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] L ABSTRACT
i The Military Potential Test of a Doppler Navigator in a Fixed-Wing

Aircraft was conducted by USAAVNTBD personnel in the vicinity of Fort b
Rucker, Alabama, and Tampa, Flonda, durmg the period 22 February -
k. P 12 June 1964. SThe test item's weight, power requirements, accuracy,
o Tepeatability, and reliability did not meet the requirements of the MC's
- and SCL 5953. The test item was not suitable for tactical use and was
marginally acceptable from a human factors standpoint. It was concluded
that the test item is not suitable for Army use and recommended that the
test item be given no further consideration for Army use,
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SECTION 1 - GENERAL

1.1. REFERENCES,

1. Military Characteristics for Lightweight, Self-Contained Navi-
gator, as recorded at SCTC Meeting, No. 599CS, Item 4731, 31 August 1959,

S e €,

L

2. US Department of Commerce Coast and Geodetic Survey Bearing ‘
and Distance Tables VOR/TACAN, 2nd Edition, October 1959, as 3
changed. 1

3. US Army Electronic Research and Development Laboratories
Technical Requirements SCL 5953, subject: ''Light Weight Airborne
Doppler Navigator,' 10 May 1963 (Classified).

4. Combat Developments Objectives Guide, paragraphs 533¢(5)
and 533c¢c(6), revised 16 July 1963,

5. Report of Test, USATECOM Project No, 4-3-3600-01-G,
'"Military Potential Test (Comparative Evaluation) of Doppler Navigation
Systems, " US Army Aviation Test Board, 2 October 1963,

6. Letter, AMSTE-BG, Headquarters, US Army Test and Evalua-
tion Command, 26 October 1963, subject: 'Directive for Military
Potential Test of LFE Doppler Navigator, USATECOM Project No. 4-4-
4305-01-A."

7. Letter, AMSTE-BG, Headquarters, US Army Test and Evalua-
tion Command, 19 December 1963, subject: "Directive for Participation
in Military Potential Test of LFE Doppler Navigator, USATECOM Pro-
ject No. 4-4-4305."

8. Letter, STEBG-TPD, US Army Aviation Test Board, 13
December 1963, subject: 'Military Potential Test of LFE Doppler
Navigaotr, USATECOM Project No, 4-4-4305-01-A, " with lst Indorse-
ment, SMOSM-ECCV-2, US Army Aviation and Surface Materiel Com-
mand, 31 December 1963,

9. Report of Test, USATECOM Project No. 4-4-3600-( )-G,
""Military Potential Test (Comparative Evaluation) of Doppler Navigation
Systems, ' US Army Aviation Test Board, 6 January 1964,
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10. Letter, AMSTE-BG, Headquarters, US Army Test and Evalua-
\ tion Command, 29 January 1964, subject: ''Military Potential Test of
LFE Doppler Navigator, USATECOM Project No. 4-4-4305."

[P

1.2. AUTHORITY,

i e A T A o P

1.2.1. Directive.

: ‘ Letter, AMSTE-BG, Headquarters, US Army Test and Evalua-
: : tion Command, 26 October 1963, subject: 'Directive for Military

Potential Test of LFE Doppler Navigator, USATECOM Project No.
4-4-4305-01-A."

1.2.2. Purpose.

To determine the suitability of the Test Doppler Navigator:
! a. In fixed-wing aircraft.

b. For possible use in Southeast Asia.

1.3. OBJECTIVES.

To determine the:

a. Physical characteristics.

b. Installation requirements,

c. Operational characteristics.

d. Reliability during the test period.
e. Tactical suitability.

f. Personnel requirements.

g. Maintenance requirements.

h. Human engineering characteristics.
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i.4. RESPONSIBILITIES.

The US Army Aviation Test Board (USAAVNTBD) had sole respon-
fibility for conducting and reporting on the Military Potential Test.

5. DESCRIPTION OF MATERIEL.

1.5.1. The test Doppler navigator is a three-beam, interrupted-CW
system operating at 13, 325 megacycles. It provides point-to-point navi-
gation from a known base to any number of destinations without use of
ground-based navigation aids or visual reference to the ground._

1.5.2. \The system consists of a receiver~transmitter unit with attached
antenna, a frequency-converter tracker, a high-voltage power supply,
and a navigation computer with necessary controls and read-out instru-
ments. ee figure 1)

1.6. BACKGROUND,

1.6.1, The USAAVNTBD evaluated the test Doppler (less the MINAC-6
computers) in a CH-21 Helicopter for Advance Research Projects
Agency (ARPA), Department of Defense, under USATECOM Project No.
4.3-3600-01-G, The results of this evaluation were submitted in a
report dated 2 October 1963 (reference 5).

