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FOREWORD 

In accordance with AFR 80-14, an IOTÄE 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 IGT&E was 
conducted at Richards-Gebaur AFB because of availability 
of manpower and testing facilities.  A list of key test 
force personnel follows: 

Name Function 

Merritt, Larry D.Lt I0T&E Test Director 

Carmody, Emmett J.  Engineering Support 

Blais, Clinton A. 

Stout, James E. 

Pepple, Johnny S. 

Humphreys, Thomas 
TSgt 

Smith, Anthony 

Klein, James, Sgt 

Ranch, Harold 

Foreman, Robert 

Ripple, Wayne L. 
Capt 

Engineering Support 

Engineering Support 

Faci1i ty/Test 
Equipment Support 

Test Equipment 
Support 

I nstallation/Testing 
Support 

Organi zation 

AFCS/XPQO 

AFCS/EPELS 

AFCS/EPELS 

AFCS/EPELS 

AFCS/EPEUM 

AFCS/EPEUM 

1827EIS/EPIE 

Installation Support 1827EIS/EPIE 

Measurements Engineer 1839EIG/EPE 

Measurements Engineer 1839EIG/EPE 

Chief of Maintenance 1879CS/LGM 

ibb, James G.,TSgt Radio Maintenance 
\ 

Ast^lford, Thomas   Radio Maintenance 
SSgt 

1879CS/LGMG 

1879CS/LGMG 

Arellano, Cayetno A Chief, ATC Operations  1879CS/FFA 
Capt 

Rucker, William C. 
CMSgt 

McCallum, Duncan 

Control Tower Chief 

Contractor Technical 
Representative 

ii 

1879CS/FFAV 

Collins Radio 

... 
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ABSTRACT 

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

r 
i 

,!■ 

! 
!f 

1.1 Background, 
whose purpose is 
muni cations equi 
and ultimately a 
ing command for 
contract was awa 
conducted at the 
gained from the 
decision. 

The AN/GRC-171 radio is a part of the Rivet Switch program 
to replace the existing UHF/VHF ground/air voice radio com- 

pments with new equipment capable of operating in a 50KHz, 
25KHz, channel separation env'^onment. AFLC is the implement- 

this contract with ARCS the lead using command. The AN/GRC-171 
rded to Collins Radio Company on 16 March 1973. The DT&E was 
Collins Radio Plant concurrently with the I0T&E. The data 

DT&E and I0T&E will be used to support an AFLC procurement 

1.2 DescrirHon 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, 
-Idb. 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 I0T&E was conducted to determine the suitability of 
the AN/GRC-171s for operational use given conditions that are expected to be 
found in an actual operational environment. 

iiififiii^^ . 









MJK^M.wi.i^JW^ilip^llippjlipi^^^ 

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 subjected 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 mock-up 
configuration in accordance with Installation Standard LDBWS00893AD00 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 environment. 

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.O.) 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. 

gaw« ,.,. 
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3. METHOD OF ACCOMPLISHMENT 

3.1 Test Schedule. The official start date for the AN/GRC-171 I0T&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.O.) 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 CS at Richards-Gebaur AFB, MO, 
were used to support the control tower tests. One maintenance technician 
had had some familiarization training on the radio. All 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. 
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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 conducted because of the lack of appropriate 
test eruipment. This test was accomplished during DT&E. The results of that 
test will satisfy the I0T&E test requirement. 

; 

t- 4o(ftw>W* 



lipMtRRMiliVPipjlliWW-'^ '»1^ '»■■|pPiPSW«PWpWPiPBBBW(l!pi»W^.1W^P!fi^H^ 

REPORT   OF  TEST   ACTIVITY 

ii^H^rn^^ 
■ 



.■■-,v™-~:: v ■i. v - ■ ■TT'V.^wn^jpp^mp; 

*wmmmmmmmmm->^W' PPUPPBi mmm 

i 
;'<:■:: 

; 

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- 

they can be used in the field. Third, behind the front panel door there 
hole that provides space for the spare fuses which are mounted on the door, 
hole opens directly into the high voltage section of the radio. This 
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 go 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. 

fore 
is a 
This 
hole 

4.1.3 Conclusions: With the above changes implemented, the radio will 
acceptable mechanically and should install easily. 

be 

10 ' ^^ ^E^MC^T 
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4 . 2 Control Tower Tests 

4.2.1  Installation: 

4.2.1.1 
Richards- 
engineeri 
radio was 
The slide 
(1) they 
sidered u 
according 
was inter 
GRA-81), 
(GRA-115) 
was opera 

Proced 
Gebaur 
ng i ns 

i nsta 
s prov 
di d no 
nsafe. 
to th 

faced 
the re 
and t 

ted fr 

ure: The AN/GRC-171 was 1 
Control Tower equipment r 

tallation team from Keesle 
lied in a closed rack on a 
ided with the radio were n 
t fit in the closed rack a 

The rest of the installa 
e available installation s 
with the four channel key 
corder (AN/GSH-35), the re 
he control tower console ( 
om one of the two console 

nstalled in the 
oom by a trained 
r AFB, MS.  The 
sliding shelf, 

ot used for two reasons: 
nd (2) they were con- 
tion was accomplished 
tandards.  The GRC-171 
system (GRA-83 and 
mote control head panel 
AN/GSA-135).  The radio 
positions. 

4.2.1.2 Results-,  No problems were encountered during the 
installation of the radio into the tower.  The radio was com- 
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 
console speaker. 

4.2.1 .3 
the back 
not have 

Recommendation;  The headset audio should be brought out  to 
of the radio along with the main audio so a jack will 
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 soecified 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; 

13 
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CONTROL TOWER PROCEDURES 

1. The AN/6RC-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 
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: 

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 
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" before be 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 MHzT392.10 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, 
up to the pilot whether or not he participates. 

Again, it is 

15 
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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.O. maintenance 
instructions should be used. Verification of the T.O.s will be an important 
aspect of this test, Any maintenance actions will be logged. 

5. Uhile 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 logged by both the 
maintenance technician and the operator. If at all possible, a statement from 
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 

16 
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I 

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   DOWN: 

17 
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PILOT INFORMATION SHEET 

1      The AN/GRC-171  is a new G/A UHF muUi-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.    Oje 
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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U.2.3    AN/ARC-l6li and AN/GRC-171 Operational Compatibility. 

