aspergillus niger
Connector P giung . Penicillium funiculosum 2
much of surface; mycelial
growth also visible.
Growth is dense on the
white numbers/letters, but , .
nearly absent on the black Aspergillus niger
On-off knob v . Penicillium funiculosum 2
parts without
numbers/letters; also
dense on the red “Z2”
WR-PTT-01
Even distribution of . .
. Aspergillus niger
loosely arranged A. niger .
. . . Aspergillus flavus
. fruiting bodies, with more Lo .
Black paint . . Penicillium funiculosum 2
scattered, intermittent Asperaillus versicolor
infestations of the other perg
two species.
Large number of very tall Aspergillus niger
Label A. niger fruiting bodies are | Penicillium funiculosum 2
dominant. Aspergillus versicolor
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Fungus Data

Description of Fungal . MIL-STD-810
Part Species .
Growth Growth Rating
Loosely arranged colonies | Aspergillus niger
8 Belt clip of sporulating fungi over Penicillium funiculosum 2
the entire surface Aspergillus versicolor
Fruiting bodies present Aspergillus versicolor
9 A & B buttons evenly over the SL_"face; Penicillium funiculosum 2
network of mycelium also Aspergillus niger
visible.
some .“ght growth of Penicillium funiculosum
10 Knobs mycelium and small Aspergillus niger 2
fruiting bodies
Dense growth of
Penicillium in many areas —
generally heavier growth
in the threads. The screws Penicillium funiculosum
11 Screws were heavily covered in 2

A illus ni
grease upon receipt and spergillus niger (rare)

were cleaned but it is
possible that some grease
residues remained.

Test Results:

Four of the five species from the inoculation mix were observed growing on
various inspected items post incubation (Aspergillus versicolor, Aspergillus
flavus, Aspergillus niger, and Penicillium funiculosum). All of the observed
parts were given a growth rating of 2. A rating of 2 indicates consistent
growth, of a level unlikely to be explained by sporadic contamination (though
in some cases this could result from more thorough contamination of grease,
adhesives, or environmental residues coating an object). Therefore a rating
of 2 suggests that the surface tested provides sufficient nutrients to fuel light
to moderate fungal growth. Photographs and the post-treatment returned
sample parts can be viewed to judge the risk of material degradation under
longer exposure to warm humid growth conditions.

Photographs and the post-treatment returned samples can be viewed to
judge the risk of material degradation under longer exposure to warm humid
growth conditions.
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1.0 Introduction

11 Purpose

The purpose of this report is to document the procedural steps for testing and criteria for evaluating the
results of the Electromagnetic Interference (EMI) testing of the MPU5 Radio with RF-2150 10W S-Band
Card. The test program was conducted to determine the ability of the MPU5 Radio with RF-2150 10W S-
Band Card to successfully satisfy the requirements specified Section 4.

This EMI Test Report (EMITR) is contracted by Persistent Systems LLC. It is the end user who is ulti-
mately responsible for the compliance of the equipment installed. The contracted test facility is National
Technical Systems (NTS) in Tinton Falls, New Jersey.

Scope

This EMITR is applicable to the qualification of the MPU5 Radio with RF-2150 10W S-Band Card. The
MPUS5 Radio with RF-2150 10W S-Band Card is required to meet the Army Ground requirements per
MIL-STD-461F.

1.2 Acronyms

EMC: Electromagnetic Compatibility ODBC: Open Database Connectivity
EMI: Electromagnetic Interference OLE: Object Linking and Embedding
EMITP: Electromagnetic Interference Test Procedure  PSA: Performance Spectrum Analyzer
EMITR: Electromagnetic Interference Test Report RF: Radio Frequency

EUT: Equipment Under Test TEM: Transverse Electromagnetic
LISN: Line Impedance Stabilization Network TPD: Terminal Protection Device

1.3 Definitions

Decibel (dB) is a logarithmic unit of measurement that expresses the magnitude of a physical quantity
(usually power or intensity) relative to a specified or implied reference level.

Metric Units are a system of measures defined by the International System on Units based on the “Le
System International d’ Unites (Sl)”, of the International Bureau of Weights and Measures. These units
are described in ASTM E3380.

Non-Developmental Item is a broad, generic term that covers material available from a wide variety of
sources both industry and Government with little or no development effort required by the procuring activ-
ity.

Octave refers to the interval between one frequency and another with double its frequency.
Semi-Anechoic Chamber refers to a chamber with RF absorber lining on all walls and ceiling, but not the
floor.

Safety Critical is a category of subsystems and equipment whose degraded performance could result in
loss of life or loss of vehicle platform.

Test Setup Boundary includes all enclosures of the EUT and the 2 m of exposed interconnecting leads
(except for leads which are shorter in actual installation) and power leads required by MIL-STD-461F.
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2.0 References
The following listed in Tables 2.0-1 and 2.0-2 form a part of this document to the extent specified herein.

Table 2.0-1: Government Specifications, Standards, and Handbooks

Department of Defense Interface Standard, Requirements for the Control
1 |MIL-STD-461F of Electromagnetic Interference Characteristics of Subsystems and
Equipment, dated December 10, 2007

Table 2.0-2: Other Documents, Drawings, and Publications

2 ISO/IEC 17025 Generql Requirements for the Competence of Testing and Calibration La-
boratories, 2005

3 NTS QPM National Technical Systems Quality Policy Manual, Rev 10, 8/1/2019

Calibration Laboratories and Measuring and Test Equipment—General
Requirements

5 P.O # 19415 Persistent Systems LLC Purchase Order.

4 ANSI NCSL Z540-1

6 OP0523616 NTS Quotation to Persistent Systems LLC.
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3.0 Equipment Under Test

3.1 Description

The Equipment Under Test (EUT) for this test program shall be the MPUS Radio with RF-2150 10W S-
Band Card.

Table 3.1-1: EUT Info

Unit Designation MPUS5 Radio with RF-2150 10W S-Band Card
Type Assembly

Model Number WR-5100, RF-2150

Serial Number 31783 (MPU5), 38126 (S-Band Card)

Serial Number (CE106) 28360 (MPU5), 67820 (S-Band Card)

Power Rating Battery Powered

3.2 EUT System Setup

Figure 3.2-1 shows the general system setup and connections.
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Figure 3.2-1: MPU5 Radio with RF-2150 10W S-Band Card EMI Setup Overview
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3.3 EUT Operation and Monitoring

The EUT was turned on placed in transmit/receive mode.

During susceptibility testing, another radio, connected to a laptop computer was used to communicate
with the EUT radio.

3.4  Susceptibility Criteria

e It shall not be acceptable for the EUT to lose communication with the laptop computer.
e The ping session shall not show any lost packets.
e The bandwidth tester shall not show decreased bandwidth.

3.5 EUT Bonding / Grounding Requirements

There were no bonding / grounding requirements specified for the EUT.

3.5.1 Bonding/ Grounding Measurement Results

There were no bonding / grounding requirements specified for the EUT.

N/A N/A
N/A N/A

N/A N/A

3.5.1.1 Bonding / Grounding Test Equipment
Table 3.5-1: Bonding / Grounding Test Equipment

Asset Cal Cycle
No. Manufacturer Item Model S/N (Months) Cal. Due
N/A N/A N/A N/A N/A N/A N/A

Calibration Abbreviation
NCR: No Calibration Required
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3.6  Security Classification

The MPUS5 Radio with RF-2150 10W S-Band Card is considered an unclassified defense article. While
unclassified, it should be handled only by authorized personnel. This equipment contains technical data
within the definition of the International Traffic in Arms Regulations, and is subject to the export control
laws of the USG. Retransfer of this data by any means to any Foreign Person, whether in the United
States or abroad, without the written approval of the U. S. Department of State, is prohibited. See CFR 22
Parts 120-130.

4.0 Test Requirements
This section provides an overview of the EMI test plan.

41 Tests and Location

Table 4.1-1: Tests and Locations

5.1 RE102 5.17 AR1
5.2 RS101 5.19 AR1
5.3 RS103 5.20 AR1
5.4 CE106 5.6 AR1
Note 1: All testing was performed at NTS in Tinton Falls, NJ.

4.2 Test Resources
4.2.1 Test Equipment

Lists of the NTS provided equipment used during testing will be included in each test section. This equip-
ment is calibrated according to ISO/IEC 17025, ANSI NCSL Z540-1, and calibration is traceable to the
National Institute of Standards and Technology (NIST). Calibration records are maintained on file at NTS.

Frequency Accuracy

In order for the EUT to successfully satisfy the requirements specified in the references listed in Section
2.0, the frequency accuracy of the recorded measurements shall be within +2%. Verification with a fre-
quency counter or other measuring device shall be required. Amplitude Accuracy shall be +2 dB
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4.2.2 Test Automation and Data Collection Software

Various software packages are used for test automation and data collection, depending on the test type.
Refer to Table 4.2-1 below for information on the software used for each test.
Refer to Appendix A for detailed descriptions of each software package.

Table 4.2-1: Test Automation and Data Collection Software

RE102 EMCware AutoScan 74414 9/12/2019
RS101 ETS Lindgren TILE! 7432 2/25/2019
RS103 ETS Lindgren TILE! 7432 2/25/2019
CE106 EMCware AutoScan 2020.8.26 8/26/2020
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4.3 General Test Requirements
4.3.1 Test Facility

All testing occurred within a shielded semi anechoic enclosure or shielded room, located in Tinton Falls,
NJ. Semi anechoic chambers are lined with anechoic Radio Frequency (RF) absorbing tiles and cones on
the walls and the ceiling. Peripheral equipment are located outside the shielded enclosure. All power
leads entering the shielded enclosures will be routed via electromagnetic interference filters to provide at
least 80 dB of attenuation above 10 kHz when measured in accordance with MIL-STD-220B. Intercon-
necting cables are routed via feed-through ports when practical. Shielding effectiveness to electric fields
and plane waves of this EMI test chamber exceed 80 dB from 14 kHz-10 GHz, and 60 dB from 10 GHz-
40 GHz.

4.3.2 Ground Plane and General Setup

When a ground plane is not present in the EUT installation, the EUT shall be placed on a non-conductive
table as shown in Figure 4.3-1.

Access
FPanel

Power
Source Interconnecting Cable Bond strap

= [] []

= =
R
EUT —» Plane
2cm 4 | |SNs
T e < L2

=

#

/ 10 cm ’i .+~ Non-Conductive Table

o / A > 80-90 cm

A I

Figure 4.3-1: General Test Setup Example
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4.4 Emissions Testing

Receiver Bandwidth and Measurement Time

The measurement receiver bandwidths listed in Table 4.4-1, which are derived from MIL-STD-461F, are
used for emissions testing. These bandwidths are specified at the 6 dB down points for the overall selec-
tivity curve of the receivers. Video filtering is not used to bandwidth limit the receiver response. A con-
trolled video bandwidth is available on the measurement receivers used; it was set to its greatest value.
This value was 50 MHz.

Table 4.4-1: Bandwidth and Measurement Times

30 Hz-1 kHz 10 Hz 0.15 sec 0.015 sec/Hz
1 kHz-10 kHz 100 Hz 0.015 sec 0.15 sec/kHz
10 kHz-150 kHz |1 kHz 0.015 sec 0.015 sec/kHz
150 kHz-30 MHz |10 kHz 0.015 sec 1.5 sec/MHz
30 MHz-1 GHz 100 kHz 0.015 sec 0.15 sec/MHz
> 1GHz 1 MHz 0.015 sec 15 sec/GHz

Ambient Electromagnetic Level

During testing, the ambient electromagnetic level is measured with EUT de-energized and all auxiliary
equipment turned on and shall be at least 6 dB below the allowable specified limits. Ambient conducted
levels on power leads are measured with the leads disconnected from the EUT and connected to a resis-
tive load which draws the same current as the EUT. The ambient are recorded in the EMITR.

Unclassified Defense Technical Data
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For susceptibility measurements, the entire frequency range for each applicable test are scanned. For
swept frequency susceptibility testing, frequency scan rates and frequency step sizes of signal sources

did not exceed the values listed in Table 4.5-1. The rates and step sizes are specified in terms of a multi-
plier of the tuned frequency (fo) of the signal source. Analog scans refer to signal sources which are con-
tinuously tuned. Stepped scans refer to signal sources which are sequentially tuned to discrete frequen-
cies. Stepped scans dwell at each tuned frequency for 3 seconds. Scan rates and step sizes are de-
creased when necessary to permit observation of a response.

Table 4.5-1: Susceptibility Scanning

Frequency Range Analog Scans Max Scan Rates |Stepped Scans Max Step Size
30 Hz- 1 MHz 0.0333fo/sec 0.05 fo

1 MHz - 30 MHz 0.00667 fo/sec 0.01fo

30 MHz - 1 GHz 0.00333 fo/sec 0.005 fo

1 GHz - 40 GHz 0.000667 fo/sec 0.0025 fo

Modulation of Susceptibility RF Signals
Susceptibility test signals for RS103 and CS14 are pulse modulated (on/off ratio of 40 dB minimum) at 1
kHz rate with a 50% duty cycle.

Thresholds of Susceptibility
When susceptibility indications are noticed in EUT operation, a threshold level shall be determined when
possible, and where the susceptible condition shall be no longer present. Thresholds of susceptibility are
determined as follows:
« When a susceptibility condition is detected, the interference signal shall be reduced until the EUT
recovered.
« The interference shall be reduced by an additional 6 dB.
o The interference signal shall be gradually increased until the susceptibility condition reoccurred.
o The level, frequency range of occurrence, frequency and level of greatest susceptibility, and other
test parameters, as applicable will be recorded.
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5.0 Test Methods, Procedures and Test Results

Test Methods and Test Results Summary
Table 5.0-1: Test Methods and Test Results Summary

Radiated Emissions, Electric Field,
5.1 RE102 2 MHz to 18 GHz 7/24/19, 8/9/19 PASS
592 RS101 IIjiz:jjcijated Susceptibility, Magnetic 9/6/19 PASS
53 RS103 Radiated Susceptibility, Electric 9/3/19 — 9/5/19 PASS

Field, 2 MHz to 18 GHz

Conducted Emissions: Method
54 CE106 CE106, Conducted Emissions An- 2/17/21 PASS
tenna Terminal, 10kHz to 40GHz
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5.1 Method RE102: Radiated Emissions, Electric Field, 2 MHz to 18 GHz
5.1.1 RE102 Purpose

This test verifies that electric field emissions from the EUT shall not exceed the limit specified in Figure
RE102-1 over the frequency range of 2 MHz to 18 GHz.

RE102 Limit for Ground Applications (Navy Mobile & Army)

(o]
o

~
o

18000, 69

o]
o

(%2
o

Level (dBuV/m)
w H
o o

N
o

2,24 100, 24

[y
o

o

1.00 10.00 100.00 1,000.00 10,000.00
Frequency (MHz)

Figure RE102-1: RE102 limit for ground applications (Navy Mobile & Army).

Unclassified Defense Technical Data
*** Refer to restrictions on first page ***



NTS Test Report #: TR102216 Rev 2

‘»{!a NTS Page 18 of 99

‘1534:31

5.1.2 RE102 Measurement System Check

1. The measurement system check was performed prior to testing.

2. The measurement system was set up per Figure RE102-2.

3. The evaluation was performed on the overall measurement system from each antenna to the data
output device at the highest measurement frequency of the antenna. For the active rod antenna,
the evaluation was performed at the lowest frequency of test, at a mid-band frequency, and at its
highest measurement frequency.

4. A signal generator was connected to the coax in place of the measurement antenna. For the ac-
tive rod antenna, the active rod antenna calibration fixture was used in place of the rod element
and the signal was injected across a 10 pF capacitor in the calibration fixture.

5. The signal generator was adjusted to produce a signal 6 dB below the RE102 limit shown in Fig-
ure RE102-1.

6. The signal detected at the measurement receiver was within £3 dB of the calibrated level.

7. This process was repeated for each frequency defined as follows:

o Active rod Antenna: 10.5 kHz (only for testing performed between 10 kHz and 2 MHz),
2.1MHz, 12MHz, 29.5 MHz

« Biconical Antenna: 197 MHz

o Large Double Ridged Horn Antenna: 990 MHz

o Small Double Ridged Horn Antenna: 17.5 GHz

8. Correction factors were added to the raw data collected from the measurement receiver. For ex-
ample:

Cable loss (dB) + Antenna factors (dB) + Raw Data (dBuV) - Preamplifier gain (dB) = corrected
data (dBuV/m)

9. Using the measurement path of Figure RE102-2, the following evaluation for each antenna was
performed to demonstrate that there is electrical continuity through the antenna:

A. A signal was radiated using an antenna or stub radiator at the highest measurement fre-
quency of each antenna.

B. The measurement receiver was tuned to the frequency of the applied signal and the received
signal of appropriate amplitude was present.

Note: This evaluation is intended to provide a coarse indication that the antenna is functioning

properly. There is no requirement to accurately measure the signal level.

10. An ambient measurement was performed across the frequency range with the EUT power leads
disconnected. All auxiliary support equipment was powered during this measurement.

Test Sctup Boundary

Antenma

[ ]
Measurement Path

Signal = Sy slem (Check Path

Generator I
Coax Cable .
Shiclded Enclousure
Mexsuncment Daia
Receiver Recorder

Figure RE102-2: RE102 Measurement System Check Setup
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5.1.3 RE102 EUT Test Setup
The EUT was setup in accordance with Section 3.2, Figure 3.2-1 and operated according to Section 3.3.
5.1.4 RE102 Antenna Positioning

1. Measure the EUT and test setup boundary for use in positioning of antennas. Use the physical
reference points on the antennas shown in Figure RE102-4 for measuring heights of the anten-
nas and distances of the antennas from the test setup boundary.

2. Position antennas 1 meter from the front edge of the test setup boundary for all setups.

3. Position antennas other than the 104 cm rod antenna 120 cm above the floor ground plane.

4. Ensure that no part of any antenna is closer than 1 meter from the walls and 0.5 meter from the
ceiling of the shielded enclosure.

The number of required antenna positions depends on the size of the EUT and test setup boundary and
the number of enclosures included in the setup.

For testing below 200 MHz, use the following criteria to determine the individual antenna positions.

a. For setups with the side edges of the boundary 3 meters or less, one position is required and the an-
tenna was centered with respect to the side edges of the boundary.

b. For setups with the side edges of the boundary greater than 3 meters, use multiple antenna positions
at spacings as shown in Figure RE102-5. Determine the number of antenna positions (N) by dividing the
edge-to-edge boundary distance (in meters) by 3 and rounding up to an integer.

For testing from 200 MHz up to 1 GHz, place the antenna in a sufficient number of positions such that the
entire width of each EUT enclosure and the first 35 cm of cables and leads interfacing with the EUT en-
closure are within the 3 dB beamwidth of the antenna.

For testing at 1 GHz and above, place the antenna in a sufficient number of positions such that the entire
width of each EUT enclosure and the first 7 cm of cables and leads interfacing with the EUT enclosure
are within the 3 dB beamwidth of the antenna.

Table RE102-1: RE102 Antenna Position Calculations, 2 MHz to 200 MHz

T
Antenna Range Used Antenna Be:::de;t:p Antenna
Model (MHz) Coverage (cm) il v Positions
ETS 3301C 2-30 300 6.5 1
EMCO 3109 30-200 300 6.5 1
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Table RE102-2: RE102 Antenna Coverage Calculations, 200 MHz to 18 GHz

Antenna Minimum 3dB Coverageat1l M
R H .
Model LR ) Beamwidth (°) Distance (cm)
ETS 3106 0.2-1.0 28 49.87
EMCO 3115 1-18 8 13.99

Antenna Coverage = 2*(TAN(©)*a)
Where © = 1/2 (antenna 3dB beamwidth)

a = antenna distance from setup boundary

Table RE102-3: RE102 Antenna Position Calculations, 200 MHz to 18 GHz

Antenna Antenna EUT Width Antfel.ma
Model Range Used (GHz) Coverage @ 1 M (cm) i) Positions
g Required
ETS 3106 0.2-1.0 49.87 6.5 1
EMCO 3115 1-18 13.99 6.5 1

Note 1: Did not add 35cm of cable (200 MHz — 1GHz) or 7cm of cable (>1 GHz), because the EUT has no cables.
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5.1.5

RE102 Test Procedure

The EUT and test equipment were set up in accordance with Section 5.9.3.

The required frequency range was scanned using the bandwidths and minimum measurement
times specified in Table 4.4-1.
3. Above 30 MHz, both horizontal and vertical polarities were tested. Below 30 MHz, only vertical
polarity measurements were performed.
4. Correction factors were added to the raw data collected from the measurement receiver. For ex-
ample:
5. Cable loss (dB) + Antenna factors (dB) + Raw Data (dBuV) - Preamplifier gain (dB) = corrected
data (dBuV/m)
6. The following types of antennas, listed in Table RE102-2, were used to scan the entire frequency
range:
Table RE102-4: Antenna Type and Applicable Frequencies
Antenna Characteristics Frequency Range
41” Active Rod 104 cm with |mpedange matchlng network, preampllfler, 2 MHz - 30 MHz
and square counterpoise measuring 60cm on a side
Biconical 137 cm tip to tip 30 MHz - 200 MHz
pouble Ridged | 69 x 94.5 cm opening 200 MHz - 1 GHz
agfr?'e Ridged 154 5 x 13.6 cm opening 1 GHz - 18 GHz
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Level - dBuV/m
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Frequency - MHz

Tue, Jul 23, 2019
110:26:31 AM
AutoScan 7.4.4.11
|
Res BW (kHz) 10
Vid BW (kHz) 50000
'HORIZONTAL

ETS-Lindgren 3301C Ac-
tive Monopole

|Graph #5
'Sweep Time 90.0000

|Frequency|LeveI |Limit |Delta]—|Raw |Ant. |Cable |Amp|AII Factor

S

MHz dBuV/m [dBuV/m [dB  |[dBuV [dB [dB [dB |dB

2504 169 240 |-7.1 |[16.65/0.00/0.24 0.00 |-0.24

RE102 System Check: Calibrated Injected Signal 17dBuV @ 16MHz
Level - dBuV/m

Frequency - MHz

Tue, Jul 23, 2019
10:45:08 AM
AutoScan 7.4.4.11
|
'Res BW (kHz) 10
Vid BW (kHz) 50000
'HORIZONTAL

ETS-Lindgren 3301C Ac-
tive Monopole

|Graph #6
'Sweep Time 90.0000

Frequency |Level |Limit

|Delta HRaw |Ant. |Cable |Amp |AII Factors

MHz dBuV/m |[dBuv/m |[dB  ||dBuv [dB |dB [dB |dB
16.000 169 [240 |-7.1 [[15.87/0.00/1.03 [0.00 |-1.03
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RE102 System Check: Calibrated Injected Signal 17dBuV @ 29.5MHz
Level - dBuV/m

Tue, Jul 23, 2019
10:48:34 AM
AutoScan 7.4.4.11
|
Res BW (kHz) 10
Vid BW (kHz) 50000
'HORIZONTAL

Rt s et psbihtbrrb it | ||ETS-Lindgren 3301C Ac-

tive Monopole

|Graph #7
'Sweep Time 90.0000

Frequency - MHz

|Frequency|LeveI |Limit |De|taHRaw |Ant. |Cable |Amp|AII Factors
‘MHz dBuV/m [dBuV/m |dB  |[dBuV [dB [dB [dB |dB

2950 163 240 |-7.7 |[14.69/0.00[1.62 0.0 |-1.62

RE102 System Check: Stub Radiator @ 29.5MHz
Level - dBuV/m

Tue, Jul 23, 2019
11:17:59 AM
‘AutoScan 7.4.4.11
|
Res BW (kHz) 10
Vid BW (kHz) 50000
VERTICAL

ETS-Lindgren 3301C Ac-
tive Monopole

|Graph #3
'Sweep Time 90.0000

Frequency - MHz

|Frequency|LeveI |Limit |Delta ﬂRaw |Ant. |Cable |Amp|AII Factors
MHz dBuV/m |[dBuv/m |[dB | |[dBuv [dB |[dB |[dB |dB

2050 394 240 [15.1 [*[36.72/0.76 |1.62 |0.00 |-2.38
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RE102 System Check: 2-30MHz Ambient
Level - dBuV/m

Tue, Jul 23, 2019
111:32:06 AM
AutoScan 7.4.4.11
|
'Res BW (kHz) 10
Vid BW (kHz) 50000
'VERTICAL

ETS-Lindgren 3301C Ac-
tive Monopole

|Graph #5
'Sweep Time 90.0000

Frequency - MHz

|Frequency|LeveI |Limit |Delta HRaw |Ant. |Cab|e |Amp|AII Factors
‘MHz dBuV/m [dBuV/m |dB  |[dBuV [dB |dB [dB |dB
2000 [149 240 |91 [[16.33-1.69/0.23 [0.00 [1.46
5192  [150 [240 |-9.0 [[16.33]-1.63/0.32 [0.00 [1.32
6.900 174 240 |66 [[18.64]-1.56(0.36 [0.00 [1.20
7516  [166 [240 |-7.4 [[17.73]-1.53/0.38 [0.00 [1.15
9.420 145 240 |-95 [[15.44]-1.41(0.43 [0.00 0.97
12472 138  [24.0 -10.2[[14.30]-1.16/0.69 [0.00 [0.47
13480 [140 [24.0 -10.0|[14.30-1.07(0.79 [0.00 |0.29
14992 [152 [240 |-8.8 [[15.15]-0.93/0.93 [0.00 |-0.00
17204 [145 [240 |95 [[14.05-0.70(1.15 [0.00 [-0.45
18.156 149 [240 |-9.1 [[14.31]-0.60(1.24 [0.00 |-0.63
21180 [144 [240 96 [[13.23]-0.25/1.44 [0.00 |-1.19
22328 [150 [240 9.0 [[13.61]-0.12[1.46 [0.00 |-1.35
24792 [144 240 |96 [[12.70/0.18 [1.52 [0.00 -1.70
24932 [145 [240 |95 [[12.76/0.20 [1.52 [0.00 [-1.72
26836 [13.7 [24.0 -10.3[[11.66/0.43 [1.56 [0.00 |-1.99
29944 137 [240 |-10.3[[11.21/0.81 [1.63 [0.00 -2.44
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RE102, 2 - 30MHz: SN 31783 w/ Terminators.
Level - dBuVym

\Wed, Jul 24, 2019
9:11:53 AM
AutoScan 7.4.4.11
|
'Res BW (kHz) 10
Vid BW (kHz) 50000
'VERTICAL

ETS-Lindgren 3301C Ac-
tive Monopole

Graph # 11
'Sweep Time 90.0000

Frequency - MHz

|Frequency|LeveI |Limit |Delta HRaw |Ant. |Cab|e |Amp|AII Factors
‘MHz dBuV/m [dBuV/m |dB  |[dBuV [dB |dB [dB |dB
2504  [137 240 |-10.3[[15.15-1.69/0.24 [0.00 [1.45
5472  [144 240 |96 [[15.73]-1.62/0.32 [0.00 [1.30
6.956 171 [240 |69 [[18.29]-1.56(0.36 [0.00 [1.20
7404  [158 240 |82 [[16.99]-1.54(0.38 [0.00 1.16
9.056 134 240 |-10.6|/14.43-1.43/0.42 [0.00 1.01
12276 137  [240 -10.3[[14.21]-1.18/0.67 [0.00 |0.51
12724  [139 240  -10.1[14.29-1.15/0.71 [0.00 0.43
14376 137 [24.0 -10.3/[13.83]-0.99/0.87 [0.00 |0.12
16728 140 [24.0 -10.0|[13.66]-0.76[1.10 [0.00 |-0.34
18464 [140 [240 |-10.0/[13.32/-0.56 [1.27 [0.00 -0.70
20984 [13.8 [24.0 -10.2|[12.70]-0.28(1.44 [0.00 |-1.15
22356 142 [240 9.8 [[12.88]-0.11[1.46 [0.00 |-1.35
24820 [156 [240 |84 [[13.89/0.18 [1.52 [0.00 -1.70
25240 [157 [240 |-8.3 [[13.92/0.23 [1.53 [0.00 -1.76
27116 142 [240 |98 [[12.15/0.46 [1.57 [0.00 |-2.03
28712 [143 240 9.7 [[12.00/0.66 [1.60 [0.00 -2.26
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RE102 System Check: 19.92 dBuV @195MHz.
Level - dBuV,/m

'Mon, Jul 22, 2019
110:12:16 AM
|AutoScan 7.4.4.11
Res BW (kHz) 100
Vid BW (kHz) 50000

\VERTICAL

[EMCO 3109
|Pasternack PE15A1012
|Graph #1

Frequency - MHz 'Sweep Time 60.0000

|Frequency|LeveI |Limit

|De|taHRaw |Ant. |Cable |Amp |AII Factors

‘MHz dBuV/m [dBuV/m |dB  |[[dBuv/dB [dB [dB [dB

19507 220  [29.8

-7.8 |43.71[14.92/4.06 140.68(21.70

RE102 System Check: Stub Radiator @195MHz.

Level - dBuV/m

‘Mon, Jul 22, 2019
110:23:31 AM
AutoScan 7.4.4.11
Res BW (kHz) 100
Vid BW (kHz) 50000

VERTICAL

[EMCO 3109
Pasternack PE15A1012
|Graph #2

Frequency - MHz 'Sweep Time 60.0000

|Frequency|LeveI |Limit

|DeltaHRaw |Ant. |Cable |Amp |AII Factors

MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB dB [dB [dB
195.07 [26.0 [29.8 |-3.8 ||47.69(14.92/4.06 [40.68(21.70
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Level - dBuV/m

Frequency - MHz
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‘Mon, Jul 22, 2019

10:26:32 AM

AutoScan 7.4.4.11

'Res BW (kHz) 100

Vid BW (kHz) 50000

\VERTICAL

[EMCO 3109

Pasternack PE15A1012

Graph # 3

'Sweep Time 60.0000

|Frequency |Leve|

Limit

|Delta HRaw |Ant. |Cab|e |Amp |AII Factors

‘MHz dBuV/m [dBuV/m |dB  |[[dBuv/dB [dB [dB [dB

37.14 107 [24.0 |-13.3[37.12[12.381.80 [40.61[26.43
4768 99  [240  |-14.1[[35.91/12.57(2.02 |40.57 [25.98
51.59 87  [240 [-153[[35.07[12.13[2.10 [40.56 [26.33
67.74 129 [24.0  |-11.1]40.84[10.28 [2.37 [40.54 [27.90
78.11 104 240 |-13.6//40.07 [8.35 [2.54 [40.57 [29.68
91.37 83  [240 [-15.7[[36.49/9.61 [2.74 [40.58[28.23
10463 |95  [244 |-14.8[[35.7411.45/2.93 [40.58 26.20
109.73  [104 [24.8  -14.4[[35.96(12.04[3.01 [40.61/25.56
12061 [11.7  [256  -13.9/[36.19(12.97[3.16 [40.60[24.46
13404 [122  [265 |-14.4[[36.1713.31/3.34 [40.63 [23.98
138.97 [12.3 [26.9 -14.5/[35.85(13.70(3.39 |40.63[23.54
14815 [124 [27.4  -15.0|[35.87[13.67[3.561 [40.66[23.47
16498 [132 [283  |-15.2[[36.42/13.70(3.71 [40.68 23.27
17773 132  [20.0  -15.8[[36.10(13.91(3.88 [40.71(22.92
18181 [13.3 [292  -15.8[[35.95(14.15(3.93 [40.70[22.62
19388 [149 [207  |-14.8[[36.71/14.82/4.06 [40.67 [21.80
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RE102, 30-200MHz: SN 31783 w/ Terminators.

NTS Test Report #: TR102216 Rev 2

B0 e el - dBuV/m

J0.0-

B0.0-

50.0-

40.0-

30.0- T —————
20.0-

W‘G_M

0.0-

-10.0-

T I N i N I I

30 B0 an 100 120 140 160 120 200

Frequency Level |Limit Delta | Raw |Ant. |Cable Amp |All Factors
MHz dBuV/m |dBuV/m |dB dBuV |dB |dB dB |dB
32.72 9.2 24.0 -14.8 | 135.7912.34 [1.69 |40.64 26.60
50.40 8.8 24.0 -15.2|/35.69 |11.55 2.08 40.56 |26.94
54.99 8.6 24.0 -15.4 | |35.76 |11.24 2.16 |40.57 2717
69.78 8.9 24.0 -15.11/36.10(10.99 2.40 |40.56 27.18
80.83 8.5 24.0 -156.5|/37.92 |8.60 |2.58 40.58 |29.39
93.58 7.5 24.0 -16.5|/35.96 9.37 2.77 |40.57 |28.43
104.63 8.6 24 .4 -15.8 | |35.34 |10.86 2.93 40.58 |26.78
114.32 11.3 25.2 -13.9 | |36.06 [12.73 |3.08 40.60 |24.79
121.80 12.4 25.7 -13.3 |/35.84 |13.99 3.18 40.60 |23.43
127.58 12.4 261 -13.7 | |35.62 |14.13 |3.26 |40.63 23.24
144.41 13.5 27.2 -13.7 | |37.49 |13.20 |3.46 40.64 |23.98
154.61 13.3 27.8 -14.5||37.58 |12.78 |3.59 40.66 |24.29
160.73 14.4 281 -13.7 | |38.39 |12.98 3.66 |40.67 |24.02
179.26 14.6 29.1 -14.4 | |36.08 |15.35 13.90 140.7121.46
188.78 15.1 29.5 -14.4 | |36.52 |15.23 4.02 40.67 |21.42
193.88 15.0 29.7 -14.8 | |36.63 |14.96 4.06 |40.67 21.66
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Wed, Jul 24, 2019
8:51:00 AM
AutoScan 7.4.4.11

Res BW (kHz) 100

Vid BW (kHz) 50000
HORIZONTAL

EMCO 3109
Pasternack PE15A1012
Graph#8

Sweep Time 60.0000
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RE102 30-200MHz: SN 31783 w/ Terminators.
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a0.0-
70.0-
60.0-
50.0-
40.0-
30.0-

Level - dBuV/m

20.0-
10.0- MWW

0.0-
-10.0-
I I i N I

30 &0 80 100 120 140 160 180

Frequency Level |Limit Delta | Raw |Ant. |Cable Amp |All Factors
MHz dBuV/m |dBuV/m |dB dBuV |dB |dB dB |dB
40.37 10.4 24.0 -13.6 | |36.41|12.68 |1.88 40.61 |26.05
48.53 10.7 24.0 -13.3 1/36.79 |[12.48 |2.04 40.57 |26.05
52.61 9.2 24.0 -14.8 | |35.73 |11.87 |2.11 |40.56 |26.58
70.12 7.8 24.0 -16.2 | |35.44 |10.52 2.40 |40.56 27.64
77.77 8.8 24.0 -15.2|/38.47 |8.35 |2.53 40.57 |29.69
90.52 8.9 24.0 -15.1||37.27 |9.49 2.72 40.58 |28.37
102.59 11.9 24.2 -12.3 1 /138.34 |11.24 2.90 |40.56 |26.42
113.47 19.5 251 -5.6 ||44.57 |12.51 3.06 40.60 25.03
115.68 17.4 25.3 -7.9 |]42.21|12.653.09 40.60 |24.86
133.87 13.4 26.5 -13.1 | |137.42|13.30 |3.34 |40.63 23.99
138.29 13.2 26.8 -13.6 | |36.79 |13.62 13.39 40.63 |23.62
156.82 16.1 27.9 -11.8 | |39.34 |13.77 |3.62 40.66 |23.27
161.58 17.4 28.2 -10.8 | |40.61 |13.74 3.67 |40.67 23.26
170.08 16.5 28.6 -12.1|/39.65 |13.73 |3.77 40.70 |23.19
185.21 16.4 29.3 -12.9 | |38.92 |14.24 3.97 40.69 |22.47
200.00 19.3 30.0 -10.7 | |40.54 |15.35 4.09 |40.69 21.24
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Wed, Jul 24, 2019

9:01:18 AM

AutoScan 7.4.4.11

Res BW (kHz) 100
Vid BW (kHz) 50000

VERTICAL
EMCO 3109

Pasternack PE15A1012

Graph#9

Sweep Time 60.0000
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RE102 System Check: Calibrated Injected Signal 36.64 dBuV @ 995MHz.
Level - dBuVim

Tue, Jul 23, 2019
8:57:53 AM
|AutoScan 7.4.4.11
|
Res BW (kHz) 100

Vid BW (kHz) 50000
'HORIZONTAL

ETS 3106

|Pasternack PE15A1012
|Graph #1

'Sweep Time 45.0000

Frequency - MHz

|Frequency |Level

Limit

|De|taHRaw |Ant. |Cable |Amp |AII Factors

‘MHz

'dBuV/m |dBuV/m |dB

|dBuv|dB  |dB 0B |dB

9952  [37.6 439

-6.3 |44.25(22.64(9.87 [39.11/6.61

RE102 System Check: Stub Radiator @ 995MHz

Level - dBuV/m

Tue, Jul 23, 2019
9:34:51 AM
AutoScan 7.4.4.11
|
Res BW (kHz) 100

Vid BW (kHz) 50000
'HORIZONTAL

ETS 3106

Pasternack PE15A1012
|Graph #2

|Sweep Time 45.0000

Frequency - MHz

|Frequency |Leve|

Limit

|DeltaHRaw |Ant. |Cable |Amp |AII Factors

'|[dBuv|dB  |dB |dB |dB

MHz \dBuV/m |dBuV/m |dB
9952 369 [43.9

-7.0 ||43.55[22.64/9.87 [39.116.61
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RE102 System Check: 200MHz-1GHz Ambient
E0.0° evel - dBuV/m

70.0- Tue, Jul 23, 2019
B0.0- 9:39:24 AM
50.0- AutoScan 7.4.4.11

40.0-
/ Res BW (kHz) 100
30.0-

Vid BW (kHz) 50000

o HORIZONTAL
10.0- ETS 3106
0.0- Pasternack PE15A1012
-10.0- Graph # 4
200-, feequengy MER) | |/sweep Time 45.0000

200 300 400 500 600 700 400 900 1000

Frequency Level |Limit Delta | Raw |Ant. |Cable Amp |All Factors
MHz dBuV/m |dBuV/m |dB dBuV |dB |dB dB |dB
240.00 115 31.6 -20.1 | 136.44 |11.25 14.50 |40.72 24.97
287.20 12.6 331 -20.6 | |36.28 |[12.14 14.94 |40.78 23.70
324.00 13.7 34.2 -20.5|/36.29 |12.89 |5.30 140.78 |22.59
376.00 14.6 35.5 -20.9 | |36.30 |13.46 5.66 40.86 21.73
448.80 16.5 37.0 -20.5|/36.25 |14.81 6.28 40.86 |19.77
484.80 18.2 37.7 -19.5|/36.21 |15.97 6.77 40.78 |18.04
520.00 18.7 38.3 -19.6 | |36.42 |16.26 6.78 |40.75 17.71
577.60 20.0 39.2 -19.2 | |36.57 [16.73 |7.43 40.7116.55
612.80 20.2 39.7 -19.5|/36.27 |17.24 |7.31 40.65/16.10
679.20 22.3 40.6 -18.3 | |37.31|17.757.73 |40.46 14.98
740.00 22.5 41.3 -18.8 | |36.53 |18.13 18.05 140.1613.98
780.00 22.7 41.8 -19.1 | |35.75 |18.45 |8.50 140.02 |13.06
844.80 243 42.5 -18.2 1 135.96 |19.55 |8.62 |39.81 |11.64
875.20 25.5 42.8 -17.3 | |36.45 |19.60 9.12 39.67 |10.94
955.20 26.5 43.6 -17.1 | |34.09 |22.26 9.25 39.12|7.60
985.60 27.9 43.8 -15.9 | 134.35|22.90 9.80 |39.11 6.42

Unclassified Defense Technical Data
*** Refer to restrictions on first page ***



;b’l?'_; NTS Test Report #: TR102216 Rev 2

e NTS Page 32 of 99

1:84&1

RE102, 200MHz-1GHz: SN 31783 w/ Terminators.
SO0 cvel - dBuV/m

70.0- Wed, Jul 24, 2019
60.0- 8:38:21 AM
50.0- AutoScan 7.4.4.11

40.0-
/ Res BW (kHz) 100
30.0-

Vid BW (kHz) 50000

o HORIZONTAL
10.0- ETS 3106
0.0- Pasternack PE15A1012
-10.0- Graph#5
200-, feequengy MER) | |/sweep Time 45.0000

200 300 400 500 600 700 400 900 1000

Frequency Level |Limit Delta | Raw |Ant. |Cable Amp |All Factors
MHz dBuV/m |dBuV/m |dB dBuV |dB |dB dB |dB
203.20 104 301 -19.8 | 136.52(10.42 4.12 |40.69 26.15
289.60 13.4 33.2 -19.8 | 136.98 |12.21 14.96 |40.77 23.60
306.40 13.3 33.7 -20.5|/36.30 |12.60 5.11 40.76 |23.05
372.80 14.6 354 -20.8 | |36.39 |13.45 5.63 40.85/21.78
425.60 15.8 36.6 -20.8 | |36.66 (13.81 6.15 40.86 |20.90
472.80 18.1 37.5 -19.4 | |36.55 |15.68 6.66 40.8118.47
514.40 18.9 38.2 -19.3 | |36.65 |16.27 6.77 |40.75 17.71
583.20 23.9 39.3 -15.3 | /40.33 |16.86 |7.45 140.70/16.39
632.80 20.3 40.0 -19.7 | |36.30 |17.24 |7.38 40.62 16.00
658.40 20.8 40.3 -19.5/36.34 |17.44 7.60 |40.55 |15.52
721.60 22.3 41.1 -18.9 | |36.39 |18.08 8.04 40.25/14.13
799.20 22.7 42.0 -19.3 | |35.53 |18.53 |8.60 39.96 |12.83
836.80 23.6 42.4 -18.8 | |35.30 |19.53 8.60 [39.84 |11.72
892.80 243 43.0 -18.6 | |34.49 |19.93 9.49 39.58 |10.15
944.00 26.8 43.5 -16.6 | |35.09 |21.75 9.14 |39.17 |8.28
968.00 28.6 43.7 -15.1 | |35.36 |22.86 9.49 |39.12 6.77
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RE102, 200MHz-1GHz: SN 31783 w/ Terminators.
SO0 cvel - dBuV/m

70.0- Wed, Jul 24, 2019
60.0- 8:43:45 AM
50.0- AutoScan 7.4.4.11

40.0-
/ Res BW (kHz) 100
30.0-

Vid BW (kHz) 50000

oy VERTICAL
10.0- ETS 3106
0.0- Pasternack PE15A1012
-10.0- Graph#6
200-, feequengy MER) | |/sweep Time 45.0000

200 300 400 500 600 700 400 900 1000

Frequency Level |Limit Delta | Raw |Ant. |Cable Amp |All Factors
MHz dBuV/m |dBuV/m |dB dBuV |dB |dB dB |dB
200.00 154 30.0 -14.6 | |41.52|10.47 4.09 |40.69 26.12
288.80 12.9 33.2 -20.3 | |36.48 |12.27 4.96 |40.77 23.55
305.60 16.2 33.7 -17.5|/39.26 |12.58 5.11 40.76 |23.07
390.40 23.2 35.8 -12.6 | |44.66 |13.56 5.87 |40.86 21.43
433.60 23.4 36.7 -13.3 | |43.93 |14.21 6.17 40.86 |20.48
454.40 19.9 37.1 -17.2 1/39.45 |14.91 6.36 |40.85/19.58
512.00 19.5 38.2 -18.6 | |37.06 |16.45 6.76 |40.75 |17.54
587.20 19.8 39.3 -19.5|/36.02 |17.06 |7.45 |40.69/16.18
651.20 21.2 40.2 -19.0 | |36.65 |17.60 |7.54 40.59 |15.44
656.00 21.0 40.3 -19.3 | |36.31 |17.62 |7.58 |40.56 |15.36
732.00 22.3 41.2 -18.9 | |36.29 |18.20 |8.05 140.2013.95
789.60 22.7 41.9 -19.2 | |35.40 |18.70 18.62 39.99 |12.66
830.40 241 42.3 -18.2 1 135.94 |19.46 8.60 |39.86 11.81
875.20 26.8 42.8 -16.0 | |37.53 |19.83 19.12 |39.67 |10.71
933.60 27.4 43.4 -15.9|/36.18 |21.37 9.12 |39.26 |8.77
979.20 28.4 43.8 -15.3 | |34.87 |122.99 9.70 |39.12 6.43
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RE102 System Check: Calibrated Injected Signal 63.54 dBuV @ 17.5GHz
Level - dBuV/m

Tue, Jul 23, 2019
11:23:13 PM
AutoScan 7.4.4.11
|
Res BW (kHz) 1000
Vid BW (kHz) 50000
'VERTICAL

[EMCO 3115

A.H. Systems PAM-
0118P

Graph # 6
'Sweep Time 60.0000

Frequency - MHz

|Frequency|LeveI |Limit |De|taHRaw |Ant. |Cable |Amp |AII Factors
‘MHz dBuV/m [dBuV/m |dB  |[[dBuv/dB [dB [dB [dB

17507.0 623  |68.8 |-6.5 ||49.82(44.54 12.36 |44.45|-12.46

RE102 System Check: Stub Radiator @ 17.5GHz
Level - dBuV/m

Tue, Jul 23, 2019
1:50:58 PM
‘AutoScan 7.4.4.11
|
Res BW (kHz) 1000
Vid BW (kHz) 50000
'HORIZONTAL
[EMCO 3115

A.H. Systems PAM-
0118P

|Graph #7
'Sweep Time 60.0000

Frequency - MHz

|Frequency|LeveI |Limit |DeltaHRaw |Ant. |Cable |Amp |AII Factors
MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB dB [dB [dB

17507.0 [64.9 [68.8 -3.8 ||51.46 4554 12.36 |44.45|-13.46
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RE102 System Check: 1-18 GHz Ambient

NTS Test Report #: TR102216 Rev 2
Page 35 of 99

08— el - dBuV/m :
100.0- Fri, Aug 9, 2019
9:10:40 AM
0.0~
AutoScan 7.4.4.11
80.0-
70.0- Res BW (kHz) 1000
60.0- Vid BW (kHz) 50000
50.0- HORIZONTAL
40.0- EMCO 3115 (1 Meter)
30.0- é\ﬁ.sgystems PAM-
20.0- Graph #5
B e e[S eep Time 60.0000
1000 AB00 6000 8000 10000 12000 14000 16000 18000

Frequency Level |Limit Delta | Raw |Ant. |Cable Amp |All Factors

MHz dBuV/m |dBuV/m |dB dBuV |dB |dB dB |dB

1119.0 33.4 44.9 -11.5 | 145.24 |25.80 [3.56 |41.20(11.85

2088.0 36.2 50.3 -14.2 | |44.37 28.90 4.30 |41.40 8.19

3907.0 42.6 55.8 -13.1 | 144.28 |34.19 16.11 |41.96 |1.66

5114.0 43.7 58.1 -14.4 | 44.08 35.26 |7.09 |42.71/0.36

5505.0 44.7 58.7 -14.1 | 143.87 |35.99 [7.25 |42.45 -0.79

6355.0 45.3 60.0 -14.7 | |143.44 |36.40 |8.18 |42.70 -1.88

7613.0 45.9 61.5 -15.7 | |40.82 |38.57 |8.77 |42.31 |-5.04

9041.0 45.7 63.0 -17.4 | 139.49 |39.60 [9.03 |42.45 -6.18

10520.0 |50.6 64.3 -13.7 | 143.53 39.70 |10.13 |42.73 -7.10

11268.0 |47.7 64.9 -17.2 1 139.60 |40.14 |10.85 |42.85 |-8.13

12203.0 |51.2 65.6 -14.4 | |39.37 |40.40 [13.55 |42.09 -11.86

12900.0 |52.3 66.1 -13.9 | |40.15 |41.40 [12.69 |41.97 -12.12

14566.0 |52.6 67.2 -14.6 | |40.17 |42.57 |11.78 |41.92 -12.42

15042.0 |50.9 67.4 -16.5 | |40.83 |41.13 |11.19 |42.24 -10.08

16963.0 |53.8 68.5 -14.7 | |41.14 |43.26 |12.53 |43.17 -12.62

17915.0 |58.2 69.0 -10.7 | |40.65 48.57 |12.70 |43.69 |-17.58
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RE102: 1-18GHz: SN 38126 w/ Terminators.

