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FOREWORD

In accordance with AFR 80-14, an IOT&E on the AN/GRC-171
Multichannel UHF/AM Tranceiver was accomplished to support
a procurement decision. Sacramento ALC is the implement-
ing agency and is responsible for the DT&E. The IOT&E was

conducted at Richards-Gebaur AFB because of availability

of manpower and testing facilities.
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ABSTRACT

The I0T&E of the AN/GRC-171 was accomplished at
Richards-Gebaur AFB, MO., during the period of 2 Dec 74 3
through 3 Feb 75. Testing was conducted in both a labora- 3
tory and an operational environment. The technical per- |
formance of the radio was evaluated on the bench while i
operational characteristics were evaluated in a control
tower environment.

The bench tests were designed to demonstrate the
suitability of the radios for operational use. The
radios were tested to either the extreme tolerances of
the radio or until conditions were reached that would
not be encountered in an actual operational environment.

The control tower tests were conducted by actual
operators. The radio was used as it normally would be
used when fielded. Here the radio was checked for com-
patibility with existing equipment, ease of operation,
and case of maintenance.

Aside from a few mechanical changes that should
be made to the radio, the only major deficiencies found
were the presence of transmitter spurious emissions and
the inadequacy of the slide mounts. These items will
have to be corrected before the radio will be acceptable
for operational use.
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1. INTRODUCTION

1.1 Background. The AN/GRC-171 radio is a part of the Rivet Switch program
whose purpose is to replace the existing UHF/VHF ground/air voice radio com-
munications equipments with new equipment capable of operating in a 50KHz,
and ultimately a 25KHz, channel separation envi~onment. AFLC is the implement-
ing command for this contract with AFCS the lead using command. The AN/GRC-171
contract was awarded to Collins Radio Company on 16 March 1973. The DT&F was
conducted at the Collins Radio Plant concurrently with the IOT&E. The data
gaipeq from the DT&E and IOT&E will be used to support an AFLC procurement
ecision.

1.2 Description of Test Item. The AN/GRC-171 is a multi-channel UHF/AM
solid-state communications transceiver to be installed in ground stations
engaged in UHF ground/air voice radio communications. The receiver portion of
the transceiver is capable of detecting and reproducing audio (voice) or
digital (secure voice) modulation contained on the amplitude modulated carriers
of aircraft transmitters operating on any of 3500 channels and ultimately 7000
channels between 225 and 399.975MHz. The transmitter is capable of operating on
each of 7000 communications channels with a power output of 20 watts, +2db,
-1db. The transceiver obtains its operating frequency from a common synthesizer
which establishes the same operating frequency for both transmitting and
receiving.

1.3 Scope of Test. The IOT&E was conducted to determine the suitability of

the AN/ARC-171s for operational use given conditions that are expected to be
found in an actual! operational environment.
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2. PURPOSE AND OBJECTIVES

2.1 Overview of Test Requirement. The purpose of this Operational Test and
Evaluation (OT&E) was to investigate the operational characteristics of the
AN/GRC-171 UHF Transceiver to determine its operational suitability in all
Rivet Switch applications.

2.2 Specific Objectives.

2.2.1 Technical Performance: The GRC-171 was evaluated to ascertain its
technical performance when subjacted to conditions expected to be encountered
in an operational environment. This was a quantitative test conducted in a
laboratory environment by Air Force personnel trained in measurement techniques.

2.2.2 Ease of Installation: Two transceivers were installed in a moci-up
configuration in accordance with Installation Standard LDBWSO0893AD0O0 Revision B
in the space proposed for mounting the UHF transceivers. This mock-up will
ultimately be a standard installation configuration for the AN/GRC-171. One
GRC-171 was also installed in the Richards-Gebaur AFB control tower in as close
to the standard installation a. possible. The radio was interfaced with all
equipments it will be required to interface with in an operational control

tower enyironment.

2.2.3 Technical Data: The technical data provided with the transceivers was
assessed throughout the test period by test engineers, measurements technicians,
installation technicians, and radio maintenance personnel. Additionally, a
Formal Technical Order (T.0.) Verification was conducted.

2.2.4 Reliability and Maintainability: Failure data was collected and reported
during the test period. The failures were categorized as an equipment defect,
contractor quality control deficiency, or operator error.

2.2.5 Personnel Subsystems and Safety: Personnel safety was continually
evaluated during the test period. Personnel subsystems were evaluated to
include the adequacy of equipment design to allow effective operation and
maintenance, and the quality of audio for ease of listening.

2.2.6 Logistic supportability was evaluated where possible. However, because
of the lack of spares support, formal training, and a complete complement of
AGE, it was impossible to evaluate all the areas outlined in Appendix B of the
Test Plan.



3. METHOD OF ACCOMPLISHMENT

3.1 Test Scheduie. The official start date for the AN/GRC-171 IOT&E was

2 December 1974. Two of the three prototype radios were on-site at this time
and testing had commenced. The first two radios were initially used to verify
installation standards. Subsequent to installation testing, these two radios
were used for all testing accomplished in a laboratory environment. These
tests were conducted by installation technicians, measurements technicians,
and engineers. The third radio arrived 10 December 1974 and was installed in
the control tower. The installation was accomplished by a trained installation
crew. The radio was interfaced with all equipment which will be required when
production units are deployed. The radio was operated and maintained by Air
Force personnel from the 1879 Communications Squadron located at Richards-
Gebaur AFB. During the test period, a compatibility flight test was conducted
between the AN/GRC-171 and the new airborne UHF transceiver AN/ARC-164, Other
tests consisted of obtaining radio checks from available aircraft in the
Richards-Gebaur AFB area. Performance testing of the radios was completed

3 February 1975. However, the Technical Order (T.0.) verification was not
accomplished until 11-14 February 1975.

3.2 Test Procedures. For all tests quantitative in nature, formal data sheets
were used. This data reflects the actual performance of the radio. For tests
qualitative in nature, operator logs and questionnaires were utilized.

3.3 Test Personnel.

3.3.1 The quantitative testing of the radio was conducted by technicians and
engineers trained in the testing of radios. These tests were conducted in
the prototype laboratory that is operated by AFCS/EPEUM.

3.3.2 Installation of the radios was accomplished by trained installation
technicians and engineers. They followed standards that will be used in the
field.

3.3.3 Personnel and facilities of the 1879 (S at Richards-Gebaur AFB, MO,
were used to support the control tower tests. One maintenance technician
had had some familiarization training on the radio. A1l other maintenance
and operator personnel were completely unfamiliar with the radio. Technical
data was available for their use.

3.4 Test Environment.

3.4.1 The prototype laboratory has the facilities to perform mock-up installa-
tions and to conduct screen room tests. The screen room was used to conduct
performance tests so outside interference would be held to a minimum. All test
equipment that was used had recently been calibrated.

3.4.2 The GRC-171 was interfaced with a four-channel key system, a recorder,
a GSA-135 control tower console, and the GRA-115 remote head panel in the
control tower. The radio was installed on a sliding shelf in a closed rack
in the equipment room one story below the tower cab.




3.5 Changes/Deviations from Test Plan.

3.5.1 Two transceivers were installed in accordance with LDBWS00893AD000
Revision B to verify installation standards.

3.5.2 The keying tests were conducted during plain text operation only. The
different keying modes would not be affected by secure voice operation.

3.5.3 Testing with a VINSON simulator or VINSON engineering model was not
conducted because the VINSON equipment was not available.

3.5.4 The VSWR test was not concucted because of the lack of appropriate
test ecuipment. This test was accomplished during DT&E. The results of that
test will satisfy the IOT&E test requirement.




REPORT OF TEST ACTIVITY




4,1 Installation.

4.1.1 Procedure: Two AN/GRC-171s were installed in a standard installation
configuration LDBWS00893AD000 Revision B. A photograph of this configuration
follows.

4.1.2 Results: During the process of this installation, several items were
identified that could be changed. The first item is the identification of the
hardware used to mount the slides. The front brackets are not interchangeable
from right to left. However, they look almost identical. It would be advanta-
geous if these brackets were physically marked right and left to avoid confusion
during installation. Secondly, the slides provided were inadequate. If the
slides were twisted slightly while attempting to slide the radio back in the
rack, the slide had a tendency to snap apart. They were inspected by AFCS
mechanical engineers and the safety technicians. Both agreed that the slides
were not safe for operational use. These slides will have to be modified be-
fore they can be used in the field. Third, behind the front panel door there

is a hole that provides space for the spare fuses which are mounted on the door.
This hole opens directly into the high voltage section of the radio. This

hole should be covered to prevent a fuse from falling onto bare contacts and to
prevent a maintenance man from accidentally coming in contact with high voltage
through the opening. Fourth, the low loss bridge between the "XCVR" and "ANT"
terminals on the front panel should be changed to something smaller and sturdier.
The present bridge protrudes far enough from the radio panel that it would be
possible to break it off. Fifth, the connector at the remote control unit uses
captive screws to connect the male and female connectors together. These screws
appear to be very susceptible to stripping. This was the case on two remote units
used for testing. Suggest a stronger captive screw be used. Sixth, a switched
ground must be brought out to the back of the radio to connector J22 to provide
a switched ground during transmit. This is necessary to make the radio compatible
with the performance monitor. This problem has previously been documented and

a favorable response to this request has been received. Lastly, the slots in
the front panel that are used to secure the radio to a MT-686/GR rack are too
small for the 1/4" bolts that are used. During installation, the slots had to
be filed out before the bolts would qo through. The above rack is the standard
rack for Rivet Switch installations. These slots should be enlarged 0.265 5
inches so problems are not encountered during installation in the field.

4.1.3 Conclusions: With the above changes implemented, the radio will be
acceptable mechanically and should install easily.
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4.2 Control Tower Tests.

4.2.1 Installation:

4.2.1.1 Procedure: The AN/GRC-171 was installed in the
Richards-Gebaur Control Tower equipment room by a trained
engineering installation team from Keesler AFB, MS. The

radio was installed in a closed rack on a sliding shelf.

The slides provided with the radio were not used for two reasons:
(1) they did not fit in the closed rack and (2) they were con-
sidered unsafe. The rest of the installation was accomplished
according to the available installation standards. The GRC-171
was interfaced with the four channel key system (GRA-83 and
GRA-81), the recorder (AN/GSH-35), the remote control head pane]l
(GRA-115) and the control tower console (AN/GSA-135). The radio
was operated from one of the two console positions.

4.2.1.2 Results. No problems were encountered during the
installation of the radio into the tower. The radio was ccm-
patible with all tower equipment. It was necessary to use a
headset jack in the front of the radio in order to provide
audio to the GRA-115 speaker. The main audio was used for the
consoie speaker.