U.2.3.1    Procedure:     The AN/GRC-171 ^installed in ^e Richards- 
G^iui AFB Control Tower.     The AN/ARC-16U was J««^11«1^* ^^ 
aircraft,  tail number 812,  call sign UTAH-3U, based at Randolph AFB, 
TC.    The aircraft flew into the Richards^ebaur AFE area 1* Deo 7U. 
^o short,  low altitude sorties, 6,000 ft,  70-80 n irales,  at a 210 
n^dial    were flown.   One sortie (Test #1)  was ^own with both radxos 
in the 50KHZ  channel spacing configuration.    The other (Test #2)  was 
£Z with the radios in the 2^ ^V™?™'**^(%%™J£ 
was leaving the area for the return trxp to Randolph AFB (Test iWJ , 
contact was maintained in the ^OKHz configuration for as long as pos- 
sible at an altitude of l6 K ft.    The three ^cjuencies ^f ^ for 
these tests were 229.0 MHz (low),  303.1^ MHz  (middle), and 392.10MHz 
Sh)       4 aS traffic controller on duty during testing maintaxned a log 
o^iskngo? range, altitude, tune, the pilots-  volume ^J-dabxlxty 
score and the controller's volume by readabilxty score.    Jhxs test 
was designed to deteimne the compatibilxty between the M/GRC-171 
and the AN/ARC-16U and not to verify maxunom operatxonal range.    No 
quantitive testing was accomplished.     The test plan used for thxs 
particular test follows. 

U.2.3.2    Results:    Test ^L - Low profile - Wideband (JOKHz) . 
Frequency 392.10. 

The pilot reported receiving the GRC-171 transmisssion $ x 5 (Volume x 
Readability)   at ranges out to about 8^ NM.    At 95 NM the GRC-171 was 
reported to be li x 3. 

The controller reported receiving the ARC-16U transmssions 5 xj out 
to a range of about 63 NM.    From 67 NM to about 32 MM the ARC-16U 
signal was below squelch but 5 x 5. The signal was weak beyond 8^ NM, 
and was lost at 95 NM.    The same signal strengths were obtained usxng 
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 varxous 
speech properties to be from Fairly Good to Extremely Gooi. (Refer to 
Attached Questionnaires.) 

Ttest #2 - Low profile - Narrowband (25KHz).    Freqiency 392.10. 

The pilot reported receiving 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 3x3.    The signal was lost beyond 98 NM. 

The controller reported receiving the ARC-16U transmissions 5x5 out 
to about 65 NM.    Bqyond that point the signal was below squexch but 
5 x 5 out to a range of about 80 NM.    From 80 NM to 96 NM the sxgnal 
strength was between 1 x 1 and U x i* levels.    Signals were unreadable 
beyond 96 NM. 
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No signi.ficant difference was found when testing frequencies 303.15 and 
229.0 at 2$KEz channel spacing. 

As in Test  $L, the three aircrew members    and the controller rated the 
voice quality to be from fairly Good to Extremely Good,    The pilots re- 
ported that the voice was generally clearer in Test #2 than in Test #1, 

Test #3 - High profile (16,000 ft MSL)   - Wideband (5QKHz) .    392.10. 

'Ihe pilots reported the GRC-171 transmissions were 5x5 out to a range 
of l55 NM.    Communication was lost beyond this range. 

Ihe controller reported 5x5 signal levels out to lii3 NM on the first 
outbound leg and 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-I6I1, GRC-171, and RLchards-Gebaur RA.PC0N radio 
(GRC-27) .    The voice quality of the ARC-l6It and the GRG-171 proved to 
be significantly clearer than the GRC-27. 

The ARC-l6ii 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-I6I4. 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 MHz.    The 
squelch setting of the GRC-171 was set at approximately 5 microvolts. 
The ARC-161; 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 noise 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. 

CONCLUSIONS:     These ARC-l6ii/GRC-171 Interoperability 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. 
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AN/GRC-171    AN/ARC-l6ii 

Compatibility Testing 

Test Plan 

AN/GRC-171   lOTftE 

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

2. Objectives: 

a. Cormnunicate 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 7h - 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 MHz. 

b. 16 Dec 7k - 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 radial at approximately 210° magnetic north at about 5^00 ft MSL. 
This should put the fringe of comrnunications 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-16U 
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 7h - Morning. 

The GRC-171 will be converted to the 25 KHz mode.     The aircraft 
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. 
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d. 17 Dec 7U - Afternoon. 

The GRC-171 will be converted to the ^0 KHz mode.    This 
flieht profile -will be different.    This will be a long range flight 
to determine the compatibility of the radios at longer ranges. 
The primaiy purpcee of the flight will be to attempt communicatxon at 
l£0 to 200 miles at an altitude of between 1SK and 25K ieet. 

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 Uli out the 
intelligibility questionnaire for later scoring. 

Iu    On the short profile, the aircraft will fly on a radial about 
210° magnetic north at about ^00 feet.    Transmission should be lost 
at about 1$ to 80 miles,    k steady transmission will be made to the 
aircraft while he is outbound.    The VHF channel will be used as order- 
wire.     Tae pilot will report the range, bearing, and altitude that he 
lost the signal.    He will then proceed on about 10 more imles to be 
sure that they are not just in a null.    After this, he WLH turn 
around and come back on the same radial.    He mil 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 voxce 
communications 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 1J& to 
25K 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 foliowed: 

a.    The controller will ask the pilot his readabilly. Signal 
Strength, altitude, bearing and range.    The pilot will answer using 
the following format: 

\ 

(1)    Readability: 

(a)    Bad .  .  . .  . 1 

(b)     Poor    .  . .  . d 

(c)    Fair    .  . . . 3 
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1 

•; 

.(d)     Good k 

(e)    Excellent  .  .    5 

(2)     Signal Strength: 

(a) Scarcely Perceptible  ,   .  . 1 

(b) Weak 2 

(c) Fairly G ood 3 

(d)    Good 

(e)    Veiy Good    .....   .   .   . 5 

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 entiy 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 MHZ, 303.15 Mz,  and 392.10 MHz.    A seqience of 
frequency "1" (low), frequency "2" (middle), and frequency "3M (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 radio 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 IGT&E aircraft, 
for the established date.    ATC provided  the tail number,  call sign, 
and established time/date of arrival to AFCS/XPQO, info ASD/RWF. 

3 Atch 
1. Controller's Log 
2. Flight Profile Diagram 
3. Personnel Data Form for 
Communications Personnel 
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Altitude 
5500 Ft. 

Bearing 

210° Mag North 

Approx. 10 miles 

Communications 

„_,.__________ 



'"'ll1 

■■■ 

mmm -mmmi «WIKW«»!«! m»,.ip.»lWf I'II^WMW "  '■""■J"^-' f.^-CT^jf .Hw. W^W.Tl^«mr^,- piiippppytiwrnapppiM^^^^ 

■  ■■   • ' ■   ■   ■ 

ynastat 

PERSONAL DATA FORM FOR COMMUNICATIONS PERSONNEL 

Name : 

AGE: Sex 

m Rank 

AFOS: 

SN 

Organization: 

Nature of Duties in Present Assignment 

Nature of Duties in Previous Assignment: 

Technical Training Schools Attended: 

School Course From To 

Numbe r of year's experience as communications equipment operator: 

Experience with specific communications equipments: 

Equipment Years Experience 
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ynastat DATE/TIME 
RUN f 

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. 

