
AD"O 171 FACILITY CHECKING SQUADRON (1866TH) (AFCS) SCOTT AF1B IL F/6 17/9
TRACALS EVALUATION REPORT. INITIAL EVALUATION REPORT (AN/GPN-24--ETC(U)
N MAY 80 J R MINSTERL

NLASSIFID $0/66R-208 NL

,7 IIIIfl ll
I/IEElgEEEEEI
EEEEEEEEEEEElD
I.E.E.E..///



LEVELC
' AIR FORCE COMMUNICATIONS COMMAND

TRACALS EVALUATION REPORT

INITIAL EVALUATION REPORT

AIRPORT SURVEILLANCE AND PRECISION APPROACH RADAR (AN/GPN-24)

Nellis AFB, Nevada

(80/66R-208)

10 December 1979 to 6 March 1980

, mmELEOT -

SJUL

PwrstlRmotI STAIIEmfrA
Li-i Approved kw imabih Mh*M

0 2408 ACC

80 6 30 0241



DEPARTMENT OF THE AIR FORCE 16 May 1980
1866 Facility Checking Squadron
Scott AFB, Illinois

INITIAL EVALUATION REPORT

AIRPORT SURVEILLANCE AND PRECISION APPROACH RADAR (AN/GPN-24)

Nellis AFB, Nevada

(80/66R-208)

10 December 1979 to 6 March 1980

Prepared by:

AMSR. MINSTERL, Capt, USAF u : to. .. ,
Radar Evaluation Team Chief

Approved by: -

CECIL C. ROBINS, Lt Col, USAF
Commander

i. ' i . ... i iL



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dole Entered)-

7. AUTPO RTs)~ DOCUMETATIO P S REA INSTRUCTIONS
ROIBEFORE COMPLETING FORM

PEREOGI GOVT ACCESSION AND A. RECIPENT'S CATALOG NUMBER

ITIALAVALUATION REPORTaWORK UNIT N RS

SeltisAFB,Nevada..lin oiec.es 6222

7. AUTHOR(#) S --_-, .Y¥J- . CONTRACT OROGRANT NUBER(.

J' AMES RJ JINsTERLi Capt UI A

1PPERFOI LLIRGANI N NAME AND ADDRESS 10. PROGRAM ELEMENT PROJECT TASKAREA & WORK UNIT NUMBERS

1 8 Facility Checking Squadron /
Scott AFB, Illinois 62225

11. CONTROLLING OFFICE NAME AND ADDRESS/ ' / ",.nrll ,l

HQ Air Force Communications Command/FFNM 16 May 17I8 ]

Scott AFB, Illinois 62225 ,.........
93

14. MONITORING AGENCY NAME & ADDRESS(If different from Controlllng Office) 1S. SECURITY CLASS. (of this report)

15a. D OWASIIR /G GRADING

I.SCHEDULE

16, DISTRIBUTION STATEMENT (of this Report)

Approved for public release, distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If different from Report)

Same as report.

IS. SUPPLEMENTARY NOTES
None.

19 KEY WORDS (Continue on reverse side if necessary and identify by block number)

TRACALS RADAR EVALUATION HI-PAR
RAPCON ASR
AN/GPN-24 ATCRBS
AN/GPN-22 AN/GPN-20
AN/GSN-12 AN/TPX-42
20 ABSTRACT (Continue on reverse side If necessery and Identify by block number)

-IThis report presents data collected from '--e 6 r F to define the
capabilit; -s and limitations of the radar facility at Nellis AFB, Nevada. This report
includes descriptions of the useable radar coverage and tracking capabilities, analysis of all
flight and equipment performance data, and the performance predictions for the system.
The data presented can be used as a guide for anticipated equipment performance until
there is an addition, deletion, or relocation of equipment, or until a significant change
occurs in the horizontal profile.

DD , AN73 1473 ii UNCLASSIFIED

*SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

0
ALOo7



DISTRIBUTION

Copies Addressees

10 2069 Communications Squadron/CC, Neilis AFB, NV 89191
1 57 Fighter Interceptor Squadron/CC, Nellis AFB, NV 89191
2 HQ ADCOM/KRTS, Peterson AFB, CO 80914
2 ESD/OCN, L.G. H-anscom Field, MA 01730
I NCA/EIE, Grif fiss AFB, NY 13441
2 TACCA/LG, Langley AFB, VA 23665
1 SCA/EIEL, Oklahoma City APS, OK 73145
I SCA/EIPT, Oklahoma City AFS, OK 73145
2 TACCA/FF, Langley AFB, VA 23665
2 TACCA/FFM, Langley AFB, VA 23665
2 TACCA/FFF, Langley AFB, VA 23665
1 PCA/EIS, Hickam AFB, H-I, 96853

10 1866 FCS/CC, Scott AFB, IL 62225
1 1842 EEG/EEIT, Scott AFB, IL 62225
1 1843 EES/EIELT, H-ickam AFB, H-I 96853
1 1844 EES/EIELT, Griffiss AFB, NY 13441
I HQ AFCC/DAPL, Scott AFB, IL 62225
1 HQ AFCC/DAPE, Scott AFB, IL 62225
I HQ AFCC/EP, Scott AFB, IL 62225
I HQ AFCC/FFC, Scott. AFB, IL 62225
1 HQ AFCC/FFO, Scott AFB, IL 62225
I HQ AFCC/IGP, Scott AFB, IL 62225
1 HQ AFCC/LGMKF, Scott AFB, IL 62225
1 HQ AFCC/LGMLE, Scott AFB, IL 62225

1 HQ AFCC/OA, Scott AFB, IL 62225
2 HQ AFCC/FFNM, Scott AFB, IL 62225

12 DDC-TC, Cameron Station, Alexandria, VA 22314
2 FAA/ARD-5, 800 Independence Ave SW, Washington DC 20590
2 FAA/FSNFO/AFS-530, P.O. Box 25082, Oklahoma City OK 73125
1 Dr. Alexis Shlanta, Code 3113, Naval Weapons Center,I China Lake, CA 93555



GLOSSARY

ABPCU Antenna Bearm Position Control Unit
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AGL Above Ground Level
AOC Automatic Overload Control
ASR Airport Surveillance Radar
ATC Air Traffic Control
ATCRBS Air Traffic Control Radar Beacon System
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CPU Central Processing Unit
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GTC Gain Time Control
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IAW In Accordance With
IFR Instrument Flight Rules
LP Linear Polarization
MDS Minimum Discernible Signal
MHz Megahertz
MSL Mean Sea Level
MTI Moving Target Indicator
MVA Minimum Vectoring Altitude
NM Nautical Mile
PAR Precision Approach Radar
PPI Plan Position Indicator
PRF Pulse Repetition Frequency
RABM Range Azimuth Beacon Monitor
RCI Radar Coverage Indicator
RF Radio Frequency
RSC Radar Set Control
SCV Subclutter Visibility
STAR Second-Time-Around Rejection
STC Sensitivity Time Control
TDC Target Data Computer
TO Technical Order
TRACALS Traffic Cortrol and Landing Systems
TSDA Transfer Switch Drawer Assembly
TWT Traveling Wave Tube
usec Microsecond
VFR Visual Flight Rules
VSP Video Signal Processor
VSWR Voltage Standing-Wave Ratio
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1. SUMMARY

1-1. Evaluation Profile. This evaluation was conducted to define the
capabilities and limitations of the AN/GPN-24 facility at Nellis AFB, Nevada in
its installed environment. The evaluation was conducted in conjunction with an
installation effort for the purpose of commissioning. This evaluation includes a
comprehensive examination of equipment parameters, siting criteria, and
operational performance of the AN/GPN-24 facilities, and establishes the
optimum system configuration.

1-2. ASR:

a. Equipment Performance. Equipment checks were performed in
accordance with technical orders and current evaluation procedures. All
equipment parameters were within technical order specifications.

b. Evaluation Results. The optimum antenna tilt is 2.00 mechanical,
which yields an electromagnetic (true) tilt of 4.05' . Although multipath propaga-
tion did cause holes in the radar coverage, the holes were generally beyond 20
NM.

c. Capabilities. The Nellis ASR is capable of performing its assigned
ATC mission. Radar coverage extends to approximately 13 NM at 1000 feet AGL;
25 NM at 3000 feet AGL; 40 NM at 5000 feet AGL; 39 NM at 7000 feet AGL; 52
NM at 10,000 feet AGL; and 60 NM at 25,000 feet AGL. These ranges are valid
when tracking a C-140 size aircraft, using CP, MTI, and the passive antenna and
MTI gated as shown in Attachment AII-1/2.

d. Limitations. Coverage within the ranges stated in paragraph 1-2c
may be reduced by nulling, SCV, screening, MTI blind speeds, and weather. The
coverage of the radar may be affected due to ground reflections since the
reflected wave may arrive at a target in a phase relationship which will either
oppose or aid the direct wave. The algebraic addition of the reflected wave and
the direct wave creates a radar coverage area where areas of minimum power,
called nulls, and maximum power, called lobes, exist. Nulling causes intermittent
loss of targets beyond 20 NM at all altitudes. Screening (see Attachment A3-1/4)
by the mountainous terrain surrounding Nellis limits coverage below 10,000 feet.
This is due to the 2.00 average screening surrounding Nellis AFB. Attachment
A6-1 indicates those areas where the radar is screened at the MVA. Tangential
MTI blind speeds cause a loss of the aircraft target anytime the aircraft is flying
a course perpendicular to the ASR antenna within the MTI gated area.
Additionally, ranges are decreased or increased by refractive weather conditions.

1-3. ATCRBS.

a. Equipment Performance. Initial checks revealed the VSWR was
unreadable. A bad transmission line connector was identified and repaired. The
equipment operated satisfactorily during the flight evaluation.

b. Evaluation Results. The minimum operating power is 100 watts
measured at J-5 on the back of the TSDA. Coverage consistently extended
beyond the primary radar range at every altitude.

c. Capabilities. The ATCRBS is fully capable of performing its



assigned ATC mission.

d. Limitations. False targets due to reflections appeared during the
evaluation. They were primarily due to hangars east of the facilities and a blast
fence southeast of the ASR. Multipath propagation can cause intermittent loss
of ATCRBS returns throughout the ATC mission area. Additionally, screening will
affect ATCRBS range as it affects. ASR.

1-4. PAR:

a. Siting. The airfield survey was performed to verify the information
required in calculating the values which are entered into the site parameter panel
for each runway. The site parameter panel originally contained data for runways
03R and 03L, the required values for runways 21L and 21R were determined and
entered. Additionally, the location representing the midpoint between the
touchdown points for runways 21R and 21L was marked for installation of a MTI
reflector.

b. Equipment Performance. A scan receiver module was replaced due
to initial low MDS readings. Several tape load errors were experienced because of
problems with the tape reader. A field alignment of the tape read station was
attempted with good results, but it is recommended that the tape unit be
replaced.

c. Evaluation Results. The published glide path angle of 3.00 was
flown for the four runways, 03R, 03L, 21R and 21L. The respective angles
measured were 3.040, 3.100 2.93 0 and 2.900 for the primary Operational Program

0 6tape, and 3.010, 3.070, 2.99 and 2.980 for the backup Operational Program tape.
Due to equipment failure, noncoherent MTI was not flight checked for approaches
to runways 21 L and 21 R for either operational tape and for approaches to runways
03L and 03R for the backup tape.

d. Capabilities. The AN/GPN-22 is capable of performing its assigned
mission at Nellis AFB, Nevada. It is capable of detecting and tracking F-5 size or
larger aircraft at 14 NM in either coherent or noncoherent MTI mode of display.
This detection range is based upon using the normal vertical beam scan for
approaches to runways 21 L and 21 R and using a modified vertical beam scan for
approaches to runways 03L and 03R.

e. Limitations. Second-time-around clutter returns on approaches to
runways 03L and 03R necessitated changing the -1.00 to +7.00 vertical beam scan
to +1.50 to +7.00. Without this change, aircraft detection and tracking is
extremely limited due to intense second-time-around clutter. Between 5-10 NM
on approaches to runways 03L and 03R the clutter environment due to primary
and secondary returns limits the track receiver's ability to lock-on targets. The
capabilities stated in paragraph 1-4d may be affected by weather (see Appendix V,
paragraph I c(2)). Intense superrefractive and trapping conditions along the ground
surface will intensify both primary and second-time-around clutter returns.

1-5. Power Systems. The primary power system is fully capable of providing
service to the AN/GPN-24 radar system. Backup power to the AN/GPN-20 ASR
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and AN/GSN-12 shelter was satisfactory. The AN/GPN-22 PAR backup power
generator voltage output dropped whenever the air conditioner came on line
resulting in an automatic shutdown of the PAR. Therefore, the backup power is
not considered adequate or reliable for the AN/GPN-22.

2. RECOMMENDATIONS

2-1. ASR:

a. The following system configuration should be used.

(I) Antenna Tilt. The optimum antenna tilt is 2.00 mechanical
which yields a true tilt of 4.050 (see App-idix It!, para 4c(6)).

(2) Polarization. LP should be used for normal operations. CP
should be used when weather conditions dictate. During adverse weather, the
tracking quality of CP will result in reduced tracking quality at all altitudes (see
Appendix I1, para 4f(2)).

(3) PRF. Staggered PRF should be used continuously (see
Appendix Ill, para 4d(2)).

(4) MTI. The MTI should be gated as shown in Attachment All-I.
During periods of superrefractive or trapping conditions, the MTI can be manually
gated to encompass the abnormal increase in ground clutter (see Appendix III,
para 4a(2)(a)).

(5) Video Enhancer. The MTI and Normal enhancers should be
used at all times. During ASR approaches the MTI enhancer should be off to
prevent the center of target error induced by the enhancer (see Appendix Il, para
4f (I )(a)).

(6) Normal Log Video/MTI Log Video. When weather or EMI
conditions exist, the log video feature will help eliminate interference.