4.2.1.3 Recommendation: The headset audio should be brought out to
the back of the radio along with the main audio so a jack will
not have to be used when the radio is being operated remotely.

4.2.2 General Tower Test:

4.2.2.1 Procedure: Pilot information sheets were distributed

to all pilots leaving the Richards-Gebaur AFB area. These

sheets outlined procedures for them to initiate radio checks

with the tower on a specified test frequency. The controller
obtained all necessary information from the pilot and recorded

it in the controller's log. Participation in the test had to

be left to the discretion of the pilots. The GRC-171 was oper-
ated from one of the two operating positions at the tower console.
Maintenance and radio set-up was accomplished by the radio
maintenance shop of the 1879 CS.

4.2.2.2 Results, The radio did not fail at any time during
the tower tests. Therefore, no maintenance was performed on
the radio. Very little data was obtained during this portion
of the test due to the lack of participation by the pilots.
However, enough data was obtained to verify the suitability

of the radio when used in a control tower environment. The
operators of the radio were pleased with its performance as
evidenced by the attached statement from the 1879 CS. Specific
procedures used follow:
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REPLY TO
ATTN OF:

SUBJECT:

TO:

DEPARTMENT OF THE AIR FORCE
1879 COMMUNICATIONS SQUADRON (AFCS)
RICHARDS-GEBAUR AIR FORCE BASE, MISSOURI (4030

FFA 3 March 1975

OT&E CRC=17] Lkichards-Getaur £FB Me. Contrcl Tower

-

Frojeet Officer (Lt. Merritt)

With the com:l  tion of the GRC-171 test at this base the follewing
controller comrents are submitied:

a. All contreollers felt the GHC-171 wes far superior than sny-—
thing resently in use.

b. Quality of recertiorn is ecua® if not hetler tlien present
rivet switeh eaquipment,

c. Selection uf freavency is easier than the present {(VEF GRC-175 .
and will te a big asset to mobile radar es vell as touer operaticns,
FOR:TUE G0 o BdURR

CRYLTARG A, &

{1470, Captain, UCAF Cy to: HCA/FFN

T
i
ief, Alr Traffic Contrel CGperations

14




CONTROL TOWER PROCEDURES .

1. The AN/GRC-171 will be installed in the equipment room of the Richards-

Gebaur AFB control tower. The installation drawings will be developed by |
AFCS/EPE. The installation of the radio itself will be accomplished by the i
1879CS with help from AFCS engineers and the Collins representative. The !
radio will be installed in as close to an operational configuration as possible. ¥
This will enable the test team to obtain some data on the radio in the follow- !
ing areas: F

a. Ease of installation.

b. Equipment compatibility in the equipment rooms to include electro-
magnetic considerations and heat.

c. Equipment compatibility with older aircraft radios.
d. Accessibility for ease of maintenance.

e. Any obvious safety hazards.

f. Tools needed for installation.

2. The radio will be operated by a controller. Use of the radio will be ]
governed by operational commitments and requirements. That is, aircraft control f
will be by existing equipment and the GRC-171 will be used only as time allows

for testing.

3. The basic sequence for testing of the radio will be as follows:

a. Any pilot willing to participate in the test will be given a "Pilot
Information Sheet" hefore he takes off.

b. While the aircraft is still on the ramp, try to make radio checks on all
test frequencies to insure the radios are on frequency. Volume and readability
on the ground will be used as a reference for all transmissions that will follow
in the air.

c. Once the aircraft is in the air, the pilot will initiate the transmissions.
He will be told to initiate a radio check on 303.15 MHz. The controller will
then ask the pilot his range, altitude, bearing, volume, and readability. The
controller will log this information along with the time, aircraft call sign,
frequency and the volume and readability the controller is getting from the
aircraft (see attached controller's log). The controller will then ask the
pilot to make another radio check when able. The controller can tell the pilot
to use the same test frequency or change to either 229.0 MHz,392.10 MHz. An
effort should be made to use all test frequencies to test the lower, middle, and
upper bands of the radio.

d. The same type sequence can be used for incoming planes. Again, it is
up to the pilot whether or not he participates.

15




e. The more aircraft we are able to do this type testing with, the more
data we will have to support a production decision.

4, If the radio does need maintenance, both the maintenance man from the
1879CS and the Collins representative will be contacted. If at all possible,
the 1879CS technician will do the maintenance. This will give us a rough idea
of ease of maintenance and time to repair for the radio. The T.0. maintenance
instructions should be used. Verification of the T.0.s will be an important
aspect of this test. Any maintenance actions will be logged.

5. Lkhile the controller is operating the equipment, such things as warm-up

time required from a power-off state to a ready-to-use state and time required
to change channels will be monitored and logged. Any comments concerning the
overall use of the radio whether good or bad should be Togged by both the
maintenance techriician and the operator. If at all possible, a statement frum
the pilot of an aircraft participating in the test should also be obtained after
landing giving his overall impression of the quality of the radio.

6. Attached are logs that can be used by both the operator and the maintenance
technician to act as a guide in making their reports on the radio. These logs
will be included in the final Test Report.

3 Atch

1. AN/GRC-171 Failure/Maintenance
Report

2. Controller's Log

3. Pilot Information Sheet




3,
7 ".i mu.l’-* B P B o e v s aamrt < it ARyl | fu i VPO

AN/GRC-171 FAILURE/MAINTENANC. REPORT
DATE: PREPARED BY:

DESCRIPTION OF FAILURE:

CORRECTIVE ACTION TAKEN:

PARTS REPLACED:

COMMENTS:

TIME TO ISOLATE FAULT:

TIME TO MAKE REPAIRS:

TOTAL TIME DOUWN:
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PILOT INFORMATION SHEET

1. The AN/GRC-171 is a new G/A UHF muiti-channel transceiver. It is a part
of the Rivet Switch program to replace existing UHF/VHF communications equip-
ments. It is currently being tested in an operational environment. One
radio is installed in the Control Tower. Testing will be confined to flight
testing and will not be used for routine Air Traffic Control until the radio
has been proven safe.

2. The success of the Control Tower tests depends to a great degree on the
cooperation of the flight crews. We are asking for radio checks on the GRC-171
to help us evaluate the performance and quality of the radio.

3. If you are able to help us with this test, request the following procedures
be followed:

a. Contact the tower every so often on test frequency 303.15 MHz.

b. The tower will request your range, altitude, bearing, volume, and
readability. Try to make this as accurate as possible for this will show us
just how the radio is performing. All data will be logged by the controller.

c. During the test, the controller may ask you to tune to a different test
frequency. This will be done to check the performance of the radio across the
frequency band. Again, your cooperation will be appreciated. The other test
frequencies are 229.0 MHz and 392.10 MHz.

d. The pilot has the option of terminating the test at any point, but if
it is possible to continue for a number of transmissions, it would be most
helpful. If initial contact is not made or contact is lost at any time for

any reason, the pilot should revert to his normal enroute radio frequency and
consider the test terminated.

4. If there are any questions, please contact Lt Merritt at Ext 2901 or 3408.
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L.2.3 AN/ARC-16L and AN/GRC-1T1 Operational Compatibility.

L.2.3.1 Procedure: The AN/GRC-17L was installed in the Richards-
Gebaur AFB Comtrol Tower. The AN/ARC-16L was installed in a V' 1=29D
aircraft, tail number 812, call sign UTAH-3L, based at Randolph AFB,
. The aircraft flew into the Richards-Gebaur AFB area 16 Dec 7Tl.

Two short, low altitude sorties, 6,000 f£t, 70-80 n miles, at a 0
radial, were flown. One sortie (Test #1) was flown with both radios

in the S0KHz channel spacing configuration. The other (Test #2) was
flown with the radios in the 25KHz configuration. As the aircraft

was leaving the area for the return trip to Randolph AFB ( Test #3),
contact was maintained in the SOKHz configuration for as long as pos-
sible at an altitude of 16 X ft. The three frequencies used for

these tests were 229.0 Mz (low), 303,15 MHz (middle) , and 392.10MHz
(high) . The air traffic controller on duty during testing maintained a log
consisting of range, altitude, time, the pilots' volume by readability
score and the controller's volume by readability score. This test

was designed to determine the compatibility between the AN/GRC-1TL

and the AN/ARC-16L and not to verify maximum operational range. NO
quantitive testing was accomplished. The test plan used for this
particular test follows.

4.2.3.2 Results: Test #1 - Low profile - Wideband (50KHz) «
Frequency 392.10.

The pilot reported receiving the GRC-171 transmisssion 5 x 5 (Volume x
Readability) at ranges out to about 85 NM. At 95 NM the GRC-171 was

reported to be L x 3.

Me controller reported receiving the ARC-16L transmissions 5 x 5 out
to a range of about 63 NM. From 67 NM to about 82 NM the ARC-16L
signal was below squelch but 5 x 5. The signal was weak beyond 85 NM,
ard was lost at 95 NM. The same signal strengths were obtained using
frequencies 303.15 and 229.0 (Refer to Attached Test Logs) .

When asked to rate the speech quality of the radios, the three aircrew
members and the controller who participated in this test rated various
speech properties to be from Fairly Good to Extremely Good., (Refer to
Attached Questionnaires.)

Test #2 - Low profile - Narrowband (25KHz) » Frequency 392.10.

The pilot reported recelving the GRC-171 transmissions 5 x 5 at ranges
out to about 90 NM. Beyond 90 NM to about 98 NM the signal was at
the level of about 3 x 3. The signal was lost beyond 98 NM.

The controller reported receiving the ARC-16L transmissions 5 x5 out
to about 65 NM. Beyond that point the signal was below squelch but

© x5 out to a range of about 80 NM. From 80 NM to 96 NM the signal
strength was between 1 x 1 and L x 4 levels. Signals were unreadable
beyond 96 NM.

o L e AL s h e e o
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No significant difference was found when testing frequencies 303.15 and
229.0 at 25KHz channel spacing.

As in Test #Ll, the three aircrew members ard the controller rated the
voice quality to be from fairly Good to Extremely Goode The pilots re-
ported that the voice was generally clearer in Test #2 than in Test #l.

Test #3 - High profile (16,000 £t MSL) - Wideband (50KHz). 392.10.

The pilots reported the GRC-171 transmissions were 5 x 5 out to a range
of 155 NM. Commnication was lost beyond this range.

The controller reported 5 x 5 signal levels out to 143 NM on the first
outbournd legand out.to 155 NM on the second outbound leg., This data
was taken on the T-29D return to Randolph AFB, TX.

In addition to these three flight tests, ground radio checks were con=-
ducted between the ARC-16l, GRC-171, and Richards-Gebaur RAPCON radio
(GRC-27) . The voice quality of the ARC-16L and the GRC-171 proved to
be significantly clearer than the GRC-27.