Extremely 
Good 

D 
Fairly 
Good 

NATURALNESS 

D 
Adequate 

D 
Fairly 
Poor 

D 
Extremely 

Poor 

D 
Extremely 

Poor 

D 
Fairly 
Poor 

FREEDOM FROM NOISE 

D 
Adequate 

G 
Fairly 
Good 

D 
Extremely 

Good 

D 
Extremely 

Good 

D 
Fairly 
Good 

FREEDOM FROM DISTORTION 

D 
Adequate 

D 
Fairly 
Poor 

D 
Extremely 

Poor 

D 
Extremely 

Poor 

D 
Fairly 
Poor 

UNDERSTANDABILITY 

D 
Adequate 

D 
Fairly 
Good 

D 
Extremely 
Good 

D 
Extremely 

Good 

D 
Fairly 
Good 

OVERALL ACCEPTABILITY 

D 
Adequate 

D 
Fairly 
Poor 

D 
Extremely 

Poor 

Comments: 

Factors that may have affected your performance: 

28 
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GENERAL INFORMATION 

RUN I 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 directly to 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 0 160 mi. 

4 X 4 § 148 mi. 

5 X 5 G» 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 (9392.10 MHz 

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

SQUELCH  3.2 micro volts 
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- m 
ynastat 

PERSONAL DATA  FORM FOR  COMMUNICATIONS  PERSONNEL 

Name:          M 0 f^M  f   C.£          Rank:       C^fT SN:   53G)^^|^L 

AGE:     53 Sex:        fv \ AFOS:   jf  j ifej     '     (      L^ 

Organization: U S ^ f ( F C 

idoMA^r      Fc^Lf Nature  of Duties   in Present Assignment: 
r n I ... 

Nature of Duties in Previous Assignment B^VZ    A I /Cvr 
% i 

4 
Technical Training Schools Attended: 

School Course 

ugl 
From To 

2 
Number of year's experience as communications equipment operator 

Experience with specific communications equipments: 

Equipment Years Experience 

44 
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. v,   :-    ■ ■      ^..■■■■■:-. 

w-I ynastat DATE/TIME   l^b^e     5,01: 
RUN #   /       S^» 

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. 

D 
Extremely 

Poor 

D 
ExtretTiely 

Good 

D 
Extremely 

Poor 

D 
Extremely 
Good 

X 
NATURALNESS 

i i 
i 

Extremely Fairly Adequate Fairly Extremely 

Good Good Poor Poor 

FREEDOM FROM NOISE 

D 
Fairly 
Poor 

Fairly 
Good 

D 
Fairly 
Poor 

D m 
Adequate 

FREEDOM FROM DISTORTION 

D 
Adequate 

Fairly 
Good 

D 
Fairly 
Toor 

UNDERSTANDABILITY 

a 
Adequate 

OVERALL ACCEPTABILITY 

s D 
Fairly 
Good 

Adequate 

Fairly 
Good 

D 
Fairly 
Poor 

D 
Extremely 

Good 

D 
Extremely 

Poor 

D 
Extremely 

Good 

D 
Extremely 

Poor 

Comments: 

Factors that may have affected your performance 
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■ 

) ynastat DATE/TIME    v  '   ^c 

RUN # m) fcsf i 

SUBJECTIVE RATING OF VOICE CHANNEL 

in the space below please rate the speech channel ^^^ f^.^^fth 

respect to the various properties indicated below. Placa an X tn the 
appropriate space to indicate your rating of each property. 

J 
Extremely 

Good 

D 
Extremely 

Poor 

D 
Extremely 

Good 

D 
Extremely 

Poor 

D 
Extremely 

Good 

Comments: 

& 
Fairly 
Good 

D 
Fairly 
Poor 

Fairly 
Good 

D 
Fairly 
Poor 

zf 
Fairly 
Good 

NATURALNESS 

a 
Adequate Fairly 

Poor 

FREEDOM FROM NOISE 

G D 
Adequate       Fairly 

Good 

FREEDOM FROM DISTORTION 

G G 
Adequate 

UNDERSTANDABILITY 

G 
Adequate 

Fairly 
Poor 

jzr 
Fairly 
Good 

OVERALL ACCEPTABILITY 

G G 
Adequate       Fairly 

Poor 

D 
Extremely 

Poor 

\zi 
Extremely 

Good 

D 
Extremely 

Poor 

D 
Extremely 

Good 

a 
Extremely 

Poor 

4A^        ( 

hsA. 
Factors that may have affected your performance 
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ynastat 

PERSONAL DATA FORM FOR  COMMUNICATIONS PERSONNEL 

Name :      flaaA&tt&i   fct£ftlytJftrAi  tf Rank:    C^ PT SN:     ^^04^9 i^v 

AGE: ^Ä. 
Sex:      h^ni ^       AFOS:   ^ .<^^G> 

Organization:     ^^PP^H^1^^   JSJüyLtLkA^—^ ia.r-^n rsnt. gh—SSLEä—QL 

Nature of Duties  in Present Assignment:    7- M s-y saa cTO'c ^'UT , 

Nature of Duties  in Previous Assignment:     SajkOySSL&Qi EUuflJ C  

Technical Training Schools Attended: 

School Course 

ö ^ I i  a 3 "V fa • 11 f u * A i it 

From 

LilA 

To 

JJL1L 

Number of year's experience as  communications equipment operator 

Experience with specific communications equipments: 

Equipment Years Experience 

Liaoj a^g RC s r—foftbinL 

A^c   LkÜ 

...."...--..T,:-.,'.'. ^J,.;.-...^ 

4? 

(«ypgBuLX   H i^o^ ' ''^ 



wmm ■IPiiPifpi«Pf|WBipP!pip.lPl|)4liipi*i^ 

] ji ynastat DATE/TIME    /A feg^ ga^       3ti 
RUN # -f J'ox/te 

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 

.-. . _., 2 i 
i 

Extreme ly Fairly Adequate Fairly Extreme iy 
Good Good Poor Poor 

D D 
FREEDOM FROM NOISE 

D S 
Extremely Fairly Aiequate Fairly Extremely 

Poor Poor Good Good 

^ 
Extremely 

Good 

D 
Fairly 
Good 

FREEDOM FROM DISTORTION 

D 
Adequate 

D 
Fairly 
Poor 

D 
Extremely 

Poor 

D 
Extremely 

Poor 

D 
Fairly 
Poor 

UNDERSTANDABILITY 

D 
Adequate 

D 
Fairly 
Good 

Extremely 
Good 

Extremely 
Good 

D 
Fairly 
Good 

OVERALL ACCEPTABILITY 

D 
Adequate 

D 
Fairly 
Poor 

D 
Extremely 

Poor 

Comments:     U,s\:. utx    Qn^^r^     Q t>     f-'-lr^Y   /few     IüMF,\X    LLÜBLS G, fi Cd  / iL 

Factors   that may have affected  your  performance:     q ^ gj^j id gJ5      feüJSJ r^ ^ 

fiu.s-t   '^   life    OP'    SJkLkÜJ       COPJkJLLJtilJB EiLLQ DfluLLLtLQ^     

■ 
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|j ynastat DATE /TIME r7 aec 7S „1 C _ 

RUN y^ _a Z$ ^»JE 

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. 

H 
Extremely 

Good 

D 
Fairly 

Good 

NATURALNESS 

D 
Adequate 

D 
Fairly 
Poor 

G 
Extremely 

Poor 

FREEDOM FROM NOISE 

D D D □ S 
Extremely 
Poor 

Fairly 
Poor 

Adequate 

FREEDOM FROM DISTORTION 

Fairly 
Good 

Extremely 
Good 

Extremely 
Good 

Fairly 
Good 

Adequate 

UNDERSTANDABILITY 

Fairly 
Poor 

Extremely 
Poor 

Extremely 
Poor 

Fairly 
Poor 

Adequate 

OVERALL ACCEPTABILITY 

Fairly 
Good 

X 
Extremely 

Good 

0 
Extremely 
Good 

Fairly 
Good 

Adequate Fairly 
Poor 

Extremely 
Poor 

Comments: S\?\K^ 1^ l^cB uwAiVr 

Factors  that may have affected your performance: y o »H<=. 
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ynasiat 

PERSONAL DATA FORM FOR COMMUNICATIONS PERSONNEL 

Name:       J&JX  llÄzJlii  ^     Rank:  M^  SN:  4^'^'iPZ 

v 

AGE:   IS Sex: AUg   ^FOS-: yf^^/ U^//l   

Organization: / -- Z)   ^Llj^ jL2 ^^ S£^ ^'-'  

Nature of Duties in Present Assignment:  / /-^- ■ £Lui£A uL  

Nature of Duties in Previous Assignment: /j^  ()n<r\tt'im * )Jk£L 

Technical Training Schools Attended: 

School Course From To 

A'tAr^'iJ,<>r   &L*!        da Chxiidui        f'f$3     üfLiäl 

Number of year's experience as communications equipment operator: 

12 (*** ir 
Experience with specific  communications  equipments: 

Equipment Years Experience 
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..,.    ■■; 

ynastat DATE/TIME 160*^1 /l-O 
RUN # J .g«? ^ A/? 

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. 

Extremely 
Good 

D 
Extremely 

Poor 

D 
Extremely 

Good 

D 
Extremely 

Poor 

D 
Extremely 

Good 

X 
Fairly 
Good 

D 
Fairly 
Poor 

m 
Fairly 
Good 

D 
Fairly 
Poor 

0 
Fairly 
Good 

NATURALNESS 

D 
Adequate 

FREEDOM FROM NOISE 

D 
Adequate 

FREEDOM FROM DISTORTION 

D 
Adequate 

UNDERSTANDABILITY □ 
Adequate 

OVERALL ACCEPTABILITY 

D 
Adequate 

D 
Fairly 
Poor 

X 
Fairly 
Good 

D 
Fairly 
Poor 

D 
Fairly 
Good 

D 
Fairly 
Poor 

|  | 
i i 

Extremely 
Poor 

D 
Extremely 

Good 

D 
Extremely 

Poor 

E 
Extremely 

Good 

D 
Extremely 

Poor 

Comments dec- 171   jL&gb 1st JU/ m. 
^ 4L £&£ ^ic^r^^^^ OLaa34m*£a ) GtS JbL  d-^OOsA-w. ß&L 

Factors  that may have affected your performance:     /yjn^ 

JG>*<'<   fl/^nsttfi 
(I V 

J?7;t<.>    7 *& 
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ynastat DATE/TIME / 7 (>c^ j,<? 
RUN # 2, *r*H* 

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. 

Extremely 
Good 

K 
Fairly 
Good 

NATURALNESS 

Adequate 
D 

Fairly 
Poor 

D 
Extremely 

Poor 

D 
Extremely 

Poor 

□ 
Fairly 
Poor 

FREEDOM FROM NOISE 

D 
Adequate 

m 
Fairly 
Good 

D 
Extremely 
Good 

m 
Extremely 

Good 

D 
Fairly 
Good 

FREEDOM FROM DISTORTION 

D 
Adequate Fairly 

Poor 

D 
Extremely 

Poor 

D 
Extremely 

Poor 

□ 
Fairly 
Poor 

UNDERSTANDABILITY 

Adequate 
D 

Fairly 
Good 

m 
Extremely 

Good 

D 
Extremely 

Good 

El 
Fairly 

Good 

OVERALL ACCEPTABILITY 

D 
Adequate Fairly 

Poor 

D 
Extremely 

Poor 

Comments ^1 y/. L  £^ 
aj , £ 

f Ja. dk f- f c 

fVV 

Factors that may have affected your performance:  //p/] C 

/-' ■v, 
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ynastat 

PERSONAL DATA FORM FOR COMMUNICATIONS PERSONNEL 

$<r.. Name:     Aftc*      g   S'Wu Rank: 

AGE:      2-L Sex: ^ AF0S: J ^^^ 0 

SN:  ÄillLiÄJ^ 

Organization: /g)^   ^LiJttJgfc      -^^^  —— 

Nature of Duties  in Present Assignment:      /^//g    jftAffi*-   ^»ifioime, 

T^SsL CJJUäi       CJLUL£         —  

Nature of Duties  in Previous Assignment:      tin*     Tfrtrtfe   C^^TT»-gL 

Technical Training Schools Attended: 

School Course From To 

££l| Sijfcjg ^ aj o J^I^) >>")    ama ^"^ 

Ktf/ .yi./ a ^^ fcj Q _ pj^ ^^    ££d  ^v 

Number of year's experience as communications equipment operator 

 /?/£  //^  
Experience with specific communications equipments: 

Equipment Years Experience 

//.^ » ■.- (  n-r'-'r .'c. 
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ynastat DATE / T IME_/^_JV^_Z^. 
RUN #    /    ^j ^ 

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. 

E 
Extremely 

Good 

OVERALL ACCEPTABILITY 

□ 
Fairly 
Good 

□ 
Adequate 

D 
Fairly 
Poor 

NATURALNESS . 

Extremely 
Good 

Fairly 
Good 

Adequate 

FREEDOM FROM NOISE 

Fairly 
Poor 

! 