NTS Test Report #: TR102216 Rev 2

110.0-
100.0-
90.0-
80.0-
70.0-
60.0-

51].1]—/,—"

100- M

30.0-

20.0-

100- 00
1000

Level - dBul/m

-

Frequency - MHz
—_ ;

4000 6000 2000 10000 12000 14000 16000 13000

Frequency |Level

MHz dBuV/m
1408.0 38.5
2343.0 74.4
3890.0 41.8
4213.0 40.8
5454.0 43.5
6712.0 44.5
7460.0 43.6
9364.0 47.5
10520.0 |51.0
11251.0 |47.1
12067.0 |49.9
12883.0 |52.2
14226.0 |52.3
15144.0 |50.5
16929.0 |52.2
17949.0 |57.2

Limit
dBuV/m
46.9
N/A
55.7
56.4
58.7
60.5
61.4
63.3
64.3
64.9
65.5
66.1
67.0
67.5
68.5
69.0

Delta
dB
-8.5
N/A
-13.9
-15.6
-15.2
-16.0
-17.8
-15.9
-13.4
-17.8
-15.7
-13.9
-14.6
-17.0
-16.2
-11.8

Raw |Ant.
dBuV |dB |dB
50.4525.12 |4.25
82.89 |28.46 |4.53
44.58 |33.22 |6.06
43.90 |32.60 6.54
43.63 |34.92 |7.31
42.19 |36.12 |8.61
39.04 |37.68 |8.31
43.61|38.67 |9.21
44.86 |38.74 |10.13
39.93 139.20 |10.83
39.41 |39.63 |12.93
40.82 |40.47 |12.88
40.19 42.45 |11.48
40.58 |40.32 |11.52
40.90 |42.20 12.27
40.46 47.50 |12.77

Cable |/Amp |All Factors

dB |dB
41.36 |11.99
41.45 8.47
42.022.74
42.23 3.09
42.39/0.16
42.45-2.28
41.46 -4.53
44.02 |-3.86
42.73 -6.14
42.83-7.20
42.11-10.45
41.94 |-11.41
41.80 -12.13
41.93 |-9.91
43.13 -11.34
43.52 -16.75

* 2.343 GHz is the EUT fundamental frequency. RE102 limit does not apply.
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Fri, Aug 9, 2019
10:42:38 AM
AutoScan 7.4.4.11

Res BW (kHz) 1000
Vid BW (kHz) 50000
VERTICAL

EMCO 3115

A.H. Systems PAM-
0118P

Graph # 14
Sweep Time 60.0000
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RE102: 1-18GHz: SN 38126 w/ Terminators.

NTS Test Report #: TR102216 Rev 2

HO0851 el - dBuV/m

100.0-

0.0~

80.0-

T0.0-

B0.0-

50.0-

A0.0-

30.0-

20.0-

Frequency - MHz
L —
1000 AB00 6000 8000 10000 12000 14000 16000 18000

Frequency Level |Limit Delta| |Raw |Ant. |Cable Amp |All Factors
MHz dBuV/m |dBuV/m |dB dBuV |dB |dB dB |dB
1578.0 41.8 47.9 -6.1 53.56 |25.51 4.02 |41.34/11.80
2343.0 65.5 N/A N/A 73.96 |28.46 4.53 |41.45/8.47
3652.0 42.0 55.2 -13.2 | |45.67 |32.31 5.82 41.80 |3.67
4995.0 42.5 57.9 -15.4 | |44.03 |34.09 6.75 |42.341.50
6100.0 44.2 59.6 -15.5| |43.78 |35.30 |18.04 42.97 |-0.38
6457.0 44.3 60.1 -15.8 | |43.30(35.30/8.30 |42.55|-1.04
8072.0 45.0 62.1 -17.1 | |40.58 |37.81 8.77 |42.20 -4.38
9466.0 45.7 63.4 -17.7 | |41.03 |38.63 |19.27 43.18 |-4.72
10520.0 |50.9 64.3 -13.5| |44.75|38.74 |10.13 |42.73 |-6.14
11251.0 |47.2 64.9 -17.7 | 40.02 |39.20 |10.83 |42.83 |-7.20
12067.0 |49.8 65.5 -15.7 | |39.37 |39.63 |12.93 |42.11 |-10.45
12951.0 |51.1 66.1 -15.0 | |39.59 40.60 |12.78 |41.86 |-11.52
14311.0 521 67.0 -14.9 | |40.48 |42.28 11.26 141.94 |-11.59
15093.0 |50.3 67.5 -17.2 | |40.72 |40.51 |11.20 42.12 |-9.60
16929.0 |52.3 68.5 -16.2 | |40.91 42.20|12.27 43.13 |-11.34
17898.0 |57.5 69.0 -11.5| |41.00 |47.59 12.67 43.77 |-16.49

* 2.343 GHz is the EUT fundamental frequency. RE102 limit does not apply.
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Fri, Aug 9, 2019
10:46:52 AM
AutoScan 7.4.4.11

Res BW (kHz) 1000
Vid BW (kHz) 50000
HORIZONTAL
EMCO 3115

A.H. Systems PAM-
0118P

Graph # 15
Sweep Time 60.0000
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5.1.7 RE102 Photographs

N
N

01 - 2-30MHz Calibrated Signal 02 - 2-30MHz Stub Radiator

W
03 - 2-30MHz EUT Scan

05 - 30-200MHz Stub Radiator 06 - 30-200MHz Horizontal EUT Scan
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B T

07 - 30-200MHz Vertical EUT Scan 08 - 200MHz-1GHz Calibrated Signal

slz-m o i \‘ i 5
09 - 200MHz-1GHz Stub Radiator 10 - 200MHz-1GHz Horizontal EUT Scan

)

11 - 200MHz-1GHz Vertical EUT Scan 12 - 1-18GHz Calibrated Signal
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13 - 1-18GHz Stub Radiator 7 14 - 1-18GHz Horizontal EUT Scan

15 - 1-18GHz Vertical EUT Scan
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RE102 Test Equipment

NTS Test Report #: TR102216 Rev 2

Table RE102-5: RE102 Test Equipment List

Page 41 of 99

Asset Cal Cycle
No. Manufacturer Item Model S/N (Months) Cal. Due
WC024135 Agilent MXE .EMI N9038A MY51210117 12 8/6/20
Receiver
. Active Rod
WC005829 ETS-Lindgren 3301C 00114485 12 10/15/20
Antenna
WC006573 EMCO Biconical 3109 9411-2853 36 3/9/20
Antenna
WC005310 | ETS-Lindgren | -2rgefom 3106 35382 36 3/9/20
Antenna
WC005297 ETS-Lindgren Horn Antenna 3115 2328 36 9/15/20
WC005615 A.H. Systems Preamplifier | PAM-0118P 393 12 10/5/19
WC058460 Pasternack Preamplifier PE15A1012 |V00140120190430G59 12 7/19/20
. 50 Ohm Coaxial| 250-250-
WC024134 Winchester Cable 3803600 AR3 24 3/15/21
WC005733 NTS Stub Radiator | VNL->TD-461 None NCR NCR
Stub Radiator
. Signal
WC005477 Marconi 2023 112253/143 12 5/7/20
Generator
. Signal
WC005556 Agilent 8372B US34490403 12 5/7/20
Generator

NCR = No Calibration Required; as per NTS QA policy, the equipment does not require calibration as long as the
test signal being generated can be verified with other calibrated equipment prior to or during the test.
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5.2 Method RS101: Radiated Susceptibility, Magnetic Field

This requirement is applicable from 30 Hz to 100 kHz for equipment and subsystem enclosures, including
electrical cable interfaces. The requirement is not applicable for electromagnetic coupling via antennas.

5.21 RS101 Purpose
This test procedure is used to verify the ability of the EUT to withstand radiated magnetic fields.
5.2.2 RS101 Limits

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified indica-
tions, beyond the tolerances indicated in the individual equipment or subsystem specification, when sub-
jected to the magnetic fields shown on Figure RS101-1.

190

180 | v

170 |

160 [ N

150 |

140 | N

Limit Level ( dBpT)
-

130 F

120 [ R
L N 116

110 |

100 -
10 100 1k 10k 100k
Frequency (Hz)

Figure RS101-1: RS101 limit for all Army applications.
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5.2.3 RS101 Calibration

This procedure was performed prior to the start of testing, to assure that the overall system is op-
erating properly.

1.

2.

Configure the measurement equipment, radiating loop, and loop sensor as shown in Figure
RS101-2.

Set the signal source to a frequency of 1 kHz and adjust the output current to generate a
magnetic flux density of 110 dB above one picotesla as determined by the reading obtained
on measurement receiver A.

Measure the voltage output from the loop sensor using measurement receiver B.

Verify that the output on measurement receiver B is within £3 dB of the expected value based
on the antenna factor and record this value.

Set the signal source to a frequency of 30Hz and adjust the output current to generate a
magnetic flux density of 10dBpT above the applicable limit.

Record the current required to achieve the required field.

Repeat Steps 5 and 6 for each frequency between 30Hz and 100kHz, using the step size de-
fined in Table 4.5-1.

Radiating
Looo

Signal
Source N

Fiald
Monitoring
Loo|

Measurement
Receiver A

Measurement
Receiver B

Figure RS101-2: Calibration of the radiating system.

5.2.4 RS101 EUT Test Setup

The EUT was setup in accordance with Section 3.2, Figure 3.2-1, 4.3-1 and operated according to Sec-

tion 3.3.
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5.2.5 RS101 Test Procedure

1. The plane of the transmitting loop was placed 5 cm from and oriented parallel to each of the EUT
faces and parallel to the axis of connectors (refer to test data and photos for details).

2. While monitoring the EUT for susceptibility, the loop was supplied with the calibrated current levels
required to produce magnetic field strengths indicated on the calibration sheet (applicable limit

+10dBpT). The frequency range of 30Hz — 100KHz was swept using the step sizes specified in Table
4.5-1.

Power
Input

£

I cm
F::ia'.ing -
Signal
Source ELET
Frabe
Measurement
Receiver
Actual and
Simulated Loads
and Signals

Figure RS101-3: RS101 Basic test setup.
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5.2.6 RS101 Test Data
RS101 Data Sheet
Job Number: PR102216 Standard: MIL-STD-461F
Date: 9/6/19 Procedure: None
. Persistent Systems . MPU5 Radio with RF-2150 10W

Manufacturer: LLC EUT: S-Band Card

Model Number: WR-5100, RF-2150 S/N: 31783

Input Power Battery Test Personnel: | Tristian Gaines

RS101 Specification Limits:
Signal Applied Test Specification Limit Susceptibility Criteria

Magnetic Field

30Hz — 60Hz: 180dBpT
60Hz — 100kHz: 180 — 116dBpT
(RS101-2 Army)

The EUT was monitored
for any degradation in per-
formance according to

Section 3.4.
RS101 Test Results:
A Lovelapr) | EUT Apromal | Resute
Front Side Limit +10dB None PASS
Back Side Limit +10dB None PASS
Right Side Limit +10dB None PASS
Left Side Limit +10dB None PASS
Bottom Limit +10dB None PASS
Antennas/Connectors Limit +10dB None PASS
Front
Antennas/Connectors Limit +10dB None PASS

Unclassified Defense Technical Data
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RS101 System Check Graphs
RS101 System Check: 1kHz Signal Measured with Current Probe
Level - dBpT

Fri, Sept 6, 2019
7:54:21 AM
AutoScan 7.4.4.13
|
Res BW (kHz) 0.10
Vid BW (kHz) 50000
|
BCP-510

|Graph #1

'Sweep Time 3.0000

Frequency - kHz

Scan Data
|Frequency|LeveI |Limit |Delta HHRaw |LISN |Cable |Xducer |AII Factors
kHz dBpT |dBpT [dB || |/dBpT |[dB [dB |dB  |dB
0994  [110.0[110.0/0.0 ||/[45.35/0.00 0.00 |64.68 |-64.68

RS101 System Check: 1kHz Signal Measured with Loop Sensor
Level - dBpT

Tue, Apr 23, 2019
10:59:44 AM
AutoScan 7.4.4.13
Res BW (kHz) 0.10
Vid BW (kHz) 50000

'RS101 Loop
|Graph #3
S 'Sweep Time 3.0000
Scan Data
|Frequency |Leve| |Limit |Delta HHRaw |LISN |Cable |Xducer |AII Factors
kHz dBpT [dBpT [dB  ||[/dBpT [dB dB dB  [dB
0994  [110.8/110.0/0.8 || |42.62/0.00 0.00 [68.22 |-68.22
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RS101 Calibration Graphs

MIL-STD-461F, Section 5.19 - RS101

Radiated Susceptibility, Magnetic Field, 30Hz to 10(
RS101 Calibration - Magnetic Field (Army)

— Limit Level

Calibration Field Stre

200.0
190.0
180.0
170.0+
160.0
150.0
140.04
130.0
120.0
110.04
100.0

90.0

80.07

70.0

60.0

50.0 L R R | T L | T L A LU T L R
30.0 100.0 1.0K 10.0K 100.0K

Frequency (Hz)

Amplitude (dBpT)

—— Calibrated Current

Calibrated Loop Current
100.0

10.0

1.0

=100.0m

Amplitude (Amperes)

10.0m |

1.0m e I N N I N N T I
30.0 100.0 1.0K 10.0K 100.0K

Frequency (Hz)

Unclassified Defense Technical Data
*** Refer to restrictions on first page ***




NTS Test Report #: TR102216 Rev 2

%
4 é-: NTS Page 48 of 99

RS101 Test Graphs

— Limit Level

— Calculated Field Level
MIL-STD-461E RS101 (Front)

200.0
190.0
180.0;
170.0
160.0
150.0

140.0

Amplitude (dBpT)

130.0

120.0

110.04

100.0 T T T T T T
30.0 100.0 1.0K 10.0K 100.0K

Frequency (Hz)

—— EUT Test Current

. Calibrated Current
Calibrated Loop Current vs. Test Current (Front)

100.0

10.0

1.0

100.0m |

Amplitude (Amperes)

10.0m |

1.0m e I N N I N N T I
30.0 100.0 1.0K 10.0K 100.0K

Frequency (Hz)
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— Limit Level

— Calculated Field Level
MIL-STD-461E RS101 (Back)

200.0
190.0
180.0;
170.0
160.0
150.0

140.0

Amplitude (dBpT)

130.0

120.0

110.04

100.0 T T T T T T
30.0 100.0 1.0K 10.0K 100.0K

Frequency (Hz)

—— EUT Test Current

) Calibrated Current
Calibrated Loop Current vs. Test Current (Back)

100.0

10.0 |

-
o
|

100.0m |

Amplitude (Amperes)

10.0m |

1.0m e I N N I N N T I
30.0 100.0 1.0K 10.0K 100.0K

Frequency (Hz)
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— Limit Level

— Calculated Field Level
MIL-STD-461E RS101 (Left) " : v

200.0
190.0
180.0;
170.0
160.0
150.0

140.0

Amplitude (dBpT)

130.0

120.0

110.04

100.0 T T T T T T
30.0 100.0 1.0K 10.0K 100.0K

Frequency (Hz)

—— EUT Test Current

Calibrated Current
Calibrated Loop Current vs. Test Current (Left)

100.0

10.0 |

-
o
|

100.0m |

Amplitude (Amperes)

10.0m |

1.0m e I N N I N N T I
30.0 100.0 1.0K 10.0K 100.0K
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5.2.7 RS101 Test Photographs

02 - RS101 Calibration

01 - RS101 Calibration

03 - RS101 Antennas Front

05 - RS101 Front 06 - RS101 Left
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07 - RS101 Rear 08 - RS101 Right
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5.2.8 RS101 Test Equipment
Table RS101-1: RS101 Test Equipment List
Asset Cal Cycle

No. Manufacturer Item Model S/N (Months) Cal. Due

WC058452 Agilent | Arbitrary Wave-| 5,000 | \ivag025425 12 2/12/20
Technologies |form Generator
WC058455 AE Techron Amplifier 7794 7794-0419-0021 NCR NCR
WC058456 Agilent PSASpectrum |/ ppon | Myaas187964 12 4/2/20
Analyzer
WC005323 Solar Electronics Loop Sensor 9229-1 0310503 36 3/22/22
WC005324 Solar Electronics | Radiating Loop 9231-1 0311003 36 3/22/22
WC005777 A.H. Systems Current Probe BCP-510 1152 36 9/12/20
. Digital
WC058386 Tektronix . MDO03034 C011435 12 8/15/20
Oscilloscope

NCR = No Calibration Required; as per NTS QA policy, the equipment does not require calibration as long as
the test signal being generated can be verified with other calibrated equipment prior to or during the test.
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5.3 Method RS103: Radiated Susceptibility, Electric Field, 2 MHz - 18 GHz
5.3.1 RS103 Purpose

This test verifies the ability of the EUT, and their associated cabling, to withstand electric fields and con-
tinue to operate as intended.

5.3.2 RS103 Limits

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified indica-
tions beyond the tolerances indicated in the individual equipment or subsystem specification when sub-
jected to the radiated electric fields listed in Figure RS103-1.

Up to 30 MHz, the EUT shall meet the requirement for vertically polarized fields, and above 30 MHz it
shall meet the requirement vertically and horizontally. Circular polarized fields are not acceptable.

60

50 18000

40

30

Level (V/m)

20

10

2 20 200 2000 20000
Frequency (MHz)

Figure RS103-1: RS103 Limit — Army Ground

Unclassified Defense Technical Data
*** Refer to restrictions on first page ***



NTS Test Report #: TR102216 Rev 2

f)’.?é NTS Page 59 of 99

1@&1

5.3.3

RS103 Test Setup

The EUT was setup in accordance with Section 3.2, Figure 3.2-1 and operated according to Section 3.3.

5.3.3.1
1.

2.

3.

Placement of Electronic Field Sensors
Place the sensors at the same distance as the EUT is located from the transmit antenna while
staying in the plane of the test setup boundary edge closest to the antenna.
Position the sensors directly opposite the transmit antenna, while a minimum of 30 cm above the
ground plane at or below 1 GHz. Above 1 GHz, place the sensors at the height corresponding to
the area of the EUT being illuminated.
Do not place sensors directly at corners or edges of components.

5.3.3.2 Placement of Transmit Antennas

1. Antennas were placed 1 meter or greater from EUT.

2. For 200 MHz and below, center the transmit antenna between the edges of the test setup boundary.
This boundary should include all enclosures of the EUT and the 2 meters of exposed interconnecting
and power leads.

3. Atand above 200 MHz, testing may require multiple antenna positions. Determine the number of po-
sition (N) as follows:

A

200 MHz to 1 GHz: Place the antenna in a sufficient number of positions such that the entire area
of each EUT face and the first 35 cm of cable and leads interfacing the EUT are within 3 dB beam
width of the antenna.

1 GHz and above place the antenna in a sufficient number of position such that the entire area of
each EUT face and the first 7 cm of cable and leads interfacing the EUT are within 3 dB beam
width of the antenna.

Table RS103-1: RS103 Antenna Position Calculations, 2 MHz to 200 MHz

Antenna Range Used Antenna -I:::::::p Antenna

Model (MHz) Coverage (cm) Yail] v Positions
NTS10k30M 2-30 300 6.5 1
EMCO 3109 30- 200 300 6.5 1
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Table RS103-2: RS103 Antenna Coverage Calculations, 200 MHz to 18 GHz

o ooy | MRS G
ETS 3106 0.2-1.0 28 49.87
AR ATH800M6G 1-4 135 23.67
AR ATH800M6G 4-6 8 13.99
AR ATH6G18 6-8 155 27.22
AR ATH6G18 8-18 8 13.99
Antenna Coverage = 2*(TAN(©)*a)
Where © = 1/2 (antenna 3dB beamwidth)
a = antenna distance from setup boundary

Table RS103-3: RS103 Antenna Position Calculations, 200 MHz to 18 GHz

antenna st @) | o AmEwR | EUTWh Antenns
Positions
ETS 3106 0.2-1.0 49.87 6.5 1
AR ATH800M®6G 1-4 23.67 6.5 1
AR ATH800M6G 4-6 13.99 6.5 1
AR ATH6G18 6-8 27.22 6.5 1
AR ATH6G18 8-18 13.99 6.5 1

Note 1: Did not add 35cm of cable (200 MHz — 1GHz) or 7cm of cable (>1 GHz), because the EUT has no cables.
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5.3.4 RS103 Test Procedure

Testing proceeded as follows:

The measurement equipment and EUT were turned on, and sufficient time was allowed for stabili-
zation.

E-field sensor procedure:

1.

2.

A.
B.

C.
D.

E.

The signal source was set to 1 kHz pulse modulation, 50% duty cycle.

Using an appropriate amplifier and transmit antenna, an electric field was established at the
test start frequency.

The electric field level was gradually increased until it reaches the applicable limit.

The required frequency ranges will be scanned in accordance with the step size specified in
Table 4.5-1. The field strength was maintained in accordance with the applicable limit.

The EUT performance was monitored for susceptibility effects.

If susceptibility was noted, the threshold level was determined and it was verified to be above the
I'Il'rtra]_‘l,tting was performed over the required frequency range with the transmit antenna vertically po-
?élszt?:g.) above 30 MHz was repeated with transmit antenna horizontally as well as vertically polar-
gti%s 1-5 were repeated for each transmits antenna position.
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5.3.5 RS103 Test Data
Job Number: PR102216 Standard: MIL-STD-461F
Date: 9/3/19 — 9/5/19 Procedure: None
: Persistent Systems . MPU5 Radio with RF-2150 10W

Manufacturer: LLC EUT: S-Band Card

Model Number: WR-5100, RF-2150 S/N: 31783

Input Power Battery Test Personnel: | Tristian Gaines

RS103 Specification Limits:
Signal Applied Test Specification Susceptibility Criteria

Radiated RF Electromagnetic Field

2MHz — 18GHz: 50V/m

1kHz / 80% Duty Cycle Pulse
Modualted (Army Ground)

The EUT was monitored
for any degradation in per-
formance according to
Section 3.4.
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Step
"t | oy | ovenon | s | G | P | Mot | observation | (Se2ite
2-30 \ 1 1 50 3 1kHz PM None
30 - 200 H 1 0.5 50 3 1kHz PM None
30 - 200 \Y, 1 0.5 50 3 1kHz PM None
Frequency | Pol. | Antenna 2?:2 Level | Dwell Modulation | Observation Results
(MHz) (H/V) | Position (%) (V/Im) | (Sec) (Pass/Fail)
200 - 1000 V 1 0.5 50 3 1kHz PM None
200 - 1000 \ 1 0.5 50 3 1kHz PM None
Frequency | Pol. Antgr_ma gt:z Level | Dwell Modulation | Observation Results_
(GHz) (H/V) | Position (%) (V/Im) | (Sec) (Pass/Fail)
1-2 Vv 1 0.25 50 3 1kHz PM None
1-2 \Y% 1 0.25 50 3 1kHz PM None
Frequency | Pol. | Antenna 2?:2 Level | Dwell Modulation | Observation Results
(GHz) (H/V) | Position (%f) (VIm) [ (Sec) (Pass/Fail)
2-4 Vv 1 0.25 50 3 1kHz PM None
2-4 Vv 1 0.25 50 3 1kHz PM None
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Step

" | o | B | Sz | G | e | Woswtation | onservation | 22
4-6 \Y 1 0.25 50 3 1kHz PM None
4-6 \Y% 1 0.25 50 3 1kHz PM None

Frequency | Pol. | Antenna 2?:2 Level | Dwell Modulation | Observation Results
(GHz) (H/V) | Position (%f) (VIm) [ (Sec) (Pass/Fail)
6-8 H 1 0.25 50 3 1kHz PM None
6-8 \Y, 1 0.25 50 3 1kHz PM None

Frequency | Pol. | Antenna 2?:2 Level | Dwell Modulation | Observation Results
(GHz) (H/V) | Position (%f) (VIm) [ (Sec) (Pass/Fail)
8-18 \Y 1 0.25 50 3 1kHz PM None
8-18 \Y 1 0.25 50 3 1kHz PM None
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5.3.6 RS103 Data Plots
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RS103 Standard Level / Measured Level: 30MHz - 200MHz, Vertical
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RS103 Standard Level / Measured Level: 2GHz - 4GHz, Horizontal, Position 1
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Level (V/m)
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RS103 Standard Level / Measured Level: 4GHz - 6GHz, Vertical, Position 1
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RS103 Standard Level / Measured Level: 8GHz - 18GHz, Horizontal, Position 1
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5.3.7 RS103 Photographs

0 - 2-30MHz 02 - 30-200MHz Horizontal

‘03 - 30-200MHz Vertical 04 - 200MHz-1GHz Horizontal

05 - 200MHz-1GHz Vertical 06 - 1-6GHz Horizontal
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08 - 6-GHz Horizontal

07 - 1-6GHz Vertical

bl
09 - 6-8GHz Vertical 10 - 8-18GHz Horizontal

11 - 8-18GHz Vertical
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5.3.8 RS103 Test Equipment
Table RS103-4: RS103 Test Equipment List
I |
Asset No. Manufacturer Item Model S/N fl\alloﬁ‘tl;s(; Cal. Due
WC005630 NTS 10.kHZ ~ 30MHz NTS10k30M None NCR NCR
E-Field Generator
WC005618 EMCO Biconical Antenna 3109 8811-2392 NCR NCR
WC005310 | ETS-Lindgren |200MH2z~1GHzDRG 3106 35382 NCR NCR
Horn Antenna
WC058429 AR 1-6GHz Horn Antenna| ATH800M6G 0351558 NCR NCR
WC058430 AR 6'186'::n:2r” AN | ATHEG1S 0351643 NCR NCR
Amplifier Signal Generator
WC005477 Research 9kHz-1.2GHz SG1200 202308/251 12 5/7/20
. Signal Generator
WC005556 Agilent 10MH2-20GHz 83620B uUsS34490403 12 5/10/20
WC005629 IFI 10 KHz _.Z.OOMZ TCCX 2500 L499-0408 NCR NCR
Amplifier
WC005628 IFI Amp"f'eerzl_?zo MHz =1 spccio00 L374-0507 NCR NCR
WC005660 IFI 1-2GHz Amplifier GT251-500A L500-0408 NCR NCR
WC005776 LogiMetrics 2-4 GHz Amplifier A600/S M701-0508 NCR NCR
Amplifier Re- -
WC005662 cearch 4-8 GHz Amplifier 200T4GB 326913 NCR NCR
WC005682 CPI 8-18 GHz Amplifier | VZM6993J5 SJ7213C7 NCR NCR
. Field Probe
WC005814 ETS Lindgren 10kHz - 1GHz HI-6022 114361 12 9/22/20
. Field Probe
WC005790 ETS Lindgren 10MHz - 40GHz HI-6053 110384 12 8/21/20

NCR = No Calibration Required; as per NTS QA policy, the equipment does not require calibration as long as the
test signal being generated can be verified with other calibrated equipment prior to or during the test.
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5.4 Conducted Emissions: Method CE106, Conducted Emissions Antenna Terminal, 10kHz to

40GHz
MPUS5 Chain 1 Antenna Port Receive / Standby PASS
MPUS5 Chain 1 Antenna Port Transmit PASS

541 CE106 Purpose

This requirement is applicable from 10 kHz to 40 GHz for the antenna ports of transmitters, receivers, and
amplifiers. The requirement is not applicable to equipment designed with antennas permanently mounted
to the EUT. The transmit mode portion of this requirement is not applicable within the bandwidth of the
EUT transmitted signal or within £5 percent of the fundamental frequency, whichever is larger. For Navy
shipboard applications with peak transmitter power greater than 1 kW, the 5% frequency exclusion will be
increased by an additional 0.1% of the fundamental frequency for each dB above 1 kW of peak power.

Frequency Exclusion = + f * (0.05 + (0.001/dB) * (PtPk [dBm] — 60 [dBm]))

CE106 Frequency Range
Depending on the operating frequency range of the EUT, the start frequency of the test is as
follows:

N T

10 kHz to 3 MHz 10 kHz
3 MHz to 300 MHz 100 kHz
300 MHz to 3 GHz 1 MHz

3 GHz to 40 GHz 10 MHz

The equipment will be tested to an upper frequency limit based on the highest frequency generated or
received by the EUT. For systems with the frequencies generated or received less than 1 GHz, the upper
frequency limit will be 20 times the highest frequency or 18 GHz whichever is greater. For systems with
frequencies generated or received greater than or equal to 1 GHz, the upper frequency limit will be 10 times
the highest frequency or 40 GHz whichever is less. For equipment using waveguide, the requirement does
not apply below eight-tenths of the waveguide's cutoff frequency. RE103 may be used as an alternative
for CE106 for testing transmitters with their operational antennas.

5.4.2 CE106 Limits

Conducted emissions at the EUT antenna terminal shall not exceed the values given below.

a. Receivers: 34 dBuV
b. Transmitters and amplifiers (standby mode): 34 dBuV
C. Transmitters and amplifiers (transmit mode): Harmonics, except the second and third, and all other

spurious emissions shall be at least 80 dB down from the level at the fundamental. The second and third
harmonics shall be sup-pressed to a level of -20 dBm or 80 dB below the fundamental, whichever re-quires
less suppression. For Navy shipboard applications, the second and third harmonics will be suppressed to
a level of -20 dBm and all other harmonics and spurious emissions shall be suppressed to -40 dBm, except
if the duty cycle of the emissions are less than 0.2%, then the limit may be relaxed to 0 dBm.
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5.4.3 CE106 Test Setup

a. Calibration. Configure the test setup for the signal generator path shown in Figures CE106-1
through CE106-3 as applicable.

b. EUT Testing. Configure the test setup for the EUT path shown in Figures CE106-1 through
CE106-3 as applicable.

5.44 CE106 Test Procedure

Transmit mode for transmitters and amplifiers.

The test procedure shall be as follows:

1. Turn on the measurement equipment and allow a sufficient time for stabilization.
Calibration.

a.
b.
c.
d.
3. EU
a.
b.

C.

Apply a known calibrated signal level from the signal generator through the system check
path at a mid-band fundamental frequency (fo).

Scan the measurement receiver in the same manner as a normal data scan. Verify the
measurement receiver detects a level within +3 dB of the expected signal.
If readings are obtained which deviate by more than +3 dB, locate the source of the error
and correct the deficiency prior to proceeding with the test.
Repeat (1) through (3) at the end points of the frequency range of test.

T Testing.
Turn on the EUT and allow sufficient time for stabilization.
For transmitters, tune the EUT to the desired test frequency and apply the appropriate
modulation for the EUT as indicated in the equipment specification.
For amplifiers, apply an input signal to the EUT that has the appropriate frequency, power
level, and modulation as indicated in the equipment specification. For transmitters and
amplifiers for which these parameters vary, test parameters shall be chosen such that the
worst case emissions spectrum will result.
Use the measurement path to complete the rest of this procedure.
Tune the test equipment to the operating frequency (fo) of the EUT and adjust for maxi-
mum indication.
Record the power level of the fundamental frequency (fo) and the measurement receiver
bandwidth.
Insert the fundamental frequency rejection network, when applicable.
Scan the frequency range of interest and record the level of all harmonics and spurious

emissions. Add all correction factors for cable loss, attenuators and rejection networks.
Maintain the same measurement receiver bandwidth used to measure the power level of
the fundamental frequency (fo).

Verify spurious outputs are from the EUT and not spurious responses of the measure-
ment system.

Repeat (2) through (8) for other frequencies.
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Receivers and stand-by mode for transmitters and amplifiers.

The test procedure shall be as follows:

1.
2.

Turn on the measurement equipment and allow a sufficient time for stabilization.
Calibration.

a.
b.
c.
d.
EU
a.
b.

C.

Apply a calibrated signal level, which is 6 dB below the applicable limit, from the signal gener-
ator through the system check path at a midpoint test frequency.
Scan the measurement receiver in the same manner as a normal data scan. Verify the meas-
urement receiver detects a level within +3 dB of the injected signal.
If readings are obtained which deviate by more than £3 dB, locate the source of the error and
correct the deficiency prior to proceeding with the test.
Repeat (1) through (3) at the end points of the frequency range of test.

T Testing.
Turn on the EUT and allow sufficient time for stabilization.
Tune the EUT to the desired test frequency and use the measurement path to complete the
rest of this procedure.
Scan the measurement receiver over the applicable frequency range, using the bandwidths
and minimum measurement times of Table Il of MIL-STD-461F.
Repeat (2) and (3) for other frequencies.

Transmitter | ___| Amplifier L Signal
EUT EUT Generator
~ Path for
Measurement
Signal
Generator /
Path for
System Check
Attenuator
R
]
i
| Rejection

1
1
!
1
If Required —1"|  Network i
1
1
1

Measurement
Receiver

Figure CE106-1: Setup for Low Power Transmitters and Amplifiers
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) Measurement
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System Check
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EUT
Path for
«— Measurement
Signal
Generator
Path for Attenuator
System Check

Measurement
Receiver

Data
Recording
Device

Figure CE106-3: Setup for Receivers and Stand-by Mode for Transmitters and Amplifiers
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545 CE106 Data
CE106 Datasheet

MIL-STD-461F
PR132717
None
2/21/21 MPU5 Radio with RF-2150

10W S-Band Card
28360 (MPU5), 67820 (S-
Band Card)

Persistent Systems

MPUS5, RF-2150

Jeff Maselli

CE106 Test Specification:

a. Receivers: 34 dBpV
b. Transmitters and amplifiers (standby mode): 34 dBuV

Conducted Emis- | € Transmitters and amplifiers (transmit mode):

sions. Antenna | Harmonics, except the second and third, and all other The EUT emissions
Terminal. 10 kHz | SPurious emissions shall be at least 80 dB down from the | must not excede
t0 40 GHz. level at the fundamental. The second and third the limit.

harmonics shall be suppressed to a level of -20 dBm or
80 dB below the fundamental, whichever requires less
suppression.

CE106 Test Results Summary:

Chain 1 Antenna Port S-Band Standby / Receive 1-25,000 PASS

Chain 1 Antenna Port S-Band Transmit 1-25,000 PASS
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5.4.5.1 CE106 Calibration Data

SRC-215, E50-E50-2150720 Cable Calibration

dB
w

0 5000 10000 15000 20000 25000 30000 35000 40000 45000
Frequency (MHz)

S-Band Notch Filter Calibration (1MHz - 3GHz)
100
90
80
70
60
50

dB

40

30

20
10 J

0

-10
0 500 1000 1500 2000 2500 3000

Frequency (MHz)
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S-Band Notch Filter Calibration (2.2GHz - 2.5GHz)

90
80
70
60
50
40
30

dB

20
10

-10
2200 2250 2300 2350 2400 2450 2500

Frequency (MHz)

3GHz - 15GHz High Pass Filter Calibration

09
0.8
0.7
0.6

0.5

dB

0.4
0.3
0.2

0.1

1000 3000 5000 7000 9000 11000 13000 15000
Frequency (MHz)
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dB

1.2

0.8

0.6

0.4

0.2

15000

20000

15GHz - 40GHz High Pass Filter Calibration

25000 30000
Frequency (MHz)

35000

40000
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5.4.5.2 CE106 System Check Data
System Check (S-Band, Standby/Receive Configuration): Calibrated Signal = 27dBuV @ 25GHz.

SO el - dBuv

70.0-

60.0- Thu, Jan 21, 2021

50.0- 10:47:40 AM
AutoScan 2020.8.26

40,0~

sl Res BW (kHz) 50000

<ty Vid BW (kHz) 50000

10.0-

0.0- Graph # 1
-10.0-
Frequency - MHz
'zﬂlrﬂ_|||||||||||||||||||||||||||||||||||||||||||||||||
1000 5000 7500 10000 12500 15000 17500 20000 22500 25000

Frequency |Level |Limit |Delta Raw |Cable Xducer |All Factors
MHz dBuV |dBuV |dB dBuV |dB dB dB
25000.0 [27.7 |34.0 |-6.3 24.03 3.67 |0.00 |-3.67

System Check (S-Band, Standby/Receive Configuration): Calibrated Signal = 27dBuV @ 2.3GHz.