1. 6.2. After a review of the test results obtained during the rotary-

wing evaluation, ARPA determined that further evaluation of the system
should be conducted in a fixed-wing aircraft, preferably a CV-2 (Caribou).
In addition, ARPA requested that this evaluation be oriented to determine
suitability for use in Southeast Asia, as was the rotary-wing evaluation.
Upon receipt of the directive to conduct an evaluation of the same equip-
ment in a fixed-wing aircraft, the USAAVNTBD requested and received
authority from the US Army Test and Evaluation Command (USATECOM)
to include a navigation computer in the evaluntion. The navigation com-
puter was subsequently furnished by the manufacturer.

1.6.3. Prior Doppler reports of test {references 5 and 9) have been
researched and the following pertinent information considered: system
accuracies, weight, power requirements, and human factors.

1.6.4. The cquipment was received for test on 22 January 1964.
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1.7. FINDINGS.

1.7.1. The weight and power requirements exceeded limitations con-
tained in the Military Characteristics and SCL 5953 (references 1 and 3).

1.7.2. Test item installation presented no unusual problems,

1.7.3. The accuracy and repeatability of the test system did not meet
the criteria specified in the Military Characteristics and SCL 5953.

1.7.4. The test item did not meet reliability criteria set forth in SCL
5953.

1.7.5. The system, as tested, was not suitable for Army tactical use.
1.7.6. Operator personnel required 12 hours of training to enable them
to operate the system, At present, no maintenance personnel are trained

to maintain the test item.

1.7.7. Maintenance support for the test item is not presently available
in the Army supply system.

1.7.8. The test item was marginally acceptable from a human factors
standpoint.

1.8. CONCLUSION,

The test item is not suitable for Army use.

1.9. RECOMMENDATION.

It is recommended that the test item be given no further considera-
tion for Army use.
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SECTION 2 - DETAILS AND RESULTS OF SUB-TESTS

2.0. INTRODUCTION,

%

The Military Potential Test of a Doppler Navigator in a Fixed-
: Wing Aircraft was conducted by US Army Aviation Test Board personnel
{ { in the vicinity of Fort Rucker, Alabama, and Tampa, Florida, during
' . the period 22 February - 12 June 1964. The test consisted of 47 flights
: and approximately 35 hours of test item operation. The test item was
‘ ‘ installed in a CV-2 (Caribou) Airplane, Serial No. 57-3803, and was
! flown over pre-~selected courses. The values for the computer inputs
‘ were calculated using data obtained from the Coast and Geodetic Survey
‘ Manual (reference 2). Courses were flown repeatedly in both directions
by at altitudes ranging from the nap of the earth to 10, 000 feet. Position
readings from the computer control panel were recorded at the various
check points and compared with the computed data in order to determine
the system accuracy.

2.1. PHYSICAL CHARACTERISTICS.

2.1.1. Objective.

To determine size, weight, and power requirements of the system.

2.1.2. Method

Each component was weighed and measured. The a.c. and d.c.
power requirements were measured and recorded.

R e S A R T TR SN TP e oLy TR T8 un

L b : 2.1.3. Results.

4

} 2.1.3.1. Size and weight of the test system components are as follows:
- :
9 Component Size (Inches) Weight i

Computer, Navigational 57/16 x711/16 x 13 1/2 251b. 3 oz.

. Plotting Board, Pictorial
: Display 103/16 x91/2x311/16 10 1b.

Control, Indicator, Com-
puter 53/16 x53/4x711/16 91b. 12 1/2 oz.