(7) Passive Antenna. The passive antenna should be gated as
shown in Attachment AtI1-2 (see Appendix II, para 4f(5)).

(8) STC. The STC should be set to STC-l for everyday operation

(see Appendix III, para 4f(4)).

(9) Receiver Gain. The receiver gain should be set to MAX (1).

b. Air Traffic Controllers should work closely with local weather
personnel to identify subrefractive, superrefractive and trapping conditions and to
understand the limitations of the radar when these conditions exist (see Appendix
III, para lc(2)).

2-2. ATCRBS. The following system configuration should be used.

a. Power. The output power should be 100 watts as measured at 3-5
at the back of the TSDA (see Appendix IV, para 4d).
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b. GTC. The GTC should be on (see Appendix IV, para 4c(2)) and
aligned as specified lAW TO 31P4-2TPX-42-2.

c. VSP. The VSP switches should be set as follows (see Attachment

Al 7-2).

(1) Window size: 10

(2) Window lead edge: 2

(3) Window Trail Edge- I

(4) Confidence count: 3

(5) P-mode/All-mode switch position: All

(6) Delta switch position: +2

(7) Azimuth offset count: 19

(8) PRF switch position: <380

c. Defruiter. The defruiter should be used (spe Appendix IV, para 4e).

2-3. PAR:

a. The following configuration should be used for day-to-day
operation:

(1) Normal/MTI Operation. Either coherent or noncoherent MTI
must be used as clutter returns make tracking of aircraft impossible in Normal
(Appendix V, para 4a).

(2) PAR Performance. PAR performance I should be selected for
tracking F-4 size or larger aircraft within 4 NM (Appendix V, para 4c(2)).

(3) Acquisition Gain High/Low. In high power Acquisition Gain
Low should be used at the option of the individual controller (Appendix V, para4c (3)).

(4) STAR. This feature should be utilized with a setting of I
(Appendix V, para 4c(4Xb)).

(5) Baseline Clipping. This feature should not be used as it
reduces receiver sensitivity (Appendix V, para 4c(5Xb)).

(6) High/Low Power. The low power mode must be used as high
power results in multipath propagation which causes the track receiver to break
lock (Appendix V, para 4c(6)(b)).
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(7) FTC. Use of this feature is at the discretion of the individual
controller (Appendix V, para 4c(7)).

b. The noncoherent MTI mode should be repaired and the approaches to
all runways flight checked during the next periodic or special flight check. Both
the primary and backup Operational Program tapes should be flight checked.

c. The backup Operational Program computer tape should be used on a
daily basis while the primary Operational Program tape should be used as the
backup tape.

2-4. Power Systems. The AN/GPN-22 backup power generator operation is
incapable of providing adequate and reliable power and should be refered to base
civil engineering for further study and resoh't*-.n (see Appendix VI, para 3).

3. PERFORMANCE PREDICTIONS

3-1. ASR.

(I) An RCI was used to predict the maximum range capability at
particular altitudes. As can be seen in Attachment A23-2, the predicted
maximum ranges for a C-140 size aircraft at 6500 feet above the radar antenna
focal point is 47 NM. The average measured ranges for LP tracks conducted at
this selected altitude were 47 NM.

(2) Experience has shown a properly operating ASR will track aircraft
very near RCI predictions unless affected by AP, nulling or screening.
Attachment A23-1 outlines the use of the RCI, and Attachments A23-2 and A23-3
are RCI's for the active and passive beam patterns set at the true tilt of the ASR.
Attachments A23-4 and A23-5 are the RCIs for the active ard passive beam
patterns set at the true tilt using dual channel operation. The RCI can be used to
analyze trends in radar performance. Based upon the RCI performance during the
evaluation, correlation between actual and predicted maximum ranges will depend
on the aircraft altitude and size. The measured maximum range will vary from
the predicted range due to screening and nulling. A list of various aircraft radar
reflectivities can be found in Attachment A23-6. An F-5 aircraft at 8400 feet
MSL should be tracked to 41 NM on the 0450 radial. Using this aircraft and
altitude periodic checks can point out trends which may reveal radar degradation
not visible to the controllers by other means.

3-2. ATCRBS. All ATCRBS returns exceeded the primary radar returns.
Periodic loss of secondary returns due to screening and nulling will occur
throughout the Nellis mission area.

3-3. PAR. The PAR is capable of detecting and tracking F-5 size aircraft 14
NM and C-140 size or larger aircraft at 18 NM to touchdown on all approaches.
For Approaches to runways 21R and 21L, there were no problems in the track
receivers acquiring and locking on the targets. For approaches to runways 03R
and t L, lock-on and tracking of aircraft is satisfactory providing acquisition
occur,-c, outside 10 NM or within 5 NM. However, the clutter environment
(primary and second-time-around returns) between 5 and 10 NM limits the ability
of the track receivers to lock-on and track aircraft in this area.
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APPENDIX I

GENERAL INFORMATION

1. Facility Data:

a. General:

Location: Nellis AFB, Nevada
Communications Area: Tactical Communications Area
Unit: 2069 Communications Squadron (AFCC)
Evaluation Period: 10 December 1979 to 6 March 1980

b. ASR:

Equipment: AN/GPN-20, SN 2
Coordinates: 360 13' 41.55" N Latitude

t 50 03' 20.55" W Longitude

Ground Elevation at radar unit: 1839 feet MSL
Elevation at focal point: 1864 feet MSL

c. ATCRBS:

Equipment: AN/TPX-42A (V), Type III, SN 085
Coordinates: Collocated with ASR
Elevation at focal point: 1871 feet MSL

d. PAR:

Equipment: AN/GPN-22, SN 18
Coordinates: 360 14' 10.12" N Latitude

1150 02' 01.07" W Longitude
Ground Elevation at radar unit: 1843 feet MSL

2. Runway Data. The primary instrument runway is 21 R.

3. Mission Area. Nellis GCA has no delegated airspace.

4. Mission Responsibilities. Nellis GCA provides precision radar approaches to
Nellis AFB.

5. Primary Using Agency/Aircraft Supported. The primary using agency is the
57th Fighter Interceptor Wing. Aircraft normally controlled include the F-4, F-5,F-I 5, A-10, T-38 and numerous other type aircraft of the United States Air Force,

Canadian Air Force, and the Royal Air Force.

6. ATC Facilities. The ATC system consists of an AN/GPN-24 with the
AN/TPX-42 and AN/GPA-131 video mapper, a VFR control tower, a TACAN
located on the field, and the Las Vegas VORTAC located 10.3 NM south of Nellis
AFB.

7. Logistical Support. Logistical and PMEL support is provided by the host base
organization.
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APPENDIX 1I

KEY PERSONNEL

Ground Evaluation Personnel:

Capt J.R. Minsterl - Team Chief
Capt B.J. Merwald - Electrical Engineer
MSgt N.H. Benner - ATC Radar Evaluation Superintendent
MSgt J.L. Eberle - Air Traffic Controller
TSgt L.G. Bryant - ATC Radar Evaluation Technician
TSgt M.E. Fisher - ATC Radar Evaluation Technician
TSgt G.R. Hurd - ATC Radar Evaluation Technician
TSgt R.F. Innis - ATC Radar Evaluation Technician
SSgt T.W. Zeigler - ATC Radar Evaluation Technician
TSgt G.R. Picha - Geodetic Surveyor
TSgt R.T. Buddemeyer - Geodetic Surveyor

2. Tactical Communications Area Personnel:

Mr. C. Ford - TACCA Representative

3. Southern Communications Area:

Mr. J. Haynes - Scheme Engineer

4. Airborne Evaluation Personnel:

Maj J.R. Barrett - Aircraft Commander
Capt R.H. Woolley - Aircraft Commander
Maj Alexander - I st Pilot
Capt J.E. Lawrence - Ist Pilot
Capt G.T. Jenkins - I st Pilot
MSgt F.H. Hutchison Jr - Flight Mechanic
TSgt L.E. Kiracofe - Flight Mechanic
TSgt M.J. Aufieri - Flight Inspection Technician
TSgt S.D. Kennedy - Flight Inspection Technician

5. Facility Personnel Contacted:

Lt Col A.A. Wiegand - Commander
Maj S.A. Tudor - Chief of Maintenance
Capt F.B. Arnemann - Chief, ATC Operations
MSgt W.L. Preston - AN/GPN-24 Transition Project NCO
MSgt C.J. Short - GCA Chief Controller
TSgt 3.1. Rackley - NCOIC, Radar Maintenance
SSgt J. Eastrom - Radar Maintenance Technician
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APPENDIX IlI

AIRPORT SURVEILLANCE RADAR (AN/GPN-20)

1. System Description:

a. General. The AN/GPN-20 is a solid state, dual channel, S-band (2700-2900
MHz) surveillance radar system that employs digital processing.

() AN/GPN-20. The AN/GPN-20 radar set is used to detect aircraft
within 60 nautical miles of the antenna and to provide a corresponding video
output for display on a PPI. The dual diversity configuration of the
transmitter/receiver pairs provide the system with *he capability of operating
both channels simultaneously using the common antenna. Operating the two
channels in dual diversity provides for enhanced target detection and greater
reliability.

(a) Antenna System. RF energy is transmitted and received via
an ASR-8 antenna system. The ASR-8 antenna incorporates a dual feedhorn
system, that is, a passive (receive only) and an active (transmit and receive)
feedhorn. The passive feedhorn is used for short ranges with the active feedhorn
used at longer ranges.

(b) Transmitter System. Each transmitter uses air cooled, AFC
controlled, tunable magnetrons. A four-pulse staggered PRF mode is employed
for virtual elimination of MTI blind speeds.

(c) Receiver System. The receiver system includes a low noise
parametric amplifier which provides a minimum RF signal gain of 15 dB.
Subsequent to the preamplifier, the receiver is divided into three signal paths:
Normal, MTI, and log FTC. The MTI employs a single canceller, dual canceller, or
dual canceller with feedback (25 dB, 30 dB, 35 dB and 40 dB selectable). The MTI
module supplies an I (in-phase) video and a Q (quadrature) video signal to the
processor unit. Receiver gain and STC are placed in the RF section prior to the
parametric amplifier. Special filters are built into the RF section to prevent
spurious signals from interfering with receiver operation.

(d) Processor Section. The function of the processor system is to
process the Normal, Log FTC, and MTI videos into digitized and analog signals.
MTI cancellation occurs in the processor along with weather background video
processing. A video enhancer is used to increase the signal-to-noise ratio and
eliminate nonsynchronous interference.

(2) Ancillary Equipment.

(a) AN/GSN-12. The GCA equipment consist of an AN/GSN-12,
Type I, HI-PAR shelter, housing the OD-129/G data Display Group.

1. OD-130/G Indicator Group. The shelter houses three OD-
I 30/G PPIs used to provide synthetic target writing capabilities in azimuth and
range for the ATCRBS in addition to real time video.

2. 980B Computer. The 980B computer consists of a 24K
memory, memory controller, CPU, and DMAC capable of processing digital
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numerical beacon information from the beacon interrogator and distributes timing
and display information to each of the display consoles.

3. AN/GPA-131 Video Mapping Group. The video mapper is a solid
state device with five map channels which may be independantly selected at each
display position. The video mapper is used to provide air traffic controllers with
references to previously established geographic and/or navigational points.

b. Facility Equipment.

(1) Radar Set: AN/GPN-21, SN 925002

(2) Antenna Type: ASR-8, SN 925002

(3) GCA Shelter: AN/GSN-12, SN 001

(4) Video Mapper: AN/GPA-131, SN 094

c. Environmental Factors.

(1) Siting Characteristics. Nellis AFB is located approximately 10 NM
northwest of Las Vegas, NV (see Attachment Al-i). The ASR site is located on
the southwest corner of the approach end to runway 03L. The area immediately
surrounding the ASR is comprised of flat terrain with patches of desert
vegatation. The terrain slopes gradually from the northeast to the southwest and
will cause slight differences in nulling predictions. The base is surrounded by
mountainous terrain which limits radar coverage due to the average screen of 20.
Very little screening is caused by man made objects (see Attachment A3-1/4).

(2) Weather

(a) Refractivity. The theory of refractivity is covered in Attachment
A22-1/2. For Nellis AFB, an upper air propagation analysis was done using
radiosonde data from a nearby facility. This analysis revealed the possibility of
supperrefractive and trapping layers in the valleys of the mountainous terrain
near Nellis AFB. A trapping layer can cause radar energy to be trapped below it
and thus the radar energy will propagate over extended ranges (see Figure 3-1).

NORMAL COVERAGE,

Figure 3-1
Weather Trapping Effects on ASR Coverage
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The resultant effect on ASR coverage is threefold. First, below the trapping
layer, outer range tracking capability is extended. Second, there is a hole directly
above this area. Finally, if radar energy is trapped near the surface, clutter
intensity will increase and clutter will exist on the indicator at extended ranges.
Since trapping and superrefractive conditions often will exist over the mountains
near Nellis AFB, the controllers should be thoroughly familiar with their effects
on ASR coverage.

(b) Evaluation Weather Conditions. Superrefractive conditions
existed during the early morning hours during the evaluation. This was verified by
observing the extended clutter presentation on the indicator. By mid to late
morning the propagation appeared normal. However, the propagation conditions
in the valleys could not be verified and caused some low altitude extended
coverage.

(3) EMI. Some EMI was observed during the evaluation. These were
most prevalent to the north of the facility. This condition should be noted to all
controllers.

2. Equipment Status. Equipment checks were performed in accordance with
existing technical orders and current evaluation procedures. Results of these
checks are presented in Attachment A14-l/5. Pre and post flight equipment
checks were conducted to ensure the radar equipment was stable and at or above
minimum operating standards during the flight phase (see Attachment A20-1).

a. Antenna System:

(1) Solar data indicated the electromagnetic tilt to be 2.050 above the
indicated mechanical tilt of the antenna assembly (see Attachment A15-1/2).
Solar data was also used to verify proper alignment of the antenna azimuth ring
assembly. The azimuth bullring was corrected after solar data revealed a 40 west
error.