Extremely 
Poor 

Extremely 
Poor 

Fairly 
Poor 

Adequate 

FREEDOM FROM DISTORTION 

Fairly 
Good 

Extremely 
Good 

Extremely 
Good 

Fairly 
Good 

Adequate 

UNDERSTANDABILITY 

Fairly 
Poor 

Extremely 
Poor 

Extremely 
Poor 

Fairly 
Poor 

Adequate Fairly 
Good 

X 
Extremely 

Good 

D 
Extremely 

Poor 

Comments:       9     v/CrW        A) »^     "V t ZCS"     Of' gJByjJgÜteCfeJE 

Factors  that may have affected your performance: 

54 
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in ynastat 

PERSONAL DATA FORM FOR COMMUNICATIONS  PERSONNEL 

Name :   /Ty/     AVVA'C/      /  Rank:    SSy r 

AGE:     ^3 Sex:     /V AFOS:    

Organization:      /e? Z7/    ^, a /^v   ^,  

SN:   t/fS-St -/rß/ 

Nature  of Duties  in Present Assignment:     _£v /g»-   ^ ^ Ao) /<■ -^/^T^c^c^ 

Nature of Duties  In Previous Assignment:   J&j&Ji 

Technical Training Schools Attended: 

School Course From To 

/ccSM' &#M£Z£ItL d/ro       $/7ö 

Number of year's experience as communications equipment operator 

''A 
Experience with specific communications equipments: 

Equipment Years Experience 

/j'/ze     T&*rfir,0       ^^TV.'.C 

^ «W« K> h kl4t/b <> 
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ynastat MTg/nmjZJkzlk iOhA 
RUN # ^_ gTMh* 

SUBJECTIVE RATING OF VOICE CHANNEL 

I 
re 

n th. space .elow please "-Che speech ch.nael you have^s^hea^d^ith 
aspect to the various  Properties  Lndtcated below 

rp^prUfTpJ."^ in5ici;« yout rating of each property. 

Ü 
Extremely 

Good 

D 
Extremely 

Poor 

Extremely 
Good 

D 
Extremely 

Poor 

Extremely 
Good 

0 
Fairly 
Good 

D 
Fairly 
Poor 

D 
Fairly 
Good 

D 
Fairly 
Poor 

D 
Fairly 
Good 

NATURALNESS 

D 
Adequate 

FREEDOM FROM NOISE 

D 
Adequate 

FREEDOM FROM DISTORTION 

G 
Adequate 

UNDERSTANDABILITY 

D 
Adequate 

OVERALL ACCEPTABILITY 

D 
Adequate 

D 
Fairly 
Poor 

D 
Fairly 
Good 

D 
Fairly 
Poor 

D 
Fairly 
Good 

D 
Fairly 
Poor 

D 
Extremely 

Poor 

Extremely 
Good 

D 
Extremely 

Poor 

Extremely 
Good 

D 
Extremely 

Poor 

Comments 

factors that may have affected your performance: Fac 
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4.2.4 Compatibility with the GRA-llS: 

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-llS, 
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 tn 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, 

4.2,4 
drive 

3    Conclusion:     An  external   amplifier  is 
a remote speaker when used with the AN/GRC-171, 

not  needed to 
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4.3.  Laboratory Tests. 

4.3.1  Keying Option Test: 

4 3 11  Procedure:  All five keying options were tested to 
include center-tap to ground, 6V, 24V. 48V, external voltage 
and VOX operationP All straps required to change keying methods 
were accomplished according to the technical order.  The 
threshold of each option was measured  Al tesJs were con- 

in the plain mode.  The attached figure illustrates the 
used to test the VOX option. 

ducted 
set-up 

successful 4.3.1.2 Results:  All keying options were 
Rpliable kevinq was accomolished with an external loop 
resistance ol 3000 ohms by all methods.  For the VOX option, 
the transmitter keyed reliably with - 10 dbm and 0 dorn 
(average reading meter) audio input.  No other input levels 
iere attempted.  The GRC-171  front panel f^er 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 "?"« jj tje 

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 wil 
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. 

ite^ 
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4.3.2 Remote Control Tests: 
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Results: The control head was successfully remoted 
es of 150 ft., 500 ft., and 1000 ft., using 22 AWG 
d cable  No oroblems were encountered when remoting 

At 500 ft.,' the shields on the cable needed to be 
d before reliable tuning could be accomplished. At 

, a different voltage regulator with a voltage 
ce of -1.0V was used in order to achieve reliable 
The key to reliable tuning appears to be the voltage 

f a digital "zero." The advertised threshold 
a dioital "zero" and a digital "one' for TTL Is 
The closer the voltage of a digital  zero at the 

nd is to BOOmv, the less reliable the tuning of the 
head is going to be. Any noise that is present on 
lines will add to the voltage level and could 
a digital "one" where there is supposedto be a 

and thus a wrong frequency would be obtained. As 
seen by the data sheets, with a - 700mv reference 

IKft of 22 AWG cable produced a digital  zero 
'very close to the BOOmv threshold of TTL.  This 
ith measured noise on the TTL lines was the probable 
f not being able to select all frequencies.  However, 
voltage regulator with a reference level Of -l.OV 
d, the digital "zero" voltage dropped considerab y, 
frequencies were selectable.  The remote control 

n remoted 1000 ft. over 18 AWG shieded cable, 
at the digital "zero" voltage was ijain very low 
quencies were selectable.  A multiplex system was 
ed to remote the control head from the radio. The 
exed signal was transmitted over an in~use voice 
elephone line for a distance of approximately 14 miles 

Gl 
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All 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: 

designed to evaluate d ^ 3 1  Procedure:  This test was 
of the GRC-171.  The output carrier 
to determine how close it was to the 
the front panel.  The transceiver was 

wide range of frequencies, set 
and the output frequency again 

the frequency accuracy 
frequency was measured 
frequency dialed up on 
then rechanneled through a 
to the original frequency, 
measured. 

close to the ■ rvMilt-.- [ho frequency was very close LO tne dialed 
f^eauencv t far exceeded the specification for the radio 
TheTorst'case measured was accurate to 0.00019 MHz and the 
best measured was accurate to 0.00003 MHz. 

4.3.3.3 Conclusions: This 
is consistent with what MSA 
voice communications. 

type of frequency 
suggests for base 

accuracy 
band secure 

i 
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Frequency Accuracy Test 
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4.3.4 Squelch Relay Action Test: 

4 3.4.1 Procedure: A 5uv signal, "75% modulated by a IKHz signal, was applied 
to the antenna input of the transceiver. 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 output line. 

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

It shows 

4.3.4.3 Conclusion; 
operable. 

This action shows that the built-in COOAN function is 
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Squelch Relay Action Check 
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4.3.5 Squelch Hysteresis: 

4.3.5.1 Procedure 
to determine the 1 
once been opened, 
frequencies. 

4.3.5.2 Results: 
the hysteresis is 
too wide, a level 
open once a strong 
hysteresis is too 
and the transmissi 

Measurements were taken as the RF signal was decreased 
evel at which the squelch circuit closed after having 
This was accomplished for different squelch settings and 

There was hysteresis action of the squelch circuit. Whether 
adequate is difficult to determine. If the hysteresis is 
of noise too low to break squelch could keep the squelch 
signal has been obtained. On the other hand, if the squelch 

narrow, a fade in a signal could cause the squelch to close 
on to be lost. 

.3.5.2 Conclusion: It appears that the squelch hysteresis will be adequate, 

I 
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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 limits and while usingDC 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 
limits 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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1 

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, Odbm, 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 st 1000Hz on 303.1 bMHz, 
the transmitter was checked to determine how the percent of modulation changed 
as the modulating frequency, the input level, and the 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 cnanges 
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 75niv modu'lated 
30% 75% and 90« with 300Hz, 1000Hz, 2000Hz, and 3000Hz were applied to 
the'recever input  The audio outputs frorn both the mam audio and the 
Jeadretlud^o were measured to insure that the level was automatically 
controlled to approximately Odbm, +3dbn maximum. 

4 3 8 2 Results: As can be seen by the attached data sheets, the main 
and'headset aud?o were kept constant around Odbm. The levels varied from 
-1.8dbm to +.8dbm. 

4.3.8.3 Conclusions: The receiver audio leveling is adequate. 

91 

•lÜW'lilfuVr 



< 1 

^wimß^wMmmm^wmm'',^**v*tKr mm^miMmvmßmm ■ 

cn .p» co ro 

:z co co n: 3: ^ 
r~ tn cn -o -o -o 
co cn cn 
o O —I cn cn 

1— ao 3= co ro ro 
x 1 tn *« 
1 cn co co 
ro —■ oo 1— 
3>    O 

03" 

§= 

1? 

c -s —1 

(D ro 
^3 n 
c r+ 
n> -s 
3 O 
n 3 << -J. 

O 
0 
0 O 
3 O 
< C 
CD 3 
-J <"+ 
n- ro 
ro -s 
-5 

Audio 
Generator 

3 

crxo 
fD-i. 
3ua 
ro3 

0>—' 
r+ 
O 
T 

ro 

Heads 
Audic 

... _ - 

< 3> 
—) O < 
3 

s 

> 

0 

< O 
—1 O < 
31 

tn 
0 

1 
i 

QL-J. 
-"•3 
O 

600 
Ohms 

-1   O < 
3 

CO 

O ■n 
O -5 
C ro 
3 X) 
r+ e 
ro ro 
"1 3 

0 »< 
— 

1 

Figure 8 

Receiver Audio Output Tests 

92 

—— 

■JS**f*- 



^.^■-.T- '^-■'"rTF^^riKirr-^-nir-.r wvmtmmmwM «•.«W^TO^C^SfW^-HWIW^liPHW^l-Wnif f'-^W^^i'W ±m.m:»i^MßKm'mmiu i 

■•■■■■■.■■■.■' ■'^fy.Kl^.-- 



■pjpipilPlpipppwSWPWWTOWwwmi^^^ «"»»si! v. mm Mmw-mmwmßmmmmwfißmim mW'-" 

■ J 

s. 

- 

r -o^ 
I I 

32 
1 i Mo 

1 1 
< < 

I r 
is 

1 
N 

i 1 V r T T 
^ 

^ 

'h ^ 
< 
i 

"s, 
1 I 

- 

- 
"5 

V 

S s 
"5 
4 

V 
—K 

- 

_ "5; 
0 

0 
1 1 

4 
r \ r 

«ft 

r r r 
V) 
r r 1 

- 

i sf 2 o r r ^ 
^ 

\ r 
IV) 

r r r 
- 

-? i 

-  t ^ 
* 

^ 

^ 
-^ 

Q 1* i r r 
00 ^ 

■^ 

i r r 
H r? 
i 5 -^ 

1 
3 

4-' 
'S 0 

1 1 

rsJ 
i \ 

w 
i r r i 

- 

^^ m 

IV 
-  ^ 
*   0 

4 N >3 
I 

O 0 r r 0 
»* ) r »' 

- 

1 * ir-_;- 

1 

^ 4 ^ 
+ r 

O c NJ 

r 
'S 

1 
0 r r 

NJ 

r r 
- 

«5- t 
?    0 
hi   o 

| " 

S 

4 

1 

1» +■ r 
^ 

i i r r 1 r r CO 

r r 
- 

■f t r 
^ 

4 

( i r \ 

N 
r ; i 

cS5 

r r 
- 

1 
* 

1 1 

j 

1 
4 

ts0 

C3 Q 
(V IQ ^ ft SQ 

Q 
^s ^ ^ 

^ 
^K §t - 

>- 
-  a 

1 !2 
- 

2 

O 

UJ 

o 
a. 

=> 
a. 

u 



 -""■ WWWS-P" "»«^W^w^-^^^WPWIlPi 1     mi" ■ÜP ""• "" 

95 
■ 

1 

O 

- r o- « 
 w 

'"■ ^ ^ | 

0 
s -^  I m _,,,.,_ 

- o o 
\n ^ 

2 N 
•< 

Oft 
- 

^c "^—i i 1 i t i 1 1 l » I 1 i i i 

U. 1 1 X 
■^ 

^ 
^ 
^ 1» 

^ 

^ 

V 

3 s 
-^ .3 

5^ 

- 

~   »y 

3 
9 ^ h- Ci NJ vi> M ?^ 

^T- __ Q> N (^ 0*- _ 
«c M i i <-« "-•s S 1 l ' 1 1 -^ I 1 > 1 l 

ff 0 1 ) .„^—i— 

5 " ty» T>- Q 
V 

> l 

tv) r r T 
o r* 

\ r r 
Q 
r- 

... 

äff 1 1 1 i 

—« »- '* _.._   ... 
NJ 

0 ^4 r l 

vn 
1 r "^ fO 

r 1 

o-^ 

c r 

II i' 

1  

i \ 

NJ 

T T r 
er- 

( i 
04 

r r 
Q 

^ 

- 

-i 

ß 

H 
00 

\ r 1 
0 

i r 
NO 

I ! 
^ 

i 

V) 
r r 

ff 
t g 

11 ü1 rJ Y) 3 0»; 

1 

0 o« fvj 

T f i r r i 

- 

U. C )  , 

"7   ^ 
1 o ^T» NJ ^f <» 'oO 

_ rr* v^ V) Oo Ci N) 'V, .. 

k u f? « l r T T r /' r T j ! r r T > \ 

fr 
a 
^4 i' r ( T 1 \ r T T T i 

o N) 

1 
^ 

i 

- 

^ 
N C; 

51 
^ 

'S 

Q 

0 0 0 ^ 
^ ^ ^Q 

^ 
^ ^ ^ § S - 

>> 
^ '3' ^ s __ 
X UJ VMM 

-1 v 

- 

UJ 

O 
o. 

Q- 

1 
S 

-      I 

SS 

«9 
u 
u. 
< 



^w ■■' lu,jl11 ■' vwii.im ■nuiniuJM.M J i »i» J luiavpw. 

■ 

r* 

___ _ 
1 
s, 

1 
- 

IA( 

i 

0 
it 

=-. 

■i 5 • 
1 

vn 
j 1 ^ 1 ( ! ^ 1 

c 
NJ 

V 
- 

^ 

^ 

X 
^ 

^ 0 
3 
V 

is N 
-A V ^ 

^ 

0 

^ 
t 
^ 

\ ^1* 
- 

t4) 
-   ^C 

"3      Vi 

3 

?  (V6 I 1 r 1 ) ^ ^ Q Q 
N 

"V" < 

- 

TTW 

is 15 
g4 <> In ^h 't (\J >. ^ Q N 

Q isi - 

? 
/ \ r ( 1 l \ ( 1 ( 1 4 4^ > 

*M=1 

. ^ 3 ^0 -i- rrv 
or> N IS) 

0 
l\J NJ —, *> — 

■« 

f - k rl l' r l" 1 l 1 Q O <0 Q -V -h' ± -i- 

w 
Si 0^ v> ^ ^r ^ 

(V> N3 -* -. 0 ^ % -<*. ^ H - 
7 

1 l r 1 r r \ 1 1 \ 1 + > 
■s 

_^ 3 -^ NJ 0 
M NJ Ni N ^ U ^ vS> - 

?i M 1 r r 1 0 4- ■t i- ■f >' + ^ s- f 
If 

! 1 1 

0 f > > 

rj 

+ > > 

T 
■£ T" 

- 

-   ^ •^ ^j ^s- «>o «<?o CO 
3 \A lo 4) V> r* (V ^ 

X ^ - 

n 
a 

^ 1 H 
> r ( r r \ 1 j" r \* 1 1 \ 1' 

1 — 
1 1* 

0 

i 
0- 

r" 
■ r 

•   v3 

J 

^ 

1" 1 r 1 

- 

I * i 'i 
^ 

^ 
1 

2S 
1   ^ 

)   c 10 
1 ^ \ 

V 
^ «   IS ^ .^ 

— 

1 i 
1   ^ 

Q 

k 
3 31 

qK 
rO 

^ 
> _    0 1 

\ 
CM 

Qt 
o 

o 
Q. 

U 
0. 

< 
IU 
x 
IU 
o 

u 

h 
U 

96 

ÜÜ Ili^iuM^g ..>•-   , !> 



■■■i im mi I 
;      •       



        ^■smppw.VF? w^m- lippHfjpwpiw IW Ws,1) W «|l,p5!W,»!fWW 

- 

——T 

r ̂  

—r 1 
c 
C I 

§ 
 .  m 

1 

. 1 
i Hi t 

^ 
• 

— 

i < 

_0 
-<> 

or 

r 
5 

i r r 1 

^ 

r 1 
N 

i 

- 

- b ^ 
^ 3V: 

\ 

4 
N X 

^ 

^ j N 

\ -* 

4 
X 

i 4 - 

«.   5 

1 
f • r r r 1* Q 

Q 

Ai 

i -+ 1» 

- 

3 f' f i i' r 
0) O 

1- l' + 
T 

N N 
- 

1 8 
a a 

3 <3^ in 

i ■   i 

r r r c o <o -h i' 4- -K 
- 

1 » 

U. 

f" r f 1 
r 

0 Q) 
-H f -h "h 

- 

3 3 J r r r r Q) 0 -f 
M 

+ 
- 

^1 
( i' r r 

Q> Q 
f 4- 4 

NT 

4- 

1^ 
4 

- 

1« 
i       TTT 

|4 1= i \ r r r f r r 
V] 
r 1 r - 

- e 
•4 

(V 

1 r \ r r ! r i i 

- 

"^ 

1 
4 

0 
^0 iQ N )C 'R -Q 

0^ 
1 

> 
0 - I 

- s 5 
' 

u 
o 

UJ 

O 
(V 
Q£ 

a 

< 

-   O 

-   s 

u 

2c 

Is 
U 

98 

Mi  ^ 



'»111II "■» "•"* ■"^■■■'■TJP ■ rewF^S^^PIjjp^ 

1 

' c 

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 limit 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 is 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. 

I 
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ii.3.10   Secure Mode Data Tests. 

1;.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 VTNSON Engineering Models or a VINSON Simulator« 
The test was attempted using KY-8 (NESTOR)  equipmenb.     The KY-8 
equipment on hand was not operable and replacement equipment did not 
arrive until after the official end of I0T&E.    However, a limited 
test was conducted prior to returning the transceivers to the con- 
tractor.    Two radios were configured, back-to-back with the KY-B's 
transmitting through them.    Ihe wideband audio of the radios was used.The 
diaphase   and. baseband modes of the KY-S'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 ei-ror rate measuring 
device and a lack of time, this test was entirely subjective in nature. 

ii.3.10.2    Results:    Both the diphaee 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- 
isfactoiy intelligibility.    Using diphase with the narrowband filter 
in the radio is unsatisfactory as anticipated. 

ii.3.10,3    CONCLUSION:    It appears that the transceiver is compatible 
with the NESTOR equipment. 

h.3*10,h Recommendation: Suggest more quantitative secure voice 
testing be accomplished as soon as possible using both the NESTOR 
and VINSON equipment. 

w 
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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 pew, engineering 

models or simulators will have to be used. The availability of the VINSON 

equipment for the 6RC-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 1s in receipt of a three 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. 

II TEST PROCEDURES 

NESTOR (KY-S) 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 11. 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 the 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 Figure 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 simulator in diphase mode. 

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

3. NESTOR (KY-8) In bisdband 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 6RC-171. 

D. Repeat Steps D through F for VINSON engineering model. 
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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. 
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4.3.11  AN/GRC-171 3rd Order Transmitter Intermodulation Test 

4.3.11 ,1  Procedure; t.o.i i. i  . ru^cuurc,.  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- 

(240, 312 and 385 MHz), 
and 24 MHz were used. 

Delta lues of +1, 2, 4, 8, 12, 

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 
attached Data Sheets and have been graphed. The IM product 
level 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 level of 
+ 23 dBrn, or -4 dBm. Set PP-2 tested from 5 to 13 dB inferior 
to set PP-1. 

4.3.1 
found 
(+ 3 
older 
creas 
(GRC- 
to 27 
IM pr 
are c 
Suffi 
be es 

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

dBm allowed), and better than that obtained with the 
ground/air radio equipment (GRT-3, GRC-27).  The de 

e "■''' - -- 1---" 1 '"  ■■-" J-L   -!   1 "■ c ' ■ -""  

W L/    I   C IN J UUil        Obi     I    I VUltUI      ) C J  [-J r," U   t   U    !     IJT        VK M C II U V¥ \J        UI\UI/     I 

ollocated and delta  f's   of about  I   MHz  are  utilized, 
cient  space  isolation  and  frequency  separation will   still 
sential   to avoid this   type  of RFI. 

4.3.II.4   Recommendation;    Further testing be accomplished to determine 
what caused the poor performance of PP-2 and determine what level of 
Third Order IM will be the most representative when the radio is fielded, 
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AN/GRC-171 3rd Order Transmitter Intermodulation Test 
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* ATTACHED SCHEDULE 

1. Bird Wattmeter 
2. Narda Directional Coupler 
3. 50 OHM Load/Termination 
4. Collins 156C Filter 
5. Boonton RF Voltmeter 
6. HP 8640 Signal Gen. 
7. HP 851/8551B Spect. Anal. 
8. HP 355 Attenuator 
9. HP 5245 Counter 

Fo    Test  Frequency 
Fx    Offending  Frequency 
Fp    Product  Frequency 

Fp=  2  Fo  -   Fx 
Fp=   2  Fx -   Fo 
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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 be +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 measure 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 
qenerator range and were not measured as accurately. All harmonics were out- 
side the 225-40OMHZ 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 BOdB 
below the carrier). These spurious emissions should be eliminated before a 
favorable production decision is made. 
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Transmitter Spurious Emissions Test 
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* ATTACHED SCHEDULE 

1 . 
c   • 

3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 
11 

Collins T/R Relay 
Bird 50 W Watt Meter 
Narda 20 db Directional Coupler 
Bird 50 W Load 
50 ohm Term 
Tunable Rejection 
HP Attenuator 
HP 351/8551B 
HP 608C 
HP   5245/5253 
HP   200   CD 

Filter 
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4.3.13 AN/GRC-171 Receiver Composite Response: 

4 3.13.1 Procedure: Two signal generators, A and B, provided 
the receiver. Generator A provided -97.5dBm modulated 30% by 
Generator B, modulated 90% by noise, was varied in frequency a 
to degrade the output signal plus noise-to-noise ratio to 8db. 
output at J22 was adjusted to Odbm with only the desired Signa 
present. At given delta fs above and below 229MHz. the amoun 
signal Generators) required to degrade the output (S+N)/N to 
Additional tests were made at 300 and 395MHz for (S+N)/N ratio 
8db. Tests were also made at 300MHz utilizing the narrowband 
and the wideband "-30" IF filter. 

two inputs to 
1000Hz on 229KHZ. 
nd output level 

Receiver audio 
1 (Generator A) 
t of offending 
8db was measured, 
s of 3, 6, and 
"-10" 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 
degree of modulation, difficulty was experienced in obtaining the constant 
output (S+N)/N ratio as required in this test. This limited the number of 
readings which could be taken in the given test time. In !ubseq^"t tests at 
300 and 395MHz, the offending level was set and the ^suiting S+N)/N ratios 
were measured and used to interpolate offending levels at (S+N)/N ratios of 
3, 6, and Bdb. 

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 
Odbm should not be exceeded. The minimal change in AGC voltage that was 
observed indicates desensitization was not a factor in the range of^J,^'*.. 
and delta f's tested. Since a multicoupler will not be used with the AN/GRC-l/l 
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 microvolts 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 500MHz 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 output Idb above 
noise level was 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 - llOdb were measured. 
The harmonically related readings were much lower (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, underired levels in the ranqe 
-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 IKHz 
and adjusted for Odbm audio output. The cornector-to-connector isolation 
between transmitter and receiver was adjusted to 26, 36, 46, and bbdbm. me 
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 CS+N+I)/{N+I) is 8db or 
better for the following combinations of deUa f and isolation: 26db/4.UMHz; 
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 channe.s 
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 am! 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 
mmmum input on Fo = 300MHz (-97.5dbm 30% modulated with IKHz) and adjusted 
tor 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 IKHz; the other generator was unmodulated. Both 
input eve s were kept equal and adjusted so that an audio output 3db above 
noise level was obtained. This RF level was recorded for each delta f used 
Delta f 8 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-171 receiver fre- 
quency that will result in degradation of the output (S+N)/N (measured as 
ll.ldb) to a (S+N+I)/(N+I) of 8.4db. 

4.3.16.3 Conclusions: In collocated installations it is very possible to 
in!LS'9?alu 0i:Ig1nating f™m other transmitters still at levels of about 

ri? f?ia:  e 5RC"171 Reiver input. If two such signals can combine in the 
GRC-171 to produce a product equal to the GRC-171 frequency, the results of 
this test indicate that degradation can occur. The best prevention is orooer 
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 -97.5d3m 30% modulated by 1000Hz. The RF input level was varied 
from -112.5dBm to OdBm 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. 

-1.3.17.2 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 (12dB) and improves significantly to a maximum of about 
48dB 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 loted 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 -lOOdBm 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 C3uv) 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 mcrovoUs on 
300 MHz, 30% modulated by 1000 Hz.  In .^f/^^^^ ' t0 
the audio modulating frequency was varied from 100 Hz to 
10.000 Hz and output signal plus noTse was measured.  In 
the second test, the per cent modulatTon was varied and 
output signal plus noise and noise alone f e •neasured 
This test was performed at 3 carrier levels, 3, 10, and 
20 uv  In the third test, the load resistor was varied 
and the audio output signal plus noise was measured. 
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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+fO/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 (34 dB).  The (S+N)/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 procured. 
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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 
o'dBm audio output with an RF input of 3 JJ 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 evel the 
frequency was varied above and below 300 MHz till the 

voltage dropped to that present with a 3^volt m- 
The RF input levels were selected to give 

80 and 100 dB points on the IF selectivity 

for 

AGC 
put. 
40, 60, 

i H 6, 20, 
curve. 

4.3.20.2 Results: 
data sheet and are 

The results 
graphed. 

appear in the attached 

4 3 20 3 Conclusions:  Exoected 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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FIGURE 34 

Selectivity with Narrow and Wide Band IF Filters 
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/\A   Maintainability/Reliability. 

4 4.1 Report of Failures: During the entire I0TÄE, five ^J1.^65 were 
experienced. In each case the fault isolation diagrams supplied with the 
T.O.s were used to determine which module had failed. The following 
modules failed: 

PP#2 
A-5 DC-DC Converter 

PP#1 
A-5 DC-DC Converter 
A-2 Frequency Synthesizer 
A-l D/A Servo Amplifier 
A-7 T/R Switch in the RF Filter 

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-l) 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 leads 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.O. with the following exceptions: 

a  Two RF Signal Generators were requirpd to perform the noise 
blanker test whereas only one AN/USri-323 was identified. 
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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 
f i 1ters. 

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

e. The Preventive 
were reviewed. The daily 
seven day inspections. 

Maintenance 
inspections 

Instructions (PMIs) 
were changed to 

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 duritg 
the test.  Ease 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 all cases, the diagram pin-pointed the bad modules. 
A maintenance technician should have no problem fault 
isolating the radio and correcting the fault. 
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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.O.) 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- 
be procured for operational use. 
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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 cnecks 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 on a secure voice digital signal should be made. 

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

6,h   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.    In doing this, try bo determine 
if the large discrepancy found between the iwo radios tested in the 
lOT'^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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