' Converter, Signal Data 61/16 x 10 1/8 x 12 7/8 13 1b.
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Figure 1. Test Doppler Navigator
. : Arrow 1l: High Voltage Power Supply
g Arrow 2: Navigational Computer
Arrow 3: Receiver-Transmitter with Antenna
Arrow 4: Frequency Converter-Tracker !
Arrow 5: Bearing Distance Heading Indicator
(BDHI)
: Arrow 6: Radar Set Control
Arrow 7: Computer Indicator and Control
Arrow 8: Signal Data Converter
i Arrow 9: Pictorial Display and Plotting Board
" )
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Y Component ..z¢ {inches) Weight
| ‘
: Control, Rada: 5et 113/16 x5 13/16 x 91/2 oz. '
: 29/16
Bearing, Distance, 3 15/16 diameter 31b. 11/2 oz.
Heading Indichtor 7 5/16 depth
: Frequency Converter 73/4x121/16 x 19 1b,
R Tracker 131/2
Power Supply, High 8 x 10 1/8 x 12 20 1b. 1 oz.
;., ; Voltage
Receiver-Transmitter 71/4x151/8x141/4 25 1b. 4 oz,
w/Antenna 4 1/8 {antenna radome)
TOTAL WEIGHT 125 1b. 15 1/2 oz.
2.1.3.2. Power requiremerts were 1053 velt-amperes at 115 volts,
o 400-cycle a.c, and 1.5 amperes at 28 vclts d.c.
2.1.4., Analysis,
1 The weight (125 pounds, 15 1/2 ounces) and the power require-
ments (1053 volt-amperes at 115 volt, 400-cycle a.c. and 1.5 amperes
at 28 volts d. c.) of the test item were greater than the other Doppler
systems previously t:sted {references 5 and 9) ard exceeded the limita-
tions specified in the Military Characteristics {reference 1) and SCL
o 5953 (reference 3).
2.2, INSTALLATION REQUIREMENTS,

2.2.1, Objective.

To determire installation time ersornel requirements, and
]
any unusual ‘nstallat‘on cha-acterist.cs,

2.2.2. Method._
The test item was ins'alied by USAAVNTBD personnel with tech-
nical assistance f{rom the manufacturcr and installation time was recorded.

One Aviation Elccironic Equipment Mechanic, MOS 284, 1, and one sheet-
metal repairman (:ivilian) were used. This ‘nstallation was made solely

>
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# Figure 2. Installation
- ‘@ of radar set control
{arrow 1) and computer
- ‘; . ‘wl <‘ ? indicator and control
) ' (arrow 2).
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Figure 3. Installation
of Bearing Distance
Heading Indicator (BDHI).
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;o facilitat: testing of thi. Doppler system (figures 2 through 6). No
detail drawings were made tor MWO purposes.

2.2.3, Results.

A total of 679 man-hours was required to complete the installa-
tion: 305.5 hours for sheetmetal work and maintenance support; and
373.5 hours for avionics including planning, installation, operational
checks, and compass swing (appendix I, part A). No unusual problems
were encountered.

2.2.4. Analysis,.

Installation time of 679 man-hours and personnel require-
ments of one Aviation Electronic Equipment Mechanic, MOS 284.1,
and one sheet metal repairman werc comparable to other electronic

installations of this type. No unusual installation characteristics were
noted.

2.3. ACCURACY.
2.3.1. Objective.

To determine overall system accuracy.
2.3.2. Method.

Position readout over each computed ground reference point
was recorded on 47 flights and compared with the computed data.

2.3.3. Results.

Errors rccorded ranged from .05 percent to 4. 84 percent and
the average error was determined to be 1. 69 percent of the distance
traveled. (See appendix I, part B.)

2.3.4. Analysis.

Tke system accuracy of 1,69 percent of the distance traveled
(mean error of all tlights) failed to meet the accuracy standards estab-
lished in the Military Characteristics (reference 1) and SCL 5953 (ref-
erence 3).

9
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Figure 4,

Installation of navigational computer
{arrow 1), high voltage power supply
{arrow 2), frequency converter-
tracker (arrow 3), signal data con-
verter (arrow 4), and pictorial display
and plotting board (arrow 5).
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Figure 5. Pictorial ]
display and plotting !
board, mounted behind ;
pilot's seat. i ;
i
4
3
L

Figure 6. Installation
of antenna radome on
underside of fuselage.
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2.4. OVERWATER AND WIND-MEMORY OPER ATION,

2.4.1, Objective,

To determine system accuracy during overwater flights and
during wind-memory operation.

2.4.2. Method.

The test system was flown over water with a sea state of
Beaufort 2 for a distance of approximately 100 kilometers during a
flight of 191, 3 kilometers and the data recorded,

2.4.3. Results.

2.4.3.1, The distance-traveled error for the overwater flight was
1.57 percent. (See appendix I, part B.)

2.4.3.2. Wind-memory operation could not be tested because the
true-airspeed transducer was nct compatible with the MINAC-6 com-
puter due to conflicting scale factors.

2.4.4, Analysis.

System accuracy of 1.57 percent for the overwater flight was
comparable to the overall system accuracy of 1.69 percent, both of
which failed to meet accuracy criteria established in the Military
Characteristics {reference 1) ard SCL 5953 (reference 3).

2.5. REPEATABILITY,.

2.5.1. Objective.

To determine the fest system's abiiity to repeat identical
readouts over the same courses.