(2) Unless otherwise indicated, all references to antenna tilt through-
out this report refer to the indicated mechanical tilt of the antenna system.

b. Transmitter/Receiver Systems. Channel A magnetron was replaced due to
magnetron arcing. No further problems were encountered on either channel.

c. Video Mapper. The video mapper was checked using current evaluation
procedures. Video mapper equipment performance was satisfactory (see
Attachment A16-1).

3. Evaluation Overview. The overall objective of this evaluation was to
determine the capabilities, limitations and optimum configuration of the
AN/GPN-20 in its installed environment at Nellis AFB. One of the best ways to
measure radar performance is to track a known target and compare the results to
theoretical prediction. However, before tracking a known target, the equipment
must be eliminated as a source of significant variations in performance.
Therefore, the evaluation consisted of two phases: a ground phase and a flight
phase. Specific objectives and methods followed to meet those objectives are
explained in the following paragraphs.
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a. Ground Phase:

(1) To ensure equipment performance had no adverse effect on the
evaluation results, extensive equipment checks were performed to verify system
parameters met technical order specifications.

(2) To document the environmental effects on ASR coverage, an
J1 airfield survey and horizontal screening survey were performed and data on

terrain features, EMI and weather conditions were collected.

(3) To determine the electromagnetic (true) antenna tilt and azimuth
ring alignment using the solar method, know positions of the sun were compared
with receiver voltage peaks as the antenna was manually turned across the sun's
position. The highest voltage peaks indicate the sun is traversing the main lobe of
the antenna beam pattern. This point is the electromagnetic or true tilt of the
antenna comparing the true tilt with the mechanical tilt reading results in the tilt
error. At the same time, azimuth readings on the bullring were taken at the
voltage peaks for comparison with the known sun positions.

(4) To document the clutter environment at various ASR antenna tilts
and to determine which tilts to evaluate during the flight phase, the indicator
presentation was photographed with various amounts of RF attenuation inserted
at the parametric amplifier, and a detailed analysis of the results was performed.

(5) To ensure proper equipment performance during the flight phase,
pre and post flight equipment checks were performed (see Attachment A20-1).

b. Flight Phase. The second phase consisted of sorties were flown with C-140
flight inspection aircraft to evaluate radar performance. The flight phase
objectives are stated in the following paragraphs.

(1) To determine the optimum tilt, the aircraft was flown at 8400 feet
MSL on the 0450 radial and at 12,500 feet MSL on the 2550 radial from the Nellis
TACAN. The tilts checked were 1.00, 1.50, 2.00 and 2.50. The
maximum/minimum range and tracking quality of each antenna tilt was measured.
The optimum tilt was then determined by compromising between the clutter
intensity, maximum and minimum range capabilities, severity of nulling holes, and
tracking quality as measured by ATS and BSR (see Attachments A21-1/3).

(2) To establish the optimum tilt, a flight inspection lAW AFM 55-8
was performed.

(3) To document the vertial profile of the antenna beam pattern, the
aircraft was flown at selected altitudes along the 0450 radial from the Nellis
TACAN.

c. Equipment Configuration. Unless otherwise noted, all flight data were
collec:ed with the following ASR configurations: CP, stagger PRF On, MTI range
azimuPh gate to 22 NM on 0450 radial and to 37.5 NM on 2550 radial (see
Attachment AIl-1), STC-1 selected, and receiver gain at MAX.
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4. Analysis of Evaluation:

a. Radar Coverage Limitations. Holes in radar coverage (loss of targets for
three or more consecutive scans) and maximum range irregularities are generally
caused by multipath propagation, weather, MTI blind speeds, SCV limitations of
the MTI receiver, screening , or aircraft attitude changes.

(1) Multipath Propagation. This phenomenon is caused by radar
energy striking the earth's surface and reflecting upward. This reflected energy
combines with the direct energy at the target and either weakens (reflected wave
is out of phase with the direct wave) or strengthens (reflected wave is in phase
with the direct wave) the return signal. As a result, angles of minimum power
(null angles) and angles of maximum power (lobe angles) appear in the vertical
coverage pattern. Nulls can cause radar holes, and maximum range can be
increased or decreased, depending upon the positioning of the lobes and nulls (see
Attachments A7-1/21

(2) MTI:

(a) An inherent limitation of phase detected MTI systems is the
MTI blind speed. The MTI system will cancel aircraft target returns that have an
apparent (radial) velocity to the antenna equal or close (+10 knots) to the system
blind speed or any whole multiple thereof. Targets are also cancelled when the
aircraft is flying tangential to the antenna because the MTI system sees these
targets as having zero velocity. Tangential is the point where an aircraft ground
track is perpendicular to the antenna. A system feature that effectively
eliminates the blind speed notches, except the tangential notch, is stagger PRF.
Stagger PRF should be used to improve the tracking quality of the MTJ system. It
should be emphasized MTI tangential blind speeds can occur anywhere within the
MTI gated area when the aircraft is flying perpendicular to the antenna.

(b) A second limitation to MTI tracking capability is the system
SCV. A clutter return signal strength that exceeds aircraft return signal strength
by more than 25 dB will cause target loss where the aircraft is traversing that
block of clutter. Because this limitation results from a clutter to aircraft return
signal ratio, the existence and size of radar holes depends largely on the strength
of the aircraft return. Aircraft with relatively large return signals, such as the
C-1 41, will not be affected as much as small aircraft, such as the F-5.

(c) A third limitation of MTI operation is caused by antenna scan
modulation. This appears on the indicator as feedthrough within the MTI gated
area over clutter. The surfaces of the clutter area are normally rough and jagged
and cause the radar returns from the clutter to appear as moving targets to the
MTI receiver. Attempts to cancel or remove this feedthrough by methods other
than VRS Modes (selectable on the AN/GPN-20 processor cabinet) can greatly
degrade MTI performance. It should be noted, scan modulation (clutter feed-
through) is a normal occurrence and is usually not severe enough at Nellis to
require the use of VRS modes.

(d) Another limitation to MTI tracking quality is angel clutter and
is usually observed during late evening or sunrise hours. Angel clutter, inversion
layers and numerous other phonomenon, appear as clutter "dots" which when
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viewed closely, appear to be random slow moving targets. The extent of angel
clutter will vary by season. When it is extreme enough to limit MTI tracking
capability, an appropriate VRS mode should be selected. If the VRS modes have
no effect on the angel clutter or another STC setting does not have an effect (see
paragraph 4f(4Xa)), and there is a suspected flying hazard controlling aircraft
within the clutter, conventional control should be utilized.

(e) Some of the above MTI limitations (blind speeds are the
exception) may be reduced by using one of the four VRS modes. This gives the
MTI system various responses to slow moving targets. The 40 dB mode will reduce
the effects of faster moving targets better than the 25 dB mode. Additionally,
the higher VRS modes will increase the size of the tangential notches. Examples
of the types of slow moving targets that can be cancelled by the use of this
feature include slow moving automobile traffic, scan modulation, and angel
clutter.

(3) Aircraft Attitude. The aircraft radar cross-section varies as the
aircraft attitude changes. This variation is unpredictable and could cause random
loss of radar targets anywhere in the radar coverage area.

b. Equipment Performance. All equipment operated satisfactorily
throughout the flight phase and was ruled out as a cause of radar coverage
degradation.

c. Optimum Tilt Determination:

(1) The antenna tilt is optimum when the lowest tilt is found
satisfying the following conditions:

(a) Clutter strength does not cause inadequate tracking within
the MTI gated area due to subclutter visibility limitations.

(b) Range and altitude coverage is adequate to meet operational
requirements.

(c) Nulling holes are not significant enough to affect the required
coverage area.

requirements. (d) Tracking quality is best without -educing the first three

(2) Clutter intensity photographs were taken for mechanical antenna
tilts of 1.00, 1.50, 2.00, and 2.50. Attachment A9-1 shows the normal clutter
presentation.

(3) The annular subclutter visibility photographs are a relative
measure of MTI system operation. Signal pulses approximately equal to the return
signals of a C-140 aircraft at various ranges are injected into the system. As
clutter strength increases, the clutter to signal power increases. If the clutter is
strong cnough, this ratio becomes larger than the SCV of the MTI receiver and the
target is not visible on the indicator. As can be seen in Attachment A10-2, the
passive antenna annulars have smaller SCV "holes". This is due to the less intense
clutter returns into the receiver. As can be seen in Attachment AI0-1, the SCV
"holes" become larger as the antenna tilt was lowered.
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(4) The tilt determination tracks were flown at 2.50, 2.00 , 1.50 and
1.0° . Tracking and coverage data are contained in Attachments A21-2/3.

(5) When all tilt determination data were compared, the following
conclusions were drawn:

(a) The 2.50 tilt coverage did not extend to the screened range.
All other tilts coverage extended to the screened range.

(b) The ATS and BSR tracks on the flight check radial were
highest for the 1.50 tilt. However, the ATS and BSR were highest on the 2.00 tilt
on the clutter radial.

(6) Since the enhancer could be used to enhance strength "I" targets
and the system SCV would not change, the 2.00 mechanical tilt is considered the
optimum tilt.

d. Vertical Profile. Attachment A21-4 contains the measured vertical
profile and Attachment A21-5 is representative of the coverage capabilities of
the ASR system when tracking a C-140 aircraft in CP. These capabilities and
limitations are discussed in the following paragraphs.

(I) The inner fringe tracking capability is limited by the cone-of-
silence area which is a characteristic of all ASR's. Cone-of-silence (loss of radar
coverage) occurs when an aircraft is flying above the antenna where vertical
coverage of the antenna beam is limited. The cone-of-silence of the AN/GPN-20
is very narrow due to the passive antenna. Inner fringe coverage at 15,000 ft AGL
was 3 NM as compared to the AN/GPN-12 where the inner fringe at 15,000 ft
AGL is normally .5 NM.

(2) Stagger PRF was used to virtually eliminate MTI blind speed
effects within the MTI gated area shown in Attachment All-i.

(3) Since clutter saturation did not pose a problem on the flight check
radial (0450), SCV limitation was ruled out as a cause for loss of radar contact.

(4) The maximum useable outer range tracking capability extended to
13 NM at 1000 feet AGL, the predicted range. At 3000 feet AGL, coverage
extended to 25 NM, I NM shorter than predicted. Coverage extended to 40 NM at
5000 feet AGL, 1 NM further than predicted. At 7000 feet AGL coverage
extended to 39 NM, approximately 3 NM shorter than predicted. At 10,000 feet
AGL, coverage extended to 52 NM, 5 NM farther than predicted. Finally, at
25,000 feet AGL coverage extended to 60 NM, the predicted range (see
Attachment A21-4). This coverage was affected by screening and multipath
propagation as discussed in the following paragraphs.

(a) In paragraph 4a, radar coverage limitations are defined.
Specifically, multipath propagation can either weaken or strengthen a return
signal from a target and therefore appear in the vertical coverage pattern. The
predicted null locations (see Attachments A7-./2) as calculated using the FAA
Terminal Radar Siting Handbook are compared to the actual null locations in
Table 3-1. The predicted nulls correlate closely to actual measured holes. Loss of
radar contact and the outer ranges were affected by multipath propagation.
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Because of the unpredictable nature of radar cross-section and the lack of visual
evidence on the indicator of superrefractive trapping conditions, multipath
propagation is the primary cause of holes in the ASR vertical profile.

TABLE 3-1
NULLING ANALYSIS

Altitude Predicted Range Measured Range
feet AGL (NM) (NM)

3,000 20 20
5,000 25 28
7,000 25 25-28

29 31
" 35 37

10,000 36 38
" 43 42

49 46

e. Horizontal Coverage:

() The vertical profile analyzed in the previous paragraphs can be
expanded to define the total horizontal coverage capability by using the
environmental data collected during the evaluation. Attachment A5-1/2 shows
coverage limitations due to screening.

(2) Another important measure of horizontal coverage capability is the
"adequate and reliable" coverage range. According to AFM 55-8 only isolated or
nonrecurring misses (not to exceed misses on three or more consecutive scans) occur
within this range. Within the maximum usable outer ranges mentioned previusly,
adequate and reliable coverage extends to approximately the ranges identifed in
Table 3-2. The Table is derived using data obtained from coverage on the 0450 radial
in conjunction with screening data throughout 3600 of coverage.

TABLE 3-2
ADEQUATE AND RELIABLE COVERAGE

RADIAL 1000' 2000' 3000' 5000' 7000' 10,000'
(DEG) ALTITUDE (AGL)

00-040 6 10 15 20 30 38
040-070 12 20 20 25 30 38
070-135 4 8 10 15 25 30
135-155 12 20 20 25 30 38
155-180 10 15 20 25 30 38
180-210 12 18 20 25 30 38
210-270 7 10 15 20 30 38
270-305 7 12 18 25 30 38
305-360 5 7 10 15 20 30

MAX RANGE (NM)
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f. Feature Comparison:

(1) Video Enhancer:

(a) The enhancer improved the tracking quality better than 5%
This was calculated by comparing tracks flown with and without the enhancer on
at 6500 feet AGL, and comparing the ATS and BSR. The BSR improved by more
than 8 % Although maximum range was not affected (due to screening), the radar
holes were reduced. Due to this improvement the video enhancer should be used
at al times except during ASR approaches (see para 4f( )(b)).

(b) Generally, air traffic controllers are hesitant to use the video
enhancer due to the stretching of the displayed target. This stretching shifts the
displayed center of the target. Since an FAA regulation (FAA 71L 0.65, para 321a)
calls for controllers to use the center of the primary target, an inherent error
results when using enhanced video. When the enhancer is in use, all aircraft
targets will incur similar displacements. Due to this displacement, the MTI
enhancer should not be used when controlling aircraft on ASR approaches.