The ARC-16L and GRC-171 had previously been used operationally. No
radio "peaking'" was accomplished. Later measurements of the equipment
showed that the GRC-171 had a power output of approximately 21 watts
across the band. The ARC-16L4 power out was as follows: 6.5 watts at
392.10 MHz, 8.9 watts at 303.15 MHz, and 7 watts at 229.0 Miz. The
squelch setting of the GRC-171 was set at approximately 5 microvolts.
The ARC-16L squelch was set at 3.2 microvolts.

No problems were encountered during the tests. The radios appear to
be compatible in all respects. The operators of the radios, both on
the ground and in the air reported that distortion and noige were low
while understandability was excellent. The controllers were part-
icularly impressed with the ease of operation and speed to change
frequencies of the GRC~171.

CONCIUSIONS: These ARC=16L/GRC~171 Intercperability tests verified
clear voice operation in both wide- and narrowband operation. Based
on this subjective type of test, the voice quality of these two radios
is a quantum improvement over present operational radios of the same
functional use.



AN/GRC-171 AN/ARC-164L
Compatibility Testing
Test Plan
AN/GRC-171 TOTRE

1. Purpose: The purpose of the test is to evaluate the compatibility
of the GRC-171 and the ARC-16L in an operational environment.

2. Objectives:
a. Communicate with the two radios G/A, G/G, and A/G.
b. Utilize the radios in both the 25 KHz and 50 KHz modes.
c. Obtain data on the general quality of the voice signal.
3. Test Sequence:

a. 16 Dec 7L - Morning.

Aircraft flies into Richards-Gebaur AFB. The control tower will
be monitoring 303.15 MHz. All radios checks will be made on that frequency.

The aircraft will land and a meeting of the aircraft crew, controllers,
and maintenance men will be held. This meeting will be used to spell out
specific details of the test before the plane takes off again. Tower will
monitor 303.15 Miz.

b. 16 Dec Th - Afternoon.

The aircraft will take off and data will be obtained with
both radios in the 50 KHz mode. The flight profile used will be on
a raiial at approximately 210° magnetic north at about 5500 ft MSL.
This should put the fringe of commnications at about 75-80 miles. The
aircraft will fly in and out of this area to determine how the radios
communicate in degraded signal areas. A picture of the suggested
flight pattern is attached. After the aircraft has landed and is
taxiing into position on the ramp, the pilot will switch the ARC-164L
into the 25 KHz mode. This will allow us to investigate the ability of
the radios to communicate when in different modes.

c. 17 Dec 74 - Morning.

The GRC=171 will be converted to the 25 KHz mode. The alrcraft
will take off again and fly the same pattern as the day before using
the 25 KHz mode. This will give a comparison of the 25 KHz and 50 KHz
modes. When the aircraft lands, it will switch to the 50 KHz mode and
talk to the GRC-171.




d. 17 Dec Th - Aftermoon.

e GRC~171 will bte converted to the 50 KHz mode. This
flight profile will be different. This will be a long range Flight
to determine the compatibility of the radios at longer ranges.

The primary purpose of the flight will be to attempt communication at
150 to 200 miles at an altitude of between 15K and 25K feet.

e. After this, the aircraft will be free to return to Randolph AFB.
f. Total number of flying hours will be about seven(7) »

g. After each flight the crew and controller will fi1l out the
intelligibility questionnaire for later scoring.

li. On the short profile, the aircraft will fly on a radial about

2100 magnetic north at about 5500 feet. Transmission should be lost
at about 75 to 80 miles. A steady transmission will be made to the
aircraft while he is outbound. The VHF channel will be used as order-
wire. The pilot will report the range, bearing, and altitude that he
lost the signal. He will then proceed on about 10 more miles to be
sure that they are not just in a null. After this, he will turn
around and come back on the same radial. He will then report when he
again acquires signal. This will be repeated again to be sure the

two points are correct. This pattern will be flown repeatedly with voice
commmications and using all three test frequencies. When enough data
has been obtained, the aircraft will land.

5. The long profile will be at high altitude, approximately 15K to
2% feet. The aircraft will fly a radial outbound until communication
is no longer possible. The aircraft will then make approximately

the same turns as in the short profile, but only two or three times.
He will then return to Randolph AFB.

6. During the flight profiles, the following procedures will be followed:
a, The controller will ask the pilot his readabilty, Signal
Strength, altitude, bearing and range. The pilot will answer using
the following format:
(1) Readability:
(a) Bad e o o o @ 1
(b) PoOr o ¢ ¢ o 2

(¢) Falr « « o ¢ 3




(d) Good « o o o ok
(e) Excellent . . 5
Signal Strength:
(a) Scarcely Perceptible
(D) Weak o o o o ¢ ¢ o o
(c) Fairly Good o o « »
(d) Good ¢ ¢ o o ¢ ¢ o o
(e) Very Good o o o o o o
The controller will do all the logging. The controller will then make a

judgment as to the readability of signal from the aircraft to the tower
and make a appropriate log entry using the same format as the pilot used.

b. An effort should be made to use all three test frequencies to
test the lower, middle, and upper bands of both radios. The test
frequencies are 229.0 Miz, 303.15 Miz, and 392.10 Miz. A sequence of
frequency "1" (low), frequency "2" (middle), and frequency n3n (high)

will be used when possible. This sequence should be accomplished as
many times as possible during the flight. As much data as possible
around the outer limits of the radic range should be taken., The
number of frequency changes will be determined by the cooperation of
both the pilot and controller.

7. The test dates were established by AFCS after coordination with
ASD/RWF. ASD/RWVF then requested ATC to provide an IOTRE alrcraft
for the established date. ATC provided the tail number, call sign,
and egtablished time/date of arrival to AFCS/XPQO, info ASD/RWVF.

3 Ateh

1. Controller's Log

2. Flight Profile Diagram
3. Persomel Data Fom for
Communications Personnel
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PERSONAL DATA FORM FOR COMMUNICATIONS PERSONNEL

Name : Rank: SN:

AGE : 0 AFOS :

——————————

Organization:

Nature of Duties in Present Assignment:

Nature of Duties in Previous Assignment:

Technical Training Schools Attended:

School Course

Number of year's experience as communications equipment operator:

Experience with specific communications equipments:

Equipment Years Experience
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L " ynastat DATE/TIME
s RUN #

SUBJECTIVE RATING OF VOICE CHANNEL

In the space below please rate the speech channel you have just heard with
i respect to the various properties indicated below. Place an 'X" in the
appropriate space to indicate your rating of each property.

NATURALNESS

Extremely Fairly Adequate Fairly Extremely
Good Good Poor Poor

FREEDOM FROM NOISE

Extremely Fairly Adequate Fairly Extremely
Poor Poor Good Good

FREEDOM FROM DISTORTION

Extremely Fairly Adequate Fairly Extremely
Good Good Poor Poor
UNDERSTANDABILITY
Extremely Fairly Adequate Fairly Extremely
Poor Poor Good Good

OVERALL ACCEPTABILITY

Extremely Fairly Adequate Fairly Extremely
Good Good Poor Poor
Comments:

Factors that may have affected your performance:

Your name
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RUN # 1 50 KHz 16 Dec 74

Ref sheet 1 short profile 50 KHz

2157 - 2211

Apparently the COAX switch used to switch the tower
antenna between the GRA-53 and the GRC-171 caused a
high VSWR to the GRC-171, for the radio had shut down

to 5 watts out with a very high reflected power. The

antenna was connected direct19 tc the GRC-171 and

everything worked correctly.

LONG RUN * FINAL OUTBOUND
50 KHz
General information from pilor
OUTBOUND - Lost transmission between 140 and 150 miles
INBOUND - 1 X 1 @ 160 mi.
4 X 4 @ 148 mi.
5 X5 @ 140 mi.

Radio Characteristics

GRC-171

POWER approximately 21 watts across the band
SQUELCH set too high approximately 5 micro volts
ARC-164

POWER 6 watts ©392.10 MHz

8-9 watts @ 303.15 MHz
and @ 229 MHz, 7 watts

SQUELCH 3.2 micro volts
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J ynastat

PERSONAL DATA FORM FOR COMMUNICATIONS PERSONNEL

Name : N\)NM, CE Rank: CAPT‘ SN: \3\.)(9 E’IEL(L,
AGE: 53 sex: M\  aFos: R 2

Organization: \) Sﬁ F l F C—
Nature of Duties in Present Assignment: __JQQLMAL#U F@,lﬁtpf

D\Kkbu{g = (ZQWM) /fu?\)b.z,( \V\:ﬂ\(uij d(v((:,‘(nré’-*

Nature of Duties in Previous Assignment: (S =557 A'VCWR#
‘ J
Covniwmn b 5\{,3

Technical Training Schools Attended:

School Course

VET

Number of year's experience as communications equipment operator:
/oy

Experience with specific communications equipments:

Equipment Years Experience




e o < g e

Uvnaf‘tat DATE/TIME \obec 2,0k
RUN # /  SoxHr

SUBJECTIVE RATING OF VOICE CHANNEL

In the space below please rate the speech channel you have just heard with
respect to the various properties indicated below. Place an "X" in the
appropriate space to indicate your rating of each property.

NATURALNESS

- X L

Extremely , Adequate Extremely
Good Poor

FREEDOM FROM NOISE

id

Extremely Adequate Extremely
Poor Good

FREEDOM FROM DISTORTION

Extremely Adequate Extremely
Good Poor

UNDERSTANDABILITY

Pl

Extremely Adequate Extremely
Poor Good

OVERALL ACCEPTABILITY

L}

Extremely Fairly Adequate Fairly Extremely
Good Good Poor Poor

Comments : P&A’\a \'Hm. wast URFE < \D (*0-0'5 Oi'ﬁc"
Qooms  went chslrw-\%:,\ *(:‘rﬁ.Q

Factors that may have affected your performance:

l\v\ur\)w |

Your name




P = IREE - o . s . - -
B R SRR e _ B .,

o PO , e
n 1 vnastat DATE/TIME k I Vec
lﬂ L4 1 RUN # 0 Tosr ¢

SUBJECTIVE RATING OF VOICE CHANNEL

In the space below please rate the speech channel you hs e just heard with
respect to the various properties indicated below. Place an '"X" in the

appropriate space to indicate your rating of each property.

NATURALNESS
]
lex =
[ [
Extremely Fairly Adequate Fairly Extremely 4
Good Good Poor Poor

FREEDOM FROM NOISE

] o |

Extremely Fairly Adequate Fairly Extremely
Poor Poor Good Good
y FREEDOM FROM DISTORTION
Extremely Fairly Adequate Fairly Extremely 1
Good Good Poor Poor .
UNDERSTANDABILITY
Extremely Fairly Adequate Fairly Extremely ]
Poor ° Poor Good Good !
) OVERALIL ACCEPTABILITY
Extremely Fairly Adequate Fé&rly Extremely
Good Good Poor Poor
At "
Y f
Comments: Seawe J —"Q be. A Q‘QG,MV M DYPCAUNE '
VEA_ |

vt

Factors that may have affected your performance:

. N

Your name
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ynastat

PERSONAL DATA FORM FOR COMMUNICATIONS PERSONNEL

Name: ynarGomn HEREERY w xr Rank: _cgpeT SN: 406449 3¢

AGE: 2o Sex: _may AFOS: y1aa9 G

Organization: _ja cprpeyigs SQWCbeOr /Rannns ek ©FAR TX

Nature of Duties in Present Assignment: T NSTRIACTOR, ©LLIT,

STan LAl viva iy JEevphig A onl Py % Fun el oy Sk CHO i

FRVGHY Pr=O0T
Nature of Duties in Previous Assignment: _cqunPOdn 10 L1~

Technical Training Schools Attended:

School Course From To
?!l [ ¥ ST S T 1470 /9 7/

Number of year's experience as communications equipment operator:

BJ

—

Experience with specific communications equipments:

Equipment Years Experience
wagiAds e r RALiaG —
are. b4 Apf-;:—gx _q rmont (A5
47
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Bg vynastat ] DATE/TIM;: 16 BEC -74
i i RUN # i

SUBJECTIVE RATING OF VOICE CHANNEL

2

:311

LSO KM

In the space below please rate the speech channel you have just heard with
respect to the various properties indicated below. Place an 'X" in the

appropriate space to indicate your rating of each property.

NATURALNESS
Extremely Fairly Adequate Fairly
Good Good Poor

FREEDOM FROM NOISE

[ L]

Extremely Fairly Alequate Fairly
Poor Poor Good
FREEDOM FROM DISTORTION
Extremely Fairly Adequate Fairly
Good Good Poor
UNDERSTANDABILITY
Extremely Fairly Adequate Fairly
Poor Poor Good
OVERALL ACCEPTABILITY
Extremely Fairly Adequate Fairly
Good Good Poor

|
Extrenely
Poor

Extremely
Good

Extremely
Poor

Extremely
Good

Extremely
Poor

Comments: _(gsi-vuny RO OF Gl /64 WHEN WIFO G RT ,/‘7/

Wols B oGt Goaab ~  EXCHEERS ANORMAL RANGE OF
OVMV e UWe ALY
Factors that may ha{%/e af%%acted your performance: 4y ERYWER  Dudlru
Fluillhfﬂk OF ENMOHNT  oEInKCTEO FROM  oqil0ida/
43 moRGEHn, NEARERT N

ur name




e " oy
r"’ " . E— - e s - o oo
g

Ei Zj,ynastat DATE/TIME (o qme 74 3.0
g RUN # 4 2s K3

SUBJECTIVE RATING OF VOICE CHANNEL

In the space below please rate the speech channel you have just heard with
respect to the various properties indicated below. Place an '"X" in the
appropriate space to indicate your rating of each property.

NATURALNESS
]
Extremely Fairly Adequate Fairly Extremely
Good Good Poor Poor
FREEDOM FROM NOISE
Extremely Fairly Adequate Fairly Extremely
Poor Poor Good Good
FREEDOM FROM DISTORTION
Extr;mely Fairly Adequate Fairly Extremely
Good Good Poor Poor
UNDERSTANDABILITY
Extremely Fairly Adequate Fairly Extremely
Poor Poor Good Good
OVERALL ACCEPTABILITY
X [] L1
Extremely Fairly Adequate Fairly Extremely
Good Good Poor Poor
Comments: ROANGT 1 D B W ST
Factors that may have atfected your performance: N ONE
49 ok enn HERBERT M

Your name




PERSONAL DATA FORM FOR COMMUNICATIONS PERSONNEL

e - / i - o 7}
Name : James /. / a4t ~% __ Rank: Mz, SN: 47 40 -£425
7 =
AGE: 35 Sex: Maile LEOS: Mol J6A
Organization: /75l) Odr'ﬂﬁfv/zﬁ?tst//ﬂkb

® . . /
Nature of Duties in Present Assignment: /4Lq,n,\ Vi PPN .
(G Vv

NEC-124 | vinson  Compddy &l s

Nature of Duties in Previous Assignment: A Oesdrl igui; S fo f£
7/

12#/2«(—}7?W6k%w/4n/ﬂ

Technical Training Schools Attended:

School Course From To

Jifassdbor Shool i Newgirn 583 /83
CEAL A Gom Jromn, &«g/;,,c;w@ Ocfes e 67

Number of year's experience as communications equipment operator:

[P Ger—
v

Experience with specific communications equipments:

Equipment Years Experience

urborne LIAF JUHT XHE

//;'.,-/w»-s- /2’2--1-.)




}I yﬁastat DATE/TIME_ /6 Lec 7¢ / Kxe,
s . RUN # So Ktz

SUBJECTIVE RATING OF VOICE CHANNEL

In the space below please rate the speech channel you have just heard with
respect to the various properties indicated below. Place an "X" in the
appropriate space to indicate your rating of each property.

NATURALNEES

Bl

'
b

Extremely i Adequate i Extremely
Good Poor

FREEDOM FROM NOISE

Extremely i Adequate i Extremely
Poor Good

FREEDOM FROM DISTORTION

Extremely F Adequate Fairly Extremely
Good Poor Poor

UNDERSTANDABILITY

Extremely i Adequate i Extremely
Poor Good

OVERALL ACCEPTABILITY

Extremely Fairly Adequate ir Extremely
Good Good Poor

Comments: (2(’/7/ /j(/&"/%‘, (z/r,b/[e//) 2.1 /Z\fb Of(ev)ozvv\

€5 A/;’L 7L IQCWf’() /ﬂ;« é ﬁ)/,rn«:/ér ) Fo ik ' 9‘*'00/471»0 /ZEIJ

Factors that may have affected your performance: /@Gnc;

:]ZM es f/"a, s

ARRL) 7,# /4{‘4.....&._
Your nampé




ynastat DATE/TIME_ /7 (e 3.0
RUN # =z 2 K He

SUBJECTIVE RATING OF VOICE CHANNEL

In the space below please rate the speech channel you have just heard with
respect to the various properties indicated below. Place an "X'" in the
appropriate space to indicate your rating of each property.

NATURALNESS

X | !
Extremely i Adequate i Extremely
Good Poor

FREEDOM FROM NOISE

Extremely i Adequate ir Extremely
Poor Good

FREEDOM FROM DISTORTION

X

Extremely 1 Adequate i Extremely
Good Poor

UNDERSTANDABILITY

Extremely i Adequate i Extrémely
Poor Good

OVERALL ACCEPTABILITY

Extremely i Adequate i Extremely
Good Poor

b4 7
Comments: //’/’ .0 fif,f/ - < A Al
—

= { . R P ES
, /) o n//f. K/A? .p% 9‘ 2 ///"/ £ ‘f!_.',',)/x © L
v Fi s

Factors that may have affected your performance: A/&G/)Q_

T2 e ”7‘-/////?4/1 SN
o es T// 72l /&(

Your nan@




ynastat

PERSONAL DATA FORM FOR COMMUNICATIONS PERSONNEL

Name: Spexw R VAt Rank: T S&[ SN: 987 39 826

AGE: P L Sex: m AFOS: A 9av0
Organization: /829 Comm S

Nature of Duties in Present Assignment: AR TRAFFIe CunTholine

T ol £128 Coguwl  CHICE

Nature of Duties in Previous Assignment: _ S p TRAFEFI € (uvwTnOb

TECHNIC AN, ( RAalcon *'7520041‘)

Technical Training Schools Attended:

School Course From To

_KEg’LenR _8733¢ Jand &9 A 59

Kes sl 2 a2 2310 Dee U3 _feg oo

Number of year's experience as communications equipment operator:

/ /6 YiS

Experience with specific communications equipments:

Equipment Years Experience
%0 W A 6/~ ;(f',, JS

LT RN - SR T s U/

B R AR L Y




u" nastat l DATE/TIME_/6 Dee 74;
I RUN # 7/ SosHe

SUBJECTIVE RATING OF VOICE CHANNEL

In the space below please rate the speech channel you have just heard with
respect to the various properties indicated below. Place an '"X'" in the
appropriate space to indicate your rating of each property.

NATURALNESS

T !

% ] -

Extremely Adequate Extremely
Good Poor

FREEDOM FROM NOISE

X

Extremaly Adequate Extremely
Poor Good

FREEDOM FROM DISTORTION

A

Extremely Adequate Extremely
Good Poor

UNDERSTANDABILITY

X

Extremely Adequate Extremely
Poor Good

OVERALL ACCEPTABILITY

¥ [ [

Extremely Adequate Extremely
Good Poor

Comments : & VEILY T 4 (.P/ ey QO £ QU F\\\\M-

Factors that may have affected your performance:

ae g R SaLk

Your name




ynastat

PERSONAL DATA FORM FOR COMMUNICATIONS PERSONNEL

Name : ,%‘Z /#ﬂa/arc,j A Rank: 5’)/;/ SN: 453-5¢ /857
AGE: 73 Sex: /7 AFOS :
Organization: /f/// /jm s )ﬂ/,

Nature of Duties in Present Assignment:  $-. o+ C]‘.n%ra//("mc‘/

Nature of Duties in Previous Assignment: S i

Technical Training Schools Attended:

School Course From

fecsfor SALL T 77350 &/ 70

Number of year's experience as communications equipment operator:
%)
<%

Experience with specific communications equipments:

Equipment Years Experience

HIe TRACEIL  Cowomiesie

O Rouody  KApsn ¢




S ATE [TV R Al . Y S
RUN # 2 ST A F 3

SUBJECTIVE RATING OF VOICE CHANNEL

in the space below please rate the speech channel you have just heard with
respect to the various properties indicated below. Place an "X" in the
appropriate space to indicate your rating of each property.

NATURALNESS

[ [

Extremely Adequate Extremely
Good Poor

FREEDOM FROM NOISE

] L] - ,

Extremely Adequate Extremely
Poor Good

FREEDOM FROM DISTORTION
Extreﬁely Adequate Fairly Extremely
Good Poor Poor

UNDERSTANDABILITY

[ ] [

Extremely Adequate Extremely
Poor Good

OVERALL ACCEPTABILITY

Extremely Adequate Extremely
Good Poor

Comments :

Factors that may have affected your performance:

Son LA

Your name
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4.2.4 Compatibility with the GRA-T15;

4.2.4.1 Procedure: The AN/GRC-171 installed in the control
tower equipment room was used to determine the ability of the
headset audio output to drive the speaker in the GRA-115,
located in the control tower cab, without the use of external
amplifiers. The controllers determined what signal level

was adequate for their use. The headset audio output was set
to 100 m watts (20 dbm), 50 m watts (17 dbm), and then to

25 m watts (14 dbm). A radio check was made at each of these
values.