2.5.2. Methed.

The test system was flocwn over pre-selected courses and

position errors were recerded. The flights varied from 78.5 kilometers

to 148.5 kilometers at altitudes {rvm nap-of-the-earth to 10,000 {eet.
These flights were graphed and analyzec {figures 7 through 16)., In
addition, all flights were rediced ©0 a common base of 100 kilometers

and graphed (figure 18}, Distanie errozs were reduced ard positioned

proportionately,
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2 i 2.5.3. Results,
t 2
Y Tt-. tcst system's ability to repzat identical readouts over the
4 i ’ same cours:s varisd extensively as stown in appendix I, part B.
i
: ) 2.5.4. Analvysis,
, . Repecatability of th= system was unacceptable because of the
f wide dispersion of the flights as skown in figures 7 through 16 and
position errors that ranged from .05 percent to 4. 85 percent. :
] i ; 3
4 2.6, COMPATIBILITY.
T 2.6.1, Objective,
- q
To determine the test system's compatibility with other in- 3
stalled avionics equipment. é
2,6.2. Meod, :
L ' The test system was operated simultaneously with other in- ;
% stalled avionics equipment. :
2.6.3. Results. i
= N i
No interforence or adverse zffccts were roled between the i
test item and the other installed avicnics equipment, :
2.6.4. Analysis.
i *
: Not applicable.
N } '
4 2.7. RELIABILITY.
' *‘;i-{ 2.7.1. Objectivs b
| e fel, JE:C»__:::U
g To dz2termire relialb:llity of th= t:st item during the test period.
X .
s & : 2.7.2. Method.
F
¥,
o Oprration time, numbar of failures, and repair time of the test
item during it = tesi poriod were reccrded and analyzed,
s |
13 ,
X { L g
4
é
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2.7.3. Results. t

2.7.3.1. The system was operated a total of 148 hours, including cali-

cessively large at
higher aircraft
altitudes.

14

cycle driver board
in antenna unit.

bration, check flights, and bench time.
2.7.3.2. Following is a list of failures, corrective actions taken, and .
man-hours required for repair. g
; Man- '3
x Date Failure Corrective Action hours o
¢4
17 Mar 64 Magnetic variation Replaced counter. 1:00 :
! counter failed to
drive,
I 27 Mar 64 Bearing distance Replaced servo ampli- 1:00
heading indicator- fier in computer
relative bearing course angle and
indicator inoperative, distance module.
2 , 13 Apr 64 Wind speed and True airspeed trans- 1:30
- direction readout ducer scale factor i
(! unreliable. found to be incompatible ,
with MINAC-6 computer. .
Wind synchro transmit- | 4
' ter placed in locked * '
position at 137 knots K.
(average cruise speed).
. 16 Apr 64 Computer inopera- Repaired cold solder 1: 30
tive, no integration, joint on "A'' integrator
circuit.
20 Apr 64 Bearing distance and Repaired broken wire 1:00 ‘
heading indicator No. in aircraft intercon-
2 needle inoperative, necting wiring.
30 Apr 64 Doppler radar Replaced preampli- 1:00
inoperative. fier.
»
.' 2 Jun 64 Doppler errors ex- Replaced 51 mega- 1:15
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Man-
Date Failure Corrective Action hours
8 Jun 64 East-West present Replaced East-West 0:30
position counter counter in computer
inoperative, control indicator.
9 Jun 64 Doppler inoperative, Replaced input ampli- 0:30
no integration. fier in signal data

converter unit.

2.7.4. Analysis,

The test item failed to meet maintenance reliability criteria
established in the MC's and SCL 5953 because of the ratio of operating
time to maintenance time and component failures.

2.8, TACTICAL SUITABILITY,

2.8.1. Objective.

To determine tactical suitability.
2.8.2. Method.

Simulated tactical missions were planned and flown at altitudes
from the nap of the earth to 10,000 feet over computed courses and the

following data recorded:

a. Mission planning time using crews with varying degrees of
experience and operating with various types of maps and charts.,

b. Doppler warm-up time.
c. Total system reaction time.
d. Accuracy during the simulated tactical missions.
2.8.3. Results.
Mission pianning time varied from one to three hours depending

upon type of maps used, method of programming the computer, and degree
of training of aircraft crew. Doppler warm-up time was approximately

15
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one minute. Total reactior time vari-d from 2 to 10 minuted depend-
ing upon t~e amount of da:a insecrizd into the computer. Position
errors ranged ‘rom .05 percant to 4,85 percent. (See appendix I,
part B.)

2.8.4. Analzsis,

Plaaning time, