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ANNEX 5. SELF-TEST MODE

Low Temperature

WS ELECTRONIC PROVING GROUND, US ARMY, FORT HUACHUCA, ARIZONA

MANU: SEIMAC MODEL NO: PROFIND 406 SERIAL NO: 029 0
BEACON CERTIFICATION TEST RESULTS - SELF TEST VERIFICATION — Lfw 74
MEASUREMENT DATE: 4 Oct 2000 TIME: 14:43:21 '

. 14 .
TESTED BY: (gﬁ\__ﬂ# APPROVED BY: %M/M@@H/

FRAME SYNCHRONIZATION BIT #: 16 lé 18 19 20 21 22 23 24

Should be: 0
Decoded: 0

NUMBER OF BURST DURING SELF TEST CYCLE: /

LYO, S g
:373 S:E/ jguﬂ:j CééZE;z‘
Lloshe e I fP 0~ -

A-V-1



WSMR ELECTRONIC PROVING GROUND, US ARMY, FORT HUACHUCA, ARIZONA

MANU: SEIMAC MODEL NO: PROFIND 406 SERIAL NO: 029

BEACON CERTIFICATION TEST RESULTS - SELF TEST VERIFICATION -~ /o« 72mAL
MEASUREMENT DATE: ?‘Oct 2000 TIME: 14:45:09

TESTED BY: _ a/g/\/ APPROVED BY: f%ﬁ/ﬂw

BEACON DIGITAL MESSAGE VERIFICAT&QN

SYNCHRONIZATION BIT #: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Should be:
Decoded:

**% BIT SYNCHRONIZATION OK ***

FRAME SYNCHRONIZATION BIT #: 16 17 18 19 20 21 22 23 24

Should be: 0 0 0
Decoded: 0 1 1
**% ERROR IN FRAME SYNCHRONIZATION ***

MESSAGE TYPE: SHORT MESSAGE (bit 25 = 0)

DIGITAL MESSAGE IN HEXADECIMAL:n ADCDO0OO0OOO0D44040100AA9A

BEACON BCH CODE VERIFICATION

BCH CODE BIT #: 86 87 88 89 90 91 92 93 94 95 96 97 98 93 00 01 02 03 04 05 06

Should be:
Decoded:

*%% BCH CODE OK ***

A-V-2



Ambient Temperdm

WSMR ELECTRONIC PROVING GROUND, US ARMY, FORT HUACHUCA, ARIZONA
MANU: SEIMAC MODEL NO: PROFIND 406 SERIAL NO: 029
BEACON CERTIFICATION TEST RESULTS - SELF TEST VERIFICATION — A2n S

MEASUREMENT DATE: 2 Oct 2000 TIME: 20:08:54
. :}{ b
Z/?Zéi:%i‘ - . APPROVED BY: ;Eéjsz%égébz¢b4L¢414&,

TESTED BY: 2

—T TOMP

FRAME SYNCHRONIZATION BIT #: 16 17 18 19 20 21 22 23 24

Should be:
Decoded:

NUMBER OF BURST DURING SELF TEST CYCLE: /
Voridion~ F40.3 me.
FoesT BusT Dyﬂa Sz Sae

_ AV3



WSMR ELECTRONIC PROVING GROUND, US ARMY, FORT HUACHUCA, ARIZONA

'MANU: SEIMAC MODEL NO: PROFIND 406 SERIAL NO: 029

. BEACON CERTIFICATION TEST RESULTS - SELF TEST VERIFICATION - om@ec~” TEn
MEASUREMENT DATE: 2 Oct 2000  TIME: 20:10:25

TESTED BY: <if?42522451.__——- | APPROVED BY: ?%%;itj/é;;%aaxé&debbk,

BEACON: BIGITAL MESSAGE VERIFICATiON

Should be: 1 1
Decoded: 1 1

**x* BIT SYNCHRONIZATION OK **=*

FRAME SYNCHRONIZATION BIT #: 16 17 18 19 20 21 22 23 24

Should be: 0
Decoded: 0

*%%* ERROR IN FRAME SYNCHRONIZATION ***

MESSAGE TYPE: SHORT MESSAGE (bit 25 = 0)