4.2.4.2 Results. In all cases, the audio level was adequate
in the control tower cab. At 25 m watts, the speaker volume
control was set at nearly maximum volume before the level was
adequate. However, at the other two levels, the speaker
volume control had to be turned down before the volume was at

a normal listening level,

4.?.4.3 Conclusion: An external amplifier is no} needed to
drive a remote speaker when used with the AN/GRC-171.




4.3. Laboratory Tests.

4.3.1 Keying Option Test:

4.3.1.1 Procedure: A1l five keying options were tested to
include center-tap to ground, 6V, 24V, 48V, external voltage

and VOX operation. A1l straps required to change keying methods
were accomplished according to the technical order. The
threshold of each option was measured. A11 tests were con-
ducted in the plain mode. The attached figure illustrates the
set-up used to test the VOX option.

e A LSl . =l -’* >

4.3.1.2 Results: A1l keying options were successful.
Reliable keying was accomplished with an external loop
resistance of 3000 ohms by all methods. For the VOX option,
the transmitter keyed reliably with - 10 dbm and 0 dbm
(average reading meter) audio input. No other input levels
were attempted. The GRC-171 front panel meter indicated approx-
imately 90% modulation with 0 dbm input and 75% modulation
with - 10 dbm input.

4.3.1.3 Recommendation: The TO should illustrate to a
greater extent where the straps are to be made for the
different keying options. It was very difficult to deter-
mine where the straps were to be located. If none of the
keying methods are wanted on the audio lines, all straps
must be removed from the A-4 audio module and keying
options selected on the A-9 keying module. This will
prevent unwanted keying due to grounding or voltage levels
on the audio lines. The push-to-talk (PTT) keying option
is always available, regardless of what strapping option
is employed.
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4.3.2 Remote Control Tests:

‘ 4.3.2.1 Procedure: The remote control head was remoted
from the radio by 150 ft., 1000 ft., and approximately
14 miles. Two sizes of wire were used, 22 AWG and 18 AWG.
The radio remote cable connector and the control head
connector were attached to two lengths of 22 AWG shielded
cable approximately 10 ft., long. These cables were
terminated on terminal strips thus allowing different
lengtus and sizes of cable and ancillary devices to be
inserted. A different voltage regulator with a reference
voltage of -1.0V and 2 multiplex system were used to
evaluate the possibility of remoting the control head
extended distances. A digital voltmeter was used to mea-
sure the voltage levels and an oscilloscope was used to
measure the AC noise. The multiplex system was used to
remote the control head approximately 14 miles over nor-
mal voice grade wireline.

4.3.2.2. Results: The control head was successfully remoted
distances of 150 ft., 500 ft., and 1000 ft., using 22 AWG
shielded cable. No problems were encountered when remoting
150 ft. At 500 ft., the shields on the cable needed to be
grounded before reliable tuning could be accomplished. At
1000 ft., a different voltage regulator with a voltage
reference of -1.0V was used in order to achieve reliable
tuning. The key to relia~le tuning appears to be the voltage
lJevel of a digital "zero." The advertised threshold

between a digital "zero" and a digital "one" for TTL is
800myv. The closer the voltage of a digital "zero" at the
radio end is to 800mv, the less reliable the tuning of the
remote head is going to be. Any noise that is present on
the TTL lines will add to the voltage level and could
trigger a digital "one” where there is supposed to be a
"sero” and thus a wrong frequency would be obtained. As

can be seen by the data sheets, with a - 700mv reference
voltage, 1Kft of 22 AWG cable produced a digital "zero"
voltage very close to the 800my threshold of TTL. This
alnng with measured noise on the TTL lines was the probable
cause of not being able to select all frequencies. However,
when a voltage regulator with a reference level of -1.0V

was used, the digital "zero" voltage dropped considerably,
and all frequencies were selectable. The remote control

was then remoted 1000 ft. over 18 AWG shieided cable.

Note that the digital "zero" voltage was 1jain very low

and frequencies were selectable. A multiplex system was
also used to remote the control head from the radio. The
multiplexed signal was transmitted over an in-use voice
grade telephone 1line for a distance of approximately 14 miles.
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A11 frequencies were selectable.

4.3.2.3 Conclusions: For normal remoting distances less
than 150 ft., no problems should be encountered. For
remoting distances up to about 1000 ft., cable can be
used. However, either a larger size cable must be used
or a larger negative reference voltage level be provided
by the voltage regulator. It appears that for distances
exceeding 1000 feet, a cost comparison between long
lengths of shielded cable and a multiplex system must be
made. It does appear feasible that the GRC-171 can he
remoted indefinite distances from an operator by utilizing
a low cost multiplex system.
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4.3.3 Frequency Accuracy:

4.3.3.1 Procedure: This test was designed to evaluate

the frequency accuracy of the GRC-171. The output carrier
frequency was measured to determine how close it was to the
frequency dialed up on the front panel. The transceiver was
then rechanneled through a wide range of frequencies, set

to the original frequency, and the output frequency again

measured.

4.3.3.2 Results: The frequency was Very close to the dialed
frequency. It far exceeded the specification for the radio
The worst case measured was accurate to 0.00019 MHz and the
best measured was accurate to 0.00003 MHz.

4.3.3.3 Conclusions: This type of frequency accuracy
is consistent with what NSA suggests for base band secure
voice communications.
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4.3.4 Squelch Relay Action Test:

4.3.4.1 Procedure: A 5uv signal, 75% modulated by a 1KHz signal, was applied
to the antenna input of the transcéiver. The squelch was set for 3uv and the
audio out set for Odbm. The action of the squelch relay and the main audio
output were monitored on an oscilloscope. This test was to verify that a relay
dry contact closure does occur coincident with the audio appearing on the main

audio rutput Tine.

4.3.4.2 Results: The action is shown on the attached photograph. It shows
that the relay action is coincident with the audio.

4.3.4.3 Conclusion: This action shows that the built-in CODAN function is
operable.
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Squelch Relay Action
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4.3.5 Squelch Hysteresis:

4.3.5.1 Procedure: Measurements were taken as the RF signal was decreased
to determine the level at which the squelch circuit closed after having
once been opened. This was accomplished for different squelch settings and
frequencies.

4.3.5.2 Results: There was hysteresis action of the squelch circuit. Whether
the hysteresis is adequate is difficult to determine. If the hysteresis is

too wide, a level of noise too low to break squelch could keep the squelch

open once a strong signal has been obtained. On the other hand, if the squelch
hysteresis is too narrow, a fade in a signal could cause the squelch to close
and the transmission to be lost.

4.3.5.2 Conclusion: It appears that the squelch hysteresis will be adequate.
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4.3.6 Power Test:

4.3.6.1 Procedure: The transceiver was operated while the primary line
power was changed to diesel standby power, as the frequency of the standby
power was varied through the generator's Timits and while using DC power.
The power out of the transceiver was used as the performance criterion.
When the standby power was varied, a separate line was used so the test
equipment was on primary power while the transceiver was on standby power.
Power consumption was also evaluated by measuring the amount of current
drawn in both the transmit and receive mode.

4.3.6.2 Results: Results appear in the attached data sheets. The power
out varied very little as the line power was switched from primary to diesel
power or as the frequency of the power was varied from 50Hz to 63Hz, the
1imits of the generator. The radio also operated satisfactorily on DC power.

4.3.6.3 Conclusions: Variations in the type or frequency of power had little
effect on the radio's performance.
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4.3.7 Transmitter Audio Input Test:

4.3.7.1 Procedure: The GRC-171 transmitter was modulated by an audio signal
generator output level of -15dbm, 0dbm, and +5dbm at frequencies of 300Hz to
6000Hz. With the reference set up for 90% modulation at -15dbm at 1000Hz,

the percent distortion was measured for frequencies of 229.0, 303.15, and
392.1 MHz. Also, with a reference level of -15dbm &t 1000Hz on 303.15MHz,

the transmitter was checked to determine how the percent of modulation changed
as thedmodulating frequency, the input level, and tne carrier frequency were
changed.

4.3.7.2 Results: The transmitter audio distortion proved to be within
specification and will be adequate for operational use. The percent modula-

tion did change with changing audio input levels and with carrier frequency changes.
With 90% modulation set up for -15dbm at 1000Hz on 303.15MHz, the modulation

ranged from 100% to 75%. This appears to be adequate.

4.3.7.3 Conclusions: It appears that the percent modulation should be set
up at some frequency in the center of those frequencies that the GRC-171 may
be operated at. This could prevent undermodulation or overmodulation when a
new frequency is used.
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4.3.8 Receiver Audio Output Tests:

} 4.3.8.1 Procedure: Signals of 3uv, 6uv, 9uv, 18uv, and 75mv modulated
30%, 75%, and 90% with 300Hz, 1000Hz, 2000Hz, and 3000Hz were applied to
the receiver input. The audio outputs from both the main audio and the
headset audio were measured to insure that the level was automatically
controlled to approximately Odbm, +3dbm maximum.

e ane L7

4.3.8.2 Results: As can be seen by the attached data sheets, the main
and headset audio were kept constant around 0Odbm. The levels varied from
-1.8dbm to +.8dbm. .

4.3.8.3 Conclusions: The receiver audio leveling is adequate.
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4.3.9 VSWR Test:

4.3.9.1 Procedure: An attempt was made to check the protective circuits of
the radio to insure that they do activate when connected to a VSWR greater
than 5 to 1. The protective circuitry was also checked by shorting the
antenna and by disconnecting the antenna.

4.3.9.2 Results: Because of the lack of appropriate test equipment, most
of this test was not accomplished. It was impossible to vary the impedance
of the RF load enough to present a VSWR of 5 to 1 at the transmitter. The
cable connecting the load to the transmitter was enough of an impedance match
to 1imit the VSWR to less than 5 to 1. The protective circuits were activated
when a short or open was present at the antenna terminal. With a short or an
open, the power out of the transmitter was limited to 5 watts. Data from the
DT&E will be used to verify the action of the protective circuits when a high

VSWR 1is present.

4.3.9.3 Conclusions: The GRC-171 will recognize a high VSWR only if it is at
the radio end. A problem at the antenna could exist, but because of the cable
leading to the antenna, the protective circuits of the radio may not be
activated and the radio will continue to operate at 20 watts. The protection
for a short or an open is adequate.
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L4.3.10 Secure Mode Data Tests.