(2) Polarization. CP reduces clutter from certain weather phenomena
and increases the controller's ability to track aircraft through those conditions,
while LP is intended for VFR weather. Data gathered comparing LP and CP (see
Attachments A21-6/7) show very little difference in average ATS and BSR or
range. Weather clutter returns from storm clouds observed on the scope in LP
were removed in CP, indicating the polarizer was working correctly.

(3) Dual Diversity. The dual channel feature improved tracking
quality better than 10% This was calculated by comparing tracks flown in dual
diversity and single channel operation in LP. BSR improved by 17%. Maximum
range was the predicted range and showed no significant improvement due to
screening.

(4) STC:

(a) STC provides increasing attenuation to radar returns as range
decreases. The use of STC prevents large targets at close range from saturating
the receiver (blooming effect) while allowing full gain presentation of distant
targets. Additionally, ST. reduces the effects of scan modulation and angel
clutter present at close range.

(b) MTI STC was used throughout the flight phase; however, no
noticeable effects were observed on the inner fringe coverage at any altitude.

(5) Passive Antenna. The passive antenna beam feature was evaluated
on the clutter radial. This feature improved tracking quality by II 9& BSR
improved 10% on this radial.

(6) When the passive antenna and video enhancer features were
combined, the tracking quality improved better than 28 %9 The BSR improved
better than 36 0. There were no unusable targets on the clutter radial.

g. ASR Approaches. Excellent tracking was achieved on all ASR approaches
to runways 03/21.

h. Video Mapper. The accuracy of the 10 NM video map was satisfactory.
All other maps were unsatisfactory.
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APPENDIX IV

AIR TRAFFIC CONTROL RADAR BEACON SYSTEM (AN/TPX-42A)

1. System Description:

a. General. The AN/TPX-42 interrogator uses digital techniques to provide
numeric and symbolic displays of aircraft position, identity, altitude, emergency,
communications failure, and hi-jack. The equipment is divided into four major
sections; antenna system, interrogator group, signal processing group, and
indicator system. The system also uses a separate monitor/test system, the
ANITPX-49.

b. Special. The Nellis AN/TPX-42 is used in conjunction with the AN/GSN-
12 GCA shelter. This shelter uses the 980b computer instead of the IDP to
process ATCRBS targets for use on the indicator.

c. Facility Equipment:

() Interrogator Set: AN/TPX-42(V) Type Ill, SN 085

(2) Antenna: GPA-123 Radome, SN 103

d. Environmental Factors:

() S..ing Characteristics:

(a) Location. The system is collocated with the AN/GPN-20.
The ATCRBS antenna is mounted on top of the ASR antenna.

(b) Reflective Sources. There is a large blast-fence to the
southeast of the ASK that acts as a reflective surface to the ATCRBS interroga-
tions, causing numerous false targets, i.e. beacon replies appearing at false
azimuths and ranges. The false target areas and their probable sources are shown
in Attachment Al 2-1. False targets are further explained in paragraph 4c.

(c) Weather. The weather conditions mentioned in Appendix I1,
para lc(2) also apply to the ATCRBS eviuation.

2. Equipment Status. During the ground phase, the ATCRBS was checked using
appropriate technical orders and current evaluation procedures. Results of these
checks are presented in Attachments A17-I/3. Pre and post flight equipment
checks indicated that equipment operation remained within specifications during
the flight evaluation (see Attachment A20-1). Results of the ATCRBS system
checks follow.

a. During the initial checks, VSWR was unreadable. The connector pins at
both ends -f the transmission line were found to be bad. The pins were repaired,
and the VjWR was rechecked at 1.22:1

b. Supporting Test Equipment. No problems were experienced with the test
equipment.
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3. Evaluation Overview. The evaluation consisted of two phases: a ground phase
and a flight phase. The objectives and methods followed to meet those objectives
are explained in the following paragraphs.

a. Ground Phase:

(I ) To ensure equipment performance had no adverse effects on the
evaluation results, extensive equipment checks were performed to verify the
ATCRBS met the operational parameters established by technical order
specifications.

(2) To determine the low power mode transmitter power outputs to be
evaluated during the flight phase.

(3) To ensure the equipment maintained acceptable performance
during the flight phase, pre and post flight equipment checks were performed.

(4) To ensure the ATCRBS antenna beam pattern and the SLS pulse
were acceptable, the P-1/3 and P-2 pulses were measured at the RABM antenna
while manually rotating the AN/TPX-42 antenna. A spectrum analyzer was
attached to the RABM antenna to plot P-1/3 and P-2 signal strength.

b. Flight Phase. The flight phase was accomplished by monitoring the
ATCRBS replies from the C-140 flight inspection aircraft throughout the ASR
flight phase and by monitoring targets of opportunity. The flight phase objectives
and related actions are stated below.

(I) To evaluate the effectiveness of the GTC curve in reducing ring
around and false targets, aircraft replies were observed with the GTC on and off.

(2) To find the lowest transmitter power output required to cover the
Nellis AFB control area, aircraft replies were scored while using selected power
outputs determined during the ground phase.

(3) To ensure ATCRBS coverage adequately satisfied the operational
requirements of the Nellis AFB operation area, aircraft . eplies were scored during
the ASR vertical profile.

4. Analysis of Evaluation:

a. Vertical Profile. ATCRBS coverage extended beyond the radar coverage
at every altitude flowr Even though no holes were observed in the ATCRBS
coverage, loss of targets may occur and can be attributed to one or more of the
following causes: transponder lock-out, reply rate limiting, aircraft antenna
systems, or multipath propagation.

(I) Transmitter Lock-out. This is a characteristic of the aircraft
transponder which is more noticable in areas where more than one station is
interrogating the aircraft simultaneously. As the aircraft can only respond to one
interrogation at a time, all others are locked out of its receiver. This occurs for
the duration of the coded reply transmission, plus an additional period of not more
than 125 microseconds.
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(2) Reply Rate Limiting. This too is a characteristic of the aircraft
transponder which occurs in areas containing numerous ATCRBS. An AOC in the
aircraft transponder protects the transmitter section from overloading by reduc-
ing reply density based upon received signal strength. AOC levels in the
transponder are normally set to 1200 replies per second. Above this level,
receiver sensitivity is reduced to discriminate again interrogations from weaker
sources. The AOC system enables the transponder to reduce replies due to low
level side lobes, reflections, and the more distant stations.

(3) Aircraft Antenna System. Replies can be lost because the aircraft
fuselage, wings, or landing gear shield the antenna. This usually occurs when the
aircraft is climbing, descending, changing aspect, or inaneuvering for landing. To
prevent reply loss due to antenna shielding, some aircraft incorporate dual
antennas, one located in front of the aircraft and at the rear. If an aircraft is
between the chosen antenna and the radar station, interrogations to the
transponder could be blocked and no reply will be transmitted.

(4) Multipath Propagation. Multipath propagation in the ATCRBS
system occurs under the same general conditions as the ASR system (see Appendix
III, para 4a( )). For the predicted null locations see Attachment A8-I.

b. Mode/Code Processing. Mode/Code processing was monitored throughout

the evaluation. In all cases, the mode/code presentation was correct.

c. False Targets:

(I) False targets due to reflection appear when the interrogation main
beam energy bounces off a reflective object and thus interrogates the aircraft via
a reflected path. The aircraft reply usually follows the same path and is received
by the main beam of the antenna. Thus, the aircraft reply is displayed on the PPI
at the azimuth of the reflective surface and a greater range than the true target.
False targets due to reflections occurred occasionally during the evaluation on the
radials depicted in Attachment A12-1. Air Traffic Controllers should be aware of
the location of false targets at Nellis AFB.

(2) False targets can also appear when the aircraft transponder replies
even though the aircraft is outside the main energy beam, causing what has come
to be known as "ring-around". Ring-around was observed when the GTC was
turned off and the aircraft was at close range (within 2 NM). With the GTC on,
the ring-around was eliminated.

d. IAW TO 31P4-2TPX42-6WC-l, the transmit power was adjusted to
determine the lowest output power for the required coverage (60 NM). The power
settings of 100 and 200 watts at 3-5 on the back of the TSDA were checked during
the flight phase. Because of the operational area controlled by the Nellis GCA,
the 100 watt setting was determined to be the optimum operating power for the
AN/TPX-42.

e. Defruiter. The purpose of the defruiter is to eliminate asynchronous
replie3 (aircraft replies from interrogations by surrounding ATCRBS facilities).
No asynchronous replies appeared at any time during the evaluation. The
defruiter should be used to eliminate the possibility of asynchronous replies.
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f. Antenna Beam Pattern. A spectrum analyzer was used to plot the
radiation pattern of the AN/GPA-123 ATCRBS antenna: The main lobe and side
lobes were plotted and data analyzed for abnormalities. The main lobe was 4.50
wide at the 3 dB points and none of the sidelobes exceeded the P2 reference level.
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APPENDIX V

High PoweF Precision Approach Radar (AN/GPN-22)

1. System Description:

a. General. The AN/GPN-22 Radar Set is a HI-PAR consisting of an
antenna group, transmitter, receiver/processor and target processing circuitry.
The radar performs interlaced scan and track functions (including target
acquisition) which provide accurate -data for aircraft ground approach guidance,
during both clear and adverse visibility conditions. The scan function involves
scan of the airspace over a selected runway. The track function involves accurate
determination of target elevation, azimuth and range position. The scanned
airspace consists of a sector from -10 to +70 in elevation and from -100 to +100 in
azimuth. The maximum range is 20 NM; however, operation at ranges of 15 or 8
NM is also available.

(1) Antenna Group. The entire airspace is scanned electronically
twice each second for the 20 NM range and 2.4 times each second for the shorter
ranges. This is accomplished by using a digitally controlled, phased-array which
allows coverage of the entire radar volume with no movement of the antenna.
The pencil beam of the antenna is directed by the electronic control of 443 ferrite
phase shifters. Scanning is done by changing the antenna beam position in 439
discrete steps, covering a 2 dimensional raster, with one dimension representing
azimuth and the second, elevation. The antenna beam position control unit is the
functional component located in the shelter that accepts target data computer
beam commands and calculates phase-shifter angle commands. Each ef the 439
beam positions is held constant for three PRF perods for the scan modes and 4
PRF periods for the acquisition or tra-k mode. Three sequential target returns A

are thereby provided for each beam position during the scan function. The three
returns are utilized to provide noncoherent MTI operation permitting aircraft
radar echoes to be distinguished from fixed clutter, rain or chaff. For areas
where clutter or interference is not a problem, particularly at the far end of the
radar range, the sequence of three target returns for each beam position permits
an integration (summing) function to be accomplished to strengthen the weak
target echoes, particularly in the presence of thermal noise. The actual selection
between integration and MTI operation for the scan video is accomplished at the
Radar Set Control.

(2) Transmitter. The transmitter contains a VHF to X band
multiplier/amplifier and a PIN diode modulator. The output is used to drive a two
stage power amplifier consisting of a low power TWT and a high power CFA. The
CFA may be switched off when only low power is required or during periods of
clear or light weather, thus increasing the life of the tube. Although both stages
of the transmitter power amplifiers are air cooled, waveguide presurization is
required for CFA operation.

(3) Receiver/Processor:

(a) The receiver portion of the receiver/processor is divided
into two functional sections, the scan receiver used during the scan function and
the range and angle tracking receivers for the track function of the radar. The
receiver front end is located in an enclosure behind the antenna main reflector to
minimize return signal losses and hence to assure low noise, good signal sensitivity
and target tracking stability.
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1. Scan Receiver. The scan receiver is a dual
channel frequency diversity receiver. One channel handles the first half of the
received pulse and the second channel processes the second half-pulse which is 37

MHz higher in frequency. Each channel then divides into a coherent MTI receiver,
a noncoherent MTI receiver and a normal receiver.

2. Tracking Receiver. The tracking receivers
perform the processing and detection of the sum and difference channels to
provide range, azimuth and elevation tracking errors on the designated targets.
The error detector outputs are fed to the TDC to update the beam position data
during the next track interval.

(b) Processor. The processor consists of four principal
parts: PRF generator, range gate generator, target detector/track error quanti-
tizer and computer interface circuits. In addition, it contains a clutter
detector/logic generator circuit.

(4) DMTI. The DMTI interference blanker is used to cancel radar
clutter returns without appreciable loss of moving target information. It also
provides integration of normal video radar returns and is capable of blanking
second-time-around target returns. Since the PAR utilizes frequency diversity,
the DMTI has two channels which process each 0.5 usec subpulse separately prior
to summing.

(5) Indicators. Three identical indicators are used in the
AN/GPN-22, two in the operations area and one as an in-shelter maintenance
monitor. The PAR display utilizes a 16" CRT with a beta scan format
presentation providing a three-dimensional view of the entire PAR coverage
volume. Target azimuth, elevation and range are displayed on the CRT via two
simultaneous presentations. The display provides instantaneous and independent
controller selection of 8, 15, or 20 NM range scales, each with a range mark
interval of 1.0 NM with every fifth one intensified. The elevation glide path
cursors, azimuth courseline, ground references and a decision height marker are
also displayed.

(6) TDC. The TDC is a general purpose microprocessor which stores
and executes the radar operational program. The TDC on-line program includes:

(a) Overall executive control and initialization of program
components.

(b) Track computation and next-look prediction for up to six
sequentially tracked targets.

(c) Operator Selectable Glide Path and Target Position Computa-
tions to service the displays.

(d) The search program, acquisition program, and subroutines to
control search, acquisition and track/scan time-sharing for the entire radar set.

(e) Antenna beam-pointing angle by commands to the beam-
steering control processor.

22



(f Detection of computer program and peripheral interface

faults.

b. Facility Equipment: AN/GPN-22, SN I

c. Environmental Factors:

(I) Siting. The PAR is located between the two parallel runways as
shown in Attachment A2-l and provides services to all four runways. The
panaromic photographs in Attachments A4-1/2 show the areas over which the
approaches are flown. The mountains 30-35 NM to the south shoutwest limit the
perfromance of the system to runway 03 (see para 4, this section). Analysis of
the screening angles on the skyline graphs indicate there is no screening angle
large enough within the scan areas to screen the glideslope intercept altitudes.