SO el - dBuv

70.0-

50.0- Thu, Jan 21, 2021

50.0- 11:09:16 AM
AutoScan 2020.8.26

4D.0-

o Res BW (kHz) 1000

20.0- Vid BW (kHz) 50000

10.0-

0.0- Graph # 2

-10.0-

Frequency - MHz
e T T N T R T T L R
1000 1200 1400 1600 1300 2000 2200 2400 2600 2800 3000

Frequency |Level |Limit |Delta Raw |Cable Xducer |All Factors
MHz dBuV |dBuV |dB dBuV |dB  |dB dB
2299.8 28.0 (34.0 -6.0 26.95/1.03 |0.00 [-1.03
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System Check (S-Band, Transmit Configuration): Calibrated Signal = 127dBuV @ 2.347GHz
Level - dBuV

"Thu, Jan 21, 2021
11:31:48 PM
|AutoScan 2020.8.26
'Res BW (kHz) 1000
\Vid BW (kHz) 50000
'S-Band Notch Filter
|Graph #1

Frequency - MHz |

|Frequency|LeveI |Limit |De|ta |—|—|—|Raw |Cable |Xducer |AII Factors
‘MHz dBuV [dBuV|dB ||[|dBuv dB [dB  |dB

23468 [127.3/64.0 63.3 |||[44.45/1.04 [81.79 |-82.83

System Check (S-Band, Transmit Configuration): Calibrated Signal = 57dBuV @ 25GHz

Thu, Jan 21, 2021
11:39:11 PM
/AutoScan 2020.8.26
Res BW (kHz) 1000
Vid BW (kHz) 50000

15GHz - 40GHz High
Pass

|Graph #2
Frequency - MHz |

|Frequency|LeveI |Limit |De|ta HHRaw |Cable |Xducer |AII Factors
MHz dBuV [dBuV |dB |[|/dBuv|dB [dB  dB

25000.0 58.0 |64.0 |-6.0 |||[53.26[3.67 [1.10 |-4.77
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5.4.5.3 CE106 Fundamental Frequency Amplitude Measurement Data
Fundamental (S-Band)

Thu, Jan 21, 2021
2:24:02 PM
|AutoScan 2020.8.26
Res BW (kHz) 1000
Vid BW (kHz) 50000
'S-Band Notch Filter
Graph # 3

Frequency - MHz |

|Frequency|LeveI |Limit |De|ta |—|—|—|Raw |Cable |Xducer |AII Factors
‘MHz dBuV [dBuV|dB ||[|dBuv dB [dB  |dB
2346.0  [144.0 | | '|[/57.71]1.04 [85.26 |-86.30
Notes:

136dBuV = 37dBm
Spurious Limit = 37dBm — 80dB = -43dBm = 64dBuV
2nd/3rd Harmonic Limit = -20dBm = 87dBuV
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5.4.5.4 CE106 Test Data

Ambient Scan (S-Band)

SO0 eyl - dBuV
70.0-
Thu, Jan 21, 2021
&0.0-
12:30:04 PM
30.0- AutoScan 2020.8.26
40.0-
30.0- Res BW (kHz) 10, 100,
00— 1000
Vid BW (kHz) 50000
10.0-
0.0~ Graph # 1
-10.0-
M Frequency - MHz
-20.0- it v L L | ! 1y v
1.00 10,00 100.00 1000.00 25000.00

Frequency |Level |Limit |Delta Raw |Cable |All Factors

MHz dBuV |dBuV |dB dBuV [dB  |dB
3.630 -5.1 |34.0 |-39.1 -5.08 |0.02 |-0.02
8.846 -6.7 |34.0 |-40.7 -6.77 |0.06 |-0.06

25.229 -6.9 34.0 |-40.9 -7.04 |0.09 |-0.09
624.494 5.0 [34.0 |-29.0 4.44 10.53 |-0.53
895.332 4.7 |34.0 |-29.3 4.06 0.64 |-0.64
1106.527 |15.3 34.0 |-18.7 14.590.71 |-0.71
1327.582 |15.3 34.0 |-18.7 14.51/0.78 |-0.78
1453.113 |16.3 34.0 |-17.7 15.49/0.82 |-0.82
1564.141 |15.7 34.0 |-18.3 14.81/0.86 |-0.86
7805.201 [15.2 |34.0 |-18.8 13.2211.99 |-1.99
8033.210 |(14.9 |34.0 |-19.1 12.84 2.01 |-2.01
9206.259 (15.2 |34.0 |-18.8 12.99 217 |-217
9996.792 [14.7 |34.0 |-19.3 12.49 222 |-2.22
22088.855 (15.8 |34.0 |-18.2 12.333.45 |-3.45
23459.924 |15.5 |34.0 |-18.5 11.94 3.57 |-3.57
24282.965 (18.2 |34.0 |-15.8 14.56 3.60 |-3.60
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MPUS5 Radio (S-Band), Chain 1 Antenna Port, Standby Mode

NTS Test Report #: TR102216 Rev 2

SO el - dBuv

70.0-

e0.0-

50.0-

40.0-

30.0-

20.0-

10.0-

0.0-

o m Frequency - MHz

200N ey g g g -

1.00 10.00 100.00 1000.00 25000.00

Frequency |Level |Limit |Delta Raw |Cable |All Factors
MHz dBuV |dBuV |dB dBuV |dB  |dB
3.369 -8.2 |34.0 422 -8.23 |0.02 |-0.02
15.614 -7.8 |34.0 |-41.8 -7.91 |0.08 |-0.08
18.384 -8.1 |34.0 |-42.1 -8.20 |0.08 |-0.08
583.752 6.3 |34.0 |-27.7 575 |0.51 |-0.51
639.530 5.8 [34.0 |-28.2 5.28 |0.53 |-0.53
791.343 6.2 [34.0 |-27.8 5.55 |0.61 |-0.61
829.514 |52 |34.0 |-28.8 459 |0.62 |-0.62
1064.516 (154 34.0 |-18.6 14.69/0.70 |-0.70
1270.568 |15.7 34.0 |-18.3 14.90 0.76 |-0.76
1574.144 |16.7 |34.0 |-17.3 15.84 0.86 |-0.86
7880.204 (154 [34.0 |-18.6 13.35/2.00 [-2.00
8095.213 [14.8 [34.0 |-19.2 12.82|2.01 |-2.01
9130.756 (14.7 |34.0 |-19.3 12.58 |2.16 |-2.16
18433.672 |17.7 34.0 |-16.3 14.69 3.06 |-3.06
24601.980 (18.7 |34.0 |-15.3 15.053.66 |-3.66
24971.498 |17.8 |34.0 |-16.2 14.14 3.68 |-3.68
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Transmit Mode (S-Band)

NTS Test Report #: TR102216 Rev 2

S0 el - dBuv

80.0-

J0.0-

60.0-

50.0-

40,0-

30.0-

20.0-

10.0-

0.0-

R N o o B

1.00 10.00 100,00 1000.00  3000.00

Frequency |Level |Limit |Delta Raw |Cable Xducer |All Factors
MHz dBuV [dBuV |dB dBuV |dB  |dB dB
1.150 20.3 |64.0 |-43.7 20.30/0.01 |0.01 |-0.03
2.271 20.9 |64.0 -43.1 20.84/0.02 |0.02 |-0.03
3.427 19.7 |64.0 -44.3 19.64 0.02 |0.02 |-0.04
11.026 18.3 |64.0 -45.7 18.20/0.07 |0.03 |-0.10
15.952 18.9 |64.0 |-45.1 18.78/0.08 0.03 -0.11
30.000 27.6 |64.0 -36.4 27.46/0.10 |0.03 |-0.14
40.283 28.7 |64.0 |-35.3 28.58/0.12 |0.03 |-0.15
46.782 27.8 |64.0 |-36.2 27.61/0.13 |0.03 |-0.16
88.833 27.0 |64.0 |-37.0 26.79/0.20 |0.04 |-0.24
131.807 |27.9 |64.0 |-36.1 27.62/0.24 |0.04 |-0.28
180.552 |28.6 64.0 |-35.4 28.31/0.29 |0.05 |-0.34
426.265 |29.0 64.0 |-35.0 28.51/0.44 |0.09 |-0.52
627.695 (314 |64.0 |-32.6 30.74|0.53 |0.10 |-0.63
1299.075 |42.9 64.0 |-21.1 41.92/0.77 |0.18 |-0.96
1621.655 |42.0 64.0 |-22.0 41.00/0.87 [0.17 |-1.05
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Thu, Jan 21, 2021
2:47:12 PM
AutoScan 2020.8.26

Res BW (kHz) 10, 100,
1000

Vid BW (kHz) 50000

S-Band Notch Filter
Graph#4
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Transmit Mode (S-Band)

S0 el - dBuv
80.0- Thu, Jan 21, 2021
70.0- 2:58:30 PM
60.0- AutoScan 2020.8.26
50.0-
e Res BW (kHz) 50000

: Vid BW (kHz) 50000
0.0-
20.0- 3GHz-15GHz High Pass
10.0- Filter

0.0- Graph#5
Frequency - MHz

-11}rﬁ_|llll|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII|

3000 4000 6000 8000 10000 12000 14000 15000

Frequency |Level |Limit |Delta Raw |Cable Xducer |All Factors
MHz dBuV [dBuV |dB dBuV |dB  |dB dB
3798.0 46.8 64.0 |-17.2 44.65(1.31 |0.79 |-2.11
3922.0 46.9 64.0 |-17.1 44741135 |0.79 |-2.13
4787 .1 46.5 |64.0 -17.5 44.57 1150 [0.39 |-1.90
6471.6 46.5 64.0 |-17.5 44.4111.79 |0.30 |-2.09
7043.7 53.6 |87.0 |-33.4 51.38/1.86 |0.32 |-2.18
9109.3 46.5 |64.0 -17.5 44.09 1215 0.26 |-2.41
10316.3 |48.7 64.0 -15.3 46.08 2.26 |0.33 |-2.58
10498.3 |47.1 64.0 |-16.9 44.512.25 |0.33 |-2.59
10839.3 |46.6 64.0 |-17.4 43.902.32 |0.34 |-2.66
11210.8 |47.0 64.0 -17.0 44.33|12.34 |0.34 |-2.68
119334 |46.7 64.0 |-17.3 43.94 246 |0.32 |-2.78
13604.4 |484 64.0 |-15.6 4529 12.64 (044 |-3.08
13982.0 |47.9 64.0 -16.1 44.73|12.65 |0.50 |-3.15
144325 |47.5 |64.0 |-16.5 44.27 2.70 |0.57 |-3.26
14884.0 |47.4 64.0 |-16.6 43.952.76 |0.64 |-3.40
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90.0-
a0.0-
70.0-

Level - dBulY

Thu, Jan 21, 2021
3:07:47 PM

60.0-

30.0-
20.0-
10.0-

0.0-

Frequency - MHz

'1ﬂ-ﬂ_|||||||||||||||||||||||||||||||||||||||||||||||||||

15000 16000 17000 18000 19000 20000 21000 22000 23000 24000 25000

40.0-

AutoScan 2020.8.26

Res BW (kHz) 1000
Vid BW (kHz) 50000

15GHz - 40GHz High
Pass

Graph#6

Frequency |Level |Limit

MHz

15282.0
15777.5
18981.2
19481.2
19808.2
20600.3
21585.8
22161.4
22976.4
24040.0
24150.5
24351.5
24465.5
24850.5
249945

dBuV |dBuV
50.4 64.0
50.5 |64.0
50.4 64.0
51.4 64.0
50.8 |64.0
50.2 |64.0
49.9 64.0
50.5 64.0
50.2 |64.0
52.1 |64.0
51.7 |64.0
51.5 |64.0
51.8 |64.0
51.2 64.0
50.6 64.0

Delta
dB

-13.6
-13.5
-13.6
-12.6
-13.2
-13.8
-14.1
-13.5
-13.8
-11.9
-12.3
-12.5
-12.2
-12.8
-13.4

Raw |Cable [Xducer |All Factors

dBuV |dB

46.75 |2.78
46.96 2.82
46.20 |3.17
47.14 3.16
46.813.19
46.42 |3.30
45.95 |3.37
46.33 |3.47
46.22 |3.54
47.81 3.60
47.38 |3.61
47.023.59
47.24 |3.61
46.48 |3.68
45.83 |3.67

dB

0.89
0.72
1.04
1.07
0.84
0.51
0.60
0.71
0.46
0.67
0.75
0.91
1.00
1.07
1.09

dB

-3.67
-3.54
-4.20
-4.23
-4.03
-3.81
-3.97
-4.17
-4.00
-4.27
-4.36
-4.50
-4.61
-4.76
-4.77
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5.4.6 CE106 Photographs

05 - S-Band CE106 Test Setup (Standby) 06 - S-Band System Check (Transmit Configura-
tion, Mid-band)
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07 - S-Band System Check (Transmit Configura-
tion, 25GHz)

09 - S-Band CE106 Test Setup, 3GHz to 15GHz 10 - S-Band CE106 Test Setup, 15GHz to 25GHz
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5.4.7 CE106 Test Equipment
Table 5.2-1: CE106 Test Equipment

| | e s | G5 | cane |

. MXE EMI Receiver,
WC058456 Agilent o 14GHo N9038A MY57190108 12 5/19/21
. 10MHz — 40GHz
WC058471 Anritsu Signal Generator MG3694A 045205 12 03/03/21
wcosgsoo | Winchesterin- | SRC-215, 2.9mm E50-E50-2150720 None 24 6/2122
terconnect Coax Cable, 72
WC005821 Narda 20dB Attenuator 766A-20 100230 36 10/4/21
WC058436 Weinschel 20dB Attenuator 34-20-34 BP8101 36 9/27/21
None Corry 'I\f‘ig“’”ics' S-Band Notch Filter CM'NF°2128°24OBO C194000122 NCR NCR
Microwave Cir- 3 — 15GHz High
None its Pass Fiter H3G020G2 505818 NCR NCR
Microwave Cir- 15 — 40GHz High
None its Pass Fiter H11F40G1 505817 NCR NCR

NCR = No Calibration Required; as per NTS QA policy, the equipment does not require calibration as
long as the test signal being generated can be verified with other calibrated equipment prior to or during

the test.
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Appendix A: Test Software Description

AutoScan™ EMI Measurement Software

The AutoScan software is a National Instruments LabVIEW ™ compiled package, specifically designed by
EMCware for automation of Radiated and Conducted RF Emission measurements.

The AutoScan Emissions Scan Plan window shows the administrator defined test parameters including
Start Frequency, Stop Frequency, Resolution Bandwidth, Video Bandwidth, Antenna, Amplifier, Cable,
Limit, Reference Level, Attenuation and Sweep Time.

The Scan Plan shown below has been defined in order to perform the radiated emissions test in accord-
ance with MIL-STD-461 RE102. Similar Scan Plans have been defined for CE101, CE102 and RE101.

AutoScan Emissions Scan Plan x
File Edit Operste Tools Window Help |%cfan
lan

» @ Sl

Radiated Emissions

MIL-STD-461 RE102 0dE Margin
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The AutoScan Emissions Main Control Panel window shown below was used to execute the
test, using the parameters defined in the Scan Plan.

[ AutoScan Emissions Main Control Panel
File

Edit Operate Tools Window Help

X
3

Vertical

Level - dBuV/m
3
n

Freauency | Level | Limit
kHz dBuV/m| dBuV/m|

Frequency - kHz

AutoSelect Scale |+ |

Queue Off

= @
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ETS-Lindgren Totally Integrated Laboratory Environment (TILE!)

The C++ compiled Totally Integrated Laboratory Environment (TILE! ™) software by ETS-Lindgren is
used for RS103 and CS101 testing.

The screen below shows the main TILE! Program with the Administrator defined profile opened for MIL-
STD-461 RS103 (Ships, Metallic, Below Deck). Similar profiles have been defined for CS101.

TILE! - R5103 (Ships, Metallic, Below Deck) - ] =
File Edit View Structure Graphics Run Window Tools NII/O Trace Help

D EBd|ls=n(a2[ )it meL| sk

Project 183 RS103 (Ships, Metallic, Below Decdd) [ ¥ | Properties ol |
~ = | & e oy =
+E o= T+ @ o=|a|lw

=-[8] RS103 (Ships, Metallic, Below Deck) =]

imports Title
data File Version
graphs Main Action <no action>
tables Refresh Rate (ms) 5000
instruments Save Simulation Setup False
actions I/S Show Flowchart True
leg RS103 (Ships, Metallic, Below Deck)

i audit

-0 views

v
W) Project | BB Paietis _J< >
Instruments e i x |
+egdo|l=&
Narme Madule Type Bd  Addr Driver Version Serial Number Cal Date  VISA VI
5 AR SG1200 IFR (Marconi) 2023 Signal Generator  Signal Generator GPIB 18 MARC2023.ins 7432  Unknown Unknown
W ) Instruments | (3 Find Log

ready _ Halted Ready Errors: 1, Warnings: 0
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The screen below shows the properties tabs of the Administrator defined profile. In these tabs, the admin-
istrator has defined the frequency range, step size, test level, modulation type, dwell time, instrumenta-
tion, etc.

TILE! - RS103 (Ships, Metallic, Below Deck) - O x
File Edit View Structure Graphics Run Window Tools MNII/O Trace Help
b Hd| s =222 p(dT @O Al

Project L8 = | RS103 (Ships, Metallic, Below Deck) [E3 + | Properties 1 g3

= 0= 4 -AJ“ E|B|.\

21 R5103 (Ships, Metallic, Below Deck) s e e i ! = A
B imports i niifty Test R5103 (Ships, Metallic, Below Deck)

data ‘ n Audit Trail False
graphs i Primary Amp  Injection Level ~ Sec Amp-Hamonics ~ Leveling  TEM nce 0
tables | Check Reference  Threshold  Auto Thresholdng  AM Madulation dialog False
BB instrurnents | FMModulation  Pulse Modulation = PM-Key = Calibration  Probe Cal. ;y Text
actions : Results - 1 Results - 2 Calculations Instruments Probes  'Test in Progress” Banner False
log | Samples  Montors  Fostion  Process  Pass/Fail  Bookmarks be immunity.dll
audit ‘ Action Frequency FreqStep1 FreqSteps2  Freq Steps 3 Pause ke Jan 10 3£-|g - 05:44:32 PM
T i !
Gl views [ St From Data I

Level_10%-m

Start Frequency: MHZ | Inits ViMm v
f Stop Frequency: |30 | |GHZ » I

#Hof Steps/ Dec/%: [log Percent

[ Aute Save every steps.

W) Project | B8 Palelts _]<:

Instruments ‘ O |

+=2H o | == OK Cancel Apply

Narme Madule Type Bd  Addr Driver Version  Serial Mumber  Cal Date  VISA VI ol
AR 5G1200 Demo Instrument  Other GPIB 18 DEMO.ins 7432  Unknown Unknown %

Elows | Blowa caner Mowstuments [ rma [Biog |

For Help, press F1 _ Error  R5103 [Ships, Metallic, Below Deck} Errors: 7, Warnings: 0 000156 12:41:27
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The screen below shows the running profile, where the user can monitor the test in progress.
TR Ietallic - =]
File Edit View Structure Graphics Run Window Toels WNII/O Trace Help
D | Had| & B Z2| P T O Al
Praject 8 | RS103 (Ships, Metallic, Below Deck) [E1 ~+ | Properties |
+ & 0= = =6 %
R5103 (Ships, Metallic, Below Deck) =] (s
. Below Dieck)
Immunity Test
Frequency Amplitude: Sensars Ths Step P
22537 Mz Field |1 s e
Standard 10,00 [¥/m Bs
Step Aneer :l Generator [dBm] [0.00
Step Size =3 E
Mext 3>
Max dBrm |0 Diweell [mz]
<< Previous Min dBm [123 Probe (0000 | [Nene ]| o0
v
tanitoring Level RADIATING Finizhed Pass
Monlt?I Lavetl Cancel Fail Help
M anitor Lirmit e -
St 00 Cormeris
Deta (000 |[0
W Project | 58 Palette K - :
Instruments ol |
+Eldo|=&
Narme Madule Type Bd  Addr Driver Version  Serial Mumber  Cal Date  VISA VI o)
AR SG1200 Demo Instrument Other GPIB 18 DEMO.ins 7432  Unknown Unknown %
| o n P PR . 11, ST LA io. Taan i : I
|E ta E lInstruments QF:nu og
_Running R5103 [Ships, Metallic, Below Deck) Errors: 5, Warnings: 0 00:01:29 | 12:40:39

i_action : R5103 _[_Sﬂi_p_sL Me_talli_c_,_ Below Dreck} Runnir_l_g:. __._ -

End of Test Report
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This report and the information contained herein represents the results of testing of only those articles/products identified in this document and
selected by the client. The tests were performed to specifications and/or procedures approved by the client. National Technical Systems (“NTS”) makes
no representations expressed or implied that such testing fully demonstrates efficiency, performance, reliability, or any other characteristic of the
articles being tested, or similar products. This report should not be relied upon as an endorsement or certification by NTS of the equipment tested, nor
does it present any statement whatsoever as to the merchantability or fitness of the test article or similar products for a particular purpose. This
document shall not be reproduced except in full without written approval from NTS.
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1.0 PURPOSE

This test report describes the methods used for the Environmental and Dynamic
Testing of the Wave Relay tested for Persistent Systems. This test program was
conducted to determine the ability of the Wave Relay to successfully satisfy the

NTS Test Report Number: PR043362.PSL
Revision O

requirements specified in the references listed in section 2.0 of this report.

1.1 Test Program Sequence

1.1.1. Receipt Inspection

Upon receipt at NTS, the Wave Relay was visually inspected to
ensure there had been no damage due to shipping/handling, and to
confirm that the test model number and serial number coincide

with those on the packing list.
No discrepancies or damage was observed.

1.1.2. Functional Test

The Wave Relay was checked for functionality before, during and

after testing as applicable.

1.1.3. Testing

Tests and Test Methods

Test Standard/Test Method Test
Result
High Temperature
) MIL-STD-810G Method 501.5 Procedure | Pass
Operation
Vibration MIL-STD-810G Method 514.6 Procedure | Pass
Transit Drop MIL-STD-810G Method 516.6 Procedure IV Pass

36 Gilbert Street South e Tinton Falls, New Jersey 07701

(732) 936-0800 » Fax (732) 936-0700

www.nts.com
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2.0 APPLICABLE DOCUMENTS
2.1 NTS Quotation Number OP0184398
2.2 Persistent Systems PO Number 13800
2.3  MIL-STD-810G
2.4  1SO 17025:2005
2.5  ANSI NCSL Z2540-1

2.6 NTS Corporate Quality Policy Manual
Revision 8, Dated April 22, 2016.

3.0 TEST ITEMS

3.1 Description

Qty. Item P/N S/N

Wave Relay | WR-5100 | 19493

Wave Relay | WR-5100 | 19260

Wave Relay | WR-5100 | 19490

3.2 Security Classification of Items

None

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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4.0 TEST DATE(S) AND EQUIPMENT

4.1

4.2

Test Date(s)

Test Date(s)

High Temperature Operation 2/19/16-2/22/16
Vibration 2/17/16
Transit Drop 2/17/16

Test Equipment

The instrumentation used in the performance of these tests is periodically
calibrated and standardized within manufacturer's rated accuracies and are
traceable to the National Institute of Standards and Technology. The
calibration procedures and practices are in accordance with ANSI/NCSL Z540-
1 and ISO 17025:2005. Certification of calibration is on file subject to
inspection by authorized personnel.

5.0 GENERAL TEST REQUIREMENTS

5.1

5.2

5.3

Test Facility

The Wave relay was tested for Environmental and Dynamic tests at NTS test
facilities located in Tinton Falls, NJ.

Test Sample Configuration

The test item configurations are documented in the photographs contained
in this test report.

Functional Pass/Fail Criteria
The Wave Relay shall successfully satisfy the requirements specified in the

references listed in Section 2.0 of this procedure. The Wave Relay will be
checked for functionality before, during and after testing as applicable.

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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6.0 TEST PROCEDURE

6.1 High Temperature Operation

6.1.1.

6.1.2.

6.1.3.

Requirement

The Wave Relay shall be tested for High Temperature Operation using
MIL-STD-810G, Method 501.5 Procedure | at 85°C maximum.

Test Procedure

The Wave Relay was placed into the temperature chamber in
operational configuration.

The chamber temperature was adjusted to 35°C.

After temperature stabilization occurred, the following profile was run
for 7 cycles (adjusted for 85°C).

The chamber was brought back to ambient temperature.

The Wave Relay was visually examined for damage and operated.

Time of Day MIL-810G Profile | Modified Profile
0100 35°C 35°C
0200 34°C 34°C
0300 34°C 34°C
0400 33°C 33°C
0500 33°C 33°C
0600 33°C 33°C
0700 36°C 36°C
0800 40°C 44°C
0900 44°C 49°C
1000 51°C 58°C
1100 56°C 66°C
1200 63°C 70°C
1300 69°C 75°C
1400 70°C 80°C
1500 71°C 85°C
1600 70°C 80°C
1700 67°C 75°C
1800 63°C 68°C
1900 55°C 60°C
2000 48°C 53°C
2100 41°C 45°C
2200 39°C 39°C
2300 37°C 37°C
2400 35°C 35°C

Comments

The Wave Relay complied with the High Temperature Operation test.

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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Test Data
MIL-810G High Temperature Storage
90
e - W~ s - H— i W
P " T s *
29 - - " - P o n
1 —
10
0
S>S3233S3S3S3S32=2=2=233Ss5s5=2=2=2=2=25383293
[ N = = G = Y = M - M ~ W W e G (R~ Gl = W ~ W - W WD -
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AN N HORNNOD N TN LM AdOONDONO Ao o0 oA
NN Adng NI TN NG TN TN NI Q O
Hvngéﬁ@&gmmw:&ﬁﬁaﬁﬁhmaaaaQ
NN
AN AN N NS
o
==Temperature DegreesC
Test Equipment Used
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
Envi tal F-16-CHMV-
WC005759  Thermotron oot gl 28376  4/28/2015  4/28/2016
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Photographs
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6.2 Vibration

6.2.1.

6.2.2.

6.2.3.

Requirement

The Wave Relay shall be tested for Vibration using MIL-STD-810G,
Method 514.6 Procedure | ground vehicles.

Test Procedure
The Wave Relay was mounted to the vibration table in non-

operational condition.
The following vibration profile was run for 1 hour per axis.

1.0E+00

—ertical
= Transverse
Longitudmal

1.0E-01

1.0E-02

Schedule PSD, g’/ Hz

1.0E-03

1.0E-04

Frequency, Hz

Figure 514.6C-3 — Category 4 - Composite wheeled vehicle vibration exposure.

The Wave Relay was visually examined and an operational check was
conducted after the test.

Comments

The Wave Relay complied with the Vibration test requirements.

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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Test Equipment Used
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
o . MA145A-
NJ1130 Unholtz-Dickie Amplifier 1301AR 2418 NCR NCR
NJ1127 Unholtz-Dickie Shaker T1000 476 NCR NCR
Spectral Vibration 2405-9700- 2400-
NJ1205 Dynamics Controller 1 2041 10/22/2015  10/22/2016
WC005385 PCB Accelerometer 353B18 54920 3/25/2015 3/25/2016
Photographs

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
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6.3 Transit Drop

6.3.1.

6.3.2.

6.3.3.

Requirement

The Wave Relay shall be tested for Transit Drop using MIL-STD-810G,
Method 516.6 Procedure IV. The units will be outside of the shipping
container. The Wave Relay will be dropped from a height of 48” on all
faces, edges and corners. 26 total drops.

Test Procedure

The Wave Relay was dropped 26 times from a height of 48” as noted
above.

The Wave Relay was visually examined and an operational check was
conducted.

Comments

The Wave Relay complied with the Transit Drop requirements.

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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Test Data
-:; TEST PROALE TR- 43362
‘...;r
Customer Name: Persistent Systems Unit(s) Under Test: Wawe Relay
Test Name: Shock Quantity. 1
Specification: ML-810G P/N(s): WR-5100
Spec. Date: SIN(s): 19260
Para./Method: 516.6AV
# of Drops (each) 26
Height of Drop (inches) 48
Width of Bench (cm) NVA
Point of Contact on Drops Each face, edge, and corner of shipping container

TEST SETUP AND RESULTS

Test Started: | 2172016 | | TestCompleted: |  2/17/2016 |

Unit Under Test Information Y
Tested in shipping container:
Powered during testing:
Functionally operated during test:
Functional test withessed by NTS:
Physical damage noted:

N/A Comments

XX X|X|x|=Z

COMMENTS:

Test Technician: [ Brian Pasznik |

36 Gilbert Street South e Tinton Falls, New Jersey 07701
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Test Equipment Used
NTS#  Manufacturer Make Model S/N Cal. Date Cal. Due
NJ1163 L.A.B. Drop Test System  AD-160A 291225 NCR NCR

Photgaph;
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Post Test Phot

END OF REPORT
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This report and the information contained herein represents the results of testing of only those articles/products identified in this document and selected
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1.0 PURPOSE

This test report describes the methods used for the Environmental and Dynamic
Testing of the Equipment Under Test tested for Persistent Systems This test
program was conducted to determine the ability of the Equipment Under Test to
successfully satisfy the requirements specified in the references listed in section
2.0 of this report.

1.1 Test Program Sequence
1.1.1. Receipt Inspection
Upon receipt at NTS, the Equipment Under Test was visually
inspected to ensure there had been no damage due to
shipping/handling, and to confirm that the test model number and
serial number coincide with those on the packing list.
No discrepancies or damage was observed.

1.1.2. Functional Test

The Equipment Under Test was checked for functionality before,
during and after testing as applicable.
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1.1.3. Testing
Tests and Test Methods
Test Standard/Test Method
Altitude Storage MIL-STD-810G Method 500.5, Procedure |
Altitude Operation MIL-STD-810G Method 500.5, Procedure I
High Temperature Storage MIL-STD-810G Method 501.5 Procedure I
High Temperature Operation MIL-STD-810G Method 501.5 Procedure |
Low Temperature Storage MIL-STD-810G Method 510.5, Procedure |
Low Temperature Operation MIL-STD-810G Method 510.5, Procedure I
Temperature Shock MIL-STD-810G, Method 503.5, Procedure I-D
Vibration (Ground Transportation) MIL-STD-810G Metho?v514.6 Procedure I, Cat.
2.0 APPLICABLE DOCUMENTS
2.1 NTS Quotation Number OP0523614
2.2 Persistent Systems PO Number 19414
2.3 MIL-STD-810G
24 NTS Corporate Quality Policy Manual
Revision 9, Dated September 20, 2018.
3.0 TEST ITEMS
3.1 Description
Item# | Qty Description Part # Serial #
1 1 MPUS5 Radio MPU5 31783
RF-2150 10W S-
2 1 Band Card WR-ACC-088 1815

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.ntscorp.com
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3.2 Security Classification of Items

None

4.0 TEST DATE(S) AND EQUIPMENT

4.1 Test Date(s)

Test Performed Test Date(s)
Altitude Storage 9/24/19
Altitude Operation 12/2/19

High Temperature Storage 9/26/19-10/2/19
High Temperature Operation | 11/25/19-11/28/19

Low Temperature Storage 9/25/19
Low Temperature Operation 11/21/19
Temperature Shock 11/19/19
Vibration 11/19/19

4.2 Test Equipment

A list of the test equipment to be used is included in Appendix A of this
procedure. This equipment is calibrated according to ISO 10012-1 and
calibration is traceable to the National Institute of Standards and Technology
(NIST). Calibration records are maintained on file at National Technical
Systems.
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5.0 GENERAL TEST REQUIREMENTS
5.1 Test Facility

The Equipment Under Test was tested for Environmental and Dynamic tests at
NTS test facilities located in Tinton Falls, NJ.

5.2 Test Sample Configuration

The test item configurations are documented in the photographs contained
in this test report.

5.3 Functional Pass/Fail Criteria

The Equipment Under Test shall successfully satisfy the requirements
specified in the references listed in Section 2.0 of this procedure. The
Equipment Under Test will be checked for functionality before, during and
after testing as applicable.
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6.0 TEST PROCEDURE

6.1 Altitude (Storage)

6.1.1.

6.1.2.

6.1.3.

Requirement

The Equipment Under Test shall be tested for Altitude Storage per
MIL-STD-810G, Method 500.5, Procedure I.

Test Procedure
The Equipment Under Test was installed into the chamber.

The test chamber’s temperature and humidity were maintained at
ambient conditions and the chamber altitude was ramped to 18,300 m
(60,000 ft.). The pressure ramp was performed at a rate not to exceed
10 m/s (2,000 ft./min). The chamber altitude versus time conditions
was continuously recorded.

These chamber conditions were maintained for a period of 60 minutes.
The chamber altitude versus time conditions was continuously
recorded.

Comments

The Equipment Under Test complied with the Altitude (Storage)
requirements.
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Test Data
MIL-STD-810G Storage Altitude
30 0
25 \ 74. - 2
[ 4 e ——
20 %",-— | ‘2
15 \\ / -8
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10
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5 %/ - _14
0 -16
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QO N O O N O~ = 0 N QW NN o M~ 00 N Q)
NN e dddnngNNe dNnd TN e e
L e I T T o A o O o A o I o Y o Y o T o Y o O o O o O 0 o O 0 O o O o 0 O o T~ L~
Lo I I I O O O O B I B B B B I T I I B T IO I B I |
=—=Temperature Degrees C == Altitude PSIG
Test Equipment
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
WC005408 NTS Altitude Chamber N/A 1 5/2/2019 5/2/2020
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6.2 Altitude (Operation)

6.2.1.

6.2.2.

6.2.3.

Requirement

The Equipment Under Test shall be tested for Altitude Operation per
MIL-STD-810G, Method 500.5, Procedure Il.

Test Procedure

The Equipment Under Test was installed into the chamber in
operational configuration.

The test chamber’s temperature and humidity were maintained at
ambient conditions and the chamber altitude was ramped to 18,300 m
(60,000 ft.). The pressure ramp was performed at a rate not to exceed
10 m/s (2,000 ft./min). The chamber altitude versus time conditions
was continuously recorded.

These chamber conditions were maintained for a period of 60 minutes.
The chamber altitude versus time conditions was continuously
recorded. An operational check was conducted and the results were
documented.

Comments

The Equipment Under Test complied with the Altitude (Operational)
requirements.
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Test Data

MIL-STD-810G Operational Altitude

21.5 -12
20.5 -16
S22 2222 2ccccccze==
dddddadddadadadddd<aaraanonaacn
5335556666555555858553838¢9
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0o OO0 00 o A A = 48NN NN
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=—=Temperature Degrees C == Altitude PSIG
Test Equipment
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
WC005408 NTS Altitude Chamber N/A 1 5/2/2019 5/2/2020
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6.3 High Temperature Storage

6.3.1.

6.3.2.

6.3.3.

Requirement

The Equipment Under Test shall be tested for High Temperature
Storage using MIL-STD-810G, Method 501.5 Procedure | at 85°C
maximum.

Test Procedure

The Equipment Under Test was placed into the temperature chamber.
The chamber temperature was adjusted to 35°C.

After temperature stabilization occurred, the following profile was run
for 7 cycles (adjusted for 85°C).

The chamber was brought back to ambient temperature.

The Equipment Under Test was visually examined for damage and
operated.

TABLE 501.4-IL High temperature cycles, climatic category - Hot”

Ambient Air Conditions Induced Conditions

Time of Day Temperaturel: Humidity? Temperaturel: Humidity?

°C (F) % RH °C (°F) % RH
0100 33 (93 [ 6
0200 34 94 7 7
0300 34 (93) 7 7
0400 33 (92) 8 7
0500 33 (91 8 7
0600 32 (90) 8 7
0700 33 (91 8 5
0300 35 (93) [ 4
0900 38 (101) ] 4
1000 41 (106) 5 3
1100 43 (110) 4 2
1200 44 (112) 4 2
1300 47 (116) 3 6 (156) i
1400 48 (118) 3 70 (158) 1
1500 48 (119) 3 71 (160) 1
1600 40 (120) 3 0 (158) !
1700 48 (119) 3 67 (133) 1
1800 48 (118) 3 63 (143) 2
1900 46 (114) 3 53 (131) 2
2000 42 (108) 4 48 (118) 3
2100 41 (105) 5 41 (103) 5
2200 39 (102) 6 39 (103) 6
2300 38 (100) 6 37 (99) [;
2400 37 (99) [ 33 (93) 6

These cycles were derived from AR 70-38, 1 August 1979, and essentially conform to those in MIL-HDBK-310 and
NATO STANAG 2895 These values represent typical conditions throughout a typical day in this climatic category
"Induced Conditions" are air temperature levels to which materiel may be exposed during storage or transit situations
that are aggravated by solar loading
= Humidity control during high temperature testing is generally not necessary. Use these values only in special cases.
= Data were originally recorded in °F and converted to °C. Hence. table data conversion may not be consistent

Comments

The Equipment Under Test complied with the High Temperature
Storage test.

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
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Test Data

MIL-STD-810 High Temperature Storage

90
Z§ .rh .r"." .r'ﬁi .r"l'i .r‘ﬁ'. .r"l'i
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0
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— — — — — — —
——Temperature Degrees C
Test Equipment Used
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
T t SE-600-5-
WC058388  Thermotron emperature 30390 8/14/2019  8/14/2020
Chamber 5
Data Acquisition

WC024140 Agilent 34970A  US37038572  5/2/2019 5/2/2020

Unit
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6.1 High Temperature Operation

6.1.1.

6.1.2.

6.1.3.

Requirement

The Equipment Under Test shall be tested for High Temperature
Operation using MIL-STD-810G, Method 501.5 Procedure Il at 85°C
maximum.

Test Procedure

The Equipment Under Test was placed into the temperature chamber
in operational configuration.

The chamber temperature was adjusted to 35°C.

After temperature stabilization occurred, the following profile was run
for 3 cycles (adjusted for 85°C).

The chamber was brought back to ambient temperature.

The Equipment Under Test was visually examined for damage and
operated.

TABLE 501.4-IL High temperature cycles, climatic eategory - Hot

Ambient Air Conditions Induced Conditions
Time of Day Temperaturel: Humidity? Temperaturel: Humidity?
°C  (°F) % RH °C  (°F) % RH
0100 3599 6 35 (99) 6
0200 34 (04) 7 34 (94) 7
0300 34 (93) 7 ETR T
0400 33 (92) 8 (@2
0500 33 @ 8 (@2
0600 32 (90) 8 (
0700 33 @ 8 6 (@7 5
0800 3599 6 40 (104) 4
0900 38 (101) 6 4 (1 4
1000 41 (106) 5 51124 3
1100 £ (10) 4 56 (133)
1200 44 (112) 4 63 (145)
1300 47 (116) 3 69 (156) 1
1400 48 (118) 3 70 (158) 1
1500 48 (119) 3 T (160) 1
1600 19 (120) 3 0 (158) 1
1700 48 (119) 3 87 (153) 1
1800 48 (118) 3 83 (145)
1900 16 (114) 3 55131 2
2000 42 (108) 4 48 (118) 3
2100 41 (103) 5 41 (10%) 5
2200 38 (102) 6 39 (103) 6
2300 38 (100) 6 (9)
2400 37 (99) 6 35 (9%) 6

These cycles were derived from AR 70-38, 1 August 1979, and essentially conform to those in MIL-HDBK-310 and
NATO STANAG 2895, These values represent typical conditions thronghout a typical day in this climatic categery.
"Induced Conditions" are air temperature levels to which materiel may be exposed during storage or transit situations
that are aggravated by solar loading
2 Humidity control during high temperature testing is zenerally not necessary. Use these values onty in special cases.
= Data were originally recorded in °F and converted to °C. Hence. table data conversion may not be consistent

Comments

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
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The Equipment Under Test complied with the High Temperature
Operational test.
Test Data
MIL-810G High Temperature
Operational
100
80
60
=
20
0
SS2=2=2=2=2=2=232>2>2=2=2=2=2=2=2=2=2=2=2=2=2=:2
Lo N N G P = G~ W ~ Y = W < WY < W (R (R ™ (- W W = W - W™ (R G = G ¢
ONNNNRNNNDNDNNRNNNNNNNNNNNNDNDNDN
S AN AN AN NN AN AN NN NN NN NN
ARNMINMON AONINNDADRNODNANNDNADND O o D
AT NO A M OO N MMM A NINMNOAESSNOANMMOWO A
— i — — i -
——Temperature DegreesC
Test Equipment Used
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
Temperature SE-600-5-
WC058388 Thermotron Chamber 5 30390 8/14/2019 8/14/2020
WC024140 Agilent Data AJ:;'S'“" 34970A  US37038572  5/2/2019  5/2/2020
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6.2 Low Temperature (Storage)

6.2.1.

6.2.2.

6.2.3.

Requirement

The Equipment Under Test shall be tested for Low Temperature using
MIL-STD-810G, Method 502.5 Procedure | at -55°C.

Test Procedure
The Equipment Under Test was installed into the chamber.

The Equipment Under Test was placed into the temperature chamber
in operational configuration, turned off.

The chamber temperature was adjusted to -55°C.

After temperature stabilization occurred, the test was continued for 4
hours.

The chamber was brought back to ambient and Equipment Under Test
was visually examined for damage and operated.

Comments

The Equipment Under Test complied with the Low Temperature
Storage requirements.

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
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Test Data

MIL-STD-810G Low Temperature Storage

30
20
10
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30
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L o L f L f L I L I L I L < <L 000 oo oo
Sogdogogsgsgsgggdgdgdasagadad
I23233333I2FISIAI8ISITSIARIBIST
000N MO NO OO0 0 oA NNNNSS A 9 N
L= B B B I I I T B B |
=—==Temperature Degrees C
Test Equipment
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
WC058389 Thermotron Temperature Chamber SE-600-5-5 30915 5/2/2019 5/2/2020
WC024140 Agilent Data Acquisition Unit 34970A US37038572 5/2/2019 5/2/2020
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6.3 Low Temperature (Operational)

6.3.1.

6.3.2.

6.3.3.

Requirement

The Equipment Under Test shall be tested for Low Temperature using
MIL-STD-810G, Method 502.5 Procedure Il at -20°C.

Test Procedure
The Equipment Under Test was installed into the chamber.

The Equipment Under Test was placed into the temperature chamber
in operational configuration, turned on.

The chamber temperature was adjusted to -20°C.

After temperature stabilization occurred, the test was continued for 3
hours while monitoring the functionality of the Equipment Under test
for the duration of the low temperature test.

The chamber was brought back to ambient and Equipment Under Test
was visually examined for damage and operated.

Comments

The Equipment Under Test complied with the Low Temperature
Operational requirements.
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Test Equipment
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
WC058389 Thermotron Temperature Chamber SE-600-5-5 30915 5/2/2019 5/2/2020
WC024140 Agilent Data Acquisition Unit 34970A US37038572 5/2/2019 5/2/2020
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6.4 Temperature Shock

6.4.1.

6.4.2.

6.4.3.

Requirement

The Equipment Under Test shall be tested for Temperature Shock using
MIL-STD-810G, Method 503.5 Procedure I-D.

Test Procedure

The Equipment Under Test was installed into the chamber.

The chamber temperature was adjusted to -20°C.

After temperature stabilization occurred, the test was continued for 1
hour.

The chamber was brought back to ambient conditions, then the EUT
was transferred to the second chamber where the temperature was
adjusted to 85°C.

The chamber was brought back to ambient and Equipment Under Test
was visually examined for damage and operated.

Comments

The Equipment Under Test complied with the Temperature Shock
requirements.
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Test Data
M' TEST PROFILE PR102218
Customer Name: Persistent Systems Unit(s) Under Test: MPUS5, Radio Card
TestName: Temperature Shock Quantity: 2
Specification: MIL-810G PIN(s):
Spec. Date N/A SIN(s):
Para. / Method: Method 503.5, Proc I-D
Thermal Controller Profile
Stepf 1 [2[3[4[5[6[7[8[9[10f{11[12]13]|14|15]|16]|17|18]|19)|20]|21|22]|23|24]|25
Total Time| ooz | 102 | 103 | 205 | 205 | sos | sor | 407 | 408 | 508 | 508 | 508 | 508 | 508 | 508 | 508 | 508 | 508 | 508 | 5.0 | s.08 | 508 | 508 | 508 ] 508
Temp 25[25[-20[-20[25[25|85[85]|25] 25
Humidity
Aux.
Hours 1 1 1 1 1
Minutes | 1 1 1 1 1
Seconds
Recycles
Next Step
Temp Humidity —— Aux.
100
80
60
2
£ 40
o
Q
‘u'J‘ 20
2]
0
0.0 ID\D 240 3.00 4.00 5.00 6.00
-20
-40
Time
TEST SETUP AND RESULTS
Test Started: | 11/19/2019 | | Test Completed: | 11/19/2019 |
Unit Under Test Information Y [N [NA Comments
Tested in shipping container: X
Operating during test: X
Operated by client: X
Powered during testing: X
Passes post-test functionals: X
Physical damage noted: X
Does unit(s) pass requirements: X
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NTS # Manufacturer Make Model S/N  Cal.Date Cal. Due
WC058389 Thermotron Temperature/Humidity Chamber SE-600-5-5 30915 5/2/2019 5/2/2020
WC058388 Thermotron Temperature Chamber SE-600-5-5 30390 8/14/2019 8/14/2020
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6.5 Vibration

6.5.1.

6.5.2.

6.5.3.

Requirement

The Equipment Under Test shall be tested for Vibration using MIL-STD-
810G, Method 514.6 Procedure | ground vehicles.

Test Procedure

The Equipment Under Test was mounted to the vibration table in non-
operational condition.

The vibration profile was run for 1 hour per axis.

The Equipment Under Test was visually examined and an operational
check was conducted after the test.

Comments

The Equipment Under Test complied with the Vibration test
requirements.
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Test Level: 00000dB
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x: 0,y 0 Locked

10

Start Date: 11192019
Start Time: 10:38:03

NTS # Manufacturer
WC005346 Unholtz-Dickie
WC005343 Unholtz-Dickie
WC040825 spectral
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WC005360 PCB
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Level Time Remaining: 0000: 00:00

Test Equipment Used
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Controller
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1.0 Introduction

11 Purpose

The purpose of this report is to document the procedural steps for testing and criteria for evaluating the
results of the Electromagnetic Interference (EMI) testing of the MPU5 Radio with RF-4100 Lower C-Band
Card. The test program was conducted to determine the ability of the MPU5 Radio with RF-4100 Lower
C-Band Card to successfully satisfy the requirements specified Section 4.

This EMI Test Report (EMITR) is contracted by Persistent Systems LLC. It is the end user who is ulti-
mately responsible for the compliance of the equipment installed. The contracted test facility is National
Technical Systems (NTS) in Tinton Falls, New Jersey.

Scope

This EMITR is applicable to the qualification of the MPU5 Radio with RF-4100 Lower C-Band Card. The
MPUS5 Radio with RF-4100 Lower C-Band Card is required to meet the Army Ground requirements per
MIL-STD-461F.

1.2 Acronyms

EMC: Electromagnetic Compatibility ODBC: Open Database Connectivity
EMI: Electromagnetic Interference OLE: Object Linking and Embedding
EMITP: Electromagnetic Interference Test Procedure  PSA: Performance Spectrum Analyzer
EMITR: Electromagnetic Interference Test Report RF: Radio Frequency

EUT: Equipment Under Test TEM: Transverse Electromagnetic
LISN: Line Impedance Stabilization Network TPD: Terminal Protection Device

1.3 Definitions

Decibel (dB) is a logarithmic unit of measurement that expresses the magnitude of a physical quantity
(usually power or intensity) relative to a specified or implied reference level.

Metric Units are a system of measures defined by the International System on Units based on the “Le
System International d’ Unites (Sl)”, of the International Bureau of Weights and Measures. These units
are described in ASTM E3380.

Non-Developmental Item is a broad, generic term that covers material available from a wide variety of
sources both industry and Government with little or no development effort required by the procuring activ-
ity.

Octave refers to the interval between one frequency and another with double its frequency.
Semi-Anechoic Chamber refers to a chamber with RF absorber lining on all walls and ceiling, but not the
floor.

Safety Critical is a category of subsystems and equipment whose degraded performance could result in
loss of life or loss of vehicle platform.

Test Setup Boundary includes all enclosures of the EUT and the 2 m of exposed interconnecting leads
(except for leads which are shorter in actual installation) and power leads required by MIL-STD-461F.
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2.0 References
The following listed in Tables 2.0-1 and 2.0-2 form a part of this document to the extent specified herein.

Table 2.0-1: Government Specifications, Standards, and Handbooks

Department of Defense Interface Standard, Requirements for the Control
1 |MIL-STD-461F of Electromagnetic Interference Characteristics of Subsystems and
Equipment, dated December 10, 2007

Table 2.0-2: Other Documents, Drawings, and Publications

2 ISO/IEC 17025 Generql Requirements for the Competence of Testing and Calibration La-
boratories, 2005

3 NTS QPM National Technical Systems Quality Policy Manual, Rev 10, 8/1/2019

Calibration Laboratories and Measuring and Test Equipment—General
Requirements

5 P.O # 19972 Persistent Systems LLC Purchase Order.

4 ANSI NCSL Z540-1

6 OP0532558 NTS Quotation to Persistent Systems LLC.
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3.0 Equipment Under Test

3.1 Description

The Equipment Under Test (EUT) for this test program shall be the MPUS Radio with RF-4100 Lower
C-Band Card.

Table 3.1-1: EUT Info

Unit Designation MPU5 Radio with RF-4100 Lower C-Band Card
Type Assembly

Model Number WR-5100, RF-4100

Serial Number 39628 (MPUS5), 31628 (Lower C-Band Card)
Serial Number (CE106) 28360 (MPUS5), 47480 (Lower C-Band Card)
Power Rating Battery Powered

3.2 EUT System Setup

Figure 3.2-1 shows the general system setup and connections.

Unclassified Defense Technical Data
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Figure 3.2-1: MPU5 Radio with RF-4100 Lower C-Band Card EMI Setup Overview
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3.3 EUT Operation and Monitoring

The EUT was turned on placed in transmit/receive mode.

During susceptibility testing, another radio, connected to a laptop computer was used to communicate
with the EUT radio.

3.4  Susceptibility Criteria

e It shall not be acceptable for the EUT to lose communication with the laptop computer.
e The ping session shall not show any lost packets.
e The bandwidth tester shall not show decreased bandwidth.

3.5 EUT Bonding / Grounding Requirements

There were no bonding / grounding requirements specified for the EUT.

3.5.1 Bonding/ Grounding Measurement Results

There were no bonding / grounding requirements specified for the EUT.

N/A N/A
N/A N/A

N/A N/A

3.5.1.1 Bonding / Grounding Test Equipment

Table 3.5-1: Bonding / Grounding Test Equipment

N/A N/A N/A N/A N/A N/A N/A

Calibration Abbreviation
NCR: No Calibration Required

Unclassified Defense Technical Data
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3.6  Security Classification
The MPUS5 Radio with RF-4100 Lower C-Band Card is considered an unclassified defense article. While
unclassified, it should be handled only by authorized personnel.

4.0 Test Requirements
This section provides an overview of the EMI test plan.

41 Tests and Location

Table 4.1-1: Tests and Locations

5.1 RE102 5.17 AR3
5.2 RS101 5.19 AR2
5.3 RS103 5.20 AR1
5.4 CE106 5.6 AR1
Note 1: All testing was performed at NTS in Tinton Falls, NJ.

4.2 Test Resources
4.2.1 Test Equipment

Lists of the NTS provided equipment used during testing will be included in each test section. This equip-
ment is calibrated according to ISO/IEC 17025, ANSI NCSL Z540-1, and calibration is traceable to the
National Institute of Standards and Technology (NIST). Calibration records are maintained on file at NTS.

Frequency Accuracy

In order for the EUT to successfully satisfy the requirements specified in the references listed in Section
2.0, the frequency accuracy of the recorded measurements shall be within £2%. Verification with a fre-
quency counter or other measuring device shall be required. Amplitude Accuracy shall be +2 dB

Unclassified Defense Technical Data
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4.2.2 Test Automation and Data Collection Software

Various software packages are used for test automation and data collection, depending on the test type.
Refer to Table 4.2-1 below for information on the software used for each test.
Refer to Appendix A for detailed descriptions of each software package.

Table 4.2-1: Test Automation and Data Collection Software

RE102 EMCware AutoScan 74414 9/12/2019
RS101 ETS Lindgren TILE! 7432 2/25/2019
RS103 ETS Lindgren TILE! 7432 2/25/2019
CE106 EMCware AutoScan 2020.8.26 8/26/2020

Unclassified Defense Technical Data
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4.3 General Test Requirements
4.3.1 Test Facility

All testing occurred within a shielded semi anechoic enclosure or shielded room, located in Tinton Falls,
NJ. Semi anechoic chambers are lined with anechoic Radio Frequency (RF) absorbing tiles and cones on
the walls and the ceiling. Peripheral equipment are located outside the shielded enclosure. All power
leads entering the shielded enclosures will be routed via electromagnetic interference filters to provide at
least 80 dB of attenuation above 10 kHz when measured in accordance with MIL-STD-220B. Intercon-
necting cables are routed via feed-through ports when practical. Shielding effectiveness to electric fields
and plane waves of this EMI test chamber exceed 80 dB from 14 kHz-10 GHz, and 60 dB from 10 GHz-
40 GHz.

4.3.2 Ground Plane and General Setup

When a ground plane is not present in the EUT installation, the EUT shall be placed on a non-conductive
table as shown in Figure 4.3-1.

Access
FPanel

Power
Source Interconnecting Cable Bond strap

= [] []

= =
R
EUT —» Plane
2cm 4 | |SNs
T e < L2

=

#

/ 10 cm ’i .+~ Non-Conductive Table

o / A > 80-90 cm

A I

Figure 4.3-1: General Test Setup Example
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4.4 Emissions Testing

Receiver Bandwidth and Measurement Time

The measurement receiver bandwidths listed in Table 4.4-1, which are derived from MIL-STD-461F, are
used for emissions testing. These bandwidths are specified at the 6 dB down points for the overall selec-
tivity curve of the receivers. Video filtering is not used to bandwidth limit the receiver response. A con-
trolled video bandwidth is available on the measurement receivers used; it was set to its greatest value.
This value was 50 MHz.

Table 4.4-1: Bandwidth and Measurement Times

30 Hz-1 kHz 10 Hz 0.15 sec 0.015 sec/Hz
1 kHz-10 kHz 100 Hz 0.015 sec 0.15 sec/kHz
10 kHz-150 kHz |1 kHz 0.015 sec 0.015 sec/kHz
150 kHz-30 MHz |10 kHz 0.015 sec 1.5 sec/MHz
30 MHz-1 GHz 100 kHz 0.015 sec 0.15 sec/MHz
> 1GHz 1 MHz 0.015 sec 15 sec/GHz

Ambient Electromagnetic Level

During testing, the ambient electromagnetic level is measured with EUT de-energized and all auxiliary
equipment turned on and shall be at least 6 dB below the allowable specified limits. Ambient conducted
levels on power leads are measured with the leads disconnected from the EUT and connected to a resis-
tive load which draws the same current as the EUT. The ambient are recorded in the EMITR.
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4.5 Susceptibility Testing

For susceptibility measurements, the entire frequency range for each applicable test are scanned. For
swept frequency susceptibility testing, frequency scan rates and frequency step sizes of signal sources
did not exceed the values listed in Table 4.5-1. The rates and step sizes are specified in terms of a multi-
plier of the tuned frequency (fo) of the signal source. Analog scans refer to signal sources which are con-
tinuously tuned. Stepped scans refer to signal sources which are sequentially tuned to discrete frequen-
cies. Stepped scans dwell at each tuned frequency for 3 seconds. Scan rates and step sizes are de-
creased when necessary to permit observation of a response.

Table 4.5-1: Susceptibility Scanning

30 Hz - 1 MHz 0.0333fo/sec 0.05fo

1 MHz - 30 MHz 0.00667 fo/sec 0.01fo
30 MHz - 1 GHz 0.00333 fo/sec 0.005 fo
1 GHz - 40 GHz 0.000667 fo/sec 0.0025 fo

Modulation of Susceptibility RF Signals
Susceptibility test signals for RS103 and CS14 are pulse modulated (on/off ratio of 40 dB minimum) at 1
kHz rate with a 50% duty cycle.

Thresholds of Susceptibility
When susceptibility indications are noticed in EUT operation, a threshold level shall be determined when
possible, and where the susceptible condition shall be no longer present. Thresholds of susceptibility are
determined as follows:
« When a susceptibility condition is detected, the interference signal shall be reduced until the EUT
recovered.
« The interference shall be reduced by an additional 6 dB.
o The interference signal shall be gradually increased until the susceptibility condition reoccurred.
o The level, frequency range of occurrence, frequency and level of greatest susceptibility, and other
test parameters, as applicable will be recorded.

Unclassified Defense Technical Data
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5.0 Test Methods, Procedures and Test Results
Test Methods and Test Results Summary

Table 5.0-1: Test Methods and Test Results Summary

Radiated Emissions, Electric Field, 2

5.1 RE102 MHz to 18 GHz 10/2/19, 10/3/19 PASS
5.2 RS101 Radiated Susceptibility, Magnetic Field 11/6/19 PASS
53 RS103 Radiated Susceptibility, Electric Field, 2 10/14/19, 10/15/19 PASS

MHz to 18 GHz

Conducted Emissions: Method CE106,
54 CE106 Conducted Emissions Antenna Termi- 2/17/21 PASS
nal, 10kHz to 40GHz
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5.1 Method RE102: Radiated Emissions, Electric Field, 2 MHz to 18 GHz
5.1.1 RE102 Purpose

This test verifies that electric field emissions from the EUT shall not exceed the limit specified in Figure
RE102-1 over the frequency range of 2 MHz to 18 GHz.

RE102 Limit for Ground Applications (Navy Mobile & Army)

(o]
o

~
o

18000, 69

o]
o

(%2
o

Level (dBuV/m)
w H
o o

N
o

2,24 100, 24

[y
o

o

1.00 10.00 100.00 1,000.00 10,000.00
Frequency (MHz)

Figure RE102-1: RE102 limit for ground applications (Navy Mobile & Army).
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5.1.2 RE102 Measurement System Check

1. The measurement system check was performed prior to testing.

2. The measurement system was set up per Figure RE102-2.

3. The evaluation was performed on the overall measurement system from each antenna to the data
output device at the highest measurement frequency of the antenna. For the active rod antenna,
the evaluation was performed at the lowest frequency of test, at a mid-band frequency, and at its
highest measurement frequency.

4. A signal generator was connected to the coax in place of the measurement antenna. For the ac-
tive rod antenna, the active rod antenna calibration fixture was used in place of the rod element
and the signal was injected across a 10 pF capacitor in the calibration fixture.

5. The signal generator was adjusted to produce a signal 6 dB below the RE102 limit shown in Fig-
ure RE102-1.

6. The signal detected at the measurement receiver was within £3 dB of the calibrated level.

7. This process was repeated for each frequency defined as follows:

o Active rod Antenna: 10.5 kHz (only for testing performed between 10 kHz and 2 MHz),
2.1MHz, 12MHz, 29.5 MHz

« Biconical Antenna: 197 MHz

o Large Double Ridged Horn Antenna: 990 MHz

o Small Double Ridged Horn Antenna: 17.5 GHz

8. Correction factors were added to the raw data collected from the measurement receiver. For ex-
ample:

Cable loss (dB) + Antenna factors (dB) + Raw Data (dBuV) - Preamplifier gain (dB) = corrected
data (dBuV/m)

9. Using the measurement path of Figure RE102-2, the following evaluation for each antenna was
performed to demonstrate that there is electrical continuity through the antenna:

A. A signal was radiated using an antenna or stub radiator at the highest measurement fre-
quency of each antenna.

B. The measurement receiver was tuned to the frequency of the applied signal and the received
signal of appropriate amplitude was present.

Note: This evaluation is intended to provide a coarse indication that the antenna is functioning

properly. There is no requirement to accurately measure the signal level.

10. An ambient measurement was performed across the frequency range with the EUT power leads
disconnected. All auxiliary support equipment was powered during this measurement.

Test Sctup Boundary

Antenma

[ ]
Measurement Path

Signal = Sy slem (Check Path

Generator I
Coax Cable .
Shiclded Enclousure
Mexsuncment Daia
Receiver Recorder

Figure RE102-2: RE102 Measurement System Check Setup
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5.1.3 RE102 EUT Test Setup
The EUT was setup in accordance with Section 3.2, Figure 3.2-1 and operated according to Section 3.3.
5.1.4 RE102 Antenna Positioning

1. Measure the EUT and test setup boundary for use in positioning of antennas. Use the physical
reference points on the antennas shown in Figure RE102-4 for measuring heights of the anten-
nas and distances of the antennas from the test setup boundary.

2. Position antennas 1 meter from the front edge of the test setup boundary for all setups.

3. Position antennas other than the 104 cm rod antenna 120 cm above the floor ground plane.

4. Ensure that no part of any antenna is closer than 1 meter from the walls and 0.5 meter from the
ceiling of the shielded enclosure.

The number of required antenna positions depends on the size of the EUT and test setup boundary and
the number of enclosures included in the setup.

For testing below 200 MHz, use the following criteria to determine the individual antenna positions.

a. For setups with the side edges of the boundary 3 meters or less, one position is required and the an-
tenna was centered with respect to the side edges of the boundary.

b. For setups with the side edges of the boundary greater than 3 meters, use multiple antenna positions
at spacings as shown in Figure RE102-5. Determine the number of antenna positions (N) by dividing the
edge-to-edge boundary distance (in meters) by 3 and rounding up to an integer.

For testing from 200 MHz up to 1 GHz, place the antenna in a sufficient number of positions such that the
entire width of each EUT enclosure and the first 35 cm of cables and leads interfacing with the EUT en-
closure are within the 3 dB beamwidth of the antenna.

For testing at 1 GHz and above, place the antenna in a sufficient number of positions such that the entire
width of each EUT enclosure and the first 7 cm of cables and leads interfacing with the EUT enclosure
are within the 3 dB beamwidth of the antenna.

Table RE102-1: RE102 Antenna Position Calculations, 2 MHz to 200 MHz

T
Antenna Range Used Antenna Be:::de;t:p Antenna
Model (MHz) Coverage (cm) il v Positions
ETS 3301C 2-30 300 6.5 1
EMCO 3109 30-200 300 6.5 1
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Table RE102-2: RE102 Antenna Coverage Calculations, 200 MHz to 18 GHz

Antenna Minimum 3dB Coverageat1l M
R H .
Model LR ) Beamwidth (°) Distance (cm)
ETS 3106 0.2-1.0 28 49.87
EMCO 3115 1-18 8 13.99

Antenna Coverage = 2*(TAN(©)*a)
Where © = 1/2 (antenna 3dB beamwidth)
a = antenna distance from setup boundary

Table RE102-3: RE102 Antenna Position Calculations, 200 MHz to 18 GHz

Antenna Antenna EUT Width Antfel.ma
Model Range Used (GHz) Coverage @ 1 M (cm) i) Positions
g Required
ETS 3106 0.2-1.0 49.87 6.5 1
EMCO 3115 1-18 13.99 6.5 1

Note 1: Did not add 35cm of cable (200 MHz — 1GHz) or 7cm of cable (>1 GHz), because the EUT has no cables.
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5.1.5

RE102 Test Procedure

The EUT and test equipment were set up in accordance with Section 5.9.3.

The required frequency range was scanned using the bandwidths and minimum measurement
times specified in Table 4.4-1.
3. Above 30 MHz, both horizontal and vertical polarities were tested. Below 30 MHz, only vertical
polarity measurements were performed.
4. Correction factors were added to the raw data collected from the measurement receiver. For ex-
ample:
5. Cable loss (dB) + Antenna factors (dB) + Raw Data (dBuV) - Preamplifier gain (dB) = corrected
data (dBuV/m)
6. The following types of antennas, listed in Table RE102-2, were used to scan the entire frequency
range:
Table RE102-4: Antenna Type and Applicable Frequencies
Antenna Characteristics Frequency Range
41” Active Rod 104 cm with |mpedange matchlng network, preampllfler, 2 MHz - 30 MHz
and square counterpoise measuring 60cm on a side
Biconical 137 cm tip to tip 30 MHz - 200 MHz
pouble Ridged | 69 x 94.5 cm opening 200 MHz - 1 GHz
agfr?'e Ridged 154 5 x 13.6 cm opening 1 GHz - 18 GHz
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\Wed, Oct 02, 2019
111:48:27 AM
AutoScan 7.4.4.14
|
Res BW (kHz) 10
Vid BW (kHz) 50000
\VERTICAL

ETS-Lindgren 3301C Ac-
tive Monopole

Graph # 6
'Sweep Time 90.0000

|Frequency|LeveI |Limit |DeltaHRaw |Ant. |Cable |Amp|AII Factors

MHz dBuV/m |[dBuv/m |dB | |dBuv |dB [dB |dB [dB

2000 {69 240 |71 [[18.53-1.69/0.07 [0.00 |1.62

System Check: 14MHz @ -90dBm (17dBuV)
Level - dBuVym

Frequency - MHz

\Wed, Oct 02, 2019
111:55:02 AM
AutoScan 7.4.4.14
|
Res BW (kHz) 10
Vid BW (kHz) 50000
\VERTICAL

ETS-Lindgren 3301C Ac-
tive Monopole

|Graph #7
'Sweep Time 90.0000

|Frequency|LeveI |Limit |DeltaHRaw |Ant. |Cable |Amp|AII Factors
‘MHz (dBuV/m [dBuVv/m |dB | |[dBuV [dB |dB |dB |dB
13084 [iB8 240 |-81 [[16.55-1.03/0.35 [0.00 0.69
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System Check: 30MHz @ -90dBm (17dBuV)
Level - dBuVym

\Wed, Oct 02, 2019
112:02:28 PM
\AutoScan 7.4.4.14
|
Res BW (kHz) 10
\Vid BW (kHz) 50000
\VERTICAL

ETS-Lindgren 3301C Ac-
tive Monopole

Graph # 8
'Sweep Time 90.0000

Frequency - MHz

|Frequency|LeveI |Limit |DeltaHRaw |Ant. |Cable |Amp|AII Factors
MHz dBuV/m |[dBuv/m |[dB  ||dBuv [dB |dB [dB |dB

30.00 @@ 240 69 [[1572/0.82/0.53 [0.00 [-1.35

System Check: Stub Radiator @ 30MHz
Level - dBuVym

\Wed, Oct 02, 2019
112:11:30 PM
\AutoScan 7.4.4.14
|
Res BW (kHz) 10
\Vid BW (kHz) 50000
\VERTICAL

ETS-Lindgren 3301C Ac-
tive Monopole

Graph # 9
'Sweep Time 90.0000

Frequency - MHz

|Frequency|LeveI |Limit |Delta |_|Raw |Ant. |Cable |Amp|AII Factors
MHz dBuV/m |[dBuv/m|dB | [dBuV [dB |dB [dB |dB

30.00 26240 [25 [*|25.160.82/0.53 [0.00 |-1.35
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Frequency - MHz

\Wed, Oct 02, 2019
112:37:26 PM
\AutoScan 7.4.4.14
|
'Res BW (kHz) 10
\Vid BW (kHz) 50000
\VERTICAL

ETS-Lindgren 3301C Ac-
tive Monopole

\Graph # 30
'Sweep Time 90.0000

|Delta |_'|Raw |Ant. |Cab|e |Amp|AII Factors

Frequency [Level  |Limit

MHz dBuV/m |[dBuv/m |[dB | |dBuv |dB [dB |dB [dB

2112 [142 240 9.8 [[15.79]-1.69(0.07 [0.00 [1.62
4128  [141 240 |99 [[15.65-1.67/0.10 [0.00 [1.57
4716  [146 [240 |-9.4 [[16.16]-1.65/0.10 [0.00 |1.55
7740  [146 240 9.4 [[1597-1.52(0.14 [0.00 [1.38
13116  [142 240 |-9.8 [[14.97-1.11(0.31 [0.00 0.80
16560 [140 [24.0  -10.0|[14.39]-0.77/0.41 [0.00 0.36
17568 [14.0  [240 |-10.0|[14.27 -0.66 [0.43 [0.00 [0.24
20480 [144 [240 96 [[14.30]-0.34/0.47 [0.00 -0.13
23196 [147 [240 9.3 [[14.20-0.02/0.50 [0.00 -0.48
23840 [141 240 |99 [[1355/0.06 0.51 [0.00 -0.57
25772 [147 240 9.3 [[13.86/0.30 [0.52 [0.00 -0.82
26640 [143 [240 9.7 [[13.34/0.40 [0.53 [0.00 |-0.93
27312 [143 240 9.7 [[13.26/0.49 0.53 [0.00 |-1.02
28684 [140 [240 -10.0|[12.83/0.66 [0.53 [0.00 |-1.19
29468 143 [240 |97 [[13.00/0.76 [0.53 [0.00 |-1.29
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Frequency - MHz

\Wed, Oct 02, 2019
112:45:05 PM
\AutoScan 7.4.4.14
|
'Res BW (kHz) 10
\Vid BW (kHz) 50000
\VERTICAL

ETS-Lindgren 3301C Ac-
tive Monopole

|Graph # 31
'Sweep Time 90.0000

|Delta |_'|Raw |Ant. |Cab|e |Amp|AII Factors

Frequency [Level  |Limit

MHz dBuV/m |[dBuv/m |[dB | |dBuv |dB [dB |dB [dB

4072  [141 240 |99 [[15.64]-1.67[0.10 [0.00 [1.57
5.948 141 240 [-9.9 [[15.61-1.61/0.12 [0.00 [1.49
7908  [146 [240 |-9.4 [[15.98]-1.51(0.14 [0.00 [1.37
10260 [147 [240 9.3 [[15.89-1.34(0.17 [0.00 [1.17
14348 151  [240 -89 [[15.75-1.00(0.36 [0.00 0.63
15552 141 [240 99 [[14.58]-0.87/0.40 [0.00 0.48
16.476  [147 [240 9.3 [[15.04]-0.78(0.41 [0.00 0.37
17876 140 [24.0 -10.0|[14.16-0.63/0.43 [0.00 0.20
20228 147 [240 9.3 [[14.64]-0.37/0.46 [0.00 |-0.10
21964 [140 [240 |-10.0/[13.64-0.16 0.49 [0.00 -0.32
23364 [141  [240 9.9 [[1354/0.01 0.50 0.00 |-0.51
25184 146 [240 |94 [[13.87/0.23 [0.52 [0.00 |-0.75
27704 [142 240 |-9.8 [[13.09/0.54 0.53 [0.00 -1.07
28936 [141 240 |99 [[12.84/0.69 0.53 [0.00 -1.22
29916 [147 [240 |93 [[13.31/0.81 0.53 [0.00 -1.34
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System Check: 200MHz @ 24.35 dBuV
Level - dBuV/m

\Wed, Oct 02, 2019
7:52:52 AM
\AutoScan 7.4.4.14
|
Res BW (kHz) 100
\Vid BW (kHz) 50000
\VERTICAL

[EMCO 3109

‘A.H. Systems PAM-

0118P
|Graph #1
'Sweep Time 60.0000

Frequency - MHz

|Frequency|LeveI |Limit |DeltaHRaw |Ant. |Cable |Amp |AII Factors
MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB  dB [dB [dB

200.00 28300 6.6 |[48.1015.35(1.19 [41.20 24.66

System Check: 200MHz Stub Radiator
Level - dBuY/m

\Wed, Oct 02, 2019
8:10:28 AM
\AutoScan 7.4.4.14
|
Res BW (kHz) 100
\Vid BW (kHz) 50000
\VERTICAL

[EMCO 3109

A.H. Systems PAM-
0118P

|Graph #2
'Sweep Time 60.0000

Frequency - MHz

|Frequency|LeveI |Limit |Delta HRaW |Ant. |Cable |Amp |AII Factors
MHz dBuV/m |[dBuv/m |dB | |[dBuv [dB dB |dB |dB

200.00 @6 300 6.0 [*/60.66/15.35(1.19 41.20(24.66

Unclassified Defense Technical Data
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System Check: Ambient
Level - dBuY/m

Frequency - MHz

NTS Test Report #: TR107729 Rev 2
Page 27 of 103

\Wed, Oct 02, 2019

8:36:39 AM

\AutoScan 7.4.4.14

'Res BW (kHz) 100

\Vid BW (kHz) 50000

'HORIZONTAL

[EMCO 3109

A.H. Systems PAM-
0118P

|Graph #4

'Sweep Time 60.0000

|Frequency|LeveI |Limit |Delta |_'|Raw |Ant. |Cable |Amp |AII Factors
MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB  dB [dB [dB
3068  [147 [240 |93 [[40.0412.43/0.54 [38.29 25.32
3544  [125 240 |-11.5[[38.28/12.32/0.60 [38.65 25.73
39.01 135 [240 |-10.5[39.64[12.21/0.61 [38.92(26.10
4496  [11.9 [240 |-12.1[[38.66 11.85/0.68 [39.29 26.75
4853 87  [240 [-15.3[[35.92/11.57/0.70 [39.50 [27.23
5227  [11.3 240 |-12.7[[38.72/11.53/0.71 [39.69 27.45
59.07 98  [240 |-14.2[[38.33/10.69/0.73 [39.98 [28.57
7012 |91 [240 |-14.9[[37.72/10.95/0.80 [40.35 28.60
8593 93  [240 -14.7/|40.45/8.68 [0.84 [40.69(31.18
90.01 86  [240 |-15.4[39.52/9.00 [0.85 [40.77[30.91
126.05 [11.0 [26.0 -15.0|[36.82(14.16(0.98 [40.98[25.84
167.36  [13.1  [285  -15.3[[39.49(13.53[1.10 [40.99/26.37
17552  [142  [289  [-14.7[[39.2214.91/1.12 [41.07 [25.04
180.79  [14.6  [2901  [-145[[30.13[15.43[1.15 [41.11 2453
187.93 [143 [205 |-15.2[[39.00 15.27[1.16 [41.13 24.69

Unclassified Defense Technical Data
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System Check: Ambient
Level - dBuY/m

NTS Test Report #: TR107729 Rev 2

Page 28 of 103

Frequency - MHz

\Wed, Oct 02, 2019
8:42:38 AM
\AutoScan 7.4.4.14
|
'Res BW (kHz) 100
\Vid BW (kHz) 50000
\VERTICAL

[EMCO 3109

A.H. Systems PAM-
0118P

|Graph #5
'Sweep Time 60.0000

|Frequency|LeveI |Limit |Delta |_'|Raw |Ant. |Cable |Amp |AII Factors
MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB  dB [dB [dB
3017  [13.7 [240  |-10.3[[39.67 11.77/0.54 [38.25 25.95
3374 95  [240 -145[[3558(11.90(0.58 [38.52(26.05
37.31 135 [24.0 |-105[39.25[12.40 0.61 [38.79 [25.79
40.88  [10.8 [240 |-13.2[[36.49/12.72/0.63 [39.05 25.70
45.98 129 [240 |-11.1[38.84[12.72/0.69 [39.35[25.94
51.59 109 [24.0 |-13.1[37.70[12.13/0.71 [39.66 [26.82
55.84 (9.1 240 -14.9//37.35(10.91/0.71 [39.84[28.22
6196 73 [240 -16.7[[37.50(9.14 [0.73 [40.09[30.22
70.80 79  [240 |-16.1[37.18[10.240.80 [40.36 [29.32
10174 |79 241 [-16.2[[36.77/11.15/0.90 [40.91 28.86
107.86 85  [247 |-16.2[[36.78/11.83/0.90 [41.02 28.29
11347 88  [251  |-16.3[[36.45/12.51/0.92 [41.05 27.62
117.04 [87  [254  |-16.7[[36.04 12.73/0.93 [41.04 27.37
12078 92  [256  |-16.4[[36.33/12.98/0.95 [41.0227.09
12622 93  [26.0 |-16.7/[36.33/12.98/0.98 [40.98 27.02
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NTS Test Report #: TR107729 Rev 2

MPUS5 - RF4100 - Lower C Band Card - Chassis 39628 - 4900MHz
Level - dBul/m

Frequency - MHz

Page 29 of 103

\Wed, Oct 02, 2019
110:52:09 AM
\AutoScan 7.4.4.14
|
'Res BW (kHz) 100
\Vid BW (kHz) 50000
\VERTICAL

[EMCO 3109

A.H. Systems PAM-
0118P

\Graph # 23
'Sweep Time 60.0000

(Cable Amp |All Factors

|Frequency|LeveI |Limit |Delta |_'|Raw |Ant.

MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB  dB [dB [dB
3000 [145 [240 |95 [[40.40/11.85/0.563 [38.24 25.86
37.48 138 [24.0 |-10.2[39.62[12.41/0.61 [38.81[25.79
45.81 131 240 |-10.9/[39.00[12.73/0.69 [39.34 [25.92
10480 [12.6  [244  |-11.8[[41.2111.47/0.90 [40.97 [28.60
108.54 [147  [247  |-10.0/[42.95/11.90/0.90 [41.04 28.23
11279 [197 [250 |53 [[47.42/12.44/0.91 [41.0527.70
16243 [152 [282  |-13.0[[41.2813.72[1.12 [40.94 26.10
166.00 [17.2 [284  |-11.2[[43.34[13.70/1.10 [40.98 26.18
17076  [202 [286 -85 [[46.35/13.75/1.09 [41.0326.19
17450 [22.8 [28.8 |-6.1 |[48.87[13.84(1.11 [41.06 26.11
17824 [256 [2900 |-3.4 [[51.65/13.92/1.13 [41.09 26.04
181.81 [288 [2902  |-04 [[54.57[14.15/1.15 [41.11 |25.81
18572 [255 [204 -39 [[51.21[14.25/1.16 [41.12[25.71
189.80 [20.7 [296 |-8.8 [[46.1714.53[1.17 [41.1325.44
19541 [17.6  [20.8 |-12.2[[42.65/14.95/1.18 [41.17 [25.04
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MPUS5 - RF4100 - Lower C Band Card - Chassis 39628 - 4900MHz
Level - dBul/m

Frequency - MHz

\Wed, Oct 02, 2019

110:56:37 AM

\AutoScan 7.4.4.14

Res BW (kHz) 100

Vid BW (kHz) 50000

'HORIZONTAL

[EMCO 3109

A.H. Systems PAM-
0118P

\Graph # 24

'Sweep Time 60.0000

(Cable Amp |All Factors

|Frequency|LeveI |Limit |Delta||Raw |Ant.

MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB dB [dB [dB
30.34 145 240 |-95 [[39.87[12.34(0.54 [38.27[25.39
3612  [13.7 [240 |-10.3[[39.52/12.32/0.60 [38.7025.78
40.03 139 [24.0  |-10.1[40.10[12.15/0.61 [39.00 [26.24
45.81 116 240 [-12.4[[38.42[11.79/0.69 [39.34 [26.87
52.61 104  [24.0 |-13.6[37.91[11.51(0.71 [39.70 [27.48
86.44 103  [240 |-13.7//41.50(8.71 [0.84 [40.70[31.15
90.35 9.9 240 [-14.1[/40.82/9.04 [0.86 [40.77[30.88
10531  [11.1 [244  |-13.4[[40.19/10.98/0.90 [40.98 [29.10
11211 [11.1 [25.0  -13.9/[38.95(12.26(0.91 [41.06[27.88
12078 121 [25.6  |-13.5/[38.34[13.86/0.95 [41.02(26.21
17076  [15.7 [286  |-12.9/[41.5914.08(1.09 [41.03 25.86
17450 [17.2  [28.8  -11.7[[42.37[14.74[1.11 [41.06/25.20
178.07 194 [29.0 |96 |[44.15/15.251.13 [41.09 [24.71
181.81 [21.8  [2902 |74 [[46.33/15.45/1.15 [41.11 2452
186.74  [19.0 [29.4  -10.4|[43.64[15.33[1.16 [41.12(24.63
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System Check: 1GHz @ 34.82 dBuV
Level - dBuV/m

\Wed, Oct 02, 2019
11:10:55 PM
\AutoScan 7.4.4.14
|
Res BW (kHz) 100
\Vid BW (kHz) 50000
\VERTICAL

[ETS 3106 Large Horn
‘A.H. Systems PAM-

0118P
\Graph # 10
'Sweep Time 45.0000

Frequency - MHz

Frequency |Level |Limit

|Delta HRaw |Ant. |Cable |Amp |AII Factors

MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB  dB [dB [dB
1000.0 B2 [44.0  |-11.0[49.09[22.82 2.47 [41.45/16.16

System Check: 1GHz Stub Radiator

Level - dBuVym

\Wed, Oct 02, 2019
1:28:03 PM
\AutoScan 7.4.4.14
|
Res BW (kHz) 100
\Vid BW (kHz) 50000
\VERTICAL

[ETS 3106 Large Horn

A.H. Systems PAM-
0118P

\Graph # 11
'Sweep Time 45.0000

Frequency - MHz

Frequency |Level |Limit

|Delta HRaw |Ant. |Cable |Amp |AII Factors

MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB dB [dB [dB
1000.0  [BOIOMM 440 |-4.9 |[55.19[22.822.47 [41.45[16.16

Unclassified Defense Technical Data
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System Check: Ambient
Level - dBuY/m

Frequency - MHz

NTS Test Report #: TR107729 Rev 2
Page 32 of 103

\Wed, Oct 02, 2019

11:48:56 PM

\AutoScan 7.4.4.14

'Res BW (kHz) 100

\Vid BW (kHz) 50000

'HORIZONTAL

[ETS 3106 Large Horn

A.H. Systems PAM-
0118P

\Graph # 41

'Sweep Time 45.0000

Frequency [Level  |Limit

|Delta |_'|Raw |Ant. |Cab|e |Amp |AII Factors

MHz

\dBuV/m |dBuV/m |dB

'|dBuv [dB  dB

dB  |dB

21040 55  |30.4

-24.9 | /34.99/10.60 [1.22

41.30 [29.48

23520 6.3 314

-25.135.23(11.16 [1.28

41.39 28.95

25440 5.9  [32.1

-26.2 | [34.48(11.51[1.32

41.40 |28.58

28240 66  |33.0

-26.4 | [34.84[12.01/1.38

41.68 (28.29

29920 6.7 335

-26.8 | [34.72[12.47 [1.42

41.88(27.99

31840 |73 340

-26.7 |135.12[12.80 [1.46

42.06 [27.80

59120 123 |39.4

-27.1/34.90(17.05 [2.04

41.64 [22.56

640.00 [13.0  |40.1

-27.0 | [35.35[17.25 [2.09

41.65[22.32

684.00 (137 407

-26.9 | 35.59(17.70 [2.13

41.67 [21.84

820.80 154 422

-26.9 | [35.08(19.332.28

41.31/19.70

89520 [16.0  43.0

-27.0 | [34.98/19.98 [2.35

41.32/18.99

939.20 (169 (434

-26.5 | [34.32(21.532.40

41.36 |17.43

958.40  [17.7  43.6

-25.9 | [34.32(22.41[2.42

41.5016.66

977.60  [19.1  43.8

-24.7 | 135.04[23.11 [2.45

41.5015.94

996.00 (184  43.9

-25.5 | 34.83(22.62 [2.47

41.47 |16.38
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System Check: Ambient
Level - dBuY/m

Frequency - MHz

NTS Test Report #: TR107729 Rev 2
Page 33 of 103

\Wed, Oct 02, 2019

11:53:32 PM

\AutoScan 7.4.4.14

'Res BW (kHz) 100

\Vid BW (kHz) 50000

\VERTICAL

[ETS 3106 Large Horn

A.H. Systems PAM-
0118P

\Graph # 42

'Sweep Time 45.0000

Frequency [Level  |Limit

|Delta |_'|Raw |Ant. |Cab|e |Amp |AII Factors

MHz

\dBuV/m |dBuV/m |dB

'|dBuv [dB  dB

dB  |dB

21040 5.7  |30.4

-24.7 | 135.0610.76 [1.22

41.30 [29.32

22720 6.1 31.1

-25.0 | [35.07 [11.17 [1.27

41.3828.94

24560 6.2  |31.8

-25.6 | |34.95(11.30[1.30

41.3828.78

264.00 6.2 324

-26.2 | [34.64[11.75[1.34

41.52(28.43

280.80 7.0 329

-26.0 | [35.07[12.16 [1.38

41.65 [28.12

29920 |76 335

-25.9|35.61/12.41[1.42

41.88 28.05

33280 (7.8 |34.4

-26.6 | 35.34[13.21[1.49

42.21(27.51

50320 (115  38.0

-26.5 | [34.98(16.38 [1.84

41.67 [23.45

530.40 123 385

-26.2 | 35.70(16.431.90

41.72(23.39

830.40 [156  42.3

-26.8 | [35.14[19.46 [2.29

41.30/19.55

867.20 (158 427

-26.9 | 35.08(19.79 [2.32

41.38/19.26

93200 (17.3 433

-26.0 | |35.06[21.29 [2.39

41.4117.73

949.60 [17.4 435

-26.134.29 22.10 [2.41

41.38/16.86

968.00 (183  43.7

-25.4 | [34.64[22.77 [2.44

41.57 [16.37

98560 (181  43.8

-25.8 | [34.15(22.94 [2.46

41.4916.10
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.I

-

MPUS -

s> .'_;
w v&V NTS

RF4100 - Lower C Band Card - Chassis 39628 - 4900MHz

10.0-
60.0-
50.0-
40.0-
30.0-
20.0-
10.0-
0.0-
-10.0-
_20.0-

Level - dBuVym

s e e =
T

-30.0-

Frequen c:,r MHz

2’0{} 30{} 4!]{} 5{]{} ﬁ{]{} ?ﬂ{} Eﬂﬂ Qﬂﬂ 1000

Frequency Level |Limit Delta | Raw |Ant. |Cable Amp |All Factors

MHz

200.00
218.40
236.00
256.80
284.00
303.20
374.40
392.00
420.00
438.40
467.20
484.00
939.20
973.60
996.80

dBuV/m |dBuV/m |dB dBuV|dB |dB |dB |dB

9.5 30.0 -20.5/39.08 [10.47 |1.19 |41.20 |29.54
5.8 30.8 -25.0 | |34.98 110.98 |1.24 |41.38 |29.17
6.2 31.4 -25.3 |/35.06 |11.23 |1.28 |41.39 |28.87
7.7 32.2 -24.5/36.27 |11.53 |1.32 |41.43 |28.57
8.2 33.0 -24.8 |136.36 |12.20 |1.39 |41.70 |28.12
11.9 33.6 -21.7 1139.92 12.51 |1.44 |41.93 |27.98
14.7 35.4 -20.7 | |41.97 |[13.45 |1.57 |42.25|27.23
16.3 35.8 -19.5|43.31 13.57 |1.61 |42.17 |26.99
14.7 36.4 -21.7 | 141.06 [13.89 |1.74 |41.99 |26.35
17.9 36.8 -18.9 | 143.73 |14.35|1.76  |41.89 |25.79
12.3 37.4 -25.0 | |36.71 |15.57 |1.79 |41.72 |24.37
11.8 37.7 -25.9 |/35.59 |16.11 |1.80 |41.73 |23.83
18.0 43.4 -25.4 ||35.37 |121.62 2.40 |41.36 |17.34
17.9 43.7 -25.8 | |34.04 |22.97 2.44 |41.54 |16.13
18.2 43.9 -25.7 | |34.37 |22.85 2.47 |41.46 |16.15

Unclassified Defense Technical Data
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Wed, Oct 02, 2019
2:00:55 PM
AutoScan 7.4.4.14

Res BW (kHz) 100
Vid BW (kHz) 50000
VERTICAL

ETS 3106 Large Horn

A.H. Systems PAM-
0118P

Graph #43
Sweep Time 45.0000
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Page 35 of 103

MPUS5 - RF4100 - Lower C Band Card - Chassis 39628 - 4900MHz
Level - dBul/m

Frequency - MHz

\Wed, Oct 02, 2019

2:05:29 PM

\AutoScan 7.4.4.14

'Res BW (kHz) 100

\Vid BW (kHz) 50000

'HORIZONTAL

[ETS 3106 Large Horn

A.H. Systems PAM-
0118P

\Graph # 44

'Sweep Time 45.0000

|Frequency|LeveI |Limit |Delta |_'|Raw |Ant. |Cab|e |Amp |AII Factors
MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB  dB [dB [dB
201.60 |5.1 301  |-25.0|[34.72[10.38[1.20 41.21[29.64
22400 |55  [31.0 |-25.4[[34.74[10.94[1.25 [41.3929.20
25440 |72 [321  |-24.9/[[35.79/11.51/1.32 [41.40 28.58
27120 |59  [326 |-26.7[[34.42/11.75/1.36 [41.62 28.50
29120 6.9  [33.3  |-26.4[[35.02/12.25/1.40 [41.8128.16
31520 |75  [33.9  |-26.5[[35.2912.75/1.47 [42.04 27.83
456.00 (103  [37.1  |-26.9/[35.19/15.08(1.76 [41.7324.90
49280 [11.1  [37.8  |-26.8[[34.7816.14[1.81 [41.68 23.72
584.00 [12.8 [39.3  -26.5|[35.55(16.88(2.02 [41.68(22.78
77520 [148 [41.7  |-26.9|[35.63[18.43(2.23 [41.46 20.80
840.00 [159 [42.4  -26.6|[35.36(19.54[2.30 [41.32[19.49
93120 [16.6 [43.3  |-26.8[[34.41/21.17(2.39 [41.42/17.85
94960 [17.8 [435  |-25.7[[34.75/22.00(2.41 [41.38 16.96
968.00 [17.4 (437  |-26.2[[33.70/22.86 2.44 [41.57 [16.28
987.20 [18.7 [43.8  |-25.1[[34.92/22.852.46 [41.49 16.18
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System Check: 18GHz @ 60.5 dBuV
Level - dBuV/m

\Wed, Oct 02, 2019
3:24:56 PM
\AutoScan 7.4.4.14
|
Res BW (kHz) 1000
Vid BW (kHz) 50000
'HORIZONTAL
[EMCO 3115

A.H. Systems PAM-
0118P

\Graph # 15
'Sweep Time 60.0000

Frequency - MHz

|Frequency|LeveI |Limit |DeltaHRaw |Ant. |Cable |Amp |AII Factors
MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB dB [dB [dB

18000.0 [STEMM 69.0 |-11.2(39.92(48.50 12.60 [43.26 |-17.84

System Check: Stub Radiator @ 18GHz
Level - dBuV/m

'Thu, Oct 03, 2019
8:43:13 AM
AutoScan 7.4.4.14
|
Res BW (kHz) 1000
Vid BW (kHz) 50000
'HORIZONTAL
[EMCO 3115

A.H. Systems PAM-
0118P

|Graph #2
'Sweep Time 60.0000

Frequency - MHz

|Frequency|LeveI |Limit |DeltaHRaw |Ant. |Cable |Amp |AII Factors
‘MHz dBuV/m [dBuv/m |[dB  |/dBuvVdB |[dB [dB |dB

18000.0 6510 69.0 |-4.0 |[47.13(48.50 12.60 [43.26 |-17.84

Unclassified Defense Technical Data
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System Check: Ambient
Level - dBuY/m

Frequency - MHz

NTS Test Report #: TR107729 Rev 2

Page 37 of 103

"Thu, Oct 03, 2019
19:00:56 AM
\AutoScan 7.4.4.14
|
'Res BW (kHz) 1000
\Vid BW (kHz) 50000
'HORIZONTAL
[EMCO 3115

A.H. Systems PAM-
0118P

\Graph # 68
'Sweep Time 60.0000

|Delta |_'|Raw |Ant. |Cab|e |Amp |AII Factors

Frequency [Level  |Limit

MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB  dB [dB [dB
1000.0 [29.8  [440  |-14.1[[43.88/24.90 2.47 [41.4514.08
13740 [30.3 [46.7  |-16.4|[42.64 26.152.91 [41.37 [12.31
1867.0 [33.0 [494  |-16.4[[42.42[28.44330 [41.15/9.42
22240 [345 509 |-16.4[[43.04[28.903.71 [41.17 [8.56
2683.0 [35.7 525  |-16.8[[42.87[30.334.14 [41.637.16
3159.0 [37.8 [53.9  -16.2|[43.16(32.15(4.36 |41.93/5.41
3856.0 |41.6 [55.6 |-14.0|[44.59[34.294.91 [42.192.98
43320 403 [56.7  -16.3[[43.74[33.505.83 [42.73(3.39
5029.0 [42.7 580 |-15.3[[44.12[35.10|5.83 |42.39(1.46
5539.0 [42.7 [58.8  |-16.1[[43.20(35.925.74 [42.21(0.55
6015.0 [41.9 [595  |-17.6|[42.01[36.26 6.20 [42.610.15
6797.0 [42.9 606  |-17.7][40.21[37.39(7.19 |41.91 -2.67
74260 [455 613  |-15.8](40.81(38.807.22 [41.32-4.70
90240 [455 [63.0 -17.6/[39.47[39.60 8.81 [42.43]-5.99
17966.0 [51.3 [69.0  |-17.6|[33.78(48.50 12.50 |43.43 |-17.57
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System Check: Ambient
Level - dBuY/m

Frequency - MHz

NTS Test Report #: TR107729 Rev 2

Page 38 of 103

"Thu, Oct 03, 2019
19:08:33 AM
\AutoScan 7.4.4.14
|
'Res BW (kHz) 1000
\Vid BW (kHz) 50000
\VERTICAL

[EMCO 3115

A.H. Systems PAM-
0118P

\Graph # 70
'Sweep Time 60.0000

|Delta |_'|Raw |Ant. |Cab|e |Amp |AII Factors

Frequency [Level  |Limit

MHz dBuV/m |dBuv/m |[dB  ||dBuv |dB  dB [dB [dB
1085.0 [29.4 [447  |-15.2[[43.38/24.752.53 [41.2213.94
14420 [290.7 (471 [-17.4[[43.02[25.182.94 [41.43[13.31
2071.0 [33.7 503  -16.6|[43.42(28.043.59 [41.36(9.73
27000 [35.8 526  |-16.7[44.13[29.20 4.16 |41.67 [8.31
32440 [372 [542  -16.9[[43.30(31.48(4.35 [41.90/6.07
37710 [392 555  -16.2|[43.69(33.04 [4.74 |42.25|4.47
42810 [39.1 [56.6 |-17.4[[43.25[32.66 5.78 [42.57 [4.13
46380 [388 [57.2  -18.4[[42.73[33.055.76 |42.73(3.92
49950 [41.1 579 |-16.8[[43.50(34.09 5.83 [42.34 2.42
5556.0 [41.9 [58.8 |-16.9|(43.46[34.82(5.75 [42.09 [1.51
6168.0 [41.1  [50.7  |-18.7[[41.64 35.40 6.47 |42.46(0.59
7375.0 [442 |61.3  |-17.1][40.76 [37.70 7.23 |41.48|-3.46
8123.0 [431 621 |-19.0|[39.62[37.84 7.75 |42.06 -3.52
16946.0 [49.7 685 |-18.8[38.32(42.20 12.35 [43.15-11.40
17966.0 [50.8 [69.0  -18.1|[34.18/47.60 12.50 [43.43|-16.66

Unclassified Defense Technical Data

*** Refer to restrictions on first page

*k%k



CSNTS

1:84&1

NTS Test Report #: TR107729 Rev 2

MPUS5 - RF4100 - Lower C Band Card - Chassis 39628 - 4900MHz

90.0-
80.0-
10.0-
60.0-
50.0-
40.0-
30.0-
20,0~
10.0-

DA -

Level - dBUVY

m

———

/M

M

-10.0-

NTERE
1000 4000

Frequency - MHz
T

6000 8000 10000 12000 14000 156000 18000

Frequency |Level

MHz

1153.0
1595.0
2020.0
2683.0
3176.0
3686.0
4111.0
4485.0
4910.0
5590.0
5998.0
7358.0
9058.0
16963.
18000.

dBuV/m
30.9
31.1
35.4
39.7
38.1
41.6
40.5
40.8
82.5
43.8
42.5
44.2
45.7
0 [51.2
0 |52.5

Limit Delta| |[Raw |Ant. |Cable /Amp All Factors
dBuV/m |dB dBuV dB |dB dB |dB
45.2 -14.2 | |43.72 |25.83 2.63 41.24|12.78
48.0 -16.9 | |42.79 |26.57 3.08 41.29 |11.64
50.0 -14.6 | |44.47 |28.66 3.55 |41.26 9.05
52.5 -12.8 | |46.90 (30.33 4.14 |41.63|7.16
54.0 -15.8 | |43.45|32.26 4.36 41.92 |5.31
55.3 -13.6 | |45.31|33.42 4.68 |41.76 3.67
56.2 -15.7 | |43.98 |33.60 5.45 |42.52(3.47
57.0 -16.1 | |43.46 |33.97 6.00 |42.61 2.64
N/A N/A  |*|84.96 134.90 |5.74 143.13|2.50
58.9 -15.1 | |43.96 |35.90 5.79 |41.84/0.15
59.5 -17.0 | |42.70|36.20 6.18 |42.550.18
61.2 -17.1 | [39.79 |38.82 7.24 |41.65 -4.40
63.0 -17.3 | |39.92 |39.58 |8.72 42.47 |-5.83
68.5 -17.3 | [38.7543.26 12.33 43.17 |-12.42
69.0 -16.5 | |34.67 |48.50 12.60 43.26 |-17.84

Page 39 of 103

Thu, Oct 03, 2019
9:20:37 AM
AutoScan 7.4.4.14

Res BW (kHz) 1000
Vid BW (kHz) 50000
HORIZONTAL
EMCO 3115

A.H. Systems PAM-
0118P

Graph # 72
Sweep Time 60.0000

*4910.0 MHz is the EUT fundamental operating frequency. RE102 limits are not applicable.
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MPUS5 - RF4100 - Lower C Band Card - Chassis 39628 - 4900MHz

90.0-

Level - dBul/m

80.0-

70.0-

60.0-

50.0-

40.0-

30.0-

20.0-

10.0-

0.0~

Frequenr:}r MHz
1001 T —
1000 ﬂﬂﬂﬂ ﬁﬂﬂﬂ anm Iﬂﬂﬂﬂ 121]{)!} Idﬂﬂﬂ 16000 18000

Frequency Level |Limit Delta| |Raw |Ant. |Cable Amp |All Factors
MHz dBuV/m |dBuV/m |dB dBuV dB |dB dB |dB
1085.0 33.6 44.7 -11.0 | |47.58 |24.75 |2.53 |41.22|13.94
1680.0 42.2 48.4 -6.2 54.18 |26.22 3.17 |41.37|11.98
2139.0 35.9 50.5 -14.7 | |45.60 |27.94 3.64 41.29 |9.71
2683.0 44.5 52.5 -8.0 52.91|29.13 4.14 |41.638.36
3363.0 43.5 54.5 -11.0 | |49.17 |31.65 |4.48 |41.84 |5.71
3754.0 40.6 55.4 -14.8 | |45.07 |33.01 4.70 |42.13 |4.42
4213.0 39.5 56.4 -16.9 | |43.46 |32.60 5.67 |42.233.96
4910.0 67.5 N/A N/A 71.00 |33.92 |5.74 143.133.48
5573.0 41.3 58.8 -17.5| |42.62|34.89 5.77 141.96 |1.30
6151.0 41.8 59.7 -17.9 | |42.57 |35.40 6.44 |42.59/0.74
6593.0 41.4 60.3 -18.9 | |41.28 |35.67 |16.95 |42.53 |-0.10
7307.0 43.3 61.2 -17.9 | |40.60 |37.617.25 |42.19 |-2.67
7902.0 43.4 61.9 -18.5| |40.75|37.60 |7.63 |42.62 |-2.61
14702.0 |48.8 67.2 -18.4 | |38.98 |41.79/10.07 |42.00 |-9.87
179150 |51.3 69.0 -17.6 | |35.12 |47.57 |12.34 |43.69 |-16.22
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Thu, Oct 03, 2019
9:25:10 AM
AutoScan 7.4.4.14

Res BW (kHz) 1000
Vid BW (kHz) 50000
VERTICAL

EMCO 3115

A.H. Systems PAM-
0118P

Graph#73
Sweep Time 60.0000

*4910.0 MHz is the EUT fundamental operating frequency. RE102 limits are not applicable.
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4 - System Chéck, Calibrated Signal @ 200 MHz

05 - System Check, Stub Radiator @ 200 MHz 06 - EUT Scan, 30 MHz - 200 MHz, Horizontal
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10 - EUT Scan, 200 MHz - 1 GHz, Horizontal

11 - EUT Scan, 200 MHz - 1 GHz, Vertical 12 - System Check, Calibrated Signal @ 18 GHz
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13 - System Check, Stub Radiator @ 18 GHz 14 - EUT Scan, 1 GHz - 18 GHz, Horizontal
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5.1.8 RE102 Test Equipment
Table RE102-5: RE102 Test Equipment List
Asset Cal Cycle
No. Manufacturer Item Model S/N (Months) Cal. Due
WC024135 Agilent MXE .EMI N9038A MY51210117 12 8/6/20
Receiver
. Active Rod
WC005829 ETS-Lindgren 3301C 00114485 12 10/15/20
Antenna
WC006573 EMCO Biconical 3109 9411-2853 36 3/9/20
Antenna
WC005310 | ETS-Lindgren | -2rgefom 3106 35382 36 3/9/20
Antenna
WC005297 ETS-Lindgren Horn Antenna 3115 2328 36 9/15/20
WC005615 A.H. Systems Preamplifier | PAM-0118P 393 12 10/5/19
WC058460 Pasternack Preamplifier PE15A1012 |V00140120190430G59 12 7/19/20
. 50 Ohm Coaxial 250-250-
WC024134 Winchester Cable 3803600 AR3 24 3/15/21
WC005733 NTS Stub Radiator | VNL->TD-461 None NCR NCR
Stub Radiator
. Signal
WC005477 Marconi 2023 112253/143 12 5/7/20
Generator
. Signal
WC005556 Agilent 8372B US34490403 12 5/7/20
Generator

NCR = No Calibration Required; as per NTS QA policy, the equipment does not require calibration as long as the
test signal being generated can be verified with other calibrated equipment prior to or during the test.
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5.2 Method RS101: Radiated Susceptibility, Magnetic Field

This requirement is applicable from 30 Hz to 100 kHz for equipment and subsystem enclosures, including
electrical cable interfaces. The requirement is not applicable for electromagnetic coupling via antennas.

5.21 RS101 Purpose
This test procedure is used to verify the ability of the EUT to withstand radiated magnetic fields.
5.2.2 RS101 Limits

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified indica-
tions, beyond the tolerances indicated in the individual equipment or subsystem specification, when sub-
jected to the magnetic fields shown on Figure RS101-1.

190

180 | v

170 |

160 [ N

150 |

140 | N

Limit Level ( dBpT)
-

130 F

120 [ R
L N 116

110 |

100 -
10 100 1k 10k 100k
Frequency (Hz)

Figure RS101-1: RS101 limit for all Army applications.

Unclassified Defense Technical Data
*** Refer to restrictions on first page ***



»
/7
A ‘?
b iﬂs

NTS Test Report #: TR107729 Rev 2

NTS Page 46 of 103

5.2.3 RS101 Calibration

This procedure was performed prior to the start of testing, to assure that the overall system is op-
erating properly.

1.

2.

Configure the measurement equipment, radiating loop, and loop sensor as shown in Figure
RS101-2.

Set the signal source to a frequency of 1 kHz and adjust the output current to generate a
magnetic flux density of 110 dB above one picotesla as determined by the reading obtained
on measurement receiver A.

Measure the voltage output from the loop sensor using measurement receiver B.

Verify that the output on measurement receiver B is within £3 dB of the expected value based
on the antenna factor and record this value.

Set the signal source to a frequency of 30Hz and adjust the output current to generate a
magnetic flux density of 10dBpT above the applicable limit.

Record the current required to achieve the required field.

Repeat Steps 5 and 6 for each frequency between 30Hz and 100kHz, using the step size de-
fined in Table 4.5-1.

Radiating
Looo

Signal
Source N

Fiald
Monitoring
Loo|

Measurement
Receiver A

Measurement
Receiver B

Figure RS101-2: Calibration of the radiating system.

5.2.4 RS101 EUT Test Setup

The EUT was setup in accordance with Section 3.2, Figure 3.2-1, 4.3-1 and operated according to Sec-

tion 3.3.
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5.2.5 RS101 Test Procedure

1. The plane of the transmitting loop was placed 5 cm from and oriented parallel to each of the EUT
faces and parallel to the axis of connectors (refer to test data and photos for details).

2. While monitoring the EUT for susceptibility, the loop was supplied with the calibrated current levels
required to produce magnetic field strengths indicated on the calibration sheet (applicable limit

+10dBpT). The frequency range of 30Hz — 100KHz was swept using the step sizes specified in Table
4.5-1.

Power
Input

£

I cm
F::ia'.ing -
Signal
Source ELET
Frabe
Measurement
Receiver
Actual and
Simulated Loads
and Signals

Figure RS101-3: RS101 Basic test setup.
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5.2.6 RS101 Test Data
RS101 Data Sheet
Job Number: PR107729 Standard: MIL-STD-461F
Date: 11/6/19 Procedure: None
. Persistent Systems . MPU5 Radio with RF-4100 Lower
Manufacturer: LLC EUT: C-Band Card
Model Number: WR-5100, RF-4100 S/N: 31628
Input Power Battery Test Personnel: | Tristian Gaines
RS101 Specification Limits:
Signal Applied Test Specification Limit Susceptibility Criteria

Magnetic Field

30Hz — 60Hz: 180dBpT
60Hz — 100kHz: 180 — 116dBpT
(RS101-2 Army)

The EUT was monitored
for any degradation in per-
formance according to

Section 3.4.
RS101 Test Results:

poncee, Lovel(agpr) | EUTApnomal | Resute
Front Side Limit +10dB None PASS
Back Side Limit +10dB None PASS
Right Side Limit +10dB None PASS
Left Side Limit +10dB None PASS
Bottom Limit +10dB None PASS
Top Limit +10dB None PASS
Antennas Limit +10dB None PASS

Unclassified Defense Technical Data
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RS101 System Check Graphs

MIL-STD-461 RS101
— Current Probe Reading

Radiated Susceptibility, Magnetic Field, 30 Hz to 100 kHz — 3.33mA Target

RS101 System Check - Radiating Loop Current Setting

4.0

(9.5 x 10*7 pT/Ampere) x 3.33 mA to Radiating Loop = 110 dBpT

3.0+
2.0+
1.0

00.0 910.0 920.0 930.0 940.0 950.0 960.0 970.0 980.0 990.0 1.0K 1.0K 1.0K 1.0K 1.0K 11K 11K 14K 11K 11K 11K
Frequency (Hz)

Amplitude (mA)

©

MIL-STD-461 RS101
— Loop Sensor Reading

Radiated Susceptibility, Magnetic Field, 30 Hz to 100 kHz — Upper Limit (+3dB)

— Lower Limit (-3dB)
RS101 System Check - Loop Sensor

120.0+

110.0

Amplitude (dBpT)

100.0

So

00.0 910.0 920.0 930.0 940.0 950.0 960.0 970.0 980.0 990.0 1.0K 1.0K 1.0K 1.0K 1.0K 11K 11K 14K 11K 11K 11K
Frequency (Hz)
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RS101 Calibration Graphs

MIL-STD-461F, Section 5.19 - RS101

= LimitLevel

ic Field, 30Hz to 100kHz = Calibration Field Strength

RS101 Calibration - Magnetic Field (Army)

30.0

100.0

100.0m |

10.0m

100.0 1.0K 10.0K 100.0K
Frequency (Hz)

MIL-STD-461F, Section 5.19 - RS101
=== Calibration Current

ic Field, 30Hz to 100kHz

Calibration Current

30.0

T T T
100.0 1.0K 10.0K 100.0K
Frequency (Hz)
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RS101 Test Graphs
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— Calculated Field Level

MIL-STD-461E RS101 (Front)
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—— Limit Level

—— Calculated Field Level
MIL-STD-461E RS101 (Back)
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—— Limit Level

—— Calculated Field Level
MIL-STD-461E RS101 (Left)
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—— Limit Level

| — Calculated Field Level
MIL-STD-461E RS101 (Right)
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—— Limit Level

—— Calculated Field Level
MIL-STD-461E RS101 (Bottom)
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—— Limit Level

—— Calculated Field Level
MIL-STD-461E RS101 (Top)
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5.2.7 RS101 Test Photographs

RS101 Calibration RS101 General Test Setup

RSlOlTest - Antennas

A RSlO Test - ottom

Unclassified Defense Technical Data
*** Refer to restrictions on first page ***



NTS Test Report #: TR107729 Rev 2

CRNTS
P 58 of 103
W «"‘V age ©

RS101 Test - Right

RS101 Test - Top
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5.2.8 RS101 Test Equipment
Table RS101-1: RS101 Test Equipment List
Asset Cal Cycle

No. Manufacturer Item Model S/N (Months) Cal. Due

WC058452 Agilent | Arbitrary Wave-| 5,000 | \ivag025425 12 2/12/20
Technologies |form Generator
WC058455 AE Techron Amplifier 7794 7794-0419-0021 NCR NCR
WC058456 Agilent PSASpectrum |/ ppon | Myaas187964 12 4/2/20
Analyzer
WC005323 Solar Electronics Loop Sensor 9229-1 0310503 36 3/22/22
WC005324 Solar Electronics | Radiating Loop 9231-1 0311003 36 3/22/22
WC005777 A.H. Systems Current Probe BCP-510 1152 36 9/12/20
. Digital
WC058386 Tektronix . MDO03034 C011435 12 8/15/20
Oscilloscope

NCR = No Calibration Required; as per NTS QA policy, the equipment does not require calibration as long as
the test signal being generated can be verified with other calibrated equipment prior to or during the test.
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5.3 Method RS103: Radiated Susceptibility, Electric Field, 2 MHz - 18 GHz
5.3.1 RS103 Purpose

This test verifies the ability of the EUT, and their associated cabling, to withstand electric fields and con-
tinue to operate as intended.

5.3.2 RS103 Limits

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified indica-
tions beyond the tolerances indicated in the individual equipment or subsystem specification when sub-
jected to the radiated electric fields listed in Figure RS103-1.

Up to 30 MHz, the EUT shall meet the requirement for vertically polarized fields, and above 30 MHz it
shall meet the requirement vertically and horizontally. Circular polarized fields are not acceptable.

60

50 18000

40

30

Level (V/m)

20

10

2 20 200 2000 20000
Frequency (MHz)

Figure RS103-1: RS103 Limit — Army Ground
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5.3.3

RS103 Test Setup

The EUT was setup in accordance with Section 3.2, Figure 3.2-1 and operated according to Section 3.3.

5.3.3.1
1.

2.

3.

Placement of Electronic Field Sensors
Place the sensors at the same distance as the EUT is located from the transmit antenna while
staying in the plane of the test setup boundary edge closest to the antenna.
Position the sensors directly opposite the transmit antenna, while a minimum of 30 cm above the
ground plane at or below 1 GHz. Above 1 GHz, place the sensors at the height corresponding to
the area of the EUT being illuminated.
Do not place sensors directly at corners or edges of components.

5.3.3.2 Placement of Transmit Antennas

1. Antennas were placed 1 meter or greater from EUT.

2. For 200 MHz and below, center the transmit antenna between the edges of the test setup boundary.
This boundary should include all enclosures of the EUT and the 2 meters of exposed interconnecting
and power leads.

3. Atand above 200 MHz, testing may require multiple antenna positions. Determine the number of po-
sition (N) as follows:

A

200 MHz to 1 GHz: Place the antenna in a sufficient number of positions such that the entire area
of each EUT face and the first 35 cm of cable and leads interfacing the EUT are within 3 dB beam
width of the antenna.

1 GHz and above place the antenna in a sufficient number of position such that the entire area of
each EUT face and the first 7 cm of cable and leads interfacing the EUT are within 3 dB beam
width of the antenna.

Table RS103-1: RS103 Antenna Position Calculations, 2 MHz to 200 MHz

Antenna Range Used Antenna -I:::::::p Antenna

Model (MHz) Coverage (cm) Yail] v Positions
NTS10k30M 2-30 300 6.5 1
EMCO 3109 30- 200 300 6.5 1
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Table RS103-2: RS103 Antenna Coverage Calculations, 200 MHz to 18 GHz

o ooy | MRS G
ETS 3106 0.2-1.0 28 49.87
AR ATH800M6G 1-4 135 23.67
AR ATH800M6G 4-6 8 13.99
AR ATH6G18 6-8 155 27.22
AR ATH6G18 8-18 8 13.99
Antenna Coverage = 2*(TAN(©)*a)
Where © = 1/2 (antenna 3dB beamwidth)
a = antenna distance from setup boundary

Table RS103-3: RS103 Antenna Position Calculations, 200 MHz to 18 GHz

antenna st @) | o AmEwR | EUTWh Antenns
Positions
ETS 3106 0.2-1.0 49.87 6.5 1
AR ATH800M®6G 1-4 23.67 6.5 1
AR ATH800M6G 4-6 13.99 6.5 1
AR ATH6G18 6-8 27.22 6.5 1
AR ATH6G18 8-18 13.99 6.5 1

Note 1: Did not add 35cm of cable (200 MHz — 1GHz) or 7cm of cable (>1 GHz), because the EUT has no cables.
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5.3.4 RS103 Test Procedure

Testing proceeded as follows:

The measurement equipment and EUT were turned on, and sufficient time was allowed for stabili-
zation.

E-field sensor procedure:

1.

2.

A.
B.

C.
D.

E.

The signal source was set to 1 kHz pulse modulation, 50% duty cycle.

Using an appropriate amplifier and transmit antenna, an electric field was established at the
test start frequency.

The electric field level was gradually increased until it reaches the applicable limit.

The required frequency ranges will be scanned in accordance with the step size specified in
Table 4.5-1. The field strength was maintained in accordance with the applicable limit.

The EUT performance was monitored for susceptibility effects.

If susceptibility was noted, the threshold level was determined and it was verified to be above the
I'Il'rtra]_‘l,tting was performed over the required frequency range with the transmit antenna vertically po-
?élszt?:g.) above 30 MHz was repeated with transmit antenna horizontally as well as vertically polar-
gti%s 1-5 were repeated for each transmits antenna position.
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5.3.5 RS103 Test Data

Job Number: PR107729 Standard: MIL-STD-461F
Date: 10/14/19 — 10/15/19 Procedure: None
: Persistent Systems . MPU5 Radio with RF-4100 Lower
Manufacturer: LLC EUT: C-Band Card
Model Number: WR-5100, RF-4100 S/N: 31628
Input Power Battery Test Personnel: | Tristian Gaines
RS103 Specification Limits:
Signal Applied Test Specification Susceptibility Criteria

The EUT was monitored
for any degradation in per-
formance according to
Section 3.4.

2MHz — 18GHz: 50V/m
Radiated RF Electromagnetic Field 1kHz / 80% Duty Cycle Pulse
Modualted (Navy below deck)
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Step
"t | oy | ovenon | s | G | P | Mot | observation | (Se2ite
2-30 \ 1 1 50 3 1kHz PM None
30 - 200 H 1 0.5 50 3 1kHz PM None
30 - 200 \Y, 1 0.5 50 3 1kHz PM None
Frequency | Pol. | Antenna 2?:2 Level | Dwell Modulation | Observation Results
(MHz) (H/V) | Position (%) (V/Im) | (Sec) (Pass/Fail)
200 - 1000 V 1 0.5 50 3 1kHz PM None
200 - 1000 \ 1 0.5 50 3 1kHz PM None
Frequency | Pol. Antgr_ma gt:z Level | Dwell Modulation | Observation Results_
(GHz) (H/V) | Position (%) (V/Im) | (Sec) (Pass/Fail)
1-2 Vv 1 0.25 10 3 1kHz PM None
1-2 \Y% 1 0.25 10 3 1kHz PM None
Frequency | Pol. | Antenna 2?:2 Level | Dwell Modulation | Observation Results
(GHz) (H/V) | Position (%f) (VIm) [ (Sec) (Pass/Fail)
2-4 Vv 1 0.25 10 3 1kHz PM None
2-4 Vv 1 0.25 10 3 1kHz PM None
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Step

" | o | B | Sz | G | e | Woswtation | onservation | 22
4-6 \Y 1 0.25 10 3 1kHz PM None
4-6 \Y% 1 0.25 10 3 1kHz PM None

Frequency | Pol. | Antenna 2?:2 Level | Dwell Modulation | Observation Results
(GHz) (H/V) | Position (%f) (VIm) [ (Sec) (Pass/Fail)
6-8 H 1 0.25 10 3 1kHz PM None
6-8 \Y 1 0.25 10 3 1kHz PM None

Frequency | Pol. | Antenna 2?:2 Level | Dwell Modulation | Observation Results
(GHz) (H/V) | Position (%f) (VIm) [ (Sec) (Pass/Fail)
8-18 \Y 1 0.25 10 3 1kHz PM None
8-18 \Y 1 0.25 10 3 1kHz PM None

Unclassified Defense Technical Data
*** Refer to restrictions on first page ***



5.3.6 RS103 Data Plots

NTS Test Report #: TR107729 Rev 2

Page 67 of 103

RS103 Standard Level / Measured Level: 2MHz - 30MHz
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RS103 Standard Level / Measured Level: 30MHz - 200MHz, Vertical
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RS103 Standard Level / Measured Level: 200MHz - 1GHz, Vertical, Position 1
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Level (V/m)

RS103 Standard Level / Measured Level: 1GHz - 2GHz, Vertical, Position 1
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Level (V/m)
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RS103 Standard Level / Measured Level: 8GHz - 18GHz, Vertical, Position 1
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5.3.7 RS103 Photographs

02 - 30-200MHz Horizontal

Wi

7 03 - 30-200MHz Vertical 04 - 200MHz-1GHz Horizontal

05 - 200MHz-1GHz Vertical 0'6 - 1-6GHz Horizontal
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' 07 - 1-6GHz Vertical 08 - 6-8GHz Horizontal

09 - 6-8GHz Vertical 10 - 8-18GHz Horizontal

11 - 8-18GHz Vertical
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Table RS103-4: RS103 Test Equipment List

Cal. Cycle

Asset No. Manufacturer Item Model S/N (Months) Cal. Due
WC005630 NTS 10kHz =30MHz |\ 1 5130Mm None NCR NCR
E-Field Generator
WC005618 EMCO Biconical Antenna 3109 8811-2392 NCR NCR
WC005310 | ETS-Lindgren |200MH2z~1GHzDRG 3106 35382 NCR NCR
Horn Antenna
WC058429 AR 1-6GHz Horn Antenna| ATH800OM6G 0351558 NCR NCR
WC058430 AR 6'186'::n:2r” An- 1 ATH6G1S 0351643 NCR NCR
Amplifier Signal Generator
WC005477 e g ey $G1200 202308/251 12 5/7/20
. Signal Generator
WC005556 Agilent o 836208 US34490403 12 5/10/20
WC005629 IFI 10KHz-200Mz |+ y 5500 L499-0408 NCR NCR
Amplifier
WC005628 IFI Amp"f'eerzl_?zo MHz =1 s\ccio00 L374-0507 NCR NCR
WC005660 IFI 1-2GHz Amplifier | GT251-500A |  L500-0408 NCR NCR
WC005776 |  LogiMetrics 2-4 GHz Amplifier A600/S M701-0508 NCR NCR
Amplifier Re- -
WC005662 D 4-8 GHz Amplifier | 200T4GB 326913 NCR NCR
WC005682 cPl 8-18 GHz Amplifier | VZM6993J5 $17213C7 NCR NCR
. Field Probe
WC005814 | ETS Lindgren Lokbs - 1orts HI-6022 114361 12 9/22/20
WC005790 | ETS Lindgren Field Probe HI-6053 110384 12 8/21/20

10MHz - 40GHz

NCR = No Calibration Required; as per NTS QA policy, the equipment does not require calibration as long as the

test signal being generated can be verified with other calibrated equipment prior to or during the test.
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5.4 Conducted Emissions: Method CE106, Conducted Emissions Antenna Terminal, 10kHz to

40GHz
MPUS5 Chain 1 Antenna Port Receive / Standby PASS
MPUS5 Chain 1 Antenna Port Transmit PASS

541 CE106 Purpose

This requirement is applicable from 10 kHz to 40 GHz for the antenna ports of transmitters, receivers, and
amplifiers. The requirement is not applicable to equipment designed with antennas permanently mounted
to the EUT. The transmit mode portion of this requirement is not applicable within the bandwidth of the
EUT transmitted signal or within £5 percent of the fundamental frequency, whichever is larger. For Navy
shipboard applications with peak transmitter power greater than 1 kW, the 5% frequency exclusion will be
increased by an additional 0.1% of the fundamental frequency for each dB above 1 kW of peak power.

Frequency Exclusion = + f * (0.05 + (0.001/dB) * (PtPk [dBm] — 60 [dBm]))

CE106 Frequency Range
Depending on the operating frequency range of the EUT, the start frequency of the test is as
follows:

N T

10 kHz to 3 MHz 10 kHz
3 MHz to 300 MHz 100 kHz
300 MHz to 3 GHz 1 MHz

3 GHz to 40 GHz 10 MHz

The equipment will be tested to an upper frequency limit based on the highest frequency generated or
received by the EUT. For systems with the frequencies generated or received less than 1 GHz, the upper
frequency limit will be 20 times the highest frequency or 18 GHz whichever is greater. For systems with
frequencies generated or received greater than or equal to 1 GHz, the upper frequency limit will be 10 times
the highest frequency or 40 GHz whichever is less. For equipment using waveguide, the requirement does
not apply below eight-tenths of the waveguide's cutoff frequency. RE103 may be used as an alternative
for CE106 for testing transmitters with their operational antennas.

5.4.2 CE106 Limits

Conducted emissions at the EUT antenna terminal shall not exceed the values given below.

a. Receivers: 34 dBuV
b. Transmitters and amplifiers (standby mode): 34 dBuV
C. Transmitters and amplifiers (transmit mode): Harmonics, except the second and third, and all other

spurious emissions shall be at least 80 dB down from the level at the fundamental. The second and third
harmonics shall be sup-pressed to a level of -20 dBm or 80 dB below the fundamental, whichever re-quires
less suppression. For Navy shipboard applications, the second and third harmonics will be suppressed to
a level of -20 dBm and all other harmonics and spurious emissions shall be suppressed to -40 dBm, except
if the duty cycle of the emissions are less than 0.2%, then the limit may be relaxed to 0 dBm.
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5.4.3 CE106 Test Setup

a. Calibration. Configure the test setup for the signal generator path shown in Figures CE106-1
through CE106-3 as applicable.

b. EUT Testing. Configure the test setup for the EUT path shown in Figures CE106-1 through
CE106-3 as applicable.

5.44 CE106 Test Procedure

Transmit mode for transmitters and amplifiers.

The test procedure shall be as follows:

1. Turn on the measurement equipment and allow a sufficient time for stabilization.
Calibration.

a.
b.
c.
d.
3. EU
a.
b.

C.

Apply a known calibrated signal level from the signal generator through the system check
path at a mid-band fundamental frequency (fo).

Scan the measurement receiver in the same manner as a normal data scan. Verify the
measurement receiver detects a level within +3 dB of the expected signal.
If readings are obtained which deviate by more than +3 dB, locate the source of the error
and correct the deficiency prior to proceeding with the test.
Repeat (1) through (3) at the end points of the frequency range of test.

T Testing.
Turn on the EUT and allow sufficient time for stabilization.
For transmitters, tune the EUT to the desired test frequency and apply the appropriate
modulation for the EUT as indicated in the equipment specification.
For amplifiers, apply an input signal to the EUT that has the appropriate frequency, power
level, and modulation as indicated in the equipment specification. For transmitters and
amplifiers for which these parameters vary, test parameters shall be chosen such that the
worst case emissions spectrum will result.
Use the measurement path to complete the rest of this procedure.
Tune the test equipment to the operating frequency (fo) of the EUT and adjust for maxi-
mum indication.
Record the power level of the fundamental frequency (fo) and the measurement receiver
bandwidth.
Insert the fundamental frequency rejection network, when applicable.
Scan the frequency range of interest and record the level of all harmonics and spurious

emissions. Add all correction factors for cable loss, attenuators and rejection networks.
Maintain the same measurement receiver bandwidth used to measure the power level of
the fundamental frequency (fo).

Verify spurious outputs are from the EUT and not spurious responses of the measure-
ment system.

Repeat (2) through (8) for other frequencies.
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Receivers and stand-by mode for transmitters and amplifiers.

The test procedure shall be as follows:

1.
2.

Turn on the measurement equipment and allow a sufficient time for stabilization.
Calibration.

a.
b.
c.
d.
EU
a.
b.

C.

Apply a calibrated signal level, which is 6 dB below the applicable limit, from the signal gener-
ator through the system check path at a midpoint test frequency.
Scan the measurement receiver in the same manner as a normal data scan. Verify the meas-
urement receiver detects a level within +3 dB of the injected signal.
If readings are obtained which deviate by more than £3 dB, locate the source of the error and
correct the deficiency prior to proceeding with the test.
Repeat (1) through (3) at the end points of the frequency range of test.

T Testing.
Turn on the EUT and allow sufficient time for stabilization.
Tune the EUT to the desired test frequency and use the measurement path to complete the
rest of this procedure.
Scan the measurement receiver over the applicable frequency range, using the bandwidths
and minimum measurement times of Table Il of MIL-STD-461F.
Repeat (2) and (3) for other frequencies.

Transmitter | ___| Amplifier L Signal
EUT EUT Generator
~ Path for
Measurement
Signal
Generator /
Path for
System Check
Attenuator
R
]
i
| Rejection

1
1
!
1
If Required —1"|  Network i
1
1
1

Measurement
Receiver

Figure CE106-1: Setup for Low Power Transmitters and Amplifiers
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System Check

Measurement
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Data
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Device

Figure CE106-3: Setup for Receivers and Stand-by Mode for Transmitters and Amplifiers
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545 CE106 Data
CE106 Datasheet

MIL-STD-461F
PR132717

None

MPU5 Radio with RF-4100
217/21 Lower C-Band Card
MPU5, RF- 28360 (MPU5), 47480 (C-
4100 Band Card)
Jeff Maselli Persistent Systems

CE106 Test Specification:

a. Receivers: 34 dBpV
b. Transmitters and amplifiers (standby mode): 34 dBuV

Conducted Emis- | € Transmitters and amplifiers (transmit mode):

sions. Antenna | Harmonics, except the second and third, and all other The EUT emissions
Terminal. 10 kHz | SPurious emissions shall be at least 80 dB down from the | must not excede
t0 40 GHz. level at the fundamental. The second and third the limit.

harmonics shall be suppressed to a level of -20 dBm or
80 dB below the fundamental, whichever requires less
suppression.

CE106 Test Results Summary:

Chain 1 Antenna Port Lower C-Band | Standby/ Receive 1-40,000 PASS

Chain 1 Antenna Port Lower C-Band Transmit 1-40,000 PASS
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5.4.5.1 CE106 Calibration Data

SRC-215, E50-E50-2150720 Cable Calibration
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3GHz - 15GHz High Pass Filter Calibration

0.9
0.8
0.7

0.6

dB

0.5
0.4
0.3
0.2

0.1

1000 3000 5000 7000 9000 11000 13000 15000
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0.8
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15000

20000

15GHz - 40GHz High Pass Filter Calibration
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40000
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5.4.5.2 CE106 System Check Data
CE106 System Check (Lower C-Band, Standby/Receive Configuration): Calibrated Signal = 26dBuV @

40GHz.

800" cvel - dBuv
70.0-

60.0-
50.0-
40.0-

30.0-
20.0-
10.0-
0.0-
-10.0-

-20.0-

Frequency - MHz

R P
15000 17500 20000 27500 25000 27500 30000 32500 35000 37500 40000

Frequency |Level |Limit |Delta

MHz dBuV |dBuV |dB dBuV |dB

39999.5 [26.1 (34.0

-7.9 21.214.89 |0.00

Raw |Cable [ Xducer All Factors

NTS Test Report #: TR107729 Rev 2
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Wed, Feb 17, 2021
8:50:16 AM
AutoScan 2020.8.26

Res BW (kHz) 1000
Vid BW (kHz) 50000

Graph # 1

CE106 System Check (Lower C-Band, Standby/Receive Configuration): Calibrated Signal = 26dBuV @

20GHz.

SO0 e el - dBuv
70.0-

60.0-
50.0-
40.0-

30.0-
20.0-
10.0-
0.0-
-10.0-

-Eﬁrﬂ_|lllI|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

15000 17500 20000 22500 25000 27500 30000 32500 35000 37500 40000

Frequency - MHz

Frequency |Level |Limit |Delta

MHz dBuV |dBuV |dB dBuV |dB

20000.1 [26.3 (34.0

-1.7 23.08 3.19 |0.00

Unclassified Defense Technical Data
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Wed, Feb 17, 2021
8:563:22 AM
AutoScan 2020.8.26

Res BW (kHz) 1000
Vid BW (kHz) 50000

Graph # 2
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System Check (Transmit Configuration): Calibrated Signal = 47dBuV @ 6GHz.
Level - dBuV

‘Wed, Feb 17, 2021
1:19:00 PM
|AutoScan 2020.8.26
'Res BW (kHz) 1000
Vid BW (kHz) 50000

Lower C-Band Notch Fil-
ter

Graph # 3
Frequency - MHz |

|Frequency|LeveI |Limit |De|ta |—|—|—|Raw |Cable |Xducer |AII Factors
‘MHz dBuV |dBuVv [dB |[[|[dBuv[dB [dB  |dB

6000.0 |[47.5 [56.0 8.5 |||[45.56[1.74 [0.21 |-1.94

System Check (Transmit Configuration): Calibrated Signal = 47dBuV @ 15GHz.

\Wed, Feb 17, 2021
1:21:55 PM
|AutoScan 2020.8.26
|
Res BW (kHz) 1000
Vid BW (kHz) 50000
Line 1

3GHz-15GHz High Pass
Filter

|Graph #4
Frequency - MHz |

|Frequency|LeveI |Limit |De|ta HHRaw |Cable |Xducer |AII Factors
MHz dBuV [dBuV |dB |[|/dBuv|dB [dB  dB

15000.0 [47.8 56.0 |-8.2 |||[44.33[2.79 [0.65 |-3.45
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System Check (Transmit Configuration): Calibrated Signal = 47dBuV @ 40GHz.

90.0-
a0.0-
70.0-
&0.0-
30.0-
40.0-
30.0-
20.0-
10.0-
0.0-
-10.0-

-20.0-
151]1]3 'I?SII}I] Zﬂ[ﬂ} ZZS'DI] 254]1]] 2?513] 3{!]31] 325'DI] 351]]1] 3?51}[! -dl}l}[il]

Level - dBul

Freq uen c:,r MHI

Frequency |Level |Limit |Delta Raw |Cable Xducer |All Factors
MHz dBuV [dBuV |dB dBuV |dB  |dB dB
40000.0 47.2 56.0 |-8.8 41491489 |0.83 |-5.72

Unclassified Defense Technical Data
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1:24:44 PM
AutoScan 2020.8.26

Res BW (kHz) 1000
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15GHz - 40GHz High
Pass
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5.4.5.3 CE106 Fundamental Frequency Amplitude Measurement Data

MPUS5 Radio (Lower C-Band), Fundamental Measurement.

\Wed, Feb 17, 2021
11:00:23 PM
|AutoScan 2020.8.26
Res BW (kHz) 1000
Vid BW (kHz) 50000
'WC005821 & WC058437
|Graph #2

Frequency - MHz |

|Frequency|LeveI |Limit |De|ta |_H—|Raw |Cable |Xducer |AII Factors
‘MHz dBuV [dBuV|dB | |[/dBuv|dB |dB  |dB
47054  [136.0[34.0 [102.0 |F|||94.54[1.49 [40.00 |-41.49

Notes:

136dBuV = 29dBm

Spurious Limit = 29dBm — 80dB = -51dBm = 56dBuV
2nd/3r Harmonic Limit = -20dMb = 87dBuV

Unclassified Defense Technical Data
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5.4.5.4 CE106 Test Data

CE106 Ambient Scan (Lower C-Band).

BIOS| el - dBuV

J0.0-

e0.0-

50.0-

40.0-

30.0-

20.0-

10.0-

0.0-

-10.0-

-zﬁ,ﬂ—M-. s it s ' 50 M R

1.00 10.00 100.00 1000.00 10000.00 40000.00

Frequency |Level |Limit |Delta Raw |Cable Xducer |All Factors
MHz dBuV |dBuV |dB dBuV |dB  |dB dB
6.748 -8.6 |34.0 -42.6 -8.67 |0.04 |0.00 |-0.04
13.433 -9.0 |34.0 |-43.0 -9.08 |0.08 |0.00 |-0.08
26.930 -6.8 |34.0 |-40.8 -6.93 |0.10 |0.00 |-0.10
339.300 4.0 [34.0 |-30.0 3.64 |0.40 |0.00 |-0.40
406.670 |13.3 34.0 |-20.7 12.87/0.43 |0.00 |-0.43
878.356 [7.5 |34.0 |-26.5 6.82 |0.64 |0.00 |-0.64
1604.651 |16.0 |34.0 -18.0 15.16 |0.87 |0.00 |-0.87
1949.237 |14.3 34.0 |-19.7 13.30/0.95 |0.00 |-0.95
2968.492 (14.3 |34.0 |-19.7 13.10/1.18 |0.00 |-1.18
3693.029 [15.6 [34.0 |-18.4 14.36|1.28 |0.00 |-1.28
8883.246 [16.1 |34.0 |-17.9 13.96 2.11 [0.00 -2.11
14037.461 |15.0 |34.0 -19.0 12.36 |12.65 |0.00 |-2.65
20342.107 |17.3 |34.0 |-16.7 14.033.31 [0.00 -3.31
31373.328 21.8 [34.0 |-12.2 17.64 1418 |0.00 |-4.18
39267.984 |24.8 |34.0 |-9.2 19.96 4.82 |0.00 |-4.82
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MPUS5 Radio (Lower C-Band), Chain 1 Antenna Port, Standby Mode.

S0.0=1 cvel - dBuv
70.0-
Wed, Feb 17, 2021
60.0-
12:50:37 PM
30.0~ AutoScan 2020.8.26
a0.0-
30.0- Res BW (kHz) 10, 100,
i 1000
Vid BW (kHz) 50000
10.0-
0.0- Graph # 1
-10.0-
h Frequency - MHz
-20.0-7%uS g o g oo oo g o
1.00 10.00 100.00 1000.00 10000.00 40000.00

Frequency |Level |Limit |Delta Raw |Cable Xducer |All Factors
MHz dBuV |dBuV |dB dBuV |dB  |dB dB
4.601 -84 |34.0 424 -8.45 |0.03 |0.00 |-0.03
10.862 -6.4 |34.0 404 -6.45 |0.07 |0.00 |-0.07
29.855 -5.0 |34.0 |-39.0 -5.07 |0.10 |0.00 |-0.10
352.396 4.2 |34.0 |-29.8 3.75 |0.40 |0.00 |-0.40
556.057 |5.1 |34.0 |-28.9 4.62 |0.50 [0.00 |-0.50
707.870 6.0 [34.0 |-28.0 545 |0.55 |0.00 |-0.55
1572.143 |18.1 |34.0 |-15.9 17.26 |0.86 |0.00 |-0.86
1970.243 |14.9 (34.0 |-19.1 13.97/0.96 |0.00 |-0.96
2999.500 [13.1 |34.0 |-20.9 11.86/1.19 |0.00 |-1.19
3612.526 (14.2 |34.0 |-19.8 12.96 |1.26 |0.00 |-1.26
7717.197 |15.5 [34.0 |-18.5 13.57/1.97 [0.00 |-1.97
11589.358 |[15.5 (34.0 |-18.5 13.13/2.41 |0.00 |-2.41
17962.561 |16.6 |34.0 -17.4 13.573.06 |0.00 |-3.06
29349.287 [19.9 |34.0 |-14.1 15.8314.03 |0.00 |-4.03
38625.973 [23.7 [34.0 |-10.3 19.02 /471 |0.00 -4.71

Unclassified Defense Technical Data
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MPUS5 Radio (Lower C-Band), Transmit Mode.

NTS Test Report #: TR107729 Rev 2

SO el - dBuV
80.0-
J0.0-
60.0-
50.0-
A0.0-
30.0-
20.0- l
10.0-
0.0-
-10.0-
-20.0-, I . j—
1.00 10.00 100.00 1000.00 BO00.00
Frequency |Level |Limit |Delta Raw |Cable Xducer |All Factors
MHz dBuV [dBuV |dB dBuV |dB  |dB dB
1.024 1.5 |56.0 |-54.5 144 |0.01 |0.06 |-0.08
10.644 -34 |56.0 -59.4 -3.50 |0.07 |0.02 |-0.09
13.835 -14 |56.0 |-57.4 -1.51 |0.08 |0.02 |-0.10
22.696 -2.0 |56.0 |-58.0 -2.11 /0.09 0.02 |-0.11
29.347 -04 |56.0 |-56.4 -0.56 |0.10 |0.02 |-0.13
173.567 8.7 |56.0 |-47.3 8.40 |0.28 |0.05 |-0.33
330.230 (8.7 |56.0 |-47.3 8.24 |0.39 0.07 |-0.46
518.128 (9.5 |56.0 |-46.5 8.92 |0.48 |0.09 |-0.57
647.872 |10.5 |56.0 |-45.5 9.88 |0.53 |0.09 |-0.62
906.342 (9.5 |56.0 |-46.5 8.80 |0.65 |0.10 |-0.75
1197.549 |21.8 56.0 |-34.2 20.96 |0.74 |0.11 |-0.85
2739.185 [13.6 |56.0 |-42.4 1229113 |0.16 |-1.29
5846.211 [41.9 |56.0 |-14.1 39.99 1.68 0.21 |-1.88
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MPUS5 Radio (Lower C-Band), Transmit Mode.

S0 el - dBuv
80.0- Wed, Feb 17, 2021
70.0- 2:00:16 PM
B0.0- AutoScan 2020.8.26
50.0- i im
40.0- Res BW (kHz) 50000
0.0- Vid BW (kHz) 50000
20.0-
10.0- 3GHz-15GHz High Pass
00— Filter
-10.0- Graph #7
Frequency MHI
- D B— I, O —
5000 7000 8000 9000 10000 11000 12000 13000 14000 15000

Frequency |Level |Limit |Delta Raw |Cable Xducer |All Factors
MHz dBuV [dBuV |dB dBuV |dB  |dB dB
6417.5 45.3 |56.0 |-10.7 43.26 |1.78 |0.29 |-2.08
7180.1 46.5 56.0 |-9.5 44.33/1.89 |0.31 |-2.20
7776.1 46.7 |56.0 -9.3 44421199 |0.26 |-2.25
8397.6 471 56.0 |-8.9 44.82|2.03 |0.25 |-2.28
8795.2 46.7 |56.0 -9.3 44.36 12.09 0.25 |-2.34
9400.2 78.3 |87.0 |-8.7 75.90(2.16 |0.28 |-2.44
9723.7 46.5 56.0 |-9.5 44.05|2.19 |0.30 |-2.49
10392.7 |456 |56.0 |-10.4 42.99 2.27 |0.33 |-2.60
11234.3 |45.8 |56.0 |-10.2 43.1412.35 |0.34 |-2.68
115953 |45.7 |56.0 -10.3 4298 1241 |0.33 |-2.74
12002.3 |46.2 56.0 |-9.8 43.40 2.47 |0.32 |-2.79
129004 |454 56.0 |-10.6 42.47 256 (0.34 |-2.89
13681.9 |48.8 |56.0 |-7.2 45.67 |2.64 045 |-3.09
14110.0 |755 |87.0 |-11.5 72.29|2.65 |0.52 |-3.17
14750.0 |47.0 56.0 |-9.0 43.632.73 |0.61 |-3.35
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MPUS5 Radio (Lower C-Band), Transmit Mode.

S0 el - dBuv
80.0- Wed, Feb 17, 2021
70.0- 2:20:25 PM
B0.0- AutoScan 2020.8.26
50.0-
40.0- Res BW (kHz) 1000
0.0- Vid BW (kHz) 50000
20.0-

10.0- 15GHz - 40GHz High

00— Pass
-10.0- Graph # 8
200-, Frequency MHI

15000 17500 20000 22500 25000 27500 30000 32500 35000 37500 40000

Frequency |Level |Limit |Delta Raw |Cable Xducer |All Factors
MHz dBuV [dBuV |dB dBuV |dB  |dB dB
16078.0 |29.3 56.0 |-26.7 25.882.83 |0.63 |-3.46
17408.0 |29.4 56.0 |-26.6 25.6312.99 |0.76 |-3.75
19817.1 |31.7 56.0 |-24.3 27.66 3.19 |0.83 |-4.02
21318.1 [31.8 |56.0 |-24.2 27.903.34 |0.53 |-3.87
23200.7 [30.7 |56.0 |-25.3 26.743.52 046 |-3.98
234947 |44.0 56.0 |-12.0 40.00 3.57 046 |-4.03
26333.2 (349 |56.0 |-21.1 30.393.74 |0.79 |-4.53
26709.2 [34.0 56.0 |-22.0 29.523.75 |0.72 |-4.47
29992.3 ([35.6 |56.0 |-20.4 30.96 |4.04 |0.59 |-4.63
311753 [35.0 |56.0 |-21.0 30.28 4.14 056 |-4.69
31833.3 [33.7 |56.0 |-22.3 28.68 4.18 |0.86 |-5.05
342399 (356 |56.0 |-20.4 30.68 |4.37 |0.58 |-4.95
36283.4 [39.7 |56.0 |-16.3 34.26 451 093 |-5.43
38313.0 [37.7 |56.0 |-18.3 32.35/4.63 |0.67 |-5.30
39255.0 [41.5 |56.0 |-14.5 35.66 4.82 |0.99 |-5.81
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5.4.6 CE106 Photographs

03 - 15GHz to 40GHz High Pass Filter CIibration 04 - System Check, (Standby Configuation)

05 - System Check, 1MHz or 6GHz 06 - System Check, 6GHz to 15GHz
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11 - CE106 Test Setup, 6GHz to 15GH 12 - CE106 Test Setup,15GHz to 40GHz
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CE106 Test Equipment

Table 5.2-1: CE106 Test Equipment

| | e s | G5 | cane |

NTS Test Report #: TR107729 Rev 2
98 of 103

WC058456 Agilent MXE EMI Recelver, N9038A MY57190108 12 5/19/21
WC058471 Anritsu ;%“g;zgeﬁgg':; MG3694A 045205 12 03/03/21
wcosgsoo | \Vinchester fn- %%g;zégbﬁe'?;“zrl‘ E50-E50-2150720 None 2 61222
WC005821 Narda 20dB Attenuator 766A-20 100230 36 10/4/21
WC058436 Weinschel 20dB Attenuator 34-20-34 BP8101 36 9/27/21
None Corry ll\f‘igronics, Lower C';ﬁtaer:d Notch CMINF04158048280 194000123 NCR NCR
None Microwave Cir- | 3 TGz High H3G020G2 505818 NCR NCR
None Micro(‘:"g’i‘t‘g eCir- | 15 ;;‘gfl':‘:ﬁe"r"gh H11F40G1 505817 NCR NCR

NCR = No Calibration Required; as per NTS QA policy, the equipment does not require calibration as
long as the test signal being generated can be verified with other calibrated equipment prior to or during

the test.
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Appendix A: Test Software Description

AutoScan™ EMI Measurement Software

The AutoScan software is a National Instruments LabVIEW ™ compiled package, specifically designed by
EMCware for automation of Radiated and Conducted RF Emission measurements.

The AutoScan Emissions Scan Plan window shows the administrator defined test parameters including
Start Frequency, Stop Frequency, Resolution Bandwidth, Video Bandwidth, Antenna, Amplifier, Cable,
Limit, Reference Level, Attenuation and Sweep Time.

The Scan Plan shown below has been defined in order to perform the radiated emissions test in accord-
ance with MIL-STD-461 RE102. Similar Scan Plans have been defined for CE101, CE102 and RE101.

AutoScan Emissions Scan Plan x
File Edit Operste Tools Window Help |%cfan
lan

» @ Sl

Radiated Emissions

MIL-STD-461 RE102 0dE Margin

Unclassified Defense Technical Data
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The AutoScan Emissions Main Control Panel window shown below was used to execute the
test, using the parameters defined in the Scan Plan.

[ AutoScan Emissions Main Control Panel *
File Edit Operate Tools Window Help | EMC
® fr

Vertical

Level | Limit Ht.
dBuV/m| dBuV/m| m

Level - dBuV/m

utoSelect Scale |+ |

QueueOn =
Quese Off

= @

Unclassified Defense Technical Data
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ETS-Lindgren Totally Integrated Laboratory Environment (TILE!)

The C++ compiled Totally Integrated Laboratory Environment (TILE! ™) software by ETS-Lindgren is
used for RS103 and CS101 testing.

The screen below shows the main TILE! Program with the Administrator defined profile opened for MIL-
STD-461 RS103 (Ships, Metallic, Below Deck). Similar profiles have been defined for CS101.

TILE! - R5103 (Ships, Metallic, Below Deck) - ] =
File Edit View Structure Graphics Run Window Tools NII/O Trace Help

D EBd|ls=n(a2[ )it meL| sk

Project 183 RS103 (Ships, Metallic, Below Decdd) [ ¥ | Properties ol |
~ = | & e oy =
+E o= T+ @ o=|a|lw

=-[8] RS103 (Ships, Metallic, Below Deck) =]

imports Title
data File Version
graphs Main Action <no action>
tables Refresh Rate (ms) 5000
instruments Save Simulation Setup False
actions I/S Show Flowchart True
leg RS103 (Ships, Metallic, Below Deck)

i audit

-0 views

v
W) Project | BB Paietis _J< >
Instruments e i x |
+egdo|l=&
Narme Madule Type Bd  Addr Driver Version Serial Number Cal Date  VISA VI
5 AR SG1200 IFR (Marconi) 2023 Signal Generator  Signal Generator GPIB 18 MARC2023.ins 7432  Unknown Unknown
W ) Instruments | (3 Find Log

ready _ Halted Ready Errors: 1, Warnings: 0

Unclassified Defense Technical Data
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The screen below shows the properties tabs of the Administrator defined profile. In these tabs, the admin-
istrator has defined the frequency range, step size, test level, modulation type, dwell time, instrumenta-
tion, etc.

TILE! - RS103 (Ships, Metallic, Below Deck) - O x
File Edit View Structure Graphics Run Window Tools MNII/O Trace Help

Dz Bdl +2R2(22) p(dTEOL Al

Praject 8 | RS103 (Ships, Metallic, Below Deck) [E1 ~+ | Properties |
+E 0= = P = 6] &
—.[a] RS103 (Ships, Metallic, Below Deck) S S I I AN I 1 =2 A
BB imports | ity Test R5103 (Ships, Metallic, Below Deck)
1 n Audit Trail False
? Primary Amp  Injection Level  Sec Amp-Hamonics  Leveling  TEM nce 0
| Check Reference  Threshold  Auto Thresholdng  AM Madulation dialog False
i FM Modulation Pulse Modulation ~ PM-Key  Calibration  Probe Cal. ;y Text
3 Results - 1 Results - 2 Calculations Instruments Probes "Test in Progress” Banner False
j Samples Monitars Position Process  Pasa/Fail Bookmarks i'ne immunity.dll
| Action = Frequency | FreqStep1 FreqSteps2 FreqSteps3d  Pause o Jan 10 3£-|g - 05:44:32 PM
{ !
i [ 5et From Data !
| Level_10V-m

f Stop Frequency: |30 | |GHZ » I
3 Hof Steps/ Dec/%: [Log Percent
[ Aute Save every steps.

W) Project | B8 Palelts _]<:

Instruments ‘ O |
Y - ) oK Cancel Apply I

+ElHo|=&

Narme Madule Type Bd  Addr Driver Version  Serial Mumber  Cal Date  VISA VI ol

AR SG1200 Demo Instrument Other GPIB 18 DEMO.ins 7432  Unknown Unknown %

teimmemk  Aaloi _SRUD 40 A e S 1. O N 1 1 P TR L

E[-a 181 Instruments Q Find Log

For Help, press F1 Error  R5103 [Ships, Metallic, Below Deck} Errors: 7, Warnings: 0

12:41:27

Unclassified Defense Technical Data
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The screen below shows the running profile, where the user can monitor the test in progress.
TR fetallic - el
File Edit View Structure Graphics Run Window Toels WNII/O Trace Help
D | Had| & B Z2| P T O Al
Praject 8 | RS103 (Ships, Metallic, Below Deck) [E1 ~+ | Properties |
+ & 0= = =6 %
R5103 (Ships, Metallic, Below Deck) =] (s
. Below Dieck)
Immunity Test
Frequency Amplitude: Sensars Ths Step P
22537 Mz Field |1 s e
Standard 10,00 [¥/m Bs
Step Aneer :l Generator [dBm] [0.00
Step Size =3 E
Mext 3>
Max dBrm |0 Diweell [mz]
<< Previous Min dBm [123 Probe (0000 | [Nene ]| o0
v
tanitoring Level RADIATING Finizhed Pass
Monlt?I Lavetl Cancel Fail Help
M anitor Lirmit e -
St 00 Cormeris
Deta (000 |[0
W Project | 58 Palette K - :
Instruments ol |
+Eldo|=&
Narme Madule Type Bd  Addr Driver Version  Serial Mumber  Cal Date  VISA VI o)
AR SG1200 Demo Instrument Other GPIB 18 DEMO.ins 7432  Unknown Unknown %
| o n P PR . 11, ST LA io. Taan i : I
|E ta E lInstruments QF:nu og
_Running R5103 [Ships, Metallic, Below Deck) Errors: 5, Warnings: 0 00:01:29 | 12:40:39

i_action : R5103 _[_Sﬂi_p_sL Me_talli_c_,_ Below Dreck} Runnir_l_g:. __._ -

End of Test Report
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1.0 Introduction

This document presents the test procedures used and the results obtained during the performance of an
Environmental (ENV) test program. The test program was conducted to assess the ability of the specified
Equipment Under Test (EUT) to successfully satisfy the requirements listed in Section 2.0.

2.0 References
The following references listed below form a part of this document to the extent specified herein.

e Test Specification: MIL-STD-810G, Department of Defense Test Method Standard, Environmental
Engineering Considerations and Laboratory Tests, dated 10/31/2008

o  Persistent Systems LLC Purchase Order(s) PS00000560, dated 06/22/2021

« National Technical Systems (NTS) Quote(s) OP0587069-0, dated 06/17/2021

e ISO/IEC 17025:2017(E) General Requirements for the Competence of Testing and Calibration
Laboratories, dated 11/1/2017

3.0 Product Selection and Description
Persistent Systems LLC selected and provided the test sample(s) to be used as the Equipment Under Test.
Details below:
Table 3.0-1: Product Identification - Equipment Under Test (EUT)
Item Qty. Name/Description Part Number Serial Number
1 1 MPU5 WR-5100 50697
1 1 Lower C-Band Radio Module RF-4100 B20614
1 1 MPU5 Battery BATO06 N/A
1 1 3.5 dBi Omnidirectional Gooseneck ANT-4006 N/A
Antenna
1 1 22-Pin to IP67-Rated Ethernet Jack CBL-DATA-2013 N/A
1 1 GPS Antenna ANT-4001 N/A

3.0.1 Received EUT Photographs

PERSISTENT SYSTEMS, LLC

S/N: 50897
P/N: WR-5100
MFR: 4YBU2

MFR DATE: 24FEB21
REV: 4.6.1

NSN 5975-01-658-9155

MPUS RF-4100
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3.1 Security Classification
Non-classified

4.0 General Test Requirements

41 Test Equipment
The instrumentation used in the performance of these tests is periodically calibrated and standardized within
manufacturer's rated accuracies and are traceable to the National Institute of Standards and Technology. The
calibration procedures and practices are in accordance with 1ISO 17025:2017. Certification of calibration is
on file subject to inspection by authorized personnel.
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5.0 Test Descriptions and Results
Table 5.0-1: Summary of Test Information & Results
Section Test Specification Test Facility Test Date Part # Serial # Test Result

WR-5100 50697

RF-4100 B20614
. MIL-STD-810G, . BATO06 N/A

5.1 Explosive Atmosphere Method 5115 Tinton Falls 06/24/2021 ANT-4006 N/A Passed

CBL-DATA-2013 N/A
ANT-4001 N/A

The decision rule for Test Results was based on the Test Specification used for testing.
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5.1 Explosive Atmosphere

5.1.1  Test Procedure
The EUT was tested to MIL-STD-810G, Method 511.5.

512  Test Result
Test Result: The EUT passed

5.1.3  Test Datasheets
Explosive Atmosphere Fuel Quantities

Chamber Specimen Wall Temp | Specimen Lo

DATE /TIME| TEST ALT Temp (C) Temp () © Gt COMMENTS (Insure Fuel Quantity is added here) INIT

6/24/2021 oft 50C 50C 50C Yes Added 215mL of Hexane BP
Print Name: Brian Pasznik Signature / Initials: BP

Print Name: Mark Betts Signature / Initials: MB
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GENERAL LOG SHEET
Job Number: PR141191 Date:  6/24/21 Page 1 1
Client: Persistent Systems
Test: Explosive Atmosphere Test tem: MPLS
Specification: MIL-STD-810G Model or P/N: E:Ensg:jihﬁ'iﬂg%m-
DATA-2013, ANT-4001
Para./Sect.: Method 511.5 S/N(s): 50657, B20614
Date | Time Log Entries Init.
6/24 an Started heating chamber to 50C BP
6/24 13:15 Brought chamber to 2000t in altitude BP
6/24 13:19 Added 215ml of hexane BP
624 13:23 Verified the explosiveness of the chamber EP
624 13:25 Powered on the EUT and performed a functional check BP
624 13:31 Completed Testing - Pass BP
Mote: The function check included a wireless throughput test to
simulate operational radio frequency transmission of the EUT.

Test Performed By: Brian Pasznik
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5.14  Test Photographs

PERSISTENT SYSTEMS, LLC

L S/N: 50897
, P/N: WR-5100
% MFR: 4YBU2
MFR DATE: 26FEB21

REV: 4.6.1
NSN 5975-01-658-9155

RF-4100

Explosive Atmosphere ' Explosive Atmosphere 2
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516  Test Equipment List

Table 5.1-1: Explosive Atmosphere Test Equipment List
Asset Number Asset Type Manufacturer Model Calibrated Due
WC005609 Chamber (Explosive Atmosphere) Nat'ogi'stTe ﬁf:”'ca' NTS 10/13/2020 10/13/2021

Calibration Abbreviations
CAL: Calibration
NCR: No Calibration Required
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1.0 Purpose
This document contains the test procedures for an Electromagnetic Interference
(EMI)/Electromagnetic Compatibility (EMC) test program. The purpose of this
test program is to determine the ability of the MPU5 - Model No. WR5100 with S-
Band Radio Card and Embedded Module, Model 5200 paired with L-Band Card,
Model No. RF1100 to successfully satisfy the requirements specified in the
references listed in Section 2.0 of this document.

2.0 References

e NTS Quote Number — OP0222985, Dated 07/24/2017.
e Persistent Systems LLC. Purchase Order Number: 15930, Dated 07/17/17.
e Persistent Systems LLC. Test Procedure: None

e |SO/IEC 17025, General Requirements for the Competence of Testing and
Calibration Laboratories, 2005

e ANSI NCSL Z540-1, Calibration Laboratories and Measuring and Test
Equipment—General Requirements

e MIL-STD-461F, Requirements for the Control of Electromagnetic Interference
Characteristics of Subsystems and Equipment, 10December 2007

2.1 Definitions
The terms used in this document are defined in ANSI C63.14. In addition,
the following definitions are applicable for the purpose of this test report.

2.1.1 Acronyms Used in This Document

a. EMC - Electromagnetic Compatibility

b. EMI - Electromagnetic Interference

c. EUT - Equipment Under Test

d. LISN - Line Impedance Stabilization Network
e. RF - Radio Frequency

2.2 Test Article Identification

2.2.1. Name: MPUS5 - Model No. WR5100 with S-Band Radio Card and
Embedded Module, Model 5200 paired with L-Band Card, Model No. RF1100

5 of 100
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3.0 Equipment Under Test

Item . Part/Model :
" Description Manufacturer Number Serial Number
MPUS5 - Model No. WR5100 with S-Band Persistent WR5100 &
1 Radio Card Systems LLC. RF2100 28320 & 5822

Embedded Module, Model 5200 paired Persistent WR5200 &

with L-Band Card, Model No. RF1100 Systems LLC. RF1100 0187 & B-507

3.1 Support Equipment and Monitoring
The EUT was setup and monitored by Persistent Systems personnel.

4.0 Test Equipment
The instrumentation used in the performance of these tests is periodically
calibrated and standardized within manufacturer's rated accuracies and are
traceable to the National Institute of Standards and Technology. The calibration
procedures and practices are in accordance with ANSI/NCSL Z540-1 and ISO
17025:2005. Certification of calibration is on file subject to inspection by
authorized personnel.

50 Test Dates

Test Test Dates

RE102 10/02/17 — 10/04/17

6 of 100



NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3

6.0 General Test Conditions and Requirements

6.1

Test Facility

Testing occurred within a shielded semi anechoic enclosure, measuring
30’ x 20" x 20, located in Tinton Falls New Jersey. The chamber walls
were lined with anechoic RF absorbing cones on all four walls and the
ceiling. Peripheral equipment was located in an adjacent shielded
enclosure. All power leads entering the shielded enclosures were routed
via electromagnetic interference filters to provide at least 80 dB of
attenuation above 10 kHz when measured in accordance with MIL-STD-
220A. Interconnecting cables are routed via feed through ports
connecting the two enclosures. Shielding effectiveness to electric fields
and plane waves exceeded 80 dB from 14 kHz to 10 GHz. Ancillary
equipment was installed in an adjacent shielded enclosure. All testing
was performed in accordance with MIL-STD-461F tabletop EUT's.

7 of 100
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6.2 Ground Plane
As ground plane is not present in the EUT installation, the EUT was
placed on a non-conductive table. The ground plane met the requirements
of MIL-STD-461F. All testing was performed in accordance with MIL-STD-
461F for tabletop EUT's.

Test Setupor MPUS5, Model WR5100 with S-Band Radio Card

\\

Test Setup Embedded Module, Model20
Card, Model No. RF1100

4

0 paired with L-Band

8 of 100
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Measurement Accuracies
All measurements were made in accordance with MIL-STD-461F and
have the following accuracies:

6.3.1 Frequency Accuracy
Frequency accuracy was+2%.

6.3.2 Amplitude Accuracy
Amplitude accuracy was+2 dB.

Emissions Testing

6.4.1 Bandwidths
The measurement receiver bandwidths listed in Table | of this
document were used for emissions testing. These bandwidths are
specified at the 6dB down points for the overall selectivity curve of
the receivers. Video filtering was not used to bandwidth limit the
receiver response. When a controlled video bandwidth was
available on the measurement receiver, it was set to its greatest

value.
6 dB . Minimgm Measurement
Frequency Range B : Dwell Time Time Analog
andwidth .
Measurement Receiver
30Hz-1KHz 10Hz 0.15 sec 0.015 sec/Hz
1KHz-10KHz 100Hz 0.015 sec 0.15 sec/KHz
10KHz- 150KHz 1KHz 0.015 sec 0.015/KHz
150KHz — 30MHz 10KHz 0.015 sec 1.5sec/MHz
30MHz — 1GHz 100KHz 0.015 sec 0.15sec/MHz
Above 1GHz 1MHz 0.015 sec 15sec/GHz

Table | Bandwidth & Measurement Time

9 of 100
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7.0 Test Program Summary

Test Summary

Reference L
5
Test MIL-STD-461F Section Met Criteria? (Y/N)
RE102 5.17 Y

7.1 Receipt Inspection

The MPUS5 - Model No. WR5100 with S-Band Radio Card and Embedded
Module, Model 5200 paired with L-Band Card, Model No. RF1100 were
hand carried to NTS Tinton Falls, New Jersey, by Persistent Systems
LLC. personnel.
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8.0 Test Methods

8.1

Radiated Emissions: Method RE102 Electric Field 10 kHz to 18 GHz
This test measured the radiated electric field emissions from the EUT in
the frequency range of 2 MHz to 18 GHz and compared the results to the
requirement of MIL-STD-461F, and Figure RE102-4 (RE102 limit for
ground applications (Navy Mobile & Army)) of this document.

Note that RE102 testing on the EUT was performed in a semi-anechoic
chamber.

See Appendix B for EMI software description.

Comments

The MPUS - Model No. WR5100 with S-Band Radio Card as well as the
Embedded Module, Model 5200 paired with L-Band Card, Model No.
RF1100 complied with the requirements of RE102 as defined in MIL-STD-
461F and Sec 2 of this document. See below for test data.

RE102Test System Calibration
This procedure was performed prior to the start of any measurements to
ensure that the overall system was operating properly.

1. The measurement system was set up per MIL-STD-461F and Figure
RE102-1 of this document.

2. A signal generator was connected to the coax in place of the
measurement antenna.

3. The signal generator was adjusted to produce a signal 6 dB below the
appropriate RE102 limit.

4. The signal was detected at the measurement receiver and confirmed
to be within +3 dB.

5. This procedure was repeated at the highest measurement range for
each antenna used, covering the frequency range specified by MIL-
STD-461F.

¢ Rod antenna 2 MHz - 30 MHz

e Bi-conical antenna 200 MHz

e Large Double Ridged waveguide 1 GHz
e Small Double Ridged waveguide 18GHz

6. For the active rod antenna, a matching network was used which is
connected to the rod mount through a 10pF capacitor. This introduced
11dB attenuation to the overall measurement and was evaluated at the
lowest, mid-band, and highest frequency measurement ranges.

11 of 100
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7. Radiated a signal using an antenna or stub radiator at the highest
measurement frequency of each antenna.
¢ Rod antenna 30 MHz
e Bi-conical antenna 200 MHz
e Large Double Ridged waveguide 1 GHz
e Small Double Ridged waveguide 17.95 GHz

The measurement receiver was tuned to the frequency of the applied
signal and verified that a received signal of appropriate amplitude was
present. Note: This evaluation was intended to provide a course indication
that the antenna is functioning properly. There is no requirement to
accurately measure the signal level.

RE102 Testing
1. Antenna positioning.

1. The test setup boundary of the EUT and associated cabling was
determined for use in positioning of antennas.

2. The physical reference points on the antennas shown in Figure
RE102-6 of MIL-STD-461F were used for measuring heights of
the antennas and distances of the antennas from the test setup
boundary.

e Antennas were positioned 1 meter from the front edge of
the test setup boundary for all setups. Reference the
general set up for free standing equipment in shielded
enclosures as specified in figure 3 of Section 6 of this
document.

e Antennas were positioned 120 cm above the floor ground
plane.

e No part of any antenna was closer than 1 meter from the
walls and 0.5 meter from the ceiling of the shielded
enclosure.

3. The number of required antenna positions below 200 MHz was
1, due to the fact that the test setup boundary is less than 3
meters.

4. The number of required antenna positions from 200-1000 MHz
was 2. See calculation in appendix A.

5. The number of required antenna positions from 200-1000 MHz
was 5. See calculation in appendix A.
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RE102 Test Procedure

1. The MPU5 - Model No. WR5100 with S-Band Radio Card and
Embedded Module, Model 5200 paired with L-Band Card, Model No.
RF1100 were tested while operating. See setup in Sec 3.1.

2. The appropriate antenna was positioned one meter from the front edge
of the equipment under test.

3. The antennae were kept at a minimum of one meter from all shielded
walls.

4. The frequency range from 2MHz to 18 GHz is scanned using EMI
Measurement Software and observing the bandwidths and minimum
measurement times specified in Table Il of MIL-STD-461F, and in
accordance with Section 6.5 of this document.

5. Above 30 MHz, both horizontal and vertical polarities were performed.

6. Below 30 MHz, only vertical polarity measurements were performed.

Comments
The EUT complied with the requirements of RE102 as defined in MIL-
STD-461F and Sec 2 of this document. See below for test data.

Antenna Frequency Range
Active Rod 10 kHz — 30 MHz
Bi-conical 30 MHz — 200 MHz
Large Double Ridged Waveguide 200 MHz - 1 GHz
Small Double Ridged Waveguide 1-18 GHz

13 of 100



S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3

Radiated Emissions Data Sample Calculation

Frequency Level |Limit Delta||Ht. Raw |Ant. |Cable Amp |All Factors
MHz dBuV/m |dBuV dB m |[dBuV dB |dB dB |dB
30.94 42.5 440 -15 ||V |82.05/10.86/1.65 |52.04 39.53

Frequency = EUT emission frequency in MHz.

Level = Corrected amplitude of EUT emission (Raw reading + Ant CF + Cable CF +
Preamp CF).

Limit = Radiated emission limit.

Delta = Level — Limit (Negative number indicates margin under limit. Positive number
indicates failure over limit).

Raw = Uncorrected amplitude measurement from EMI receiver.

Ant. = Antenna correction factor.

Cable = Insertion Loss of Coaxial Cable.

Amp =Preamp (if used) gain.

All Factors = Amp — Cable — Ant. (A negative number indicates a net loss. A positive
number indicates a net gain).

TEST SETUP BOUNDARY

| |
| |
i |
i i
! i
! i
! Path for |
: 4 Measurement :
i [
! i
| |
| |

Signal generator
Path far system Check

Coaxial Cahle

Measurement
Receaiver

Data Recording
Device (PC)

Figure RE102-1. System Verification Setup
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TEST SETUP BOUNDARY
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Figure RE102-2. Multiple Antenna Positioning

15 of 100



d')’-"
L2 NTS
= NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3

! Center Point of Rod
Element

-El%ﬂurmp-w Mote: Mo Bond Sirap
ROD
— % L §
Ground Plane g Mcﬂb;eshm | Femmm E
g Bonded to Floor Using i Chms @ 20 MHz
Elbow Adaptor and
Clamp y Floor
el
ary
BICONICAL
— J £ B
o g §
| Floor
et
undary — \_,
~ DOUBLE
/-' RIDGE HORN
— . B
P, 2 8
rg Floor .

Tm

FIGURE RE102-6 Antenna Positioning.

16 of 100



J)’.'A
L2 NTS

@S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3

100

1T

90 ] 89

17717

70

L

Navy Fixed & Air Force L /1

T
AN
AN

T T T 7T
1
1
T
1
1
1
1
1
1

.y

44 Ht
40 ve

Limit Level (dBuV/m)

AN

Navy Mobile & Arm

24
20

UL
1
1
T
1
1
1
1
1
1

T T 17

[0 S i e S e ———

®

10
100k 1M 10M 100M 1G 10(31 100G

Frequency (Hz)
FIGURE RE102-4. RE102 limit for ground applications.

17 of 100



57
;7

L2 NTS

@F NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
RE102 Data: MPUS5 - Model No. WR5100 with S-Band Radio Card

Project: Persistent
System Check: Injected Signal = 15.6dBuV (+/-3dB) @ 2.5MHz.

SO0 el - dBEuv)m
F0.0-

60.0-
50.0-

40.0- Mon, Oct 02, 2017

10:05:12 AM
20.0-

Graph # 3
10.0 —JLM“.MWHWWMWWMW

0.0-

30.0-

-10.0-

Frequency - MHz
20,0 =i S S S ————

I I I I I
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Scan Data
Frequency Level |Limit Delta| Ht. Angle Raw |Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m Deg dBuv dB |dB dB |dB
2.529 17.0 24.0 -7.0 |V 18.45-1.69/0.24 0.00 1.45
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 15.6dBuV (+/-3dB) @ 16.0MHz.

800 e - dBuvm

Mon, Oct 02, 2017
10:09:12 AM

' I Graph # 4
10.0-

Frequency - MHz

Scan Data
Frequency Level |Limit Delta | Ht. Angle Raw Ant. Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
16.000 17.0 24.0 -7.0 |V 16.82 -0.83|1.03 |0.00 -0.20
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3

Project: Persistent

System Check: Injected Signal = 15.6dBuV (+/-3dB) @ 29.5MHz.

800 e - dBuvm

m.n—mwwhwmww

Frequency - MHz

Scan Data

Mon, Oct 02, 2017
10:13:58 AM
Graph #5

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m Deg dBuV dB dB

dB dB

29.47 17.0 24.0 -7.0 ||V 14.66 0.76 1.62 |0.00 -2.37
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 29.5 MHz Radiated Stub

0.0 evel - dBuvm
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m Deg dBuV dB dB dB |dB
29.47 62.1 24.0 38.1 |V 59.7110.76 1.62 |0.00 |-2.37
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent

System Check: Ambient 2-30MHz
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Scan Data
Frequency Level |Limit Delta | Ht. Angle Raw Ant. Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
2.156 12.3 24.0 -11.7 |V 13.72 -1.69/0.23 |0.00 |1.46

3.058 12.8 24.0 -11.2
4.582 12.2 24.0 -11.8
5.578 12.1 24.0 -11.9
7.476 12.3 24.0 -11.7
9.996 11.9 24.0 -12.1
12.142 12.1 24.0 -11.9
16.436 12.5 24.0 -11.5
17.773 12.0 24.0 -12.0
19.049 12.1 24.0 -11.9
22.129 12.1 24.0 -11.9
23.062 12.5 24.0 -11.5
25.644 12.3 24.0 -11.7
26.609 13.0 24.0 -11.0
27.667 13.5 24.0 -10.5

14.18 -1.68 0.26 0.00 |1.43
13.60-1.65/0.30 0.00 |1.35
13.37 -1.62/0.33 |0.00 |1.29
13.47 -1.53/0.38 |0.00 1.15
12.86 -1.37/0.45 0.00 |0.92
12.66 -1.20 0.66 0.00 0.54
12.17-0.79/1.07 0.00 |-0.28
11.41 -0.64|1.20 |0.00 |-0.56
11.26 -0.51|1.32 |0.00 |-0.82
10.75-0.15/1.46 0.00 |-1.31
11.03-0.03/1.48 0.00 |-1.45
10.47/0.28 |1.53 |0.00 |-1.82
11.08 0.40 [1.56 |0.00 |-1.96
11.41/0.53 |1.58 0.00 |-2.11
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
EUT Running: 2-30MHz

800 e - dBuvm

40.0- Tue, Oct 03, 2017
30.0- 8:06:02 AM
20.0- VERTICAL

1100 st it iRt bingiecdiatiien, | | Graph # 19

Frequency - MHz

Scan Data
Frequency Level |Limit Delta | Ht. Angle Raw Ant. Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
2.529 13.0 24.0 -11.0 | \V 14.48 -1.690.24 |0.00 1.45

3.462 11.6 24.0 -12.4
4.831 11.9 24.0 -12.1
7.009 11.8 24.0 -12.2
10.120 11.9 24.0 -12.1
12.702 11.7 24.0 -12.3
15.409 12.0 24.0 -12.0
17.867 11.6 24.0 -12.4
18.924 12.3 24.0 -11.7
20.604 12.5 24.0 -11.5
23.249 12.3 24.0 -11.7
25.520 12.0 24.0 -12.0
26.453 12.0 24.0 -12.0
27.729 13.6 24.0 -10.4
29.036 12.9 24.0 -11.1

13.06 -1.68 0.27 0.00 |1.41
13.27-1.65/0.31 0.00 1.34
12.99 -1.56 |0.37 |0.00 1.19
12.76 -1.36 /0.46 |0.00 0.90
12.12-1.15/0.71 0.00 0.44
11.95/-0.89/0.97 0.00 |-0.08
11.06 -0.63|1.21 |0.00 |-0.58
11.54 -0.52|1.31 |0.00 |-0.79
11.44-0.33/1.43 0.00 |-1.10
10.83/-0.01/1.48 0.00 |-1.47
10.22 /0.27 |1.53 |0.00 |-1.80
10.04 0.39 |1.55 |0.00 -1.94
11.44/10.54 |1.58 0.00 |-2.12
10.55/0.70 |1.61 0.00 |-2.31
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@F NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 20 dBuV (+/- 3) dB @195MHz

0.0 el - dBuim

Mon, Oct 02, 2017
2:00:26 PM
=007 | ||/Graph#38

Frequency - MHz
0 S S S S ——
30 40 &0 (=1 100 120 140 160 150 200

Scan Data
Frequency Level |Limit Delta | Ht. Angle Raw |Ant. Cable Amp All Factors
MHz dBuV/m dBuV/m dB m Deg dBuV dB dB dB |dB
195.09 21.2 29.8 -8.6 61.03 0.00 1.35 41.17/39.81
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 195 MHz Radiated Stub

0.0 evel - dBuvm
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70.0-

60.0-

S0.0- Mon, Oct 02, 2017
40.0- 2:40:37 PM
3':"':"/\;,,;", HORIZONTAL
20.0- 'Y Graph # 14

10.0-

0.0-

s e

30 40 &0 a0 100 120 140 160 130 200
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
195.09 52.3 29.8 225 H 77.5814.56 |1.35 |41.17 25.25
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 195 MHz Radiated Stub

0.0 el - dBuim

&0.0-
70.0-
60.0-
S0.0- Mon, Oct 02, 2017
40.0- 2:43:39 PM
30.0—% - VERTICAL
snn- Graph # 15
0.0-
s e

30 40 &0 a0 100 120 140 160 130 200

Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
195.09 55.4 29.8 25.6 |V 80.7314.491.35 41.17 25.33
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check Ambient 30-200MHz

20.0-

Level - dBuvim

-

10,0 .,

EREREERE
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IRYRERRE
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EERTREREE
160

g
180 200

&0 a0
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB

35.10 17.3 24.0 -6.7 ||V 43.99|11.46 0.53 |38.63 26.64
43.41 17.1 24.0 -6.9 |V 43.73|11.97 0.60 |39.20 26.63
52.48 14.9 24.0 9.1 |V 42.69|11.19 0.66 |39.70 27.84
60.22 15.0 24.0 -9.0 |V 44.7219.66 0.70 40.03 29.67
66.64 11.8 24.0 -12.2 | \V 41.9819.33 0.74 |40.24 30.16
73.82 17.0 24.0 -7.0 |V 47.5919.07 0.79 |40.43 30.58
91.77 11.0 24.0 -13.0 |V 41.4719.38 0.90 40.79 30.51
08.38 12.2 24.0 -11.8 | \V 41.75|10.34 0.94 |40.86 29.58
106.50 13.0 24.5 -11.6 |V 41.68|11.32 0.98 |41.00 28.70
111.79 11.5 25.0 -134 |V 39.77/11.81 1.00 41.06 28.25
119.53 12.8 25.5 -12.8 | \V 40.3612.41 1.02 41.03 27.59
130.49 13.8 26.3 -12.5 |V 40.63|13.10 1.06 40.95 26.79
136.34 13.6 26.7 -13.1 |V 40.03|13.39 1.09 40.89 26.42
142.01 15.1 27.0 -12.0 | \V 41.27|13.54 1.11 |40.85 26.20
148.81 14.1 27.4 -134 |V 40.30|13.46 1.14 |40.84 26.24
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check Ambient 30-200MHz

20.0-

Level - dBuvim
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EREREERE
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IRYRERRE
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EERTREREE
160

g
180 200

&0 a0
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB

33.02 17.4 24.0 -6.6 ||H 43.94|11.38 0.52 38.47 26.57
38.50 15.1 24.0 -89 |H 41.93|11.45 0.56 38.88 26.87
44.54 15.7 24.0 -83 |H 43.05|11.32 0.61 |39.27 27.34
53.99 14.4 24.0 -9.6 |H 42.79|10.75 0.67 |39.76 28.34
60.98 13.6 24.0 -10.4 | H 42.67|10.27 0.70 |40.06 29.08
67.02 11.1 24.0 -12.9  H 40.23|10.34 0.74 |40.25 29.16
72.31 13.1 24.0 -10.9 | H 42.67|10.01 0.78 140.40 29.61
101.97 10.5 24.2 -13.7 | H 40.30|10.12 0.96 |40.92 29.83
108.01 11.6 24.7 -13.1 | H 40.48|11.14 0.98 |41.03 28.90
113.87 11.3 25.1 -13.8 H 39.09 12.311.01 41.05 27.74
119.16 13.8 25.5 -11.7 | H 40.48 |13.34 1.02 |41.03 26.66
125.77 14.3 26.0 -11.6 |H 40.46 13.82 1.04 40.98 26.12
132.57 13.1 26.4 -13.4 | H 39.26 13.68 1.07 140.93 26.18
138.99 15.5 26.9 -11.3 | H 41.88|13.41 1.10 |40.87 26.35
145.98 135 27.3 -13.8 H 40.15|13.04 1.13 |40.84 26.68
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
EUT Running 30-200MHz
90,0
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EERTREREE
160

g
180 200

&0 a0
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB

32.46 15.3 24.0 -8.7 ||V 42.16|11.08 0.51 |38.43 26.84
37.93 17.1 24.0 -6.9 |V 43.78|11.64 0.56 |38.84 26.64
43.79 16.2 24.0 -7.8 ||V 42.82|11.99 0.60 |39.22 26.63
51.53 14.8 24.0 9.2 |V 42.46 |11.36 0.66 |39.66 27.64
60.60 13.9 24.0 -10.1 | \V 43.66 9.61 0.70 |40.04 29.73
66.46 11.2 24.0 -12.8 | \V 41.379.30 0.74 40.23 30.19
74.20 12.1 24.0 -11.9 |V 42.778.99 0.79 40.44 30.67
90.07 11.1 24.0 -12.9 |V 41.8819.15 0.88 |40.77 30.73
100.27 11.3 24.0 -12.7 ||V 40.61|10.62 0.95 40.88 29.31
109.90 12.8 24.8 -12.0 | \V 41.22|11.67 0.99 |41.06 28.40
116.32 12.5 25.3 -12.8 | \V 40.41|12.151.01 41.04 27.88
130.49 13.0 26.3 -13.3 |V 39.80 13.10 /1.06 40.95 26.79
139.74 15.7 26.9 -11.1 |V 41.93 13.581.10 |40.86 26.18
147.87 14.1 27.4 -13.3 |V 40.30|13.46 1.13 |40.84 26.24
189.04 19.5 29.5 -10.0 | \V 45.13|14.19 1.32 41.13 25.62
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
EUT Running 30-200MHz
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EERTREREE
160

g
180 200

&0 a0
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB

30.00 12.9 24.0 -11.1 | H 39.54 11.13/0.49 38.24 26.62
35.29 17.1 24.0 -6.9 |H 43.68|11.54 0.53 |38.64 26.56
43.41 15.5 24.0 -85 |H 42.79|11.34 0.60 |39.20 27.26
53.04 13.9 24.0 -10.1 | H 42.13/10.81 0.66 |39.72 28.25
61.92 13.3 24.0 -10.7 | H 42.49/10.21 0.71 40.09 29.17
70.23 11.8 24.0 -12.2 | H 40.66 |10.77 0.77 40.35 28.82
75.71 9.8 24.0 -14.2 | H 40.518.94 0.79 |40.48 30.75
92.33 9.5 24.0 -145 H 40.4119.02 0.90 40.79 30.87
100.08 10.5 24.0 -13.5 H 40.53/19.87 0.95 |40.88 30.06
107.44 11.2 24.6 -13.4 | H 40.25|11.03 0.98 41.02 29.01
118.40 13.1 25.5 -12.4 | H 39.90|13.20 1.02 41.03 26.81
125.96 14.0 26.0 -12.0 H 40.10|13.82 1.04 40.98 26.12
132.19 13.0 26.4 -13.4 | H 39.16 13.70 1.07 40.93 26.16
139.18 15.7 26.9 -11.2 | H 42.03|13.41 1.10 |40.86 26.36
145.41 13.3 27.2 -13.9 H 39.95|13.07 1.12 |40.85 26.65
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@F NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 35dBuV (+/- 3dB) @ 995 MHz

0.0 e - dBuvm
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw |Ant. Cable Amp All Factors
MHz dBuV/m dBuV/m dB m Deg dBuV dB dB dB |dB
995.6 34.2 43.9 -9.8 |H 72.050.00 3.58 141.4737.90
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 995 MHz Radiated Stub

0.0 evel - dBuvm
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30.0- VERTICAL
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
995.6 51.5 43.9 76 |V 66.54 22.86 3.58 41.47 15.04
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L2 NTS

@F NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 995 MHz Radiated Stub

0.0 evel - dBuvm
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
993.8 51.2 43.9 73 |H 66.41 22.68 3.58 41.48 15.22
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
Ambient 200 - 1GHz
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R
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
208.00 10.2 30.3 -20.2 | \V 38.91 11.16 1.37 41.27 28.74
247.11 10.8 31.8 -21.0 |V 39.47 11.31 1.42 41.37 28.64
272.00 10.8 32.7 -21.9 |V 38.91|11.99 1.48 41.62 28.16
297.78 11.2 33.5 -22.2 | \V 39.21 12.391.52 41.87 27.96
328.00 12.9 34.3 -21.4 |V 40.23|13.15 1.63 42.15 27.37
370.67 11.9 35.4 -234 |V 39.04 13.441.72 42.29 27.13
472.89 14.4 37.5 -23.0 |V 37.97|15.86 2.35 |41.73 23.53
500.44 14.4 38.0 -235 |V 37.3816.352.35 41.68 22.98
525.33 16.1 38.4 -22.3 |V 39.01 16.552.22 141.71 22.94
592.00 16.7 39.4 -22.7 ||V 38.70 17.24 2.41 41.63 21.99
666.67 17.5 40.4 -23.0 |V 39.09|17.67 2.39 |41.69 21.64
901.33 19.7 43.1 -23.3 |V 37.59 20.353.20 141.39/17.85
949.33 20.3 43.5 -23.2 | \V 36.75 22.09 2.80 41.38 16.49
974.22 23.6 43.7 -20.1 | \V 38.96 22.99 3.17 41.5415.38
999.11 21.6 43.9 -22.3 |V 36.67|22.83 3.56 |41.45 15.06
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent

Ambient 200 - 1GHz
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB

206.22 10.7 30.3 -19.6 H 39.6210.96 1.37 41.26 28.92
234.67 10.0 31.4 -21.4 H 38.8111.15/1.42 41.39 28.82
263.11 10.8 32.4 -21.6  H 39.21|11.63 1.48 41.51 28.39
298.67 11.9 33.5 -21.6 H 39.8012.45 1.52 141.88 27.91
324.44 12.3 34.2 -21.9 H 39.9012.90 1.62 42.12 27.60
360.00 11.9 35.1 -23.2 | H 39.14 13.38 1.69 42.29 27.23
390.22 12.9 35.8 -22.9 H 39.75|13.52 1.84 42.18 26.82
471.11 15.1 37.4 -22.4 | H 38.81|15.62 2.35 41.72 23.75
498.67 15.5 37.9 -22.4 | H 38.55/16.27 2.37 41.68 23.04
533.33 16.2 38.5 -22.3 H 39.64 16.13 2.17 41.72 23.42
604.44 17.0 39.6 -22.6 | |H 38.96 17.252.37 41.59 21.98
883.56 20.0 42.9 -22.9 H 38.50|19.76 2.92 41.22 18.54
909.33 21.3 43.1 -21.8 H 39.0120.38 3.39 41.43 17.67
952.00 20.8 43.5 -22.7  H 37.26 22.11 2.83 41.41 16.47
984.89 22.3 43.8 -21.5 H 37.44 22.91 3.42 41.49 15.15
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent

EUT Running 200 - 1GHz
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
200.89 10.7 30.0 -19.4 | H 39.54 10.96 1.38 41.21 28.87
234.67 9.8 31.4 -21.6 | H 38.65/11.15/1.42 41.39 28.82
260.44 11.3 32.3 -21.0 H 39.72|11.59 1.49 41.47 28.39
289.78 11.9 33.2 -21.3 | H 39.97 12.21 1.50 41.8028.08
324.44 12.1 34.2 -22.1 | H 39.67 12.90 1.62 42.12 27.60
448.89 14.6 37.0 -22.5 | H 39.44 14.81 2.05 41.75 24.89
482.67 15.1 37.6 -22.5 | H 38.60|15.93 2.35 41.75 23.47
518.22 15.5 38.3 -22.7 | H 38.68 16.26 2.28 41.69 23.15
592.00 17.5 39.4 -21.9 H 39.67 17.06 2.41 41.63 22.16
710.22 18.2 41.0 -22.8  H 39.42 17.80 2.54 41.57 21.23
825.78 20.7 42.3 -21.6  H 39.92/19.49 2.60 |41.30 19.20
875.56 20.6 42.8 -22.2 | H 39.44 19.61 2.83 41.26 18.83
920.00 20.7 43.2 -22.6 | |H 38.10 20.7313.31 41.48 17.44
966.22 23.3 43.7 -20.3 | H 39.09 22.77 3.04 41.56 15.74
994.67 22.2 43.9 -21.7 | H 37.44|22.65 3.58 |41.48 15.24

36 of 100

Tue, Oct 03, 2017
10:00:17 AM
HORIZONTAL
Graph # 28



NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent

EUT Running 200 - 1GHz
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R
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
200.00 12.7 30.0 -17.3 |V 41.35/11.16 1.38 |41.20 28.66
224.89 9.9 31.0 -21.1 |V 38.73/11.16 1.38 41.39 28.85
250.67 18.9 32.0 -13.1 |V 47.47|11.35 1.41 41.37 28.61
280.89 13.7 32.9 -19.2 | \V 41.73|12.16 1.51 41.65 27.99
307.56 17.7 33.7 -16.1 | |V 45.46 12.63 |1.57 |41.98 27.78
336.00 13.9 34.5 -20.6 |V 41.27|13.25 1.65 |42.25 27.35
376.00 23.6 35.5 -11.8 |V 50.67 13.46 1.74 42.2327.03
424.00 22.0 36.5 -14.6 ||V 47.97|13.95 2.01 41.97 26.01
448.89 16.1 37.0 -20.9 | |V 41.17 14.652.05 |41.75 25.05
825.78 22.6 42.3 -19.7 ||V 41.85|19.40 2.60 |41.30 19.30
875.56 26.8 42.8 -16.0 | \V 45.38|19.84 2.83 |41.26 18.60
914.67 21.3 43.2 -21.9 |V 38.68 20.70 3.36 41.46 17.40
939.56 21.3 43.4 -22.2 | \V 38.17 21.64 2.81 41.36 16.91
968.00 22.6 43.7 -21.1 |V 38.30 22.77 3.08 41.57 15.73
1000.00 |25.1 44.0 -18.8 | \V 40.20 22.82 3.56 41.45 15.07
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3

Project: Persistent

System Check: Injected Signal = 37 dBuV (+/- 3dB) @ 17.5 GHz
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Scan Data

Tue, Oct 03, 2017
12:42:20 PM
Graph # 32

Frequency Level |Limit Delta | Ht. Angle Raw |Ant. Cable Amp All Factors

MHz

dBuV/m dBuV/m dB m Deg dBuV dB dB

dB |dB

17507.0 |36.6 68.8 -32.2 68.65 0.00 12.36 44.4532.09
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 17.5 GHz Radiated Stub

0.0 evel - dBuvm
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40.0- 12:56:13 PM
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
17507.0 |82.1 68.8 134 \V 69.16 45.07 12.36 44.45 -12.98
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 17.5 GHz Radiated Stub

0.0 evel - dBuvm

&0.0-

70.0-

60.0-

S0.0- Tue, Oct 03, 2017
40.0- 1:03:04 PM

30.0- HORIZONTAL
20,0 - Graph # 34
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
17507.0 |74.0 68.8 5.2 H 60.79 45.27 |12.36 |44.45-13.18
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Ambient 1 - 18 GHz

0.0 el - dBuim
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1:13:20 PM
HORIZONTAL
Graph # 35
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1000.0 35.3 44.0 -8.6 ||H 49.42 23.80 3.56 141.45|14.09
1629.0 32.2 48.2 -16.0  H 43.31|26.25 3.93 41.31 11.13
2156.0 38.1 50.6 -125 H 45.8429.11 4.35 41.237.78
2683.0 36.7 52.5 -15.8 H 43.1030.37 4.88 |41.63 6.39
3635.0 39.9 55.1 -15.2 | |H 43.67 32.19 5.86 141.82 3.77
4179.0 39.2 56.3 -17.1 | H 42.3532.70 6.44 42.25 3.11
5216.0 41.5 58.3 -16.8  H 42.7534.69 7.12 |43.06 1.25
5879.0 42.4 59.3 -16.9 H 41.82 35.28 7.96 42.68 |-0.56
7086.0 44.2 60.9 -16.7  H 41.27 36.74 8.79 42.57 |-2.96
7681.0 44.4 61.6 -17.2 | H 40.7737.58 8.50 42.47 -3.61
8497.0 45.4 62.5 -17.1 | H 40.7837.80 8.80 |42.01 -4.60
9211.0 457 63.2 -17.5 |H 40.8137.94 9.03 |42.10 -4.87
9857.0 46.0 63.8 -17.8  H 39.71/39.40 9.82 42.95 -6.27
11608.0 |48.4 65.2 -16.8  H 39.11 40.48 10.92 42.15-9.25
18000.0 |56.3 69.0 -12.7 | H 36.46 50.20 12.87 43.26 -19.81
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Ambient 1 - 18 GHz
90,0

Level - dBuvim

Tue, Oct 03, 2017
1:16:53 PM
VERTICAL
Graph # 36
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1238.0 36.7 45.8 9.1 |V 49.91 24.55 3.56 41.35|13.23
2003.0 35.3 50.0 -14.7 ||V 43.64 28.51 4.35 |41.23 8.37
2530.0 37.1 52.0 -14.9 |V 43.8130.06 4.64 41.44 6.74
3057.0 38.4 53.6 -15.3 |V 43.8631.09 5.26 |41.83 5.48
3652.0 40.0 55.2 -15.2 | \V 43.86 32.07 5.82 141.80 3.90
4196.0 39.2 56.4 -17.1 |V 42.1332.74 6.55 |42.18 2.90
4774.0 40.2 57.5 -17.3 | \V 42.06 33.68 6.77 |42.331.88
5301.0 41.7 58.4 -16.7 |V 41.8334.88 7.27 |42.31 0.15
5896.0 41.8 59.3 -17.5 ||V 41.1135.44 7.88 |42.60 -0.72
6729.0 42.6 60.5 -17.8 | |V 40.28 136.01 8.69 |42.34 -2.36
7375.0 44.3 61.3 -17.0 | \V 40.0337.32 8.38 |41.48 -4.23
9959.0 46.8 63.9 -17.1 |V 40.61 39.60 9.61 43.04 -6.17
12764.0 |48.0 66.0 -18.0  \V 36.48 40.04 13.42 41.93 -11.54
13631.0 |49.1 66.6 -17.5 | \V 36.67 41.83/12.02 41.38 -12.47
17847.0 |55.5 68.9 -135 |V 38.27 |48.47 12.53 43.82 -17.19
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
EUT Running: 1- 18GHz

20.0-

Level - dBuvim

Tue, Oct 03, 2017
1:21:35 PM
VERTICAL
Graph # 37
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1000.0 39.5 44.0 44 |V 53.8023.60 3.56 41.45 14.29
1578.0 38.7 47.9 9.3 |V 49.91 26.05 4.02 |41.34 11.26
2105.0 37.6 50.4 -12.8 | \V 45.93|28.82 4.30 |41.40 8.29
2904.0 41.3 53.2 -11.9 |V 46.9530.81 5.35 |41.79 5.64
3703.0 41.0 55.3 -14.3 |V 44.8532.17 5.72 |41.76 3.88
4587.0 40.5 57.2 -16.7 ||V 43.67 33.08 6.61 |42.89 3.20
5267.0 42.5 58.4 -15.9 |V 43.0334.83 7.21 |42.60 0.56
5913.0 42.1 594 -17.3 |V 41.36 |35.457.85 |42.58 -0.72
6729.0 43.3 60.5 -17.2 |V 40.90 36.01 8.69 42.34-2.36
7307.0 44.0 61.2 -17.2 | \V 40.56 37.18 8.45 |42.19 -3.43
7902.0 44.0 61.9 -17.9 | \V 40.14 37.76 8.73 42.62 -3.87
8497.0 445 62.5 -18.0 \V 40.01 37.70 8.80 142.01 -4.50
9925.0 46.4 63.8 -17.4 | \V 39.94 39.52 9.89 142.90 -6.50
11795.0 47.4 65.3 -18.0 | \V 37.2539.92 12.12 41.90 -10.13
18000.0 |56.4 69.0 -12.6 ||V 36.84 50.00 12.87 43.26 -19.61
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
EUT Running: 1- 18GHz

0.0 el - dBuim

Tue, Oct 03, 2017
1:24:16 PM
HORIZONTAL
Graph # 38
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1051.0 30.7 44.4 -13.7 | H 44 .50 23.96 3.56 |41.31 13.79
1969.0 35.4 49.8 -145 H 43.71|28.50 4.34 |41.19 8.35
2496.0 37.1 51.9 -14.8 | H 43.94|29.99 4.59 41.43 6.85
3227.0 39.2 54.1 -149  H 44.2331.455.45 |41.915.01
3822.0 38.8 55.6 -16.8 | |H 42.85 32.455.85 42.354.04
4519.0 39.9 57.0 -17.1 | H 43.0532.76 6.78 |42.64 3.10
5267.0 42.4 58.4 -16.0 H 42.99 34.78 7.21 |42.60 0.61
5896.0 42.6 59.3 -16.8 | H 42.0035.28 7.88 |42.60 -0.56
6661.0 42.6 60.4 -17.8  H 40.73 35.92 8.49 42.53|-1.89
7256.0 44.0 61.1 -17.2 | H 40.9337.01 8.52 |42.49 -3.04
7851.0 44.5 61.8 -17.3 | H 41.09 37.75 8.65 43.01 -3.39
9857.0 46.1 63.8 -17.7 H 39.84 39.40 9.82 42.95 |-6.27
10503.0 |46.5 64.3 -17.8 | |H 39.40 39.50 10.25 42.67 |-7.08
11608.0 |48.8 65.2 -16.4 | H 39.55 40.48 10.92 42.15-9.25
18000.0 |55.8 69.0 -13.2  H 35.96 50.20 12.87 43.26 -19.81
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NTS Test Report Number: PRO66693.PER.EMC Rev 3
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NTS Test Report Number: PRO66693.PER.EMC Rev 3

EUT Ambient / Running 30 - 200 MHz
Horizontal

EUT Ambient / Running 30 - 200 MHz

Vertical

System Check 200-1GHz Radiated Stub
Vertical

System Check 200-1GHz Radiated Stub
Horizontal

EUT Ambient / Running 200-1GHz Vertical
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3

EUT Ambient / Running 200-1GHz Horizontal

System Check 1 - 18GHz Radiated Stub
Vertical

System Check 1 - 18GHz Radiated Stub
Horizontal

A

EUT Ambient / Running 1 - 18 GHz Horizontal

EUT Ambient / Running 1 - 18 GHz Vertical
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
RE102 Data: Embedded Module, Model 5200 paired with L-Band Card, Model No.
RF1100

Project: Persistent
Systems Check: Injected Signal = 15.6 dBuV (+/- 3dB) @ 2.5 Mhz

SO0 el - dBEuv)m
F0.0-

60.0-
50.0-

A0 Wed, Oct 04, 2017

2:51:12 PM
20.0-

WMW*W‘WMWWMM Graph # 36
10.0-

0.0-

30.0-

-10.0-

Frequency - MHz
20,0 =i S S S ————

I I I I I
.00  5.00 10.00 15.00 £0.00 Z5.00 30.00

Scan Data
Frequency Level |Limit Delta| Ht. Angle Raw Ant. Cable Amp All Factors
MHz dBuV/m dBuV/m dB m Deg dBuvV dB dB |dB dB
2.529 16.9 24.0 -7.1 16.62/0.00/0.24 |0.00 -0.24
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3

Project: Persistent

Systems Check: Injected Signal = 15.6 dBuV (+/- 3dB) @ 16.0 Mhz

800 e - dBuvm

mID_WMﬂ\W«WMMMMW

Frequency - MHz

Scan Data

Wed, Oct 04, 2017
2:54:39 PM
Graph # 37

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m Deg dBuV dB dB

dB dB

16.000 16.6 24.0 -7.4 15.53/0.00/1.03 |0.00 -1.03
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3

Project: Persistent

Systems Check: Injected Signal = 15.6 dBuV (+/- 3dB) @ 29.5 Mhz

800 e - dBuvm

m,g-““WWnWwWWWMM

Frequency - MHz

Scan Data

Wed, Oct 04, 2017
2:57:18 PM
Graph # 38

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m Deg dBuV dB dB

dB dB

29.47 15.3 24.0 -8.7 12.88/0.76/1.62 |0.00 -2.37
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NATIONAL TECHNICAL SYSTEMS

Project: Persistent

NTS Test Report Number: PRO66693.PER.EMC Rev 3

Systems Check: Injected Signal = 29.5 MHz Radiated Stub

g0.0-

Lewvel - dBuvim
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29.47

49.4

Scan Data

Wed, Oct 04, 2017
3:17:27 PM
VERTICAL
Graph # 39

Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

24.0 254 |V
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m Deg dBuV dB dB
47.04 0.76 |1.62 |0.00 -2.37

dB dB



S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
Systems Check: Ambient 2 -30 MHz

800 e - dBuvm

Wed, Oct 04, 2017
3:22:52 PM
Graph # 40

1 01, 0 el bl g et A oo

Frequency - MHz

Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
2.964 13.0 24.0 -11.0 | \V 14.48 -1.69/0.25 |0.00 1.44
4.364 12.0 24.0 -12.0 13.39 -1.66/0.29 |0.00 |1.37
5.267 12.3 24.0 -11.7 13.65-1.63/0.32 |0.00 1.31
7.164 13.3 24.0 -10.7 14.46 -1.55/0.37 |0.00 1.18
9.964 11.9 24.0 -12.1 12.78 -1.37/0.45 |0.00 0.92
11.427 12.4 24.0 -11.6 13.04 -1.25/0.59 |0.00 0.66
16.498 12.0 24.0 -12.0 11.74 -0.781.08 |0.00 |-0.30
17.929 12.0 24.0 -12.0 11.41 -0.63|1.22 |0.00 |-0.59
20.169 11.8 24.0 -12.2 10.73-0.37|1.42 |0.00 -1.05
22.284 12.3 24.0 -11.7 10.93-0.121.46 |0.00 -1.34
23.684 12.4 24.0 -11.6 10.85/0.04 1.49 |0.00 -1.53
26.547 11.8 24.0 -12.2 9.81 0.39 |1.55 |0.00 -1.95
27.511 12.6 24.0 -11.4 10.47/0.51 |1.57 |0.00 -2.09
29.036 13.0 24.0 -11.0 10.73/0.70 |1.61 |0.00 -2.31
29.938 11.9 24.0 -12.1 9.48 0.81 1.63 0.00 -2.44

< K K K KKK KKK KK LK <
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
EUT Running 2 -30 MHz

800 e - dBuvm

Wed, Oct 04, 2017
3:38:54 PM
Graph # 41

mlu_wfmmmmmww

Frequency - MHz

Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
2.000 14.2 24.0 -9.8 |V 15.70 -1.690.23 |0.00 |1.46
3.773 12.3 24.0 -11.7 13.70 -1.67/0.28 |0.00 |1.39
6.138 12.3 24.0 -11.7 13.60 -1.60/0.34 |0.00 1.25
11.084 12.6 24.0 -11.4 13.29 -1.28/0.55 |0.00 0.73
16.093 12.4 24.0 -11.6 12.15-0.82|1.04 |0.00 -0.22
17.680 12.6 24.0 -11.4 12.02 -0.65/1.19 |0.00 -0.54
19.951 135 24.0 -10.5 12.50 -0.401.41 |0.00 -1.01
20.978 12.5 24.0 -11.5 11.31-0.28|1.44 |0.00 -1.15
21.849 13.7 24.0 -10.3 12.45-0.181.45 |0.00 -1.28
22.938 12.5 24.0 -11.5 11.03 -0.05/1.48 |0.00 -1.43
24.680 13.1 24.0 -10.9 11.440.17 |1.51 |0.00 -1.68
26.049 13.2 24.0 -10.8 11.34 0.33 |1.54 |0.00 -1.88
27.076 12.9 24.0 -11.1 10.850.46 |1.57 |0.00 |-2.02
27.978 13.6 24.0 -10.4 11.46 0.57 |1.58 |0.00 |-2.15
29.782 12.8 24.0 -11.2 10.40 0.80 (1.62 |0.00 |-2.42
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@F NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check Inject Signal: 20 dBuV (+/- 3dB) @ 195 MHz
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1:32:26 PM
007 | || /Graph # 27
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Scan Data
Frequency Level |Limit Delta | Ht. Angle Raw |Ant. Cable Amp All Factors
MHz dBuV/m dBuV/m dB m Deg dBuV dB dB dB |dB
195.09 20.4 29.8 -9.4 60.19 0.00 1.35 41.17/39.81
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check Ambient: Radiated Stub @ 195 MHz
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
195.09 45.2 29.8 154 | H 70.45/14.56 1.35 |41.17 25.25
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check Ambient: Radiated Stub @ 195 MHz

0.0 evel - dBuvm
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20,0— Graph # 33
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30 40 &0 a0 100 120 140 160 130 200
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
195.09 49.4 29.8 196 V 74.76 14.49 1.35 41.17 25.33
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check Ambient: 30 - 200MHz
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Scan Data
Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
30.19 14.1 24.0 -9.9 |V 41.12|10.75 0.49 38.26 27.02

35.67 16.8 24.0 -7.2

45.68 16.4 24.0 -7.6

53.61 15.4 24.0 -8.6

60.22 16.5 24.0 -7.5

67.40 11.2 24.0 -12.8
74.01 12.6 24.0 -11.4
80.24 9.8 24.0 -14.2
89.12 10.3 24.0 -13.7
100.27 11.8 24.0 -12.2
107.26 13.0 24.6 -11.6
114.24 11.2 25.2 -14.0
119.72 12.6 25.6 -13.0
130.87 12.9 26.3 -13.5
140.12 14.0 26.9 -12.9

43.4511.49 0.54 |38.67 |26.64
43.07 12.00 |0.62 39.33 |26.72
43.48 |11.00 0.67 |39.75 28.08
46.2219.66 0.70 40.03 29.67
41.24 9.46 0.75 40.26 30.05
43.259.03 0.79 /40.44 30.63
41.248.32 0.82 |40.59 31.45
41.179.03 0.88 |40.75 30.85
41.12 10.62/0.95 40.88 |29.31
41.60 11.40 0.98 41.01 28.63
39.24 11.99 1.01 41.05 28.06
40.15|12.43 1.03 41.03 27.57
39.6213.12 1.06 40.94 26.76
40.15 13.59 1.10 /40.86 26.16

< K K K KKK KKK KKK LK <
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NATIONAL TECHNICAL SYSTEMS

Project: Persistent

System Check Ambient: 30 - 200MHz

NTS Test Report Number: PRO66693.PER.EMC Rev 3
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Frequency - MHz

0O e
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IRYRERRE
120

EERTREREE
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g
180 200

a0 100
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw |Ant.

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB
33.78 17.0 24.0 -7.0 |H 43.58 11.45 0.52
4417 16.3 24.0 -7.7 |H 43.58|11.33 0.61
52.86 15.0 24.0 -9.0 |H 43.22|10.82 0.66
60.98 13.2 24.0 -10.8 | H 42.23/10.27|0.70
69.67 11.6 24.0 -12.4  H 40.41 10.79 0.76
76.47 9.8 24.0 -14.2 | H 40.66 8.83 |0.80
86.67 10.2 24.0 -13.8 H 41.558.52 10.86
100.27 10.6 24.0 -13.4 | H 40.66 9.90 |0.95
109.14 11.5 24.8 -13.2  H 40.2011.38 0.99
117.64 13.6 25.4 -11.8 | H 40.61 |13.05 1.02
125.96 13.6 26.0 -12.4 | H 39.70|13.82 |1.04
131.24 12.1 26.4 -14.2  H 38.25/13.75/1.06
138.61 14.0 26.8 -12.8 | H 40.33|13.43|1.10
176.01 15.1 28.9 -13.8 H 40.00 14.90 1.24
186.59 15.2 29.4 -14.2 | H 39.67|15.32 1.31
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Wed, Oct 04, 2017
1:54:56 PM
HORIZONTAL
Graph # 31

Cable Amp |All Factors

dB |dB

38.53 26.56
39.24 27.31
39.7128.23
40.06 29.08
40.33 |28.78
40.50 30.87
40.70 31.32
40.88 30.04
41.05 28.68
41.03 26.97
40.98 26.12
40.94 26.12
40.87 |26.34
41.07 24.93
41.12 24.49



NATIONAL TECHNICAL SYSTEMS

Project: Persistent

EUT Running 30 - 200 MHz

NTS Test Report Number: PRO66693.PER.EMC Rev 3
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IRYRERRE
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a0 100
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw |Ant.

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB
34.72 16.8 24.0 7.2 ||V 43.43/11.41 0.53
44.92 16.5 24.0 -7.5 ||V 43.15|12.06 0.61
53.80 15.2 24.0 -88 |V 43.35|10.97 0.67
60.22 19.5 24.0 45 |V 49.17 9.66 |0.70
66.08 12.8 24.0 -11.2 |V 43.059.24 0.74
75.52 13.8 24.0 -10.2 | \V 44.728.76 0.79
91.20 10.1 24.0 -13.9 |V 40.66 9.31 0.89
97.81 11.2 24.0 -12.8 | \V 40.89 10.26 0.94
107.44 13.0 24.6 -11.7 |V 41.57 11.42 0.98
113.30 11.5 25.1 -13.6 |V 39.64 11.92 1.00
120.67 12.8 25.6 -12.9 |V 40.28 12.49 1.03
129.36 12.3 26.2 -13.9 |V 39.19 13.04 1.06
139.74 13.8 26.9 -13.1 |V 39.95 13.58 1.10
145.98 14.7 27.3 -12.6 ||V 40.94 |13.47 1.13
152.78 13.2 27.7 -14.4 |V 39.42|13.52 1.15
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Wed, Oct 04, 2017
2:15:05 PM
VERTICAL
Graph # 34

Cable Amp |All Factors

dB |dB

38.60 |26.66
39.29 26.62
39.7528.12
40.03 |29.67
40.22 30.24
40.48 30.92
40.78 30.58
40.85 |29.66
41.02 |28.62
41.05 28.13
41.02 27.50
40.96 26.86
40.86 26.18
40.84 26.25
40.86 26.18



NATIONAL TECHNICAL SYSTEMS

Project: Persistent

EUT Running 30 - 200 MHz

NTS Test Report Number: PRO66693.PER.EMC Rev 3

0.0 el - dBuim

-

0O e
30 40 £

ID.D—WWMMWWM

Frequency - MHz

IRYRERRE
100 120

EERTREREE
160

g
180 200

a0
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw |Ant.

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB
30.76 13.8 24.0 -10.2 | H 40.43/11.19 0.50
36.04 17.3 24.0 -6.7 |H 43.91/11.52 0.54
43.41 15.6 24.0 -84 |H 42.8911.34 0.60
53.04 14.6 24.0 -94 |H 42.87|10.81 0.66
60.22 14.2 24.0 -9.8 |H 43.2210.32/0.70
65.89 13.0 24.0 -11.0 H 42.29/10.150.74
73.26 11.8 24.0 -12.2 | H 41.759.67 0.78
108.20 12.0 24.7 -12.7 |H 40.89|11.18 0.98
116.70 13.2 25.3 -12.1 ' H 40.41 12.86 1.01
123.31 17.7 25.8 -8.2 |H 43.91/13.72 |1.04
133.13 17.4 26.5 -9.1 |H 43.56 |13.65 1.07
140.12 15.7 26.9 -11.2  H 42.11 13.37|1.10
145.98 14.5 27.3 -12.8 H 41.17 13.04 1.13
162.79 15.7 28.2 -125 | H 42.54|12.91 1.19
180.36 17.8 29.1 -11.3 | H 42.08 |15.58 1.27
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2:24:01 PM
HORIZONTAL
Graph # 35

Cable Amp |All Factors

dB |dB

38.30 26.61
38.70 26.64
39.2027.26
39.72 28.25
40.03 |29.01
40.21 29.32
40.42 29.97
41.03 |28.86
41.04 27.16
41.00 26.25
40.92 26.20
40.86 |26.38
40.84 |26.68
40.94 26.85
41.11 24.26
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NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check Inject Signal: 35 dBuV (+/- 3dB) @ 995 MHz

0.0 e - dBuvm

Wed, Oct 04, 2017

“”'”'/ 11:42:28 AM
30.0-

Graph # 18

20.0-

10.0-

0.0-
o N SO O SO S

200 300 400 500 600 700 800 900 1000
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw |Ant. Cable Amp All Factors
MHz dBuV/m dBuV/m dB m Deg dBuV dB dB dB |dB
995.6 33.9 43.9 -10.0 71.84 0.00 3.58 41.4737.90
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check Inject Signal: 995 MHz Radiated Stub

0.0 evel - dBuvm

&0.0-

70.0-

60.0-

S0.0- Wed, Oct 04, 2017
40.0- 11:55:17 AM

30.0- VERTICAL

20,0 - Graph # 19

10.0-

0.0-
1o N S S SO S

200 300 400 500 600 700 800 900 1000
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
993.8 50.9 43.9 7.0 |V 65.93 22.87 3.58 41.48 15.03
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NATIONAL TECHNICAL SYSTEMS

Project: Persistent
System Check Inject Signal: 995 MHz Radiated Stub

NTS Test Report Number: PRO66693.PER.EMC Rev 3
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Frequency - MHz

R Vo
200 =10] Foo goo

R
200 1000

Wed, Oct 04, 2017
12:02:02 PM
HORIZONTAL
Graph # 20

Frequency |Level
dBuV/m dBuV/m dB

MHz
995.6

50.6

Scan Data

Limit Delta | Ht. Angle Raw |Ant.
m Deg dBuV dB
65.90 22.63 |3.58 |41.47 15.27

43.9 6.7 | H
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Cable Amp |All Factors
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NATIONAL TECHNICAL SYSTEMS

Project: Persistent

System Check: Ambient 200 - 1GHz

NTS Test Report Number: PRO66693.PER.EMC Rev 3

0.0 e - dBuvm

0.0-

A10.0- .

R
200 300 400

40.0—/
30.0-
EDID_M
10.0-

Frequency - MHz

R
200

=10]

R
Foo goo 200 1000

Frequency |Level
MHz

201.78 9.9

231.11 10.3
265.78 11.3
300.44 11.8
328.00 11.9
360.89 11.9
398.22 12.4
456.89 14.3
488.00 14.3
515.56 15.6
589.33 15.7
908.44 204
942.22 20.0
969.78 22.0
995.56 21.8

Limit

dBuV/m |dBuV/m

30.1
31.3
32.5
33.5
34.3
35.1
36.0
37.2
37.7
38.2
39.4
43.1
43.4
43.7
43.9

Delta
dB

-20.2
-21.0
-21.2
-21.8
-22.4
-23.3
-23.6
-22.9
-23.4
-22.6
-23.7
-22.7
-23.4
-21.7
-22.1

Scan Data

Ht. Angle Raw |Ant.

m Deg dBuvV dB dB

H

I I I I T r r X I I/ I I T

38.76 10.96 1.38
39.2111.08 1.39
39.70 11.67 |1.48
39.64 12.50 1.52
39.47 12.96 1.63
39.09 13.38 1.69
39.01 13.55 1.94
38.76 15.11 2.17
37.51 16.04 2.44
38.76 16.27 2.28
37.92 17.00 2.42
38.10 20.35 3.37
36.93 21.67 2.80
37.5622.94 3.11
37.11 22.63 3.58
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12:09:32 PM
HORIZONTAL
Graph # 21

Cable Amp |All Factors

dB |dB

41.21 28.88
41.38 28.91
41.55 28.40
41.89 |27.87
42.15|27.56
42.29 27.23
42.11 26.62
41.73 24.46
41.69 23.21
41.67 23.12
41.65 22.23
41.43 17.71
41.36 16.89
41.58 15.54
41.47 15.27



NATIONAL TECHNICAL SYSTEMS

Project: Persistent

System Check: Ambient 200 - 1GHz

NTS Test Report Number: PRO66693.PER.EMC Rev 3

0.0 e - dBuvm

0.0-

A10.0- .

R
200 300 400

40.0—/
30.0-
ED.D—M
10.0-

Frequency - MHz

R
200

=10]

R
Foo goo 200

v
1000

Frequency |Level
MHz

200.89 10.4
231.11 10.2
256.89 10.4
287.11 11.1
328.89 12.4
379.56 12.8
472.89 15.8
505.78 15.2
541.33 15.3
594.67 16.4
7122.67 17.6
876.44 204
910.22 204
968.89 22.2
998.22 22.0

Limit

dBuV/m |dBuV/m

30.0
31.3
32.2
33.1
34.3
35.6
37.5
38.0
38.6
39.4
41.1
42.8
43.1
43.7
43.9

Delta
dB

-19.6
-21.0
-21.8
-22.0
-21.9
-22.7
-21.7
-22.8
-23.3
-23.0
-23.5
-22.5
-22.8
-21.5
-21.9

Scan Data

Ht. Angle Raw |Ant.

m Deg dBuvV dB dB

V

< K K KKK LK KKK KKK LK <

39.11 11.16 1.38
39.01 11.20 1.39
38.83 11.54 1.46
39.11 12.24 1.50
39.80 13.17 1.63
39.7713.48 1.76
39.29 15.86 2.35
38.15 16.40 2.32
38.68 16.15 2.18
38.3017.33 2.40
38.50 18.15 2.57
38.91 19.86 2.84
37.82 20.58 3.40
37.8922.80 3.09
37.05 22.83 3.57
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Wed, Oct 04, 2017
12:16:49 PM
VERTICAL

Graph # 22

Cable Amp |All Factors

dB |dB

41.21 28.67
41.38 28.78
41.43 28.43
41.76 |28.01
42.16 |27.36
42.19 26.95
41.73 23.53
41.66 22.94
41.73|23.39
41.61 21.88
41.57 20.85
41.25|18.56
41.44 17.46
41.58 15.68
41.46 15.06



NATIONAL TECHNICAL SYSTEMS

Project: Persistent

EUT Running 200 - 1GHz Position 1

NTS Test Report Number: PRO66693.PER.EMC Rev 3

0.0 e - dBuvm
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A0
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R
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Frequency - MHz

Vo
200

=10]

Vo
Foo goo

R
200 1000

Frequency |Level
MHz

200.00 11.2
227.56 10.1
254.22 10.8
304.89 14.7
350.22 16.8
375.11 24.7
500.44 19.3
600.00 19.5
625.78 38.2
656.00 21.4
680.89 21.2
751.11 32.9
875.56 25.2
963.56 22.3
991.11 23.2

Limit

dBuV/m |dBuV/m

30.0
31.1
32.1
33.7
34.9
35.5
38.0
39.5
39.9
40.3
40.6
41.5
42.8
43.6
43.9

Delta
dB
-18.8
-21.1
-21.3
-18.9
-18.0
-10.8
-18.6
-20.0
-1.7
-18.9
-19.4
-8.6
-17.6
-21.3
-20.7

Scan Data

Ht. Angle Raw |Ant.

m Deg dBuvV dB dB

V

< K K K KKK KKK KK KL<

39.90 11.16 1.38
38.88 11.18 1.38
39.29 11.46 1.44
42.56 |12.56 |1.55
43.96 |13.41 1.67
51.7313.45 1.74
42.29 16.35 2.35
41.22|17.52 2.38
60.29 17.37 2.23
43.15 17.62 |2.33
42.7417.72 2.44
53.76 18.22 2.45
43.81|19.84 2.83
38.25|22.61 3.00
38.17 22.89 3.59
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12:45:50 PM
VERTICAL

Graph # 24

Cable Amp |All Factors

dB |dB

41.20 28.66
41.38 28.82
41.40 28.51
41.95 27.84
42.22 27.15
42.24 27.05
41.68 22.98
41.58 |21.67
41.69 22.09
41.70 21.74
41.67 21.51
41.56 20.89
41.26 18.60
41.54 15.94
41.50 15.01



NATIONAL TECHNICAL SYSTEMS

Project: Persistent

EUT Running 200 - 1GHz Position 2

NTS Test Report Number: PRO66693.PER.EMC Rev 3

0.0 e - dBuvm
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R
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R
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R
Foo goo 200

v
1000

Frequency |Level
MHz

200.00 10.6
242.67 10.8
312.00 14.5
350.22 17.0
376.00 24.4
472.00 15.9
500.44 18.6
600.89 19.4
625.78 37.8
656.00 20.8
681.78 20.4
751.11 32.0
834.67 21.0
875.56 25.1
984.89 22.9

Limit

dBuV/m |dBuV/m

30.0
31.7
33.9
34.9
35.5
37.4
38.0
39.5
39.9
40.3
40.6
41.5
42.4
42.8
43.8

Delta
dB
-19.4
-20.8
-19.4
-17.8
-11.1
-21.5
-19.4
-20.2
2.1
-19.5
-20.2
-9.4
-21.4
-17.7
-20.9

Scan Data

Ht. Angle Raw |Ant.

m Deg dBuvV dB dB

V

< K K K KKK KKK KK KL<

39.24 11.16 1.38
39.49 11.28 1.45
42.13 12.76 |1.59
44.19 |13.41 1.67
51.40 13.46 1.74
39.49 15.82 2.35
41.57 16.35 2.35
41.07 |17.51 2.38
59.91 17.37 2.23
42.51 17.62 2.33
41.96 17.72 2.44
52.93 18.22 2.45
40.20 |19.51 2.59
43.66 19.84 2.83
38.04 22.94 3.42
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12:42:50 PM
VERTICAL

Graph # 23

Cable Amp |All Factors

dB |dB

41.20 28.66
41.39 28.66
42.02 27.68
42.22 27.15
42.23|27.03
41.73 23.56
41.68 22.98
41.58 |21.69
41.69 22.09
41.70 21.74
41.67 21.51
41.56 20.89
41.31/19.20
41.26 18.60
41.49 15.13



NATIONAL TECHNICAL SYSTEMS

Project: Persistent

EUT Running 200 - 1GHz Position 1

NTS Test Report Number: PRO66693.PER.EMC Rev 3

0.0 e - dBuvm
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R
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Frequency |Level
MHz

217.78 17.9
242.67 17.9
268.44 23.1
294.22 22.7
325.33 19.1
350.22 16.0
376.00 23.4
400.89 14.8
500.44 22.6
600.89 18.3
625.78 33.0
751.11 28.8
875.56 24.4
942.22 21.9
979.56 24.4

Limit

dBuV/m |[dBuV/m

30.7
31.7
32.6
33.4
34.2
34.9
35.5
36.0
38.0
39.5
39.9
41.5
42.8
43.4
43.8

Delta
dB
-12.9
-13.8
-9.4
-10.7
-15.1
-18.8
-12.1
-21.3
-15.3
-21.2
-6.9
-12.7
-18.4
-21.6
-19.3

Scan Data

Ht. Angle Raw |Ant.

m Deg dBuvV dB dB

H

I I I I I I r r T /I I I =T

46.93 |10.96 1.37
46.55|11.30 1.45
51.5511.71 1.47
50.6712.33 1.51
46.68 |12.92 1.62
43.28 |13.32 1.67
50.4113.46 1.74
41.32 13.57 |1.97
45.66 16.30 2.35
40.25|17.25 2.38
55.2617.23 2.23
49.75 18.11 2.45
43.25|19.61 2.83
38.76 21.67 2.80
39.62 23.06 3.24
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12:54:54 PM
HORIZONTAL
Graph # 25

Cable Amp |All Factors

dB |dB

41.37 |29.04
41.39 28.64
41.59 28.41
41.84 28.00
42.13|27.59
42.22 27.24
42.23 27.02
42.08 26.55
41.68 |23.03
41.58 |21.95
41.69 22.22
41.56 21.00
41.26 18.83
41.36 16.89
41.48 15.18



=4 NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
EUT Running 200 - 1GHz Position 2

Data Not Recorded

Scan Data
|Frequency|LeveI \Limit \DeltaHHt. \Angle\RaW \Ant. \Cable\Amp\All Factors
MHz dBuv/m|dBuv/mdB |m Deg dBuvdB dB dB dB

- o nr o

s Ees s S Se—" fe—" Se—" S—" f—" fe— S f— e S E— f—

| | | o
| | | o
| | | o
| | | o
| | | o
| | | o
| | | o
| | | o
| | | o
| | | o
| | | o
| | | o
| | | o
| | | b
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 37 dBuV (+/- 3dB) @ 17.5 GHz

0.0 evel - dBuvm
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw |Ant. Cable Amp All Factors
MHz dBuV/m dBuV/m dB m Deg dBuV dB dB dB |dB
17507.0 |35.6 68.8 -33.1 67.72 0.00 12.36 44.4532.09
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 17.5 GHz Radiated Stub

0.0 evel - dBuvm

&0.0-

70.0-
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S0.0- Wed, Oct 04, 2017
40.0- 9:46:02 AM

30.0- HORIZONTAL
20,0 - Graph # 3
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s e

1000 4000 6000 5000 10000 12000 14000 16000 18000
Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
17507.0 |[77.5 68.8 8.7 H 64.27 45.27 |12.36 |44.45-13.18
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S NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Injected Signal = 17.5 GHz Radiated Stub

0.0 evel - dBuvm
&0.0-
70.0-
60.0-
S0.0- Wed, Oct 04, 2017
40.0- 9:50:44 AM
30.0- VERTICAL
20,0 - Graph #4
10.0-
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s e

1000 4000 6000 5000 10000 12000 14000 16000 18000

Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
17507.0 |76.8 68.8 80 |V 63.81 45.07 12.36 44.45 -12.98
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Ambient 1 - 18GHz
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1221.0 32.1 45.7 -13.6 | V 45.42 124.48 3.54 |41.32 13.30
1935.0 35.5 49.7 -14.2 | \V 44.19 28.12 4.34 |41.15 8.69
2530.0 36.8 52.0 -15.2 | \V 43.56 30.06 4.64 41.44 6.74
3176.0 39.3 54.0 -14.6 | \V 44.60 31.28 5.36 41.92 5.28
4111.0 40.1 56.2 -16.1 |V 43.89 32.72 6.03 42.52 3.77
5267.0 41.7 58.4 -16.6 | |V 42.3034.837.21 |42.60 0.56
5794.0 42.9 59.2 -16.3 | \V 42.23/35.38 8.27 |42.99 -0.65
6457.0 42.3 60.1 -17.8 | \V 40.97 35.59 8.30 42.55-1.34
7273.0 44.1 61.1 -17.0 |V 40.9537.10 8.50 42.41 -3.19
7851.0 44.1 61.8 -17.7 ||V 40.7137.74 8.65 |43.01 -3.38
9857.0 45.9 63.8 -17.9 | \V 39.6739.36 9.82 |42.95 -6.23
11608.0 475 65.2 -17.7 ||V 38.24 140.48 10.92 |42.15 -9.25
12866.0 |49.0 66.1 -17.1 |V 37.42 40.37 13.08 41.92 -11.53
13461.0 |48.5 66.5 -18.0 | \V 36.42 41.63/11.48 41.05 -12.06
17864.0 |55.3 68.9 -13.6 ||V 37.87 |48.64 12.58 43.80 -17.42
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NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
System Check: Ambient 1 - 18GHz
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1000.0 30.4 44.0 -13.6  H 44.46 23.80 3.56 141.45|14.09
2003.0 36.2 50.0 -13.8 H 44.36 28.71 4.35 |41.23 8.17
2853.0 37.8 53.0 -15.2  H 43.5730.71 5.18 41.64 5.75
3669.0 40.1 55.2 -15.2 H 43.82 32.24 5.78 41.78 3.76
4196.0 40.1 56.4 -16.3  H 42.98 32.70 6.55 142.18 2.93
4774.0 40.6 57.5 -16.9  H 42.56 33.58 6.77 |42.33 1.98
5318.0 42.2 58.4 -16.3 | H 42.2934.87 7.29 42.300.14
5845.0 42.1 59.3 -17.1 |H 41.5735.27 8.11 |42.83 -0.55
6457.0 42.4 60.1 -17.7 |H 41.1035.57 8.30 |42.55 -1.32
7069.0 44.6 60.9 -16.3 | |H 41.7236.71 8.77 |42.62 -2.86
7664.0 44.3 61.6 -17.3 | H 40.64 37.56 8.57 |42.43 -3.70
9925.0 46.8 63.8 -17.1 | H 40.18 39.59 9.89 42.90 -6.57
11693.0 |47.2 65.3 -18.0 H 37.64 40.22 11.50 42.15 -9.58
17371.0 |51.2 68.7 -17.5 H 38.35 44.63 12.24 44.05 -12.82
17949.0 |55.9 69.0 -13.1 | H 36.94 49.69 12.77 |43.52 -18.94
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EUT Running 1-18GHz Antenna Position 1
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1000.0 32.7 44.0 -11.3 H 46.74 23.80 3.56 141.45|14.09
1748.0 41.8 48.8 -7.0 |H 51.97 27.04 4.07 41.3210.21
2496.0 37.9 51.9 -14.0 H 44.72|29.99 4.59 41.43 6.85
3023.0 37.8 53.5 -15.7 ||H 43.16 31.05 5.34 41.74 5.36
3618.0 40.5 55.1 -14.6 | H 44.25/32.17 5.89 |41.84 3.78
4247.0 40.0 56.5 -16.5 H 43.2332.70 6.47 |42.40 3.23
5301.0 42.2 58.4 -16.2 | H 42.36 34.84 7.27 |42.31 0.19
5913.0 42.7 59.4 -16.6 | H 42.19 35.28 7.85 42.58 |-0.56
6474.0 42.6 60.1 -17.6 | H 41.15/35.58 8.36 |42.53 -1.41
7120.0 43.7 61.0 -17.3 | H 40.68 |36.79 8.77 |42.58 -2.98
7851.0 45.4 61.8 -16.4 | H 42.0237.75 8.65 43.01 -3.39
8514.0 44.8 62.5 -17.7 |H 40.39 |37.79 8.77 |42.12 -4.44
9959.0 46.3 63.9 -17.5 H 40.10 39.69 9.61 43.04 -6.25
11761.0 |48.0 65.3 -17.3 | H 38.08 40.02 11.91 41.99 -9.94
18000.0 |56.3 69.0 -12.7 | H 36.45 50.20 12.87 43.26 -19.81
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1017.0 31.0 44.1 -13.1  H 45.02 |23.853.56 (41.40 13.99
1748.0 41.5 48.8 -7.3 |H 51.74 27.04 4.07 41.3210.21
2496.0 37.3 51.9 -145 | H 44.18 29.99 4.59 41.43 6.85
3040.0 37.9 53.6 -15.7 ||H 43.32'31.08 5.30 41.79 5.41
3635.0 40.2 55.1 -15.0 H 43.95 32.19 5.86 141.82 3.77
4196.0 39.6 56.4 -16.8 | |H 42.5232.70 6.55 |42.18 2.93
5216.0 41.7 58.3 -16.6 | H 42.9534.69 7.12 |43.06 1.25
5794.0 42.4 59.2 -16.8  H 41.89 35.26 8.27 |42.99 -0.53
6457.0 42.8 60.1 -17.3 | H 41.48 35.57 8.30 |42.55 -1.32
7256.0 44.1 61.1 -17.1 |H 41.04 37.01 8.52 |42.49 -3.04
7851.0 44.5 61.8 -17.4 | H 41.07 37.75 8.65 43.01 -3.39
8514.0 45.4 62.5 -17.1 | H 40.9537.79 8.77 |42.12 -4.44
9857.0 46.8 63.8 -17.0 H 40.54 39.40 9.82 42.95 |-6.27
11642.0 47.8 65.2 -17.5 |H 38.3840.37 |11.15 42.15|-9.38
17949.0 |55.5 69.0 -13.5 H 36.54 49.69 12.77 43.52 -18.94
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Project: Persistent
EUT Running 1-18GHz Antenna Position 3
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Scan Data
Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1017.0 31.9 44.1 -12.2 |H 45.9023.85 3.56 41.40 13.99
1748.0 40.3 48.8 -85 |H 50.48 27.04 4.07 41.3210.21
2496.0 37.9 51.9 -13.9 H 44.78|29.99 4.59 41.43 6.85
3176.0 38.2 54.0 -15.8 H 43.4231.355.36 41.92 5.21
3958.0 41.1 55.9 -14.8 | H 44.03 32.64 6.26 |41.86 2.96
4536.0 39.8 57.1 -17.3 | H 42.9332.82 6.74 |42.70 3.15
5267.0 42.1 58.4 -16.3 | |H 42.69 34.78 7.21 |42.60 0.61
5879.0 42.7 59.3 -16.6 | H 42.19 35.28 7.96 |42.68 -0.56
6831.0 43.9 60.6 -16.7 | |H 40.87 |36.26 8.96 42.24 -2.99
7375.0 44.5 61.3 -16.8  H 40.4137.20 8.38 141.48 -4.11
9908.0 46.3 63.8 -17.5 | H 39.60 39.54 10.03 42.83 -6.74
10520.0 47.1 64.3 -17.2 |H 40.22 39.52 10.13 42.73 -6.92
11625.0 47.7 65.2 -175 | H 38.37 40.42 |11.04 42.15 -9.31
17320.0 |51.7 68.7 -17.0 H 39.07 44.41 12.06 43.88 -12.59
17966.0 |56.4 69.0 -12.6 | |H 37.20|49.86 12.80 43.43 -19.23
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NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
EUT Running 1-18GHz Antenna Position 4
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1068.0 33.8 445 -10.7  H 47.49 24.02 3.56 141.27|13.69
1748.0 37.2 48.8 -11.6 |H 47.3927.04 4.07 41.32 10.21
2377.0 38.1 51.5 -13.4  H 45.31|29.68 4.58 (41.48 7.22
3074.0 38.1 53.7 -15.6 | H 43.62 31.155.22 |41.87 5.51
4026.0 40.6 56.0 -15.4  H 43.65 32.70 6.26 141.98 3.02
4570.0 39.4 57.1 -17.7 ||H 42.6732.92 6.65 |42.83 3.25
5284.0 41.8 58.4 -16.6 | H 42.18 34.81 7.24 |42.45 0.40
5879.0 43.0 59.3 -16.3 | |H 42.42 35.28 7.96 42.68 |-0.56
6457.0 42.4 60.1 -17.7 |H 41.09 |35.57 8.30 |42.55 -1.32
7052.0 43.8 60.9 -17.1 | H 41.06 36.68 8.74 |42.67 -2.76
7664.0 43.9 61.6 -17.7 | H 40.17 |37.56 8.57 |42.43 -3.70
8514.0 44.9 62.5 -17.6 | H 40.49 37.79 8.77 |42.12 -4.44
11693.0 475 65.3 -17.8 | H 37.93/40.22 11.50 42.15 |-9.58
12866.0 48.3 66.1 -17.8 | H 36.73 40.40 13.08 41.92 -11.56
17966.0 |56.5 69.0 -125 H 37.29 49.86 12.80 43.43 -19.23
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NTS Test Report Number: PRO66693.PER.EMC Rev 3
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1017.0 33.2 44.1 -10.9  H 47.1523.853.56 (41.40 13.99
1901.0 39.2 49.5 -10.3 | H 47.96 28.05 4.33 41.11 8.73
2496.0 37.2 51.9 -14.7 | H 44.07 |29.99 4.59 41.43 6.85
3176.0 39.1 54.0 -14.8  H 44.3431.35 5.36 41.92 5.21
3703.0 39.1 55.3 -16.2  H 42.89 32.28 5.72 141.76 3.76
4672.0 40.6 57.3 -16.7 | |H 43.29 33.25 6.61 |42.55 2.69
5301.0 42.1 58.4 -16.3 | H 42.3334.84 7.27 |42.310.19
5879.0 42.7 59.3 -16.7  H 42.09 35.28 7.96 |42.68 -0.56
6525.0 42.6 60.2 -17.6 | H 41.04 |35.65 8.44 |42.50 -1.58
7307.0 44.3 61.2 -16.8 | H 40.99 37.09 8.45 |42.19 -3.35
8021.0 44.1 62.0 -17.9 H 40.14 37.90 8.66 42.55 -4.01
9925.0 46.0 63.8 -17.8 | H 39.4739.59 9.89 42.90 -6.57
12050.0 |47.5 65.5 -18.0 H 37.46 39.30 12.90 42.15 -10.05
13580.0 |48.5 66.6 -18.0 H 36.09 41.60 12.22 41.36 -12.46
17949.0 |55.5 69.0 -135 H 36.52 49.69 12.77 |43.52 -18.94
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NTS Test Report Number: PRO66693.PER.EMC Rev 3
Project: Persistent
EUT Running 1-18GHz Antenna Position 1
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1000.0 31.4 44.0 -12.6 |V 45.67 23.603.56 41.45|14.29
1748.0 47.8 48.8 -1.0 |V 58.01 27.04 4.07 41.3210.21
2496.0 42.5 51.9 93 |V 49.38 29.99 4.59 41.436.85
3023.0 37.0 53.5 -16.5 |V 42.3631.04 5.34 |41.74 5.37
3669.0 39.8 55.2 -154 | \V 43.72 32.10 5.78 141.78 3.89
4196.0 39.6 56.4 -16.8 | \V 42.46 32.74 6.55 |42.18 2.90
4774.0 40.4 57.5 -17.1 |V 42.25|33.68 6.77 |42.331.88
5335.0 41.5 58.5 -17.0 VvV 41.54 34,94 7.31 42.30/0.05
5879.0 43.2 59.3 -16.1 |V 42.51 35.43|7.96 42.68-0.71
6474.0 43.0 60.1 -17.2 | \V 41.54 35.59 8.36 42.53 -1.42
7103.0 44.0 60.9 -16.9 | \V 41.05/36.73 8.81 |42.54 -3.00
7664.0 44.3 61.6 -17.3 |V 40.52 37.67 8.57 142.43-3.80
9925.0 47.3 63.8 -16.5 |V 40.84 39.52 9.89 |42.90 -6.50
11710.0 |47.2 65.3 -18.0 | \V 37.57 40.17 11.61 42.12 -9.66
18000.0 |55.4 69.0 -13.6 ||V 35.75/50.00 12.87 43.26 -19.61
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EUT Running 1-18GHz Antenna Position 2
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1000.0 31.1 44.0 -12.9 |V 45.37 23.603.56 41.45|14.29
1748.0 47.4 48.8 -1.3 |V 57.66 27.04 4.07 41.3210.21
2496.0 43.3 51.9 -85 |V 50.19 29.99 4.59 41.43 6.85
3040.0 37.2 53.6 -16.4 | \V 42.66 31.06 5.30 41.79 5.43
3618.0 39.6 55.1 -155 |V 43.54 32.01 5.89 141.84 3.93
4145.0 38.4 56.3 -17.8 | \V 41.8532.73 6.24 |42.38 3.42
4672.0 41.1 57.3 -16.2 | \V 43.7433.35 6.61 |42.55 2.59
5267.0 42.0 58.4 -16.3 | \V 42.61 34.83|7.21 42.60 0.56
5913.0 42.3 59.4 -17.1 | \V 41.56 35.457.85 |42.58 -0.72
6474.0 43.2 60.1 -17.0 | \V 41.7335.59 8.36 42.53 -1.42
7052.0 44.2 60.9 -16.6 | |V 41.54 36.61 8.74 42.67 -2.69
7817.0 44.6 61.8 -17.1 |V 41.60 37.73 8.60 43.28 -3.04
9857.0 46.3 63.8 -17.5 |V 40.06 39.36 9.82 42.95 -6.23
11608.0 |47.5 65.2 -17.7 ||V 38.29 40.48 10.92 42.15-9.25
18000.0 |56.3 69.0 -12.7 ||V 36.68 50.00 12.87 43.26 -19.61
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NTS Test Report Number: PRO66693.PER.EMC Rev 3
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Scan Data
Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1000.0 31.3 44.0 -12.7 ||V 45.59 23.60 3.56 41.45 14.29

1748.0 46.8 48.8 -2.0

2377.0 42.9 51.5 -8.5

2955.0 37.9 53.3 -15.4
3703.0 40.0 55.3 -15.3
4247.0 39.9 56.5 -16.5
4774.0 39.9 57.5 -17.6
5352.0 42.3 58.5 -16.2
5896.0 42.7 59.3 -16.6
6457.0 43.0 60.1 -17.1
7375.0 44.7 61.3 -16.6
7902.0 44.2 61.9 -17.6
9908.0 46.1 63.8 -17.7
11863.0 |47.7 65.4 -17.6
18000.0 |55.9 69.0 -13.1

56.97 27.04 4.07 41.32 10.21
50.18 29.63 4.58 41.487.27
43.3930.91 5.37 41.73 5.46
43.8732.17 5.72 |41.76 3.88
43.12 32.756.47 42.40 3.18
41.7533.68 6.77 42.33|1.88
42.3334.96 |7.33 42.29-0.01
41.98 35.44 7.88 42.60 -0.72
41.6535.59 8.30 |42.55 -1.34
40.47 37.32 8.38 41.48 -4.23
40.37 37.76 8.73 42.62|-3.87
39.47 39.48 10.03 42.83 -6.67
37.62 39.71 12.14 41.73 -10.13
36.31 50.00 12.87 43.26 -19.61
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Scan Data

Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors

MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1000.0 32.0 44.0 -11.9 vV 46.34 23.60 3.56 41.45|14.29
1748.0 46.0 48.8 -2.8 ||V 56.18 27.04 4.07 41.3210.21
2496.0 43.7 51.9 -8.1 |V 50.59 29.99 4.59 41.43 6.85
3125.0 39.0 53.8 -14.8  \V 44,50 31.20 5.23 141.93 5.51
3856.0 40.9 55.6 -14.8 | \V 44.64 32.44 5.96 42.19 3.79
4502.0 40.1 57.0 -16.9 | \V 43.08 32.81 6.82 |42.58 2.95
5233.0 41.3 58.3 -17.0 | \V 42.2434.77 7.15 |42.91 0.98
5794.0 41.7 59.2 -17.5 ||V 41.0535.38 18.27 |42.99 -0.65
6457.0 43.0 60.1 -17.1 | \V 41.6535.59 8.30 |42.55 -1.34
7086.0 43.1 60.9 -17.8 | |V 40.20 36.69 8.79 42.57 -2.91
7851.0 44.8 61.8 -17.0 | \V 41.4037.74 8.65 |43.01 -3.38
10520.0 |46.9 64.3 -17.5 VvV 40.08 39.42 10.13 42.73 |-6.82
11761.0 |48.0 65.3 -17.3 |V 38.08 40.02 11.91 41.99 -9.94
12849.0 |48.6 66.1 -17.5 | \V 36.91 40.32 13.28 41.89 -11.70
17983.0 |55.6 69.0 -13.4 |V 36.24 49.83 12.83 43.35 -19.32
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Scan Data
Frequency Level |Limit Delta | Ht. Angle Raw Ant. |Cable Amp All Factors
MHz dBuV/m dBuV/m dB m |Deg dBuV dB |dB dB |dB
1000.0 315 44.0 -12.4 |V 45.8023.60 3.56 41.45 14.29
1748.0 44.4 48.8 44 |V 54.62 27.04 4.07 41.3210.21
2496.0 43.9 51.9 -80 |V 50.77|29.99 4.59 41.43 6.85
3108.0 38.0 53.8 -15.7 ||V 43.6231.17 5.18 41.94 5.58
3635.0 40.5 55.1 -14.7 ||V 44.4032.04 5.86 |41.82 3.92
4264.0 39.9 56.5 -16.6 | |V 43.2032.756.43 |42.49 3.30
4791.0 40.3 57.5 -17.2 | \V 42.08 33.736.81 42.31 1.77
5760.0 42.5 59.1 -16.6 | |V 41.96 35.36 8.00 |42.82 -0.54
6780.0 43.4 60.5 -17.1 |V 40.40 36.10 8.94 42.02 -3.02
7307.0 44.7 61.2 -16.5 |V 41.2237.18 8.45 |42.19 -3.43
7851.0 44.5 61.8 -17.3 |V 41.1437.74 8.65 |43.01 -3.38
9874.0 46.4 63.8 -17.4 | \V 39.9839.40 9.93 |42.89 -6.44
11863.0 |48.0 65.4 -17.4 | \V 37.86 39.71 12.14 41.73 -10.13
13580.0 |48.6 66.6 -18.0 | \V 35.9541.78 12.22 41.36 -12.64
17966.0 |55.9 69.0 -13.1 |V 36.88 49.66 12.80 43.43 -19.03
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2 - 30 MHz Rod Antenna System Check

2 - 30Mhz Radiated Stub

30 — 200 MHz System Check

B o

te tub rizontal

30 — 200 MHz Radli

85 of 100




J)’.'A
L2 NTS

<t

NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3

30 - 200MHz Ambient Horizonté]:

30 - 200 MHz EUT Running Horizontal

200 — 1GHz System hck ;
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200 — 1GHz Radiated Stub Vertical 200 — 1GHz Radiated Stub Horizontal

200 - 1GHz Ambient Horizontal

i ] - i k '_'-
200 - 1 GHz EUT Running, Horizontal, 200 - 1 GHz EUT Running, Horizontal,
Position 1 Position 2
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200 - 1 GHz EUT Running, Vertical, Position 1

1-18 GHz Radated S ertcal

" — — =
AN =

1- 18 GHz Ambient Horizonta
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e L

EUT Running 1—18GHzion 2, Horizontal

EUT Running 1-18GHz, Position 3, Vertical
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EUT Running 1-18GHz, Position 4, Horizontal

~

EUT Runing 1—863—]2, Poéitioﬁ 5, Vertical

e

EUT Running 1-18GHz, Position 5, Horizontal

This Cel Intentionally Left Blank
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NTS Test Report Number: PRO66693.PER.EMC Rev 3

Asset

Cal. Cycle

NO. Manufacturer Iltem Model S/N (Months) Cal. Due
Anechoic
WCO005510 Teknet Chamber #1 n/a n/a NCR NCR
WC024127 |Hewlett Packard|  Laptop P;g'i’ggk CNU006001IR|  NCR NCR
n/a Teledyne AR1 cable n/a AR1 24 6/25/18
wcoosg7z | Amplifier Signal SG1200 | 555310/208 12 5/28/18
Research Generator Opt 9
WC058400 | A.HSystems | 20MHz— 18 | 2641-1 393 6/28/18
Ghz 12
Preamplifier
WC024135 Agilent EMC Analyzer| N9038A | MY51210117 12 12/8/17
WC005506 Rohde & | o) Receiver | ESBI-RF | 842088/012 12 11/16/17
Schwarz
WC005507 Rohde & | EMI Receiver | popp 13335 12 11/16/17
Schwarz Display
WC005283 | Electro-Metrics | Small Hom Rga-60 6150 36 02/22/20
Antenna
WC005310 | ETS-Lindgren | -2r9e Hom 3106 35382 36 3/9/20
Antenna
WC006573 EMCO Biconical 3109 9411-2853 36 121717
Antenna
WC005829 | ETS-Lindgren | ACtVe Rod | 3an1¢ | 00114485 12 8/1/18
Antenna
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Appendix A - Beam Width Calculations
MPUS - Model No. WR5100 with S-Band Radio Card

Mil Std 461 BEAM WIDTH CALCULATIONS

Job Number: | PRO66693 Client: | Persistent Systems LLC Date: | 10/03/17

Test Setup Boundary

X

2X

A
v

3106 Large Horn Calculations 200-1000 MHz(.5% steps)
EUT boundary __ 11 _cm+0cmcable=_11 cm
d=1m
28° Beamwidth from chart below/2=14°
tan 14°=x/1.0m
1.0 tan 14°=x
.249=x
498=2x
11 /49.8=__1 Horizontal and Vertical Antenna Orientations
1 antenna positions Horizontal and Vertical Antenna Orientations
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. Model 3106 Half Power Beamwidth == EFlane === H Plane

= 4
"0 1082

B\

11 SRR A\
RAAY

20 | FREQ MHz
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3115 Small Double Ridge Guide Ant. Calculations 1-14 GHz (.1-.05% steps)
EUT boundary __ 11 _cm+O0cmcable=_11 cm
d=1.0m
30° Beamwidth from chart below/2=15°

tan 15°=x/1.0m

1.0 tan 15°=x
267=x
.535=2x

11 /53.5=__ 1 Horizontal and Vertical Antenna Orientations

1 antenna positions Horizontal and Vertical Antenna Orientations

3115 Calculations 14-18 GHz at 1 meter (.05% steps)
EUT boundary __ 11 _cm+O0cmecable=__ 11 cm
d=1m
7° Beamwidth from chart below/2=3.5°
tan 3.5°=x/1.0m
1.0 tan 3.5°=x
.061=x
122=2x
11 /12.2=__ 1 Horizontal and Vertical Antenna Orientations
1 antenna positions Horizontal and Vertical Antenna Orientations

Model 3115 Hall Power Beamwidlh mm EPlane === H Plane
g
m|E \
0 }
@ \ N —
n A /\/- \
e ]
" [ — [ —
. A\
. \Ve
Lyl

o FRED GHz
] 2 4 B B 10 12 14 18 18
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Embedded Module, Model 5200 paired with L-Band Card, Model No. RF1100

Mil Std 461 BEAM WIDTH CALCULATIONS

Job Number: | PRO66693 Client: | Persistent Systems LLC Date: | 10/04/17

Test Setup Boundary

X

2X

A
v

3106 Large Horn Calculations 200-1000 MHz(.5% steps)
EUT boundary _54 cm + 35 cm cable=_89 cm
d=1m
28° Beamwidth from chart below/2=14°

tan 14°=x/1.0m

1.0 tan 14°=x
.249=x
.498=2x

89 /49.8=_2 Horizontal and Vertical Antenna Orientations
_2 antenna positions Horizontal and Vertical Antenna Orientations
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= 4
"0 1082

B\

11 SRR A\
RAAY

20 | FREQ MHz
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3115 Small Double Ridge Guide Ant. Calculations 1-14 GHz (.1-.05% steps)
EUT boundary _54 cm + 7 cm cable=_61 cm
d=1.0m
30° Beamwidth from chart below/2=15°

tan 15°=x/1.0m

1.0 tan 15°=x
267=x
.535=2x

61 /53.5=_2 Horizontal and Vertical Antenna Orientations
_2_antenna positions Horizontal and Vertical Antenna Orientations

3115 Calculations 14-18 GHz at 1 meter (.05% steps)
EUT boundary _54 cm + 7 cm cable=_61 cm
d=1m
7° Beamwidth from chart below/2=3.5°
tan 3.5°=x/1.0m
1.0 tan 3.5°=x
.061=x
122=2x
61 /12.2=__ 5 Horizontal and Vertical Antenna Orientations
5 antenna positions Horizontal and Vertical Antenna Orientations

Model 3115 Hall Power Beamwidlh mm EPlane === H Plane
g
m|E \
0 }
@ \ N —
n A /\/- \
e ]
" [ — [ —
. A\
. \Ve
Lyl

o FRED GHz
] 2 4 B B 10 12 14 18 18

97 of 100



NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PRO66693.PER.EMC Rev 3
Appendix B - Test Software Description

AutoScan Automated Test Software (V7.4.4.4)

The AutoScan software is a National Instruments LabVIEW compiled
package, specifically designed by EMCware for automation of Radiated
and Conducted RF Emission measurements.

AutoScan Emissions Scan Plan

The AutoScan Emissions Scan Plan window shows the administrator
defined test parameters including Start Frequency, Stop Frequency,
Resolution Bandwidth, IF Bandwidth, Antenna, Amplifier, Cable, Limit,
Reference Level, Attenuation and Sweep Time.

The Scan Plan shown in Figure below has been defined in order to
perform the radiated emissions test in accordance with MIL-STD-461
CE102 & RE102.

¥ AutoScan Emissions Scan Plan

File Edit Operate Windows Help g?ar\
an
& Setup
| Radiated Emissions ]
| MIL-STD-461 RE102 =1 0 dB Margin ~1
Start [Stop [Res BW [IF BW Table (Ref. [(Attn. |Sweep |Internal |Tower |Special
(MHz) [(MHz) ((kHz) |(kHz) lifi (Cable Limit Speed (Level (dB |siteCal ds p [Mumber |RF Input
.01 .15 s o [EMCO 33018 Mor|Mone [NTS AR3 Cabh|MIL-STD-461E RE102 85 0 5.000 oM off
.15 30 10 10 [EMCO 3301E Mar|None INTS AR3 Cabh|MIL-5TD-46 1E RE102 85 0 [45.000 |ON off
30 200 100 100 [EMCO 3109 1 Me|Miteg Amp NJINTS AR3 Cabl|MIL-STD-461E RE102 85 0 |30.000 |ON off
200 1000 100 100 [ETS 3106 Large HMiteq Amp MJ:|NTS AR3 Cabh{MIL-STD-461E RE102 85 0 120.000 |ON off
1000 18000 (1000 1000 [EM RGA-60 Horn [NTS Agilent 8<|NTS AR 3 CabhMIL-5TD-46 1E RE102 85 0 |260.000 |ON off
Edit this Delete this Add a new Edit Instrumentation View or Add
Scan Plan Scan Plan Scan Plan Table MNew Factors/Limits

A similar Scan Plan has been defined in order to perform system checks
in accordance with MIL-STD-461 RE102, as shown below in Figure
Below.
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k= AutoScan Emissions Scan Plan

File Edit Operate Windows Help

i

Radiated Emissions -
MIL-STD-461 RE102 System Check - 0 dB Margin -

AutoScan Emissions Main Control Panel

The AutoScan Emissions Main Control Panel window shown in below was
used to execute the test, using the parameters defined in the Scan Plan.

5 AutoScan Emissions Main Control Panel

File Edit Operate Windows Help

i

Sat, Jan 22, 2011
12:47:46 PM
AutoScan 5.353

Frequency |Level
kHz dBuV
10.0000 42,6

Res BW (kHz) 1
[vid BW (kHz) 1
lAnt, Height 120
Table Angle 0

15.4500 31.5
28.9000 24.7
38,0500 19.0
45.2000 16.8
62,8500 14.1
70.9000
82,4500
87.7000
95,4000
112.5500 Frequency - kHz (Graph = 1

119,5500 . : |-53. y Log Scale

IVERTICAL
[EMCO 33018 Monopole

o 3120 [[oe 325 [ome o [lor=[sz.00 |3 e
[Freaneontss <] |LoEEli5 |ore o0 | of [ s |ore oo |3 Vax Hold

iestre st iases|[___autoscon | |[Band | band 2] band s  Band 4 sana s | sand s | custom |
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Rev.
Owner

04Q104 - FMEA Reporting Form
A

Rev. comment

A Initial
Helson Maria, Quality Manager

lease
6/6/2016 HM

Can be resolved. prevented with process control svstems in place in dav to dav activities

Low Risk Acceptable with few actions Some disruption possible, Not significant loss
Moderate Risk Doesn't stop process. needs mit Siznificant time / Resources are lost - Reauires detailed action plan (ECN)
Significant time /. lost, High index repeatability - R detailed action plan and execution - Management involvement and approval is required.
mscquence
Risk Assessment Table
1 (Negligible) 2 4 ° J
3 1 (Rare) < 5%
2 2 (Unlikelv) 5 - 10% 6 8 10
= 6 9 1 A
2 8 12 -
5 (Certain) >90% 10 Overall Risk Level
Before Acton After Action
| Project, Task, Process, Product MPUS Salt Fog Exposure - Risk Evaluation - Exposure IAW MIL-STD-810G e
Helson M: Quality Engineer 3/31/2017
Name. TPart Number | Revision Serial
sample:  [MPUS | WR-5100 Rev. 4.0.8 rialit21
Sband Card | RF-2100 Rev. 3234.A Serialti 3271
Risk Before Action: Type of risk |Who's Affected? | Severity |Likelyhood |Risk Total Mitigation Taks - After Rinsing with water. | Risk After Comp. _|Severity afater comp. | New Total
Sat deposis found n severalareas of e MPUS. Sorme low ik, arther mediam risk. o igh rik ems observed
o o
1 4 4 1 4
Low Risk: High f d pin. This prevents user from disengaging the
attzry pin, Pin gt tockon disengaged posiin,
When rinsed with water and pin was cylced 3x times, it began to function properly.
fCeeT 3 :
A iy
1 4 4 1 o
Lo sk Some o o, Alp ere——
1 4 s 1 4
Low to mid risk: b d on RF ports. Most rinsing with water. No RF functionality
noted efore o aferincine
No ssues observed ater rinsing with water:
2 4 2 o
Low Rik: 1€ became dificlt o disengage the eroize atch. Afeercycling 3 couple o fmes and Finsing with water,
latch functionality returned to normal.
Nossues observed after rinsing with water:
2 4 with water after exposure to salty 2 4
Mid Risc signs of rust observed on radio module screws
- Screws protective coating wears off after usage. IF worn and exposed to salty
environments, screws can rust
Recommendations:
d customers to asapr . Inspect after
. 2 . 2 A
i Risk: Gasketcame off aferremoving radio card. ¢ was Gficutt remove thecard, a f - had gten bonded
1o the gasket itself. Recommend to periodically replace gasket, if unit is exposed to salt/water.
Recommendations:
2 4 periodicallv as part of a 2 4




ts observed inside the radio chamber or inside the unit

Functionality:

test was perform

No ssues noted,
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Triarer o o Thewtout
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Test Report Number PR059996.PSL
Testing of

WR-5100 and WR-PTT-01 Radios

PREPARED FOR: Persistent Systems
303 Fifth Avenue, Suite 306
New York, NY 10016

PREPARED BY: National Technical Systems
36 Gilbert Street South
Tinton Falls, NJ 07701

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com

This report and the information contained herein represents the results of testing of only those articles/products identified in this
document and selected by the client. The tests were performed to specifications and/or procedures approved by the client. National
Technical Systems (“NTS”) makes no representations expressed or implied that such testing fully demonstrates efficiency,
performance, reliability, or any other characteristic of the articles being tested, or similar products. This report should not be relied
upon as an endorsement or certification by NTS of the equipment tested, nor does it present any statement whatsoever as to the
merchantability or fitness of the test article or similar products for a particular purpose. This document shall not be reproduced
except in full without written approval from NTS.
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1.0 PURPOSE

This report describes the methods used for testing of the WR-5100 and WR-PTT-
01 Radios submitted by Persistent Systems. This test program was conducted to
determine the ability of the samples to successfully satisfy the requirements
specified in the references listed in section 2.0 of this report.

1.1 Test Program Sequence
1.1.1. Receipt Inspection

Upon receipt at NTS, the samples were visually inspected to ensure
there had been no damage due from shipping/handling, and to
confirm that the test model numbers and serial numbers coincide
with those on the packing list.

No discrepancies were found.

There were no model numbers or serial numbers referenced.

1.1.2. Functional Test

No functional tests were performed. The units were tested and
returned to the client for post-test examination.

1.1.3. Testing

Tests and Test Methods

Test Standard/Test Method
Salt Fog MIL-STD-810G Method 509.5

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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2.0 APPLICABLE DOCUMENTS
2.1 Persistent Systems Purchase Order Number: 15220
2.2 NTS Quotation Number: OP0215866
2.3  MIL-STD-810G
2.4  ANSI NCSL 2540-1
2.5 1SO 17025:2005

2.6 NTS Corporate Quality Policy Manual
Revision 8, Dated April 22, 2016.

3.0 TEST ITEMS

3.1 Description

Quantity | Item Description P/N S/N
1 Radio WR-5100 21552
1 Radio WR-PTT-01 | EDMO00007

3.2 Security Classification of Items

None

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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4.0 TEST DATE(S) AND EQUIPMENT

4.1

4.2

Test Date(s)

Test Date(s)

Salt Fog 3/9/17-3/12/17

Test Equipment

The instrumentation used in the performance of these tests is periodically
calibrated and standardized within manufacturer's rated accuracies and are
traceable to the National Institute of Standards and Technology. The
calibration procedures and practices are in accordance with ANSI/NCSL Z540-
1 and ISO 17025:2005. Certification of calibration is on file subject to
inspection by authorized personnel.

5.0 GENERAL TEST REQUIREMENTS

5.1

5.2

5.3

Test Facility

The WR-5100 and WR-PTT-01 Radios were tested at NTS test facilities located
in Tinton Falls, NJ.

Test Sample Configuration

The test item configurations are documented in the photographs contained
in this test report.

Pass/Fail Criteria
The WR-5100 and WR-PTT-01 Radios shall successfully satisfy the

requirements specified in the references listed in Section 2.0 of this report.
The units were tested and returned to the client for post-test examination.

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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6.0 TEST PROCEDURE

6.1

6.1.1.

6.1.2.

6.1.3.

Salt Fog:

Requirements

The WR-5100 and WR-PTT-01 Radios shall be tested for Salt Fog using
MIL-STD-810G Method 509.5.

Test Procedure

The WR-5100 and WR-PTT-01 Radios were placed in the salt fog
chamber.

The temperature within the testing apparatus was maintained at 35°C
and the salt solution was continuously atomized at a fallout rate
between 1 and 2 ml/80cm?/hr. The test condition was maintained for
24 hours.

The WR-5100 and WR-PTT-01 Radios were removed from the salt
spray chamber and allowed to dry for 24 hours. This cycle was
repeated one time for a total of two cycles.

The WR-5100 and WR-PTT-01 Radios were then gently washed in
clean running water not warmer than 100°F and dried.

The WR-5100 and WR-PTT-01 Radios were returned to the client for
post-test examination.

Results

The WR-5100 and WR-PTT-01 Radios were tested in accordance with
the Salt Fog requirements. The unit was rinsed, inspected and no sign
of corrosion was noted. The unit has met the requirements of the
Standard.

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com

Page 8 of 13



S

<

- '\
L2 NTS

NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PR059996.PSL

Revision 0
Test Data
GENERAL LOG SHEET
Job Number: PR059996 Date: 3/9/17 | Pg 1 of 1
Client: Persistent Systems
Test: | Salt Fog Test Item: | Radios
Specification: MIL-STD-810G Model or P/N: WR-5100/WR-PTT-01
Para./Sect.: Method 509.5 S/N(s): 21552/EDMO00007

Items to be Verified Before Starting Test

Water

Salt Solution

Type of Water: Deionized

Type of Salt

Salt Solution 5 parts by pH @ 25°C: 7.41
weight salt in 95 parts
water (5% + 1% salt
solution)
0.053 x Mass of Water =
Mass of NaCl required

pH @ 35°C: 7.09

(1.025758 to 1.038867)

(5.48% salt solution)

Density @ 20°C

1.037475

Log Entries

Readings Below to be Monitored Daily

Densi f H Of
Chamber Fallout Salt ensity o P O.
Tem Rate Concentration Fallout Collection Days in Tech
Date | Time P (1.025758t0 | 6.5t07.2@ ¥ ¢
35+2°C 1to 3.0 of Fallout 1.038867) 35°C Test Init
(95 £ 3°F) || mL/hour 5+1mass% ’
3/9/17 11:34 35C 1.1 5.48% 1.037475 7.09 1 BP
3/10/17 | 11:38 24 Hour Drying Period BP
3/11/17 || 11:45 35C || 1.4 || 5.48% || 1.037475 || 7.09 || 1 BP
3/12/17 || 11:59 24 Hour Drying Period BP

Test Performed By:

Brian Pasznik

36 Gilbert Street South e Tinton Falls, New Jersey 07701

(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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b NATIONAL TECHNICAL SYSTEMS
NTS Test Report Number: PR059996.PSL
Revision 0
Test Equipment
NTS # Manufacturer Make Model S/N Cal. Date Cal. Due
. Salt Fog
NJ1190 Singleton Chamber 20 19266 10/19/2016 | 10/19/2017
Graduated No Periodic | No Periodic
WC024107 Glassco Cylinders, Class | 142.236.04 801 & 403 Calibration | Calibration
A, 250mL Required Required
Gay-Lussic - -
. . . No Periodic | No Periodic
wcoz2a105 | \Wilmad | adjusted specific | LG-3540- 196 Calibration | Calibration
LabGlass gravity bottle, 106 Required Required
25mL q q
W(C024110 Hanna pH/ T&i/t Se"’r"”'ty HI 3512 8699357 | 5/23/2016 | 5/23/2017

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
(732) 936-0800  Fax (732) 936-0700
www.nts.com
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NTS Test Report Number: PR059996.PSL
Revision 0

Post-Test

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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NTS Test Report Number: PR059996.PSL
Revision 0

36 Gilbert Street South e Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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NATIONAL TECHNICAL SYSTEMS

NTS Test Report Number: PR059996.PSL
Revision 0

END OF REPORT

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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Dl NATIONAL TECHNICAL SYSTEMS

CERTIFICATE OF COMPLIANCE

February 3, 2020
Customer: Persistent Systems LLC Purchase Order #: 19414
303 Fifth Avenue, Suite 306 NTS PR#: PR102218
New York, NY 10016
Test Items:
Item # Qty Description Part # Serial #
MPUS Radio with RF-2150 10W|MPU5/WR-ACC-
1 1 S-Band Card 088 31783/1815

Test Specifications:

Persistent Systems LLC Purchase Order No. 19414 dated 7/2/19

MIL-STD-810G
Test Performed Test Date(s) Test Results
MIL-STD-810G Method 500.6, Procedure I, Altitude Storage 9/24/19 Pass
MIL-STD-810G Method 500.6, Procedure |, Altitude Operation 12/2/19 Pass
MIL-STD-810G Method 501.5, Procedure |, High Temp Storage 9/26/19-10/3/19 Pass
STD-810G Method 501.5, Procedure Il, High Temp Operation 11/25/19-11/28/19 Pass
MIL-STD-810G Method 502.5, Procedure |, Low Temp Storage 9/25/19 Pass
MIL-STD-810G Method 502.5, Procedure I, Low Temp Operation 11/21/19 Pass
MIL-STD-810G Method 503.5, Procedure I-D, Temperature Shock 11/19/19 Pass
MIL-STD-810G Method 514.6 Procedure I, Vibration 11/19/19 Pass

National Technical Systems (NTS) certifies that the above referenced item(s) has/have been
tested in accordance with the above Requirements set forth in the abgve referenced documents.

7 s,
] gt
Mark Betts Tom fweedey
NTS Quality Representative NTS General Manager

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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CERTIFICATE OF COMPLIANCE

January 30, 2020
Customer: Persistent Systems. LLC NTS MJO #: PR102216
303 Fifth Avenue, Suite 409
New York, NY 10016 NTS Certificate # TC102216 Rev 0
Test Items:
Item # Description Model # Serial #
1 MPUS5 Radio with RF-2150 10W S-Band Card WR-5100, RF-2150 31783,38126

Test Performed

MIL-STD-461F, Emissions

RE102, radiated emissions, electric field, 2 MHz to 18 GHz (RE102-4: Navy Mobile & Army).

MIL-STD-461F, Susceptibility

RS101, radiated susceptibility, magnetic field, 30 Hz to 100 kHz (RS101-2: Army).

RS103, radiated susceptibility, electric field, 2 MHz to 18 GHz (Army Ground, 50V/m).

National Technical Systems (NTS) certifies that the above referenced test item(s) has/have been tested
and found to be in compliance with the above requirements.

e gl

Jeff Maselli I Knark Betts
Project Manager Deputy Quality Representative

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
(732) 936-0800 ¢ Fax (732) 936-0700
www.nts.com

Page 1 of 1
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CERTIFICATE OF COMPLIANCE

February 12, 2019

Customer: Persistent Systems LLC. NTS MJO #: PRO66693
303 Fifth Avenue, Suite 306
New York, NY 10016

Test Items:
Item - .
4 Description Model # Serial #
1 MPUS - Model No. WR5100 with S-Band Radio Card WRRF52110000& 28320 & 5822
2 |Embedded Module, Model 5200 paired with L-Band Card, Model No. RF1100 WFI:F51210000& 0187 & B-507

Test Specifications:

MIL-STD-461F Emissions

CE101, conducted emissions, power leads, 30 Hz to 10 kHz

CE102, conducted emissions, power leads, 10 kHz to 10 MHz

RE102, radiated emissions, electric field, 10 kHz to 18 GHz

MIL-STD-461F Immunity

CS101, conducted susceptibility, power leads, 30 Hz to 150 kHz

RS101, radiated susceptibility, magnetic field, 30 Hz to 100 kHz

RS103, radiated susceptibility, electric field, 2 MHz to 40 GHz

National Technical Systems (NTS) certifies that the above referenced item(s) has/have been tested in accordance
with the above Requirements set forth in the above referenced documents.

W b

! Mark Betts " Mark Betts
Deputy Quality Representative NTS Project Manager

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
(732) 936-0800 ¢ Fax (732) 936-0700
www.nts.com

Page 1 of 1
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Dl NATIONAL TECHNICAL SYSTEMS

CERTIFICATE OF COMPLIANCE

September 7, 2017
Customer: Persistent Systems LLC Purchase Order #: 15930
303 Fifth Avenue, Suite 306 NTS PR#: PR066693

New York, NY 10016

Test Items:

Item # Qty Description Part # Serial #

1 1 MPUS + RF-2100 WR-5100 28147, 2410
Module

2 1 PTT WR-PTT-01 00324

3 1 MPUS + RF-4100 WR5100 25574, B-76
Module

*
4 1 Embedded Module N/A 0-EM40-0000187
Board

*Was not tested for Icing, Blowing Rain, Blowing Dust and Humidity.
Test Specifications:

Persistent Systems LLC Purchase Order No. 15930 dated 7/17/17

MIL-STD-810G

Test Performed Test Date(s) Test Results

MIL-STD-810G Method 521.3, Icing, 6mm-13mm 8/9/17 Pass

MIL-STD-810G Method 506.5 Procedure |, Blowing Rain 9/6/17 Pass

MIL-STD-810G Method 514.6 Procedure |, Vibration 8/23/17-8/24/17 Pass

MIL-STD-810G Method 508.6, Fungus, US Spores 8/11/17-9/18/17 Pass

MIL-STD-810G Method 500.6, Procedure I, Storage Altitude, 60kft (4 units) 10/2/17 Pass

MIL-STD-810G Method 502.5, Procedure I, -55C (4 units) 10/5/17 Pass

MIL-STD-810G Method 507.5, Procedure Il 12/8/17 Pass

MIL-STD-810G Method 510.5, Procedure |, 71C 12/13/17 Pass

National Technical Systems (NTS) certifies that the above referenced item(s) has/have been
tested in accordance with the above Requirements set forth in the above referenced documents.

B J(F )

. . 1
David Potpinka Mark Betts
NTS Quality Representative NTS Project Manager

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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CERTIFICATE OF COMPLIANCE

June 7, 2021
Customer: Persistent Systems, LLC Purchase Order #: PS00000477
601 W 26t Street NTS MJO #: PR140175
Suite M292
New York, NY 10001
Test Items:
Item # | Qty Description Model # Serial #
1 1 MPU5 WR-5100 51400
2 1 High Power S-Band Radio Module RF-2150 B-79930
3 1 Embedded Module WR-5200 56613
4 1 Embedded Module Lite WR-5250 58385
5 1 Dual PTT WR-PTT-SYS-01 B01767
6 1 Rugged Display & Controller (RDC) WR-DISP-SYS-01 00520

Test Specifications:
Persistent Systems, LLC Purchase Order No. PS00000477 dated 6/3/21.
MIL-STD-810G

Test Performed Test Date(s)
Random Vibration per MIL-STD-810G Method 514.6, Procedure | 6/7/2021

National Technical Systems (NTS) certifies that the above referenced item(s) has/have been
tested in agcordance with the above Requirements set forth in the above referenced documents.

/

T I

Tom S%eeqﬂey Mark Betts
NTS General Manager NTS Project Manager

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com



s
S

Ly NTS

s NATIONAL TECHNICAL SYSTEMS

CERTIFICATE OF COMPLIANCE

June 7, 2021
Customer: Persistent Systems, LLC Purchase Order #: PS00000070
601 W 26t Street NTS MJO #: PR135585
Suite M292
New York, NY 10001
Test Items:
Item # | Qty Description Model # Serial #
1 1 MPU5 WR-5100 51400
2 1 High Power S-Band Radio Module RF-2150 B-79930
3 1 Embedded Module WR-5200 56613
4 1 Embedded Module Lite WR-5250 58385
5 1 Dual PTT WR-PTT-SYS-01 B01767
6 1 Rugged Display & Controller (RDC) WR-DISP-SYS-01 00520

Test Specifications:
Persistent Systems, LLC Purchase Order No. PSO0000070 dated 3/21/21.
MIL-STD-810G

Test Performed Test Date(s)
Shock per MIL-STD-810G Method 516.6, Procedure | (20g/11mS) 4/22/2021

National Technical Systems (NTS) certifies that the above referenced item(s) has/have been
tested in agcordance with the above Requirements set forth in the above referenced documents.

/

T I

Tom S%eeqﬂey Mark Betts
NTS General Manager NTS Project Manager

36 Gilbert Street South ¢ Tinton Falls, New Jersey 07701
(732) 936-0800 » Fax (732) 936-0700
www.nts.com
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