4.3.10,1 Procedures: A test as outlined in the attached test plan
was not conducted. NSA was not able to support the GRC-171 test by
supplying either VINSON Engineering Models or a VINSON Simulator-

The test was attempted using KY¥-8 (NESTOR) equipment. The KY-8
equipment on hand was not operable and replacement equipment did not
arrive until after the official end of IOT&E. However, a limited

test was conducted prior to returming the transceivers to the con-
tractor. Two radios were configured back-to-back with the KY-8's
transmitting through them. The wideband audio of the radios was used.The
diaphase and baseband modes of the KY-3's were used. The GRC-171
receiver was first configured with the wideband and then the narrow-
band i.f. filters. Because of an inoperable bit eiror rate measuring
device amd a lack of time, this test was entirely subjective in nature.

4.3.10.2 Results: Both the diphase and baseband digital signals were
successfully transmitted using the GRC~171 with the wideband filter.
Intelligibility was satisfactory. The baseband signal was successfully
transmitted using the GRC-171 with the narrowband filter with sat-
isfactory intelligibility. Using diphase with the narrowband filter
in the radio is unsatisfactory as anticipated.

4.3.10,3 CONCLUSION: Tt appears that the transceiver is compatible
with the NESTOR equipment.,

4.3.10.4 Recommendation: Suggest more quantitative secure voice
testing be accomplished as soon as possible using both the NESTOR
and VINSON equipment.
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AN/GRC-171 IOT&E

I SECURE VOICE TESTS - INTRODUCTION

1. The Secure Voice testing of the GRC-171 will be separated into four test
configurations. Both the Nestor and VINSON equipment will be tested for
compatibility. Because the VINSON program is relatively new, engineering
models or simulators will have to be used. The availability of the VINSON

equipment for the GRC-171 IOT&E is dependent on support received by NSA.

2. General performance criterion set up by NSA and USAFSS for radios working
with the VINSON equipment is outlined in USAFSS message 301415Z Oct 74, subject:
Performance Acceptance - Rejection Criteria for VINSON (Baseband)/ARC-164
Compatibility. This same criterion will be used for the GRC-171. The criterion
is as follows: when a receiver is in receipt of a tihree microvolt signal

[ten db signal plus noise-to-noise ratio (S+N/N)], the radios (both transmit

and receive) should not introduce more than one percent bit error rate (BER).
This criterion will be used for both Nestor and VINSON equipment. If the radios
deviate from this criterion, USAFSS will be notified and they will inform us

of acceptable deviations.
I1 TEST PROCEDURES

1. NESTOR (KY-8) in diphase mode.
A. Connect equipment per Figure 1.
B. Have KY-8s in diphase mode.
C. Have wideband filter (100 KHz) in GRC-171.
D. Set frequency of transmitter and receiver to 300 MHz.

E. Set variable attenuator to achieve a 3 uV (-97.5 dbm) at input to

receiver.
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F. A tape recording of selected phrases will be used as the input to
KY-8 #1. The output of KY-8 #2 will be taped and compared to the original tape.
A subjective evaluation of the quality of the output signal will be made.

G. Insert tﬁe BER test set as shown in Figure 2.

H. Insure values in Steps B, C, D, and E are still correct.

I. Apply audio signal to KY-8 #1. Measure BER of system.

J. Connect KY-8 #1 and #2 back-to-back with BER tester connected. Apply
same audio signal and measure BER.

K. The difference between measurements taken in Steps I and J will be
the BER induced by the radios.

2. VINSON diphase mode.

A. Connect equipment as shown in F}gure 3.

B. Have VINSON engineering model in diphase mode.

C. Repeat Steps C through F of test one for VINSON engineering model.

D. Connect equipment as shown in Figure 4.

E. Have ;imu]ator in diphase mode.

F. Repeat Steps I through K of test one for the VINSON simulator.

3. NESTOR (KY-8) in baseband mode.

A. Connect equipment per Figure 1.

B. Have KY-8s in baseband mode.

C. Have narrowband filter (25 KHz) in GRC-171.

D. Repeat Steps D through K of test one.

4. VINSON baseband mode.

A. Connect equipment as shown in Figure 3.

B. Have VINSON engineering model in baseband mode.

C. Have narrowband filter (25 KHz) in GRC-171.

D. Repeat Steps D through F for VINSON engineering model.

| 102
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E. Connect equipment as shown in Figure 4.
F. Have simulator in baseband mode.
G. Repeat Steps I through K of test one for the VINSON simulator.

5. If unacceptable voice intelligibility or a BER of more than 1% is recorded,

decrease the attenuation of the signal until an acceptable value is achieved.

Record the value of attenuation. If decreasing the attenuation of the signal
does not improve BER or intelligibility, assistance from NSA, USAFSS, and/or
Collins will be needed. This will indicate that there is either a fault in the

radio or that the criterion is too restrictive.




i BT B e

L @4nb14

4313WLT0A
Ele

A

dOLVYNNILLY XY ¢# 8-M
318VIY¥YA LLL-D49/NY 40LSIN —= 1IN0 Olany

YILIWLLYM 4314N0J X1 <« 2ndul L# 8-M NI OoIdnv
% avol TYNOILI3YIA LLL-D49/NY pueqaplpM 4OLSIN




e

pod

K iR L T T

i
i
w

2 d4nbL4
¥3L3WLT0A
1
HOLYNN3LLY Xy z# 8-M
== 37gyTuvA LZ L-249/NY ¥0LS3IN
135 1831 ¥3LNNOD
L =1 JoNIND3IY4
42 LIWLLYM . | XL Lo 1ndul L4 8-AX
avo1 ¥31dN02 | LL1-0u9/NY pueqapLM HOLSIN

105




d313WLT0A
d4

).

LOPOW
YOLVNNILLY XY butussutbug —
FT9VIUVA LLL-249/NY NOSNIA 1n0 oIranv

L2poy
YILIWLLYM X1 andug bulLisauibu3 NI olany

s

% QY01 4371dN0J LZL-J¥9/NY [~ PuUeqopIM NOSNIA




$ a4nbL4

d31NN03J
AININDIU4

43L3WLT0A
44

dOLYNNTLLY ¥4 431531 ¥3e
319VIYVA L£L-249/NY AT LYYYdWOD

4ILINLIVM X1 3ndug HOLYINWIS
% QY01 431dn0J LZL-J49/NY pueqapLM MOSHIA




4.3.11 AN/GRC-171 3rd Order Transmitter Intermodulation Test

4.3.11.1 Procedure; The AN/GRC-171 transmitter was used to
provide a 20 watt desired signal on 240 MHz (Fo). An AN/GRC-
27 transmitter provided a 200 mw undesired signal input to the
AN/GRC-171 on frequency Fx. The amount of third order inter-
modulation product (F,) present at the AN/GRC-171 output was
measured. Two pruduc%& were present (Fp= 2 Fo-Fx and Fp=

2 Fx-Fo) at each frequency setting of the GRC-27. Two PGRC-171
transmitters, PP-1 and PP-2, were tested at 3 Fo values

(240, 312 and 385 MHz). Delta f values of +1, 2, 4, 8, 12,
and 24 MHz were used.

4.3.11.2 Results: The product with the higher level was the

2 Fo - Fx product in nearly all cases. Results appear in the
atta~hed Data Sheets and have been graphed. The IM product
lTevel decreased as delta f was increased, due to the selectivity
of the built-in RF filter. At delta f of 1 MHz the highest
product measured was - 27 dB below the offending Tevel of

+ 23 dBm, or -4 dBm. Set PP-2 tested from 5 to 13 dB inferior
to set PP-1.

4.3.11.3 Conclusions: The level of IM product +1 MHz was
found to be better than equipment specifications require

(+ 3 dBm allowed), and better than that obtained with the
older ground/air radio equipment (GRT-3, GRC-27). The de-
crease of product level witﬁ delta f is also superior
(GRC-171: 32 to 41 dB in the first 10 MHz; GRT-3/GRC-27: 23

to 27 dB over 10 MHz). However, it should be pointed out that
IM problems can still occur, especially when two GRC-171's

are collocated and delta f's of about 1 MHz are utilized.
Sufficient space isolation and frequency separation will still
be essential to avoid this type of RFI.

4.3.11.4 Recommendation: Further testing be accomplished to determine
what caused the poor performance of PP-2 and determine what leyel of
Third Order IM will be the most representative when the radio is fielded.
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4.3.12 AN/GRC-171 Transmitter Spurious Emissions:

4.3.12,1 Procedure: The AN/GRC-171 transmitter was set on 240MHz and

carrier power verified to he +43dBm into a 50 ohm load. A small portion

of the output was fed to a spectrum analyzer and the frequency band 100-1000MHz
was searched for spurious emissions. When spurious emissions were found, signal
substitutions using a calibrated signal generator were employed to measur> the
spurious output level. The test was repeated at 312 and 385MHz for both proto-
types PP-1 and PP-2.

4.3.12.2 Results: The results appear in the attached Data Sheet and in the
photographs taken of the spectrum analyzer cathode ray tube. Second, third, and
fourth harmonics of 240MHz; second and third harmonics of 312MHz and the second
harmonic of 385MHz were found and measured. Most were at least 80dB below the
carrier. Those that were not occurred at the higher frequencies beyond the
generator range and were not measured as accurately. A1l harmonics were out-
side the 225-400MHz band.

A more interesting type of spurious emission was noted on both sets close in

to the carrier. Here, discrete frequencies extending * 1.3MHz, all of a level
above the -70dB point, were noted. These are documented in the photographs

and were attributed by the manufacturer's representative to harmonics of the

dc - dc converter 40KHz multivibrator. Additional filtering was added by the
manufacturer's representative and this reduced the spread of the visible spurious

emissions but did not appear to reduce the level of those that could still be seen.

4.3.12.3 Conclusion: Harmonic spurious emissions do not appear to be a problem,
since the levels are low. The power supply harmonics are more serious and
deviate from the equipment specifications (all spurious emission should be 80dB
below the carrier). These spurious emissions should be eliminated before a
favorable production decision is made.
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* ATTACHED SCHEDULE

Collins T/R Relay

Bird 50 W Watt Meter
Narda 20 db Directional Coupler
Bird 50 W Load
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HP 608C
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Transmitter Spurious Emissions

Before Modification
Af= 0.5 MHz/div

Ref.= odbm top line
-80 dbm bottom line

Spurious extends about
+ 1.3 MHz from Carrier

Before Modification
Af= 1 MHz/div

Ref.=0dm top line
-80 dbm bottom line

Spurious extends about
+ 1.3 MHz from Carrier
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Transmitter Spurious Emissions

After Modification
Af= 200 KHz/div

Ref.=0dbm top line
-80 dbm bottom line

Spurious extends about
+ 500 KHz from Carrier

After Modification
Af=500 KHz/div.

Ref.=0dbm top line
-80 dbm bottom line

Spurious extends about
+ 500 KHz from Carrier




o ik

vy 1% = P A b A A 7l it . M AN Bt ety
TEAUSMITTER SPutkIdUs ENISSIINS ,8 Do 74
= R Funoamewint] CargiEd — |Spusicas’  |Spurstus Spueions’
S twihe Mo, FREQUENCY | rP0uEw FREeutR Y Powea Stioc
. CARR 187
(Mi3) (Abm) (mHz) (dém) Celb)
PP#I 240 y A 480 | —43.2 |Re4
' A AL, -36.9 So. 1
6o -42.8 | £6-0
3/2 43 0 A -3¢ 7 g1.7
43¢ -36. 0 790
Eit 43./ 770 -3/.8 74.9
PP #2z 240 4. 9 480 - 777 ©3.7
1 P
720 AR 7.5
Z/z 136 L24 -3¢ @b
226 -24.) o7 T
3¢, 43. 4 770 ~30.5 | 73.9
PP Z40 43 0 )3 = 70
S ATl
+
PENSUL e mendTS  QUESTHUNABLE. -85 50mwDdD AIMITS OF AU/ A EcE
TZsT EQUIPMEA T,
| { 4 1 ] | i n " { | } | 1 1 |
AFCS w6 199 GENERAL PURPOSE FORM  Afcs3eo0z/roer




=

4.3.13 AN/GRC-171 Receiver Composite Response:

4.3.13.1 Procedure: Two signal generators, A and B, provided two inputs to
the receiver. Generator A provided -97.5dBm modulated 30% by 1000Hz on 229MHz. &
Generator B, modulated 90% by noise, was varied in frequency and output level h
to degrade the output signal plus noise-to-noise ratio to 8db. Receiver audio R
' output at J22 was adjusted to Odbm with only the desired signal (Generator A) '
; present. At given delta f's above and below 229MHz, the amount of offending i
signal (GeneratorB) required to degrade the output (S+N)/N to 8db was measured. i
Additional tests were made at 300 and 395MHz for (S+N)/N ratios of 3, 6, and !
8db. Tests were also made at 300MHz utilizing the narrowband ".10" IF filter 1
and the wideband "-30" IF filter.

4.3.13.2 Results: The results appear in the attached data sheets and have |
been graphed. At 229MHz, due to fluctuations in signal generator output and i
degree of modulation, difficulty was experienced in cbtaining the constant

output (S+N)/N ratio as required in this test. This Timited the number of

readings which could be taken in the given test time. In subsequent tests at

300 and 395MHz, the offending level was set and the resulting (S+N)/N ratios

were measured and used to interpolate offending Jevels at (S+N)/N ratios of

3, 6, and 8db.

4.3.13.3 Conclusions: The results obtained conform to results of other VHF

and UHF receivers: for a delta f of 1MHz an offending level should not exceed
approximately -40dbm; for a delta f of 3MHz an offending level of approximately
0dbm should not be exceeded. The minimal change in AGC voltage that was

observed indicates desensitization was not a factor in the range of RF Tevels

and delta f's tested. Since a multicoupler will not be used with the AN/GRC-171,
and its associated selectivity not available. the correct combination of fre-
quency separation and space isolation will have to be employed to avoid RFI

to the AN/GRC-171 receiver.
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4,3.14 AN/GRC-171 Spurious Response Test:

4.3.14.1 Procedure: The receiver was tuned to one of three UHF frequencies
with an input of 3 microvoits 30% modulated by 1000Hz and adjusted for Odbm
output. Output (S+N)/N ratio was noted. Input RF was increased to 6 micro-
volts (-91.5dbm) unmodulated, and the AGC voltage recorded for reference.

The signal generator was adjusted to maximum output, still unmodulated, and
tuned from 50 - 1000MHz searching for spurious receiver responses (frequencies
above 50CMHz were obtained by mixing outputs of two generators). When a
spurious response was found, the signal level was adjusted to that which caused
the reference AGC volts. This corresponds to an on-channel undesired signal
6db above minimum desired signal. The difference between the generator level
and -91.5dbm was taken as the rejection ratio. Next, the generator was modu-
lated 95% by 1000Hz and the RF level resulting in an audio outgut 1db above
noise level wa: noted. Three UHF frequencies (225, 300, and 399.975MHz) were
checked using Prototype PP-2.

4.3.14.2 Results: The results appear in the attached data sheets. Except
for those cases where the generator frequency was harmonically related to the
test frequency, rejection ratios of the order of 89 - 110db were measured,

The harmonicaliy related readings were much Tower (42 - 62db rejection), but
these are attributed to harmonics of the generator frequency and therefore

are not true spurious responses. Very low rejection was measured at double
the test frequency of 225. This is attributed to the method of obtaining the
‘higher frequencies (mixing of two generators) and not the receiver under test.
An unusual number of responses were observed in the vicinity of 400MHz where
it was found that, if the receiver is unsquelched, undesired signals as low as
-25.8dbm can be heard. A level of +0.7dbm is 6db above that required to break
squelch.

4.3.14.3 Conclusions: Normally the AN/GRC-171 will not have the protective
selectivity of a multicoupler, since it must be capable of being tuned quickly
to any desired frequency and the CU-547 multicoupler is a manually-tuned
device. When receiver squelch is set at 3uv, undesired levels in the range
-5.3 to +12.6dbm at the receiver input may break squelch and cause RFI. This
will require approximately 35 - 42db of net isolation (transmitter output
connector to receiver input connector) when the GRC-171 is collocated with a
50 watt transmitter.
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4.3.15 AN/GRC-171 Transmitter - AN/GRC-171 Receiver Compatibility:

4.3.15.1 Procedure: Two AN/GRC-171s were utilized, one as a transmitter with
a power output of +43dbm and modulated 90% by 400Hz; the other as a receiver
receiving a -97.5dbm input signal on the test frequency 30% modulated by 1KHz
and adjusted for Odbm audio output. The cornector-to-connector isolation
between transmitter and receiver was adjusted tc 26, 36, 46, and 56dbm. The
transmitter frequency was varied above and below the receiver frequency by
various delta f's and two measurements were made: signal plus noise plus
interference (S+N+I) with both receiver inputs modulated and noise plus inter-
ference (N+I) with only the AN/GRC-171 transmitter modulated.

4.3.15.2 Results: The results of the measurements appear in the attached data
sheets and have been plotted. It can be seen that the (S+N+I1)/(N+I) is 8db or
better for the following combinations of delta f and isolation: 26db/4 .0MHz ;
36db/3.5MHz; 46db/3.0MHz; 56db/2.5MHz.

4.3.15.3 Conclusions: The AN/GRC-171 is normally used as either a back-up

or spare for single channel radios and thus must be capable of changing fre-
quencies rapidly. Installations having collocated single channel receivers

have the capability of utilizing antenna multicouplers, tunable filters,
different types of antennas, and different antenna configurations to reduce
collocation interference. Because of the need to rapidly change frequencies,
multicouplers and tunable filters are not normally used with a multichannel
transceiver. Therefore, the type of antenna, antenna configuration, and ‘frequency
separation becomes more critical. while the AN/GRC-171 specification criteria
of 7MHz and 24db are met, it was found that utilization of collocated channels
closer than 4MHz must be carefully checked. When the transceiver is used as

a back-up or spare, a small amount of collocation interference can be tolerated
until the primary radio is back on-line. However, for those applications where
the AN/GRC-171 is used as the primary radio and collocation interference must be
held to a minimum, some of the versatility of the transceiver may have to be
sacrificed when ancillary equipment is require' to obtain satisfactory perfor-
mance for channels collocated closer than 4MHz. Although the AN/GRC-171 appears
to be a great improvement over the older UHF multichannel transceivers in the
area of collocation compatibility, each installation will have to be surveyed

to determine if collocation interference will be a problem and what will have to
be done to eliminate any interference.
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4.3.16 AN/GRC-171 Receiver Third Order IM Test:

4.3.16.1 Procedure: The AN/GRC-171 receiver was supplied with the standard
minimum input on Fo = 300MHz (-97.5dbm 30% modulated with 1KHz) and adjusted
for Odbm output. Then two signal generators were used to supply inputs of
(Fo + delta f) and (Fo + 2 delta f?. The generator closest in frequency to
Fo was modulated 90% by 1KHz; the other generator was unmodulated. Both
input Tevels were kept equal and adjusted so that an audio output 3db above
noise level was obtained. This RF lavel was recorded for each delta f used.
Delta f's of £ 0.1, 0.2, 0.4, 0.7, 1.0, 2.0, 3.0, and 5.0 MHz were utilized.

4.3.16.2 Results: The results are tabulated in the attached data sheet and
are graphed. The curve represents the amount of offending signal level (two
equal signals having an exact frequency ratio to the GRC-17] receiver fre-
quency) that will result in degradation of the output (S+N)/N (measured as
11.1db) to a (S+N+I)/(N+I) of 8.4db.

4.3.16.3 Conclusions: 1In collocated installations it is very possible to
have signals originating from other transmitters still at levels of about
~-10dbm at the GRC-171 receiver input. If two such signals can combine in the
GRC-171 to produce a product equai to the GRC-171 frequency, the results of
this test indicate that degradation can occur. The best prevention is proper
frequency choice for collocated radios.
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4.3.17 AN/GRC-171 Sensitivity and AGC Characteristics:

4.3.17.1 Procedure: A signal generator provided a modulated RF input to

the AN/GRC-171 receiver. The squelch switch was left off and the headset
audio output and the main audio output at J22 were adjusted to OdBm with the
RF input of -97.5dBm 30% modulated by 1000Hz. The RF input level was varied
from -112.5dBm to 0dBm and measurements were made of the audio output signal-
plus-noise, the output noise (RF modulation removed) and the AGC voltage. The
test was run at 3 frequencies: 225, 300, and 399.975MHz.

4.3.17.2 Results: The results appear in the attached data sheets and have
been graphed. As can be seen in the graphs, audio output was held well within
3dB over the entire range, and the output signal-plus-noise-to-noise ratio is
acceptable at -97.5dBm ?IZdB) and improves significantly to a maximum of about
48d3 when the RF carrier level is above -60dBm. The AGC vultage which was that
measured at the front panel test jack, did not begin to rise significantly
until the RF level was increased above -95dBm (4uv).

4.3.17.3 Conclusions: The results indicate that receiver sensitivity and AGC
action are adequate. However, it is aoted that the AGC cut in at the initial
occurrence of RF input. It would be more ideal if the AGC did not start clamping
until the -100dBm point and then rise more significantly thereafter. As it is,
use of AGC voltage for an external indication of a received signal level around

-97.5dBm (3uv) may present a problem due to the fact that the AGC voltage does
not rise significantly until the RF level is more than -95dBm (4uv).
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4.3.18 AN/GRC-171 Low Level Audio Tests.

4.3.18.1 Procedure: The receiver audio output at J22
was adjusted to 0 dBm with an RF input of 3 microvolts on
300 MHz, 30% modulated by 1000 Hz. In the first test,
the audio modulating frequency was varied from 100 Hz to
10,000 Hz and output signal plus noise was measured. In
the second test, the per cent modulation was varied and
output signal plus noise and noise alone were measured.
This test was performed at 3 carrier levels, 3, 10, and
20 uy. In the third test, the load resistor was varied
and the audio output signal plus noise was measured.

4.3.18.2 Results: The results appear in the attached
data sheets and have been graphed. The first test checked
the narrow band AF response and established that the 3 dB
audio bandwidth is 210 - 3500 Hz. The second test checked
the audio levelling and established that above 30% mod-
ulation the output is held constant. A1l readings except
one were within + 0.5 dB of 0 dBm and that reading was
+1.2 dB. Two readings were taken below 30% modulation
(10% and 20% with a 10 microvolt carrier). This showed
that, below 30% modulation, output falls off rapidly. The
signal plus noise to noise ratio appears to remain constant
above 30% modulation at whatever ratio is obtained at

30%. In the third test, the load resistor was reduced
from 600 6hms to 300 and then to 120 ohms. The output
fell by 0.4 and 1.6 dB respectively.

4.3.18.3 Conclusions: The AN/GRC-171 Tow level audio
response, levelling and regulation appear to be adequate.
The effect of audio levelling on output (S+N)/N appears to
be due to the following: The leveling circuit works on
the signal peaks but is not active when the input to the
audio amplifier is noise alone, since the noise voltage
is lower than the signal voltage. Therefore, both the
signal-plus-noise and noise alone remain constant for all
values of per cent modulation above 30%. Actually,

the output noise present along with the signal should de-
crease when signal gain is decreased, giving an improved
(S¢N)/N during signal reception.
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4.3.19 AN/GRC-171 Wide Band Audio Response:

4.3.19.1 Procedure: The receiver was modified by sub-
stituting first the 30 KHz IF filter, and then the 10
KHz IF filter, for the standard 18 KHz IF filter. The
audio output was measured at J22 pins L and M across a
10 K ohm load resistor. RF input was 3 uv on 300 MHz,
30% modulated by an audio signal varied in frequency
from 16 Hz to 25 KHz. Additional tests were made with
500 uv RF input. Output level and (S+N)/N were roted.

4.3.19.2 Results: The results appear in the attached
data sheets and are graphed. The 30 KHz IF filter
yielded a 16 Hz to 25 KHz 1 dB bandwidth and a 3 dB
(S+N)/N ratio. The 10 KHz IF filter yielded a 16 Hz to
7 KHz 1 dB bandwidth and an 8 dB (S+N)/N ratio.

4.3.19.3 Conclusions: The bandwidth of the 30 KHz IF
filter is adequate for the cipher data signal. However,
the low (S+N)/N could cause an increase in error rate

at low RF levels. The (S+N)/N improved significantly
with a 500 uv input (3% dB). The (StN)/N of 8 db for the
10 KHz IF filters should help keep error rate low.
However, the bandwidth of this filter appears inadequate
for the baseband signal. This filter should be looked

at carefully before being procurad.
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4.3.20 AN/GRC-171 Selectivity with Narrow and Wide Band
IF Filters:

4.3.20.1 Procedure: The AN/GRC-171 receiver was adjusted for
0 dBm audio output with an RF input of 3 4 volts on 300

MHz, 30% modulated by a 1 KHz signal. Modulation was

removed and the AGC voltage recorded for reference at

various input levels. Then, for each RF input level the
frequency was varied above and below 300 MHz till the

AGC voltage dropped to that present with a 3 pvolt in-

put. The RF input levels were selected to give the 6, 20,

40, 60, 80 and 100 dB points on the IF selectivity curve.

4.3.20.2 Results: The results appear in the attached
data sheet and are graphed.

4.3.20.3 Conclusions: Expected results are obtained with
the wideband filter: 6 dB response, of better than # 33
MHz. The narrow band filter checked out at + 20 MHz, but
these results are somewhat inexact, since varying of the
generator frequency over small increments was found to

be very critical.
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4.4 Maintainability/Reliability.

4.4.1 Report of Failures: During the entire 10T&E, five failures were
experienced. In each case the fault jsolation diagrams supplied with the
T7.0.s were used to determine which module had failed. The following
modules failed:

PP#1 PP#2
DC-DC Converter A-5 DC-DC Converter
Frequency Synthesizer
D/A Servo Amplifier
T

5
2
1
7 T/R Switch in the RF Filter

A-
A-
A-
A-

The only two failures that could be directly attributed to an equipment
deficiency were the two DC-DC Converter (A-5) failures. The Frequency
Synthesizer (A-2) and D/A Servo Amplifier (A-1) failed during the remote
control tests and probably were caused by the shorting of two wires while
taking voltage measurements. A diode in the T/R switch in the RF Filter
Module failed during testing. It has not been established what caused the
failure. No failures were encountered during the control tower tests.
Overall, the reliability of the radio was acceptable.

4.4.2 Safety: There were two items identified that could present a safety
hazard. One item was the weakness of slides provided with the radio. The
other was the hole in the front panel that Teads to the high voltage section
of the radio. Both of these items have been discussed in the installation
section, 4.1. Otherwise, the radio presented no safety hazards. The high
voltage sections were adequately marked and no shock hazards were identified.

4.4.3 Spares Support: Because of the way the contract was written, no
on-site spares support was required. Because of this, this section cannot
be evaluated. The support that was received from the contractor on
supplying needed parts was excellent.

4.4.4 Tools, Test Equipment and Special Support: No problems were encountered
in installing the equipment. No special tools were required. The test
equipment needed to maintain the AN/GRC-171 during the test was adequate

as identified in the preliminary T.0. with the following exceptions:

a. Two RF Signal Generators were required to perform the noise
blanker test whereas only one AN/USM-323 was jdentified.
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b. A power supply was not identified to perform
keying tests.

PMEL support was limited to calibration of the test equip-
ment provided by the various base activities for testing.
No unusual requirement was levied on PMEL nor was it
evident that there would be any in the future.

4.4.5 Training: No formal training was provided prior to
testing. There was familiarization training held. However,
there was no formal class outline. It appears that special
training will not be required to maintain the radio.

4.4.6 Technical Data: The formal technical order verifi-
cation was conducted. The TOs were reviewed in depth and
corrections and additions were marked in master copies of
these TOs. The contractor agreed to include all corrections
as a result of design changes or as a result of qualification
and reliability test failures. These changes will include
schematic changes as well as principles of operation.

Some of the items identified during TO verification include
the following:

a. Audio and Keyer Card Strapping Options will
be drawn for easier identification.

b. The noise blanker performance test needs a
major rewrite.

c. The receiver wideband audio response performance
test will be expanded to include all three options of IF
filters.

d. A power supply and a second RF generator are
required for intermediate maintenance which previously
were not identified.

e. The Preventiye Maintenance Instructions (PMIs)
were reviewed. The daily inspections were changed to
seven day inspections.

Only the organizational level maintenance instructions
were verified. The intermediate maintenance instructions
will have to be verified at a later date when they are
available.
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4.4.7 Maintenance: There were very few failures durirg
the test. Fase of maintenance was difficult to verify.
However, it appears that the flow diagram method for
fault isolation is adequate. The flow diagram was used
for the failures that were encountered during testing.
In a1l cases, the diagram pin-pointed the bad modules.
A maintenance technician should have no problem fault
isolating the radio and correcting the fault.




Summary:

A11 major performance test objectives were satisfied
except the secure voice testing. Two deficiencies in
performance were documented. One, the transmitter spurious
emissions, was brought to the attention of Sacramento ALC
and Collins Radio shortly after having been documented.
Collins has been working on the problem and has presented
Sacramento ALC with a suggested correction to the problem.
Second, the Timited frequency response of the narrowband
IF filter, vas brought to the attention of Sacramento ALC.
Apparently, the IF crystal filter vendors have corrected
deficiencies in the filters and they will meet specifications.

The problem with the radio slides was identified to
Sacramento ALC and Collins Radio. Collins contacted their
vendor and the slides will be modified to prevent them
from falling apart. The proposed switched ground needed
to make the GRC-171 compatible with the performance monitor
was approved by Sacramento ALC and will be included in the
production equipments. Remoting the headset audio to the
back of the radio has been approved by Sacramento ALC
and will be included in the production equipments. It is
understood from Sacramento ALC that the hole behind the
front panel door will be covered and the Tow-loss bridge
on the front panel will be replaced with a bridge that will
be flatter and epoxied for strength.

The problem with the DC-DC converter failing has been
analyzed by Collins and a redesign of the module is in-
tended to give greater reliability. To date, all suggested
changes to the Technical Order (T.0.) have been incorp-
orated. The only items that have not been previously
identified are the size of the slots on the front panel
that are used to bolt the radio to the rack and the mark-
ing of the installation hardware "right and left."

These items will be discussed with Sacramento ALC for
inclusion into the production items.

None of the changes or modifications that have been
made to the radio have been tested operationally.

With the above changes implemented and performance
deficiencies corrected, it is recommended that the AN/GRC-171
be procured for operational use.




6. Suggestions for further testing:

Although the AN/GRC-171 was thoroughly tested there are a few tests
that were not conducted because of lack of time and/or resources.
Suggest further testing of the AN/GRC-171 be accomplished to include
the investigation of the following areas.

6.1 Suggest spot checks be accomplished to determine if any mod-
ifications made to the radios after the IOT&E have affected performance.

6.2 More detailed Secure Voice Tests,with both the NESTOR and VINSON
eqiupment should be accomplished. Investigation of the effect of the
noise blanker »n a secure voice digital signal should be made.

6.3 Characterization of the radio for envelope delay and phase
jitter should be accomplished.

6.4 Detailed, quantitative altitude and range checks to the maximum
limits of the radio should be accomplished.

6.5 Determine the effect of power fluctuations on the frequency
accuracy of the radio.

6.6 Determine what level of 3rd order intermodulation can be expected
on the majority of the radios fielded. 1In doing this, try to determine
if the large discrepancy found between the Lwo radios tested in the
TOT*E was due to a production defect or if one radio had degraded in
performance more than the other.

6.7 Some testing may be necessary to determine if collocation
interference is going to be a problem in certain system configurations.
Testing in an actual operational environment may best answer this
question.
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