(2) Weather. The weather conditions discussed in Appendix III, para
lc(2) applies to the PAR as well as the ASR and ATCRBS. Weather was not a
factor during the evaluation.

(3) EMI. No EM! to the AN/GPN-22 was observed during the

evaluation.

2. Equipment Status:

a. Facility Equipment Status. Equipment checks were performed in
accordance with existing technical orders and current evaluation procedures.
Results of these checks are presented in Attachments A18-1/2. Pre and post
flight equipment checks were conducted ensuring the radar was stable at or above
minimum operating standards during the flight phase (see Attachment A20-1).
Equipment operation was satisfactory except for noncoherent MTI, which failed
before the PAR was commissioned to runways 21 R and 21L.

(1) A scan receiver module was replaced when low MDS figures for
the receiver spectrum were obtained. System measurements with the built in
monitoring equipment showed the original scan module to be faulty.

(2) Computer Control and Associated Software. Several faulty
program loads were encountered with the tape reader assembly. Investigation of
this matter further revealed a misaligned read station such that illumination of all
the sensors by the lamp was not being accomplished. This condition was further
worsened by the fact that the installed rod lamp had a bent filament. A field
alignment of the lamp holder assembly and replacement of the rod lamp achieved
satisfactory operating results. A replacement tape reader assembly was placed on
order. Although the presently installed unit was now functioning properly, the
read station assembly had to be re-calibrated for proper trouble-free operation.
It was also considered that the field alignment was only a temporary remedy at
best and that the new tape reader should be installed upon receipt.

b. Test Equipment Status. Considerable trouble was encountered with the
Hewl .t Packard 620B signal generator. Several different generators were used
during this evaluation anri frequency stability was unacceptable. A useable 620B
signal generator was finally obtained from an on-base organization and was used
throughout the evaluation.
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3. Evaluation Overview. The best way to measure radar performance is by
tracking a known target and comparing the results with theoretial predictions and
previous data collected from similar radars. Before tracking a known target, the
equipment must be ruled out as a cause of performance degradation. Because of
this, the evaluation consisted of two phases: a ground phase and flight phase.
Specific objectives and methods for each phase are explained in the following
paragraphs.

a. Ground Phase:

(1) To ensure that equipment performance had no adverse effect on
the evaluation results, extensive equipment checks were performed to verify that
system parameters met technical order specifications.

(2) To verify the PAR angle an airfield survey was performed to
determine the distances and angles required for site parameter panel settings.

(3) To document the environmental effects on PAR coverage, a
horizontal screening survey was performed. Also, data on terrain features, EMI
and weather conditions were collected and analyzed.

(4) To ensure proper equipment performance during the flight phase,
pre and post flight equipment checks were performed.

b. Flight Phase. The second phase consisted of sorties flown with a C-140
flight inspection and with F-5 fighter aircraft to determine the capabilities and
limitations of the PAR. The flight phase objectives are stated in the following
paragraphs.

(1) To verify that the new cursor angles were correct, a theodolite
was used to measure the actual glide path flown.

(2) To document the effects of the PAR special features, the aircraft
were flown on repeated approaches to all four runways with different features
selected.

(3) To document the limitation due to multipath propagation, multiple
approaches were flown to the different runways.

c. Equipment Configuration. Unless otherwise noted, all flight data were
collected With the following PAR configuration: FTC-OFF, coherent MTI, STAR
setting 1, baseline clipping 0, and acquisition gain Low.

4. Analysis of Evaluation:

a. Radar Coverage Limitations. The acqusition and tracking of aircraft
using Normal video was impossible due to the high clutter returns (see
Attachment At3-1 ). These clutter returns are a combination of primary returns
off the building in Las Vegas, NV and second-time-around returns from the
mountains, 30-35 NM away. The severity of the second-time-around clutter is
shown in the photographs taken of MTI video. This clutter is affected by indicator
range and vertical beam scan. Changing the indicator range from 20 NM to either
8/15 NM moves the clutter from between 3-6 NM to between 6-10 NM (see
Attachment A13-21 These photographs are for a vertical beam of -1.0 to +7.00.
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Even in the MTI Mode, it was not possible to track aircraft. A Raytheon
recommendation ot modifying the vertical beam scan to +1.50 to 7.00, with a
STAR setting of I and baseline clipping of 0 was implemented resulting in
decreased second-time-around clutter (see Attachment At3-2). Aircraft
detection and tracking was possible using this change. The AN/GPN-22 has the
capability to process and minimize second-time-around clutter within the DMTI
circuitry. Even when using the maximum threshold of 7, the amplitude of the
second-time-around targets, when viewing the 03 approach area, were of such
magnitude, that the smaller real time return was insignificant at the comparitor
circuits of the analog to digital converter. This results in an almost constant
STAR inhibit condition whereby the target information in the range bin is not
processed for display. Only when the real time target video is greater than the
STAR video will the range bin's information be processed for display. Since MTI is
required for the entire indicator presentation, the DMTI cannot eleminate this
second-time-around clutter. The approaches to runways 21L and 21R are over
gently upsloping terrain which rises to the mountain 13 NM away. This area is
free of objects which cause strong clutter returns. With the elevation beam scan
of -1.00 to +7.00 there were no noticable second-time-around clutter problems.
The analysis of the screening angles on the skyline graphs indicate there is no
screening angle large enough within the scan area to screen the glide slope
intercept altitudes (see Attachments A4-1/2).

b. Glide Path. During the flight checks on 2 February, the PAR glide path
av-eraged 3.040 and 3.100 and the safety cursor averaged 2.520 and 2.520 for
runways 03R and 03L respectively (see Appendix V, Table I). The approaches to
runway 03R were well within commissioning criteria of 3.000 +0.100. The
approaches to runway 03L just met commissioning criteria; however, the reason
for this difference cannot be explained at this time. During preliminary
equipment checks on I March using the Performance Assessment Tape, excessive
tracking error was noted durin% the elevation angle error test 0.80 for the
reference reflector angle of 0.8 . The angle error test indicated acceptable
tracking when the reference reflector angle was changed to 0.90. With a
reference reflector angle of 0.80, flight checks to runway 21R and 21L on 2 March
resulted in out-of-tolerance glide path angles of 3.1 40 and 3.220 respectively.
However, when the reference reflector angle was changed to 0.90, the glide paths
flown were 3.110 and 3.09 for runways 21R and 21L respectively. The survey
data was verified to be correct and that the reference reflector was indeed at a
0.80 angle above antenna focal point. Resiting the reference reflector pole 387
feet closer to the PAR and lowering the reflector by six feet did not improve the
results of the Angle Error Test. However, when additional portions of the old
AN/MPN-13 turntable were removed, the Elevation Angle Error Test improved to
within tolerance. Subsequent flight checks resulted in average glide path angles
of 2.920 and 2.910 and safety cursor angles of 2.510 and 2.560 for runways 21R
and 21L respectively. Approaches were flown to each runway while using the
backup operational tape to control the PAR and the results are listed in Table 5-1.
The angles flown were within commissioning tolerance and better than the
primary Operational Program tape. While the primary and backup Operational
Program computer tapes are allegedly the same, the differences between the
angles flown cannot be explained at this time. It is recommended that the backup
tape t used full time and that the primary tape be used as the backup tape.
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TABLE 5-1

COMMISSIONING FLIGHT DATA

GLIDE DETECTION
DATE RWY SLOPE RANGE(NM) REMARKS
2 Feb T0-4 18.5
2 Feb 03R 3.04 18.5
2 Feb 03L 3.10 14.0
2 Feb 03L 3.10 12.0
2 Feb 03L 2.52 12.0 Note I
2 Feb 03R 2.52 12.0 Note I
2 Feb 03L 3.08

2 Mar 21R 3.14 10.0 Note 2
2 Mar 21L 3.22 18.0 Notes 2,3
2 Mar 21R 3.11 10.0 Note 3
2 Mar 21L 3.09 18.0 Note 3

4 Mar 21R 2.93 10.0 Note 2
4 Mar 21R 2.91 10.0 Note 2
4 Mar 21L 2.90 10.0 Note 2
4 Mar 21L 2.91 10.0 Note 2
4 Mar 21R 2.51 10.0 Note 2
4 Mar 21L 2.57 10.0 Note 2
4 Mar 21L 2.57 10.0 Note 2
4 Mar 21L 2.56 10.0 Note 2

5 Mar 03R 3.01 10.0 Note 2
5 Mar 03L 3.07 10.0 Note 2
5 Mar 21R 2.99 10.0 Notes 1,2
5Mar 21L 2.98 10.0 Notes 1,2
5 Mar 03R 2.54 10.0 Notes 1,2
5 Mar 03R 2.54 10.0 Notes 1,2
5 Mar 21L 2.45 10.0 Notes 1,2
5 Mar 21L 2.43 10.0 Notes 1,2

Note I - Safety Cursor

Note 2 - Track cut short to conserve fuel.

Note 3 - Reference reflector angle is 0.90
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c. Feature Comparison:

(I) MTI:

(a) The MTI receiver is a phase locked system, basing a phase
detection process on a reference of the transmitted pulse phase, cancelling the
present and prior radar intervals and dictating the remaining residue as a moving
target. The noncoherent receiver functions exactly as the standard MTI receiver
except the phase reference is not taken from the transmitter pulse but from a
target within the received period. This makes the receiver virtually immune to
slow moving clutter such as rain. Since the rain clutter's phase is used as a
reference, only targets that are moving faster than the rain are seen by the
operator. Due to the detection characteristics of the noncoherent receiver and
its reduced sensitivity, the use of greater transmitted power is necessary to
provide reliable operation and detection of targets during periods of rain.

(b) As discussed in para 4a of this section, it was not possible to
track aircraft using Normal video. The commissioning flight checks of the
coherent and noncoherent MTI modes for approaches to runways 03R and 03L
were performed in February for the primary Operational Program tape.
Detection and tracking of F-5 size aircraft was possible from 14 NM to touchdown
and C-I40 and F-4 size aircraft were tracked from 18 NM to touchdown. In
March, both the primary and backup Operational Program tapes were commission-
ed for approaches to runways 21L and 21R using only coherent MTI due to
equipment failure in the noncoherent MTI system. A C-140 and F-4 aircraft were
detected and tracked from 19 NM to touchdown for approaches to runways 21L
and 21R, aircraft were detected at 16 to 18 NM on approaches to runways 03R
and 03L. Additionally, the backup Operational Program tape was commissioned
for coherent MTI operation only to runways 03R and 03L. This unit is restricted
to using coherent MTl for approaches to all runways and is also restricted from
using noncoherent MTI until that feature is repaired and flight checked.

(2) PAR Performance 1/2/3. These pushbuttons are used to select
different bandwidth parameters for optimum target tracking. Position 1 provides
maximum frequency diversity and minimum receiver sensitivity and is best suited
for large targets. Position 3 provides maximum signal-to-noise ratio and is used
for weak, distant targets. The bandwidth change between position I and 2 is
accomplished automatically under TDC control but may be manually overridden at
any time. Position 3 is not under automatic control but can be selected manually
if desired. During the flight phase, the PAR Performance automatically switched
between position I and 2 once target tracking occurred. On selected tracks, PAR
Performance 3 was manually selected when tracking F-5 aircraft. Using a PAR
Performance setting of 1, improved target definition was obtained when tracking
F-4 or larger size aircraft within 4 NM. Recommend PAR Performance 1 be used
for tracking large aircraft when they are within 4 NM.

(3) Acquisition Gain High/Low:

(a) In high power it is difficult to distinguish the target
bounda es at short ranges, the Acquisition Gain Hi/Low control should be
switched to the Low position. The Low position reduces the receiver front end
gain by 18 dB for the first four miles. This reduces target bloom and makes
locating the target center easier.
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(b) During the flight phase, Acquisition Gain Low was used on
selected tracks. The C-t 40 aircraft was sucessfully tracked on all approaches. A
series of tracks were flown using High and Low while using F-5 aircraft. Tracking
in either mode was successful. Acquisition Gain Low is recommended when using
high power and conducting approaches of C-141 or larger aircraft.

(4) STAR:

(a) The alternation of transmitted frequencies (every group of
three PRT's) is used by the DMTI sub-circuitry to identify second time around
radar returns. Once a range bin has been identified as having a STAR target
within it's limits, the entire bin output is inhibited. The STAR threshold
thumbwheels establish the minimum magnitude for a return to be identified as a
second-time-around target and cancels any returns within the range bins that are
below this threshold level.

(b) During the ground phase, the eight different STAR settings
were analyzed to determine their effect on eliminating second-time-around
clVtter. Though there was some reduction in clutter returns as the STAR level
was increased from 0 through 7, the remaining level of second-time-around
clutter limited aircraft detection and tracking. During the flight phase, STAR
settings of 0, 1, and 2 were evaluated on selected tracks with no appreciable
difference between any of the settings. At the recommendation of Raytheon, the
unit was commissioned with a STAR setting of I and it is recommended that this
setting be used continuously.

(5) Baseline:

(a) These thumbwheels select the digital level of video which will
be utilized as the baseline for the reconstructed analog video. This effectively
reduces the amount of low level noise present on the indicator. Since the
circuitry does not distinguish between weak targets and noise or "grass", this
function is not normally used.

i (b) During the ground phase, different baseline settings were
analyzed to determine the effects on reducing clutter returns. Increasing the
level decreased the receiver sensitivity and corresponding clutter returns.
Selected baseline settings were flown during the flight phases; however, no
improvement in tracking was observed for any of the settings. Recommend that
the commissioned setting of 0 be used for day-to-day operation.