DIGITAL MESSAGE IN HEXADECIMAL: ADCD 000004 4040100AA9A

BEACON BCH CODE VERIFICATION

BCH CODE BIT #: 86 87 88 89 90 91 92 93 94 95 96 97 98 29 00 01 02 Q3 04 05 06

Should be:- ©
Decoded: ©



Maximum Temperature

WSMR Enncmgoﬁ-zc PROVING GROUND, US ARMY, FORT HUACHUCA, ARIZONA
MANU: SEIMAC MODEL NO;, PROFIND 406 SERIAL NO: 029
BEACON CERTIFICATION TEST RESULTS - SELF TEST VERIFICATION - HIGH- 7em ¥

MEASUREMENT DATE: 3 Oct 2000  TIME: 14:36:23
TESTED BY: ﬂ w_g‘/ . : * APPROVED BY: ﬂ% gammm
. , :

-

FRAME SYNCHRONIZATION BIT #;_ 16 17 18 19 20 21 22 23 24

_......_....__.._.._____...___________._.._.—_.__—-____.______..__-...____.__

Should be: o 1 1
Decoded: 0O 1 1

NUMBER OF BURST DURING SELF TEST CYCLE:‘)
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A:a ]LECTRﬁNIC Ph&VIﬂh cidbxo, oé ﬂhﬁy pbher ﬁhncnuéh ARIZONA
. BBrMac MODEL NO: PROFIND 406 SERIAL NO: 029
‘EACON CERTIFICATION TEST RESULTS - SELF TEST VERIFICATION - A6 7EnP

EASUREMENT DATE: 3 Oct 2000 TIME: 14:38:17
‘ESTED BY: _j£;j§;4£:_._ L APPROVED BY: /%5£;,fg;40butxl“v
. : - [

'"EACON DIGITAL MESSAGE VERIFICATION

'YNCHRONIZATION BIT #: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Should be: 1 1
Decoded: 1 1

x** BIT SYNCHRONIZATION OK ***

"RAME SYNCHRONIZATION BIT #: 16 17 18 19 20 21 22 23 24

Should be: c 0 0 1 0 1 1 11
Decoded: o 1 1 o 1 0~
s%% ERROR IN FRAME SYNCHRONIZATION *** S&LF 1esT Vet o

JESSAGE TYPE: SHORT MESSAGE (bit 25 = 0)

DIGITAL MESSAGE IN HEXADECIMAL: A DCD 000 0044040100AA39A

BEACON BCH CODE VERIFICATION

" BCH CODE BIT # 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06

Should be: 0 0 0 0 0 0 0 O 1 O 1 0 1 O
Decoded: 0 0 0 O 0 O O

A-V-8



APPENDIX B. SEIMAC ANTENNA CHARACTERISTICS @ 406.028 MHz

TABLE B-1. VERTICAL POLARIZATION RECEIVED SIGNAL LEVELS (PV, in dBm)

AZIMUTH ELEVATION ANGLE (degrees)
(Qel\é;?elfs) 10 20 30 40 50
0 1617 -15.00 1517 115.50 18.83
30 4747 -15.00 1517 15.50 50.33
60 4747 -15.50 14.83 15.33 19.17
90 17,50 115.83 1417 16.17 20.50
120 17.33 15.50 15.50 216,00 20.33
150 17,50 15.83 14,50 16.00 20.67
180 17.83 116.50 14,83 4717 2117
210 18.17 15.67 15,50 15.33 20,50
240 17.83 -16.00 1617 216.00 18.67
270 17.67 -15.50 15.50 15.67 18.33
300 16.83 15.83 15.50 15.83 20.33
330 37.67 16.33 14.83 15.50 119.00

B-1




TABLE B-2. HORIZONTAL POLARIZATION RECEIVED SIGNAL LEVELS

(PH, in dBm)

AZIMUTH ELEVATION ANGLE (degrees)

Qé“g?e'fs ) 10 20 30 40 50
0 4017 -39.00 41.83 43.33 -38.33
30 47.67 45.67 -33.83 4433 -33.50
60 -38.00 -38.67 -39.83 -36.83 -40.50
90 4433 43.33 -39.67 -37.00 32,67
120 46,50 -43.00 4717 240.00 -36.83
150 50.17 4433 49.67 41,50 4217
180 43.00 48.83 4083 40,50 4317
210 4567 55.83 -39.50 150,67 -35.00
240 39.67 52.67 4067 4117 -50.83
270 59.33 46.83 -55.50 4533 47.33
300 -46.00 44,67 -36.50 53.83 34.00
330 52.00 40.83 4383 -39.50 4350




TABLE B-3. TOTAL ERP (IN dBm) / ANTENNA GAIN (in dBi)

AZIMUTH ELEVATION ANGLE (degrees)

: Q’g?e';i) 10 20 30 40 50
0 37.45/+0.91 | 38.62/+2.08 | 38.44/+1.90 | 38.11/+157 | 34.82-1.72
30 36.43/-0.11 | 38.60/+2.06 | 38.49/+1.95 | 38.11/+1.57 | 33.47/-3.07
60 36.47/-0.07 | 38.12/+1.58 | 38.78/+2.24 | 38.30/+1.76 | 34.46/-2.08
90 36.11/-0.43 | 37.78/+1.24 | 39.44/+2.90 | 37.47/+0.93 | 33.36/-3.18
120 36.28/-0.06 | 38.11/+1.57 | 38.10/+1.56 | 37.62/+1.08 | 33.37/-3.37
150 36.10/-0.44 | 37.78/+1.04 | 39/10/+2.56 | 37.61/+1.07 | 32.96/-3.58
180 35.78/-0.76 | 37.10/+0.56 | 38.78/+2.24 | 36.45/-0.00 | 32.46/-4.08
210 35.44/-110 | 37.93/+1.39 | 38.12/+1.58 | 38.27/+1.73 | 33.25/-3.29
540 35.80/-0.74 | 37.60/+1.06 | 37.45/+0.91 | 37.61/+1.07 | 34.93/-1.61
270 35.93/-0.61 | 38.10/+1.56 | 38.10/+1.56 | 37.03/+1.30 | 35.28/-1.26
300 36.78/+0.24 | 37.78/+1.04 | 38.18/+1.50 | 37.77/+1.23 | 33.45/-3.00
330 35.03/-0.61 | 37.20/+0.75 | 38.78/+2.04 | 38.12/+1.58 | 34.62/-1.92

VAI?:;\B'I;ION 2.01 152 1.99 182 2.8

Antenna Gain is based on measured power output of 4.51 watts (36.54 dBm)

For the ETERN battery, there was a 0.1dBm loss due to battery discharge.

ERPmaxeoL = ERPmax - ERPLoss = 36.54 - (-0.1) = 36.64 dBm = 4.57 watts
ERPmineor = ERPpmin - ERPogs = 32.46 - (-0.1) = 32.56 dBm = 1.82 watts

For the SAFT battery, there was no loss (0.0 dBm) due to battery discharge.

ERPnaxeoL = ERPrax - ERPLoss = 36.54 - (0) = 36.54 dBm = 4.51 watts
ERPminEOL = ERPmin - ERPLQSS =32.46 - (0) = 32.46 dBm = 1.78 waltts

NOTE: These values do NOT include the range instrumentation accuracy of +2.45 dB.
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APPENDIX C. SUMMARY OF 406-MHz BEACON TEST RESULTS
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APPENDIX D. PHASE MODULATION FAILURE



Intentionally Blank




Technical Report — TR-419-99-013 V1.1

Oct 30,2000
Phase Modulation Failure

Revision History Date Change
Initial Release V1.0 Sept 22, 2000
Release V1.1 Oct 30, 2000 Added Addendum section

During certification testing the ProFind 406 EPIRB failed the phase modulation test at
low temperatures. An investigation was carried out to determine the cause of this failure.

1. Phase Modulation Circuit

Phase modulation in the ProFind 406 is achieved by injecting an offset current into the
feedback loop of the phase-lock-loop (PLL) circuit. A simplified schematic diagram for

the circuit is shown in Figure 1.

MCU
R27
MOD-406A AAA
475K MOD-406
R26
MOD-406B AANA
RT1
475K R14 THERMO1
C32 == 302K o
330pF t
R11
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Figure 1. Phase Modulation Circuit
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2. Theory of Operation

Digital signals MOD-4064 and MOD-406B from the micro-controller (MCU) are set to

one of three different state to achieve the different levels of modulation:

a) During un-modulated carrier (zero phase modulation), MOD-4064 is set high and
MOD-406B is set low.

b) For +1.1 radian phase modulation both MOD-4064 and MOD-4064 are set high.

¢) For-1.1 radian phase modulation both MOD-4064 and MOD-4064 are set low.

Signal MOD-406 is a summing point whose nominal voltage will be one of three levels
depending on the modulation state (+1.1, 0, or —1.1 radians). Capacitor C32 controls the
rise and fall time of the modulation signal.

Resistor R14 in parallel with thermistor RT1 and series resistor R12 provide a voltage
divider network whose output signal MOD-406-TC. The current through resistor R11 is
proportional to the voltage at MOD-406-TC and is used to phase modulate the PLL.
The sensitivity of the modulation input signal PHASE-MOD-IN is temperature
dependent. It is less sensitive at high temperatures. To compensate for this effect,
thermistor RT1 is used to increase the modulation current signal into the PLL. The
overall effect is to have a relatively constant phase modulation of the PLL over the
operating temperature range.

3. Cause of Failure

The circuit described above has been used in several ARGOS transmitter circuits which
have a similar phase modulation specifications. Some minor changes were required to
adapt the design for the ProFind 406 because of different operating voltages.

During the development and in-house testing, the test engineer found that the phase
modulation level measurements were too low (by about 0.1 radians). To increase the
modulation he increased the value of R12 from 375K to 475k. This increased the
modulation level but he also inadvertently changed the temperature characteristic of the
compensating circuit.

The circuit was tested after the resistor value was changed but due to a malfunctioning
test chamber, the circuit was only tested over a temperature range of -20°C to +55°C. If
the circuit had been tested over the complete temperature range it would have shown that
the modulation levels were too high at low temperatures.

As aresult of this investigation we found that the in-house test measurements were
performed with an uncalibrated instrument which gave readings which were low by about
0.1 radians. The assumption that the modulation level needed to be increased was false.
Changing the resistor value increased the modulation level unnecessarily and caused the
circuit to exceed the modulation specifications at low temperature. Unfortunately this was
not tested sufficiently prior to certification testing.
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4. Modulation Symmetry

More detailed in-house testing on separate test units has confirmed the findings at Fort
Huachuca. The test results not only indicate that the average modulation levels are too
high, but that there is a small offset between the positive modulation level and the
negative modulation level. This is caused by the fact that the phase detector response is
not quite symmetrical about its operating point. It is slightly more sensitive in the positive
direction than the negative direction.

This asymmetry can be corrected by changing the relative values of R26 and R27. The
optimum values for R26 and R27 are being evaluated presently.

S. Recommendations

Changing the resistor value R12 should bring the phase modulation with the specified
limits. Further testing is recommended to determine the optimum value to minimize the
variation with temperature.

It is also recommended that the values of R26 and R27 be changed slightly to make the

positive and negative levels more symmetrical which would provide more head room for
unit to unit variation.

Addendum

Further investigation found that the following component values should be changed:

Component Changed from | Changed to
R26 475K No change
R27 475K 500K
R12 402K 475K
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