(6) High/Low Power:

(a) The low power mode is used for normal day-to-day clear
weather operation. During periods of heavy rain squalls or severe interference,
when the noncoherent receiver is utilized, it may be necessary to use the high
power mode. This mode develops a peak RF power output of 250 kW minimum.

(b) In low power for either coherent or noncoherent MTI, a C-140
size aircraft was tracked and acquired from 18 NM to touchdown and an F-5 size
aircraft was tracked from 14 NM to touchdown. Use of high power made
acquisition of targets in areas of second-time around clutter more difficult as the
track receiver frequently locked on noise. Multipath propagation was noted
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within decision height on approaches to all runways. In high power, tracking was
unacceptable as the track receiver consistantly broke lock on the target. The
system was restricted to operate in low power only until Raytheon provides a
suitable solution to this problem.

(7) FTC. The control improves target visibility when the target is
located in a large block of clutter. The clutter is effectively broken up into
leading edges of video thus reducing its masking effects. During the flight phase,
selected tracks were flown with the FTC on and off. There was some
improvement in tracking targets through clutter using FTC. The FTC feature
should be used at the individual controller's discretion.
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APPENDIX VI

POWER SYSTEM

I. System Descriptior. The primary input power to the AN/GPN-24 is supplied by
a commercial source. If a malfunction occurs to the source, diesel powered
generating systems are automatically switched on and used until commercial
power is restored. These generating systems are identified in Attachments Al 9-
1/2.

2. Equipment Status. The backup generator for the AN/GSN-12 shelter and
AN/GPN-20 ASR was tested with satisfactory results. The backup generator to
the AN/GPN-22 did not have an auto-start capability.

3. Evaluation Overview. The best way to measure the backup power performance
is by simulating a commercial power failure and analyzing the backup system's
ability to come on line and assume the load. The backup system must be checked
for its ability to operate under normal load fluctuations.

4. Analysis of Evaluation. The primary and backup power are considered
adequate to support the AN/GPN-20 and the AN/GSN-12. However, the backup
generator to the AN/GPN-22 was not adequate nor reliable. This is because when
the air conditioning unit to PAR came on, the input voltage to the AN/GPN-22
fell below the minimum line voltage. The internal fault circuitry, sensing the low
voltage, shut down the PAR unit. Recommend that the base civil engineer be
contacted to provide adequate backup power.
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Attacflment 14A1-

ASR INITIAL PERFORMANCE CHECKLIST AN/GPN-20

FLOCATION Nellis AFBDAE Jnay18
ORGAN4ZAT ION TP AA/EILNME

SETO . 2069 CSAN/GPN-20 SN: 925002
TYPE ANTENNA GROUND ELEVATION

ASR- 8 1839 feet MSL
SERIAL NUMBER HEIGHT TO FOCAL POINT

925002 ______________ 25 feet AGL
CHECK RESULTS

CHECK SPECIFICATIONS IIILAJSE

1. Atenn AssmblySerial numbers match installatione . ntna ssmbydat(a SAT

2. Pedestal Level SAT

3. FedhomAligmentTelescope cross hairs within

Fedhm linmnttolerance circles NT

4. TIlt at Lower 3 dB Point Mcaia 
. .

Electromagnetic0.515

1. Aligedr Petrge i ifrnebtenatv n

2. Alimned Reang .467taio uageci 40rt .46 4.0 0. dgee67A

7. (Roaion pee P M) 3.5P V Min0u No ia 0H1 . 5 6

4Aligned Drilay .467 usec 3 47 35.6

3(6)AIA28TP1B 3.5 V Minimum Nominal 4.167 .047

5. Start Stagger Sequence .467 usec 4.0.4738.6
3(6)AlA28TP21 F.5 V Minimum INominal 40.6 . 47

SECTO III .TRANSMITMTER SUBSYSTEM
CHECK RESULTS

CHECK SPECIFICATIONS CHECK
INITIA DJSE

A B A I

1. PRF Nottstagger 1040 PPS LQ4Dl 100 -

1. agetonFiamntStagger 1040 PPS L04D- 040~-
1MantoFiaetOperate: 9.0 t 1.0 VDC 9.38 9.00

Voltage Standby: 17.0 tl.0VDC L--1.

3. Pulse Width 0.80 usec NOTE 2 .88 .86 .88

4. Magnetron Spectrum 40 dB Down at( £ 13 MHz 150 148 50

AFCC AP IS 909C



A14-2 Attachment 14
SEC TION III. (Coed~)= TRANSMITTER SUBSYSTEM6

CHECK REUULTS

CHECK SPECIPICATIONS

A a A a

5. Transmitter Frequency Aslsned frequency

6. Duty Cycle (PW) X (PRF) .001 .001 .001

7. High Voltage 210 .- 10 volt, 205 205 20

8. High Voltage Current 7.5 
+ 

1.0 AMPS 6.8 6. 7.

9. Magnetron Current 38 ma Nominal 36.0 36. 36.

10. Relative Inverse Figure < 0.7 .62 .6 .6

SECIO I,4 RECEIEReSUowerE

56.0 d Minimum INITIAL ADJUSTED
with Stagger on or

off A 

A. Incident Power 56.0 dB Minimum 5676. 5.4641.07.C

B. Reflected Power P

3. ~ ~ ~ ~ ~ 813. N3.R8 rstlCret0. . a1.08 391 3.62 9.

C. Difference A-B) 15.56 dB Minimum 17.
1.4:1 Maximum

D. VSWR active only PASV 1 1 1.31 1 _3_1 1.31

Y ST---------

-108IO I ACIE___ _

INITIAL AJUSTED

CHECK SPECIFICATIONS
A a A a

.1. AFC Operation Proper indication SAT SAT

2. Pos. ReM Crystan Crent 0.6 - 2.4 ma .96 1.68
3. Neg. Rcv, Crystal Current 0.6 - 2.4 ma 1. 08 1.62

4. PARAMP Gain + 15 dB Nominal 17.5 18.0

5. Noise Figure 4.0 dB Maximum ACTIVE 0 2
Minum PASSIVE -10.6 -108.8

-110 dam ACTIVE - 1. Nm Sensitivity Minimum P SSIVEI - 109.6 -110.8I. _

109 dBm ACTIVE 1-109.6 109.818 .N o ral L c " Sen sti ty M inim um PA SS IVE -I109 6 -I10 9 .8 1
106 dBm ACTIVE ,-107.61 -108.8,

,. MTI Log Sen~itivty Minimum PASSIVE -107.6J "l10l. 8

10. TR Recovery Time 5 us Maximum I ACTVE .8 3.0
________________1 PASSIVE 2.0_2.

1. PREAMP
Normal Bandwidth 10 MHz Nominal 10, 9.82

Center Frequency 30 MHz Nominal 28.68 29.02

Oin 21 dBMinimum 28 27 25 25



ALLdLflhier.I + A 14-3
SECTION IV, (Continued) RtECEIVER SUSSYSTE

CHECK RESULTS
CHECK SPECIFICATIONS________

INITIAL ADJUSTED

__ _ _ _A a A S

12. PREAMP
M Bandwidth 10 MHz Nominal 10.0 9.82

Center Frequency 30 MHz Nomninal 28.68 29.02

Gain 21 dB Minimum 28 27 25 25
13. Normal

IF Bandwidth 1.2 + 0. 12 MHz 1 .17 1 .3
AMP

aCenter Frequency 30 + 0. 2 MHz 30.01 30.01

14. MTI Bandwidth 5.0 + 1.0 MHz 54 .2 50
IF 5.47____ 5.62 __5.05

AMP
Center Frequency 30 MHz Nominal 29.5 30.02 29.7E

15. Normal Bandwidth 1. 2 + 0.12 MHz 1. 2
Log 13 12
I F ______

Center Frequency 304- 0. 1 MHz 29.95 29.99

16. Video
Enhancer Normal 10 dB Minimum 13 13.8

GanMTI 10 dB Minimum 12.8 12.5

17. Cancellation Radio 40 dB Minimum 40+ 40+

18. Subclutter Visibility 25 dB Minimum 27 28

19. "A" Channel STC Values INITIAL ADJUSTED

ACIV CANELINIT DELAY SLOPE RECOVY INIT DELAY SLOPE RECOVY
ACIV1HANL3I usec d9 usec dB3 usec rIB usec

SrC 1 24 80.24 4 140. __ ____

STC 3



14-4 Attachment 14
SECTION IV. e lRECEIVE R SUSSYSTEM
20. 1081 Channel SiC Values INITIAL -AM-I

ACTIVE CHANNEL INIT DELAY SLOPE RECOVY INIT DELAY SLOPE RECOVY
*e usee dB uee CI 11000 d9 II

STC 1
24 180.24 4 1140.0

STC 3 20 0.0 3 94.79

INITAL _AJUS INITIAL ADJUST INITIAL JADJUST INITIAL ADJUST

RF Gain No.2I

RF Gain No.32

CHECK RESULTS

INITIAL ADJUST INITIAL ADJUST

SATESATSSATISATCSATOSS

A. Nma Line Driver
Input SATI SAT SAT SAT SAT SA

D. Norma Line Driver .5.0 V Nominal
Output 1.0 uaec A A A
i(6)A1AJ9TPI5 SAT 'SAT SAT IA A A



kttachment 14A15
SECTION V. (Continued) ORMTN

B. Nma Line Ampfier
Input *9A12ST

B. Nonna Lne Amplifer 922T . oia ue A
OIput C*pNo 9AIAJ11 . Nmnl ue SAT ______

C. Normal Line Amplifier 9A2A20TP27 5.0 V Nominal Iusec SAT ______

Output Comp No. 2 9A2A20TP25 5.0 V Nominal lusec S)A T _______

E. Norma Line Amplifier 9A2A20TP27 5.0 V Nominal lusec SAT ______

Output Comp No. 1 9A2A21TP31 5.0 V Nominal lusec SAT
F. MTI Line Amplifier 9A2A20TP29 5.0 V Nominal lusec SAT ______

Output Comp No. 2 9A2A21TP3I 5.0 V Nominal lusec A

SECTION VI. WINDICATOR SUBSYSTEMM
1. APPI ____________ ASR I ASR 2 ASR 3 ASR 4

0 dB loss between indicator
A. MDS Differential and re cei ver SAT SAT SAT NOTE 4

No sweep jitter and no sweep ST STST NT
B. Sweep Stability overlap ST STST NT

C.AiuhOinain0 + 1.0 degree from antenna SAT SAT SAT NOTE 4
C. Aimut Orentaionorientation ______ _____

2. Rnge arkInteval Verify accuracy with CRT ST STST NT

3. Switches and Functions Satisfactory Orientation SAT SAT SAT NOTE 4J

*The am~ount of signal loss and distortion is dependent upon the length of the landlines.

NOTE 1: Data filed with the E&I installation team.

NOTE 2: "A" channel magnatron was replaced wich accounts for two sets of
"A" channel readings in the transmitter section.

NOTE 3: All RF gains were left at maximum.

NOTE 4: ASR 4 (maintenance indicator) was not aligned.

TECHNICIAN-

TSgt Hurd, TSgt Fisher
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Al16-1 Attachment 16
DATE

LOAINVIDEO MAPPER PERFORMANCE ANzAiN January 1980

Nellis AFB 2069 CS
CHECK/FRONT PANEL VOLTMETER SPECIFICATION CHECK RESULTS

SECTION 1. VIDEO CONVERTER INITIAL READJUST

METER POSITION Ni 5.0 VOC MAXIMUM SAT
METER POSITION #2 S.0 VOC MAXIMUM I SAT
METER POSITION 03 5.0 VOC MAXIMUM I SAT ________

METER POSITION #4 5.0 VOC MAXIMUM SAT
METER POSITION 95 5.0 VOC MAXIMUM I SAT ________

SECTION il SYNCRO CONVERTER .

.. ...... ** .... .... ...........
SYNCRO CONVERTER *I:.:::::.::....

METER POSITION N6 +5.0 TO -5.0 VDC SWING SAT
METER POSITICH #7 +5.0 TO -5.0 VDC SWING SAT
SYCQ CO0NV ER T ER It 2 :::: ::::.*:

METER POSITION #6 +5.0 TO -5.0 VOC SWING SAT
METER POSITION #7 +5.0 To -5.0 VDC SWING ST________

SECTION Ill. PETRGE

METER POSITION NO 6.0 t I VDCSA

METER POSITION #9 -6.0 ±I VDC SAT
METER POSITION #10 3.5 ±1.5 VDC SAT

PRE-TRIGGER CARD.2-

METER POSITION 00 6.0 t I VDC SAT
METER POSITION 09 -6.0 ± I VOC SAT ________

METER POSITION 010 3.15 1.5 VDCSA

SECTION IV. NIGH VOLTAGE POWER SUPPLY X....... ..

METER POSITION 411 5.0 t i VDC SAT
METER POSITION Nil 5.0 ± I VOC SAT

SECTION V. LOW VOLTAGE POWER SUPPLY.................

PEOWr-4 SUPPLY 01 X::.::.. ... .. .. . .

METER POSITION #12 5.0 1 VDCSA

METER POSITION #12 -16.0 - i VC SAT..............................
METER POSITION #13 -1.0 1 VDC .. SA

POWER SUPPLY #2 .............. .

METE POSTION#12 6.0 I VC SA
METER POSITION #13 16.0 + I VDC SAT

METER_____ POSITION__________ ___3 -1_0__ICSA

METER POSITION 14 5.0 I VDC SAT MA

CHECK SPECIFICATION
1 2 3 [

____________________ ______________________________________ ________I

MAP PRESENTATION UNIFORM BRIGHTNESS AND CLARITY SAT SAT SAT SAT SAT
MAP ALIGNMENT PROPER CORRELATION{

.... NOTE 1 OF ECHOS AND MARKERS IUNSAT UNSAT UNSATJ UNSAT A

A.CS..........5



kttahmen 17A17-1

ATCRBS INITIAL PERFORMANCE CHECKLIST

LO A I Nellis AFB CA EJanuary 1980
tIA-ZATICN JyF TCRI- /SF RAL NUMEI

2069 CS AN/TPX-42(V), Type III, SN: 085
SECTION I ANTENNA SUBSYSTEM7
TYPE ANTENNA GPA-123 RAYDOME
SERIAL NUMBER 13________________________
GROUND ELEVATION HEIGHT TO FOCAL POINT

1839 feet MSL 32 feet AGL
CHECK RESULTS

CHECK SPECIFICATIONS INIT ADJ

. S DIRECTIONAL 1 5 1MAX SEE NOTE 4 1.22:1

2. TRANSMISSION DIRECTIONAL SEE 30d
LINE LOSS 1 & 2

_______.......____ .i:.:... ... : *.. IR-I IR-2 IR 1 1 IR-2

3. RACK DIRECTIONAL SEE .75 dB .75 dB
LOSS NOTE

3

SECTION 11 TRA'4SMITTER SUBSYSTEM 7.____7_:.7 . . . . . . . ..777_777__

NIT ADJ

_______________IR-1 IR-2 1 IR-1 IR-2

. P U L SE5 W I D T H 0 8 0 . 1 .7 5 .7
2. FREQUENCY 1030 0.2 MHz 1030 1030

LO W POWER, 300w
3. OUTPUT P-1/3 MA .J- TSDA 100 100

POW ER P-2 LOW POWER, 300, ..
P j N OM. J-5 TSDA 100 - 100

4. PULSE PACING ........ .

............. . ....... . . . . . . . .... . . . .

P-1/2 P-1/3 P-1/2___ P-1/3

A MO EIP-1/'2 2.0 ±0.1 .,nec 2.02.
A. MODE I P-1/3 3 0 0 1 Eisec _______

P-1/2 2 0 0 1 'I& '
B MODE P/ O _____

C MODE 3/A P-1/2 2 0 01 us-I' 2.0 20
_________________ P-1/3 801"z _o 1~O' .- c________

P-1/2 2 0-0 1 u,2.0 2.0
D___MODE______C _ P-1/3 21 0 + 0 1 u.sec 21.0 .0F?

5. PRF :

________________ . . . . ................... 34.4.. _ _ _ __ _ _ _

SECTION III RECEIVER SUBSYSTEM....

- ~'',:...INIT ADJ

I . rREQUENCY 1090 10.3 MH, 1090 1090

2. Rx GAIN2 0 -0 2 VDC. TP-l,
2.RCANVIDEO LOGIC ONE t 2.2 _t_2. 2 1 2.0 1 2.0
3. Qx SENS -76 d5,,, TP-3, VIDEO 8 7
3. ~x SENS PROCES50R CARD-8-7-9-6

SECTION III Continued on next page.

A FCS 903 'IFv I US EDITION IS OSL



A17-2 Attachment 17
SECTION III. RECEIVER SUBSYSTEM

CHECK RESULTS

CHECK SPECIFICATIONS INIT ADJ

______________________________________ ASR-I ASR-2 ASI-1 ASR-2

4. GTC VOLTAGE -1.5 VOC NOM, TI'-i
VIDEO LOGIC ONE -1.1 -1.4 -1.5 -1.5

5. GTC DELAY I0 usec NOM. TP-4,
VIDEO LOGIC TWO 9.2 9.5 15.0 15.0

6. RECEIVER GATE 2530 usee NOM, TP-3,
VIDEO LOGIC ONE 2530 2530

S'Max, WITH NOISE CLIPPED
7.VDOLVL'AT 0 VDC, TP.3, (VPC). 4.0 4.0_____

8. GTC CURVE

IR- IIT T-2j

D'30u~~ec4 -5dm -2-

A 6OuSENS -6ldBm -59dBm

F= 120 usec= -67dBm -66dBmTII

*1T

-SECTION IV. VIDEO SI GNAL PROCESSOR [NIT AOJ

.WINDOW SIZE 10... .. ......

2. WINDOW LEAD EDGE 2....

3. WINDOW TRAIL EDGE 1X

4. CONFIDENCE COUNTX
It_______ 4 3

P-MODE /ALL-MODE I
5. 0X..

SWITCH POSITION All

6. ASWITCH POSITION 0+2

-2
7. AZIMUTH OFFSET COUNT 0 1

8 . PRF SWITCH POSITION .......

PROPER OPERATION OF wI . . . .

9.ALL VSP FUNCTIONS..........................................

AFCS FOAM 903



ttachment 17 A173

SECTION V INDICATOR DATA PROCESSOR CHECK RESULTS

CHECK SPECIFICATIONS INIT ADJ

MODE READOUT CORRESPONDS
TO AIRCRAFT ALTITUDE, ' 50 FT SAT
40 m.- PERIOD, AS MEASURED AT

2 REFRESH PERIOD A203TPI N ,o,-1 SAT

SECTION VI INDICATOR FUNCTIONS _______.____________,

CHECK SPECIFICATIONS CHECK RESULTS

1. EMERGENCY CODES ASR-1 ASR-2 ASR-3 MAINT

A AURAL ALARM AUDIBLE TONE AT ''A BOX SAT SAT SAT SAT

INDICATOR DISPLAYS FLASHING SAT SAT SAT SAT
VISUAL ALARM SYMBOL

C LAMP ALARM A BOX DISPLAYS PROPER LAMP SAT SAT SAT SAT
INDICATION

2 ALTITUDE FILTER AS SELECTED BY "A" BOX SAT SAT SAT SAT
CONTROL LIMITS

LEGIBILITY REMAINS CONSTANT

FROM MAX TO MIN SETTING SAT SAT SAT SAT
SAT TARGET INTENSITY

4 TARGET SYMBOL SAT SAT SAT SAT
COINCIDENT WITH RADAR VIDEO

5 TARGET TRAIL TARGET SYMBOL fX or 0) WITH SAT SAT SAT SAT
DOTS A MAX OF THREE TRAIL DOTS

COMPLETE ISOLATION OF SAT SAT SAT SAT6. DISCREET CODES SLCE OE A A A A
SELECTED) CODES
COINCIDENT WITH RADAR

7. BRACKET VIDEO VIDEO SAT SAT SAT SAT
IFORMAT COINCIDES WITH N-E-W-S

8 FORMAT POSITION SWITCH POSITION SAT SAT SAT SAT

NOTE I - FROM J-4/5 ON TOP OF OX-16 CABINET TO ANTENNA INPUT JACKS

NOTE 2 - TYPE OF CABLE NORMALLY USED, AND RESPECTIVE LOSSES ARE

RG-142, S0 OHMS, 12 18 PER 100 FEET.

RG-255, 50 OHMS, 3 dB PER 100 FEET

RG-333, 50 OHMS. 3 dB PER 100 FEET

NOTE 3 - FROM J-4 REAR OF IR UNIT. TO J-5 on the back of the TSDA.

REMARKS

NOTE 4: VSWR was unreadable due to bad connector pins at both ends of
the transmission line.

TECHNICIAN ,SSgt Zeigler

AFrCS FORM 903

78,50774



_____________ ________Attathment 18'

PAK Ild HAL. I UPiFORt.ANCE CHL CKLIST GPI1 22

I 1 L 7 1

Nellis AFB 18 January 1980

SLC .ION IAN I ENNA S'J I N ~i_____
C" .*; H. 1E G I i It I ()1 OC AL. P C. 114 T]

23 1843 feet MSL 7.5 feet AGL

1. VERTICAL SENiOR Ar.GLE LEFS *f,4AP o ui1 .01098

kAfi'C P-IASL 'iIFTUH POLL LL'SS THtAN !0 I Alj I f) t~il Tt 2

3AL6...,.TtiM1 E'SA715SFACTO<Y ft.11-t-11O:! OF ['rT SAT
SECTION II___1___ TARGET DATA CC(.IWU1E1R___ __________

DiA61.OS7IC TAPE SATISFACTORY (jrUiLETION OF TESTS JSAT
SECTION III SYSTEm PERFORMANICE TESTS

AZ SAT
1. A LL EkKH OTECTH TSTS HISTORY D ATA Wi 1 flI
I. NGE RRO DTETORTETS CUkSOR LIMITS EL SAT

2. i<ANZL EFkZ-PA TEST SA T COMPL LTO 1'10r F T SAT

B~. Ai.PC k3M I E~ST SA I L,0r11'L E II ON I I I. I SAT
SECTION~ IN' _________ ____ RICCIVER SUt '.S.i 5'1fIA

i f-ILTER REALOJOS

A FREQUENCY GENERATOR FAET ER R LAL)I N c. ' [itE~ AKLA SA

Es. CRYSTAL CURRENT MF T1 k RE " D04,,' Iri (Jf& IN AtIL ASA

C. ANGLE TRACK RECEIVE-i, CENEf. k IJ SATw,(!, iL

U. 1.AtCE TF:ACK HLCLI.LH jME I L s ktAt.II.( I r. 1 II A"LA SAT
E.SAN -CF.IVER .----- --.-..- ___

EN SCA R. C NiIAI NV L' A SAT
................................................................................

. . . . . .. . ............... ......

.......................... ...........2. INMU DICENALE IGAL~................ ... ..jNORMAL -100 TO - 120 du -107

A. XOAFI COHERENT MTI -97 TO -1117 d B -104

NONCOHERENT MTI 1-95 TO - 115dD -102

tNORMAL -100 TO -120ThA -107

i, X0E!F2 COHERtFNT M~i -97 TO -1 11 dB -104

NONCOHERENT MTI -.95 TO -115 dn -104

3 l.ULCLUTTEP VISIBILITY 24 du l MItmum 25



Attachment 18 A 18 -2

1 LC f C L' 11- LAL L, 11:hP

.~. *.L~. C'~ *f',P' u. J~. ~... . . . . . . . . . . . . . . . . ........ .. . .

A 5'' ~ ~V~C+5.2

P6 . -by v 0.15VLC -5.2

C. 12 V 12 1.2VDC +12

0. -12 V -12 1.2VOC -12

E. 24 V 242! 1.2 VUC 23.8

1-. 26 V 28 t.2.8 VDC 30

(p. STANDDY CON~VERTER DCxiC3 280 ±20 VOC 2 80

H. CFA CONVERTER OCXIOO 280 1 28 VDC 330 300

1. CFA HVPS xiK 7.8 ± 0.3 KVA 7.5

J. THYRATROtI BIAS -20 2 2.0 VOC -19

K. TrFGGER PS xiO 20± 20 VDC 185

L. THYrZATFRON FILA.V.NT AND RSVR 6.3 -0.18 VOC 6.48 62

M.. TwT wvP5 xIK -24 12.4 KVDC 23.9

N. ICN PUM/P 3,8 ! 0 4 KV['C 4.0
_____ - -. --. ~~~........ .. . . ......... - ..- -.

2. CURN.ENT READJC-S....... ...... ...

....................................... ................ .. 1

A. TY'T BODY 4.0 ±1.0 viA 3.5

BCPA MOD SHIUNT 43I 10 tt.A 30

C. CFA 70Q i 17.5 .A 5

0. CFA HVr-S x100 4~.0 ! 10 trA 320

3. SPIT PLSE:PULES1 PLAKS V.ITHIN 3 dl0 OF
3. PLI PUSEEACH c)T11ErF SAT

4 Cw~RP FHLQ.JENC't 120 MHz 10' Al 3 (i IcIOrITS 120

LOW .. 30 W (44.0 dOUT.) MIN0IMUM 47.4
S. A\,HAC-E PO.' R OUIP-UT __

HI(AI -. 77 W Ito1.0 l< MINIMUM 60.0

6 IF-L.E V.10TH 1.0 US± 10' Al 3 11, I'0INl S 1.0

7/. P Ct',7A'. LENGTH 110 Nb. -.5 TO *1! N~S 110

t3 P-SE ZLLAY 2 30 i0.01 US 2.3

[Technicans: TSgt Bryant, TSgt Innis 1



A19-1 *trhmpnt 10
EQUIPMENT/SERIAL HME

ASRACPOERAN! GPN-20 SN 925002
LOCATION Nellis AFB DATE January 1980

TRANSMITTER SITE

LINE VOLTAGE ____________

A

CHECK SPECIFICATIONS
INITIAL ADJUSTED INITIAL ADJUSTED

"A" PHASE 105 TO 130 VAC 120 NA _____ ____

"B" PHASE 105 TO 130 VAC 120 NA ___________

"C" PHASE 103 TO 130 VAC 120 NA ______

REGULATOR OUTPUT ______ _____

"A" PHASE 120 VAC 120 NA

"B" PHASE 120 VAC 120 NA

"C" PHASE 120 VAC 120 NA
MANUFACTURER TYPE SERIAL NUMBER

GENERATOR CAPACITY FREQUENCY

NOTE 1
ATMTC MANUFACTURER TP

CHANGEOVER

REMOTE SITE_____________
LINE VOLTAGE

'A" PHASE 105 TO 130 VACNAA

"13" PHASE 105 TO 130 VAC NA NA_____

'C" PHASE 105 TO 130 VAC ~_____
_____________ ~~REGULATOR OUTPUT _____ ____

"A"l PHASE 120 VAC

"B" PHASE 120 VAC 120 NA

*"C" PHASE 120 VAC 120 NA

MEEATR 1ANUFACTURER 
rYPE 

SERIAL NUMBER

CAEAIEYFATQENR

NOTE 1
MANUFACTURER TYPE

AUTOMATIC

CHANGEOVER

REMARKS:

NOTE Information for generator and changeover panel was not available.

TECHNICIAN (Nam*)Tct rd TatF he

AFqt HudTGS is

AM FrO m 9W



AtNahTetAL AoJuSpaTIERI NUTBEL A19ST 2

PAR TC OWERVA 20N

"A"A/PN2 PHAS 128A 10N

"A" PHASE 105 TAC 120 NAC

GENERATORLATO OAAIYFE UNCY

MANUFACTURER TYPESEILNMR

CHANGEOVER Lake Shore Electric I,"EMU Series
____________________________ ________________________________________________ ____________________REMOTE_____________________ ____SIT E______________

LINE VOLTAGE

"A' PHASE 105 TO 130 VAC 120 NA

"U3' PHASE 105 TO 130 VAC 120 NA

""PHASE 105 TO 130 VAC 120 NA ___________

REGULATOR OUTPUT _____________ _____

"A" PHASE 120 VAC 120 NA _____ ____

"S" PHASE 120 VAC 10N

'C" PHASE 120 VAC 120 NA

GNRTR MANUFACTURER 
TYPE 

SERIAL NUMBER

CAPACITY FREQUENCY

NOTE 1 _______________________________ __

AUTOMATIC IMANUFACTURER TYPE

REMARKS:

NOTE 1: Information for generator and changeover panel was not available.

TECHNICIAN (ftmo)

III TSgt Innis
AMO sIpep79



A 0-1 Attachmient 20

PREFLIGHT AND POST FLIGHT EQUIPMENT LOG
LOCA TION OROANIZATION j TECHNICIANS

Nellis AFB, NV I 2069 CS ______TSgt Fisher

POWER NOTE: 1 NOMA MT RECEIVER SENSITIVITY

DATE____ REEIERSNITVTYLNIGHT:5 . PS FLIGHT PREFLIGHf 1POST FLIGHT PREFL;;H-1OPOST FLIGHT

AR Sesdbm Min Spc OM-110 dbm Min SesMw-0 dbm Min
_______56.0 LOG_____ -1____09 LOG____106

26 Jhann80 56.3 56.3 NORM -110 NORM -110 MT 110 MTrr -110
26____ Jan___80 LOG -110 LOG -110 LOG -108 LOG -108
B Channel 5.564 NORM -110 NORM -110 MTI -110 MTI -110
27 Jan 80 564O6. -110 ~LO .-10 LG 0 LOG -108
B Channel NORM -110 NORM -110 MTI -110 MTI -110
28 Jan 80 56.-5.4 LOG- -110 LOG -110 LOG -108 LOG -108
A Channel NORM -110 NORM -110 MTI -110 MTI -110
01 Feb 80 56. 56.2 .. -...11Q. LOG -110 LOG -108 LOG -108
B Channel NORM -110 NORM -110 MTI -110 MTI -110
01 Feb 80 56.4 56.4 LO -1 LOG -110 LOG -108 LOG -108

IFF/SIF Spec s 300W Max .Specs -76 dbni Min

26 Jan 8 100W 10W -79.-7
27 Jan 80 100W 100W -79 -79

28 Jan 80 100W 100W -79 -79 X..........

01 Feb 80 100W 100W -79 -79

PAR Specs Low Power dbm Min Specs.1 00 -- 120 dbm Mi Specs -97 --117 dbmf Min

NOE244.8__________ _

AF1/BF2 AF1/BF2 AF1/BF2 AF1/BF2

02 Feb 80 45.8 45.8 -106/-108 -106/-108 -101/-106 -101/-106j

02 Mar 80 45.0 45.0 -106/-108 -106/-108 -104/-101 -104/-101

04 Mar 80 45.1 45.1 -106/-108 -106/-108 -101/-101 -101/-1011

05 Mar 80 45.0 45.0 -106/-108 -106/-108 -104/-101 -104/-101
R EMAR KS

NOTE 1: Sensitivity readings were obtained from both active and passive beams
and were identical.

NOTE 2: PAR noncoherent MTI was inoperative during the evaluation.

AFCS MA V73 917



Attachment 21 A21-1

IiNTERPRETATION OF TRACKING COMPUTATIONS AND 4/3 EARTH CURVATURE GRAPH

Reference AFCS Forms 918 and 916A. Fine grain data presents target strength
infnrmation in a bar qraph format. The figure is an examoe of a fine
grain data track. Target strengths are recorded IAW AFM 55-8. Three or
more consecutive misses (strength one targets are counted as misses)
constitute a radar hole. The number of scans per a given 5 NM distance
will vary as a function of aircraft speed. Each scan of the antenna is
presented as a vertical line one, two, or three units high, dependinI
upon the scar. signal strength. If the scan signal strenqth is zero, a
dot is depicted. Tracks that are blocked consist of three or more
consecutive "three" value scans. Arrows indicate aircraft direction.

i- ===won

0 10 20

NAUTICAL MILES

DEFINITIONS:

a. BLIP: Refers to the return signal reflected from the aircraft.

b. SCAN: One complete revolution of the antenna.

c. BLIP SCAN RATIO (BSR): Total number of strength 3 and 2 blips
divided by the total number of scans.

d. AVERAGE TARGET STRENGTH (ATS):

ATS = (3 X a) + (2 X b) + (1 X c)
Total Scans

where a = Total number of strength three targets
b = Total number of strength two targets
c = Total number of strength one targets

e. MAXIMUM OUTER RANGE: The center of the last 10 scans that
contain 5 usable returns, i.e. a 50% BSR.

AFCS * 906 GENERAL INFORMATION
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REFRACTIVE THEORY AND DEFINITIONS

1. The bending or refraction of electromagnetic energy as it passes through the air
occurs because of the structure of the troposphere. Energy propagated through a vacuum
would travel in a straight line. Simiiarly, energy transmitted through any gas (or liquid)
that is uniform in density perpendicular to the direction in which the energy is traveling,
will follow a straig.Mt line path. However, due to the physical characteristics of the tropo-
sphere, the density of the troposphere decreases with increasing height. Therefore, the
front oi energy trAnsmitted at low elevation angles will be subject to refractive bending.
Usually. the top of the wave front will move faster than the bottom, since the density of
the atmcsphere decreases with height. The result is a downward bending of the
transmitted energy.

2. The number that describes the relative speed of propagation in any substance is
referred to as the index of refraction (no It is defined as the ratio of the speed of
propagation of eiectromagnetic energy in a vacuum (c) to the speed of propagation of
electromagnetic energy in the medium in question (v):

c
n= v

Within the waveiength band from 1 cm (30 GHz) to 10 meters 130 MHz), the index of
refraction aoes not change appreciably as the frequency changes. The typical range of
values of n at sea level is from 1.000250 to 1.000450. Since these numbers are difficult to
work with, a "scaled-up" quantity called refractivity (N) is used, and is defined as

N = (n - 1) 106

Thus the range of values of refractivity at sea level becomes 250 to 450 N-units.

3. As mentioned earlier, the bending of energy is caused by the change in density with
heght in the air. Since the speed of propagation of energy is related to the density of the
air, and the refractivity (N) is related to the speed of propagation of energy (by1 (finition), then refractivity in the tropospherc is directly related to the density of the
air. Therefore, the bending of electromagnetic energy may be thought of as due to the
change of refractivity with height in the troposphere, or the vertical gradient of
refractivity. It is important to note that it is not the value of N at a particular point that
determines refraction but it is the gradient of refractivity that must be considered. The
refractivity may be related to the meterorological variables of pressure (p), temperature
(T), and water vapor pressure (e) by the following equation:

Ap Be
N - + -

T T

where A and B are constants. The normal rapid decrease of p and e with height in the
troposphere leads to a decrease of N with height. Temperature usually decreases slowly
with height, and this has an opposite effect on the change of N. In the so-called
"standard" atmosphere, the result is that N will decrease by about 1Z N-units per 1000
feet of altitude through the lower levels of the troposphere, and 6 N-units per 1000 feet in
the upper levels. It is this decrease of refractivity with height that leads to the "normal"
downward curvature, or refraction, of electromagnetic energy.
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REFRACTIVE THEORY AND DEFINITIONS

4. In the "real" troposphere all is not so simple. The temperature and water vapor
pressure may vary in any manner, while atmospheric pressure will continue to decrease
with height. This seemingly random variation of the meteorological terms will lead to
unusual changes in refractivity with height. Refractivity may decrease more than in the
Wstandard" troposphere, causing more pronounced bending of electromagnetic energy. On
the athei hand, refractivity may actually increase with height, which may result in an
upward z-ur.ature ef a radio/radar beam (opposite the curvature of the earth). The
propagation 3f electromagnetic energy along a path that is different from the usual or
expected path is known as "anomalous propagation" (AP). The refraction that results
under various AP conditions is referred to as either subrefraction, superrefraction, or
trapping dcting). These refractive conditions, the effects on electromagnetic energy
presented as a single ray, and the gradients of refractivity that may cause them are
defined below-

a. Subrefraction: Ray curvature is upward. Radio/radar ranges are significantly
reduced. The occurrence is quite rare. The gradient of refractivity is equal to or greater
than 0 N-units/I00 feet (ar'erage "standard" value is - 12 N-units/1000 feet).

b. Normal refraction: Ray curvature is downward but not as much as the
curvature of the earth. Radio/radar performance is generally undisturbed, and the
occurrence is frequent. The gradient of refractivity is less than 0 N-units/1000 feet and
greater than - 24 N-units/1000 feet.

c. Superrefraction: Ray curvature is downward, more sharply than normal, but
not as much as the curvature of the earth's surface. Radio/radar ranges may be
significantly extended; the occurrence is frequent. The gradient of refractivity is greater
than -48 N-units/1000 feet and less than or equal to -Z4 N-units/1000 feet.

d. Trapping: Extreme superrefraction, with downward curvature equal to or
greater than the curvature of the earth's surface. Radio/radar performance is greatly
disturbed, ranges are greatly extended, holes in coverage may appear; occurrence is not
normally frequent. The gradient of refractivity is less than or equal to -48 N-units/1000
feet.

5. For an understanding of refractive effects on the system being evaluated, refer to
AFCS Pamphlet 100-79.
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INTRODUCTION TO THE RADAR COVERAGE INDICATOR

I. General: The RCI graphically portrays the vertical coverage of a radar and is
one of the basic tools used as a standard to predict radar detection performance.
Except for an allowance for standard refraction, the RCI is a free-space
portrayal. It is made more applicable to a particular radar by applying
unambiguous range limits (PRF limits) and true antenna tilt.

2. RCI Composition: The RCI consists of two parts, a background and a
modified antenna coverage pattern.

a. Background: The background serves as the base of the RCI and provides
the coordinates of range, antenna tilt angle, and aircraft altitude. The back-
ground displays different ranges as arcs centered at the antenna focal point and
extended to 70 NM. Antenna tilt angles are marked around the edge of the
background from 1.50 below to 200 above horizontal. Aircraft altitudes are
depicted from the antenna focal point up to 40,000 feet AGL.

b. Modified Antenna Coverage Pattern: The modified antenna coverage
pattern shows boundaries of constant signal returns and is referenced to the
aircraft radar profile. The lobes are identified by alphabetical letters which are
referenced to individual aircraft in Attachment 23-6. The point on the RCI where
the altitude on an particular aircraft intersects the lobe that represents the
aircraft's reflectivity size is the predicted radar reference range.

3. Actual Versus Predicted Maximum Range: The outer fringe of the radar may
be determined using targets of opportunity, or if possible. a dedicated aircraft.
Only aircraft of known reflectivity and altitude can be used as valid targets.
Maximum range samples must be taken with the integrator off and LP selected.
The RCI was constructed for a single-scan probability of detection of 50 percent;
therefore, the range at which 50 percent useable targets are achieved is the
comparison point. The 50 percent range is the midpoint of the outermost 10 scan
cell containing at least five useable targets. To find this point one should start at
the outermost usable target and count 10 scans back from it. Slide the 10 scancell back in one-scan increments until the 50 percent point is reached. Useable
targets are defined in paragraph 215.3 of AFM 55-8.

4. Conclusion: The RCI in Attachments A23-2/5 has been set for the true
antenna tilt determined during the evaluation and is ready for use. It should be
emphasized that the RCI is only a theoretical prediction tool, and data obtained
using this tool are not absolute and can be quite variable. Only after several
samples are taken and a definite trend developed should any corrective actions be
contemplated.

. _._...........



I A23-2 Attachment 23
T IT L E

I L C A~ ON RCI (ACTIVE)

Nellis AFB January 1980

'I0

.41

QEMA RKS

AFCS M 906 GENERAL INFORMATION



I Attachment 23 A23- 3
TITL E

LOCATION RCI (PASSIVE) D

Nellis AFB January 1980

11

-REMARKS

APC MAY7 3 906 GENERAL INFORMATION



A23-4 Attachment 23

RCI DUAL (ACTIVE)

-
R

AFCS JA v3 0 GENERAL INFORMATION



Attachment 23 A23-5

RCI DUAL (PASSIVE)

- A ON Nellis AFB January 1980

RNVAKS

AFCS MA'7"R3 906 GENERAL INFORMATION



A23-6 AIRCRAFT REFLECTIVIT .Y Attachment 23

TYPE AIRCRAFT REFLECTIVITY TYPE AIRCRAFT REFLECTIVITY

A-IG J CONVAIR 990 E
A- 3B I F-4C 3
A-4F N F-5A 0
A-6A K F-8E L
A-10 K F- 14 1
AERO CMDR M F-15 3
B-52 [D F- 16 M
B-57B 3 F-100 L
B-66B I F-101B 3
BEECH BARON 0 F- 102 K
BEECH BONANZA S F.-104 M
BOEING 707 E F-105 K
BOEING 720 F F- 106A 3
BOEING 727 F F-IlIA N
BOEING 737 H GRUMMAN GOOSE L
BOEING 747 yoGRUMMAN

GULFSTREAM 3
BRITANIA F LEAR JET 0
C-5 yo0-1 T
C-45 L 0-2 Q
C-47 G ov-l K
C- 54G C OV-10 L
C-123 D T-28 L
C-l130 A T-33 N
C- 131 D T-34 R
C- 133 wlT-37 P
C-135 E T- 38 0
C- 140 M T- 39 N
C- 141 E U-2 MICESSNA 336 Q U-38 0
CONVAIR 440 D U-6 P

CONVAIR 880 F U-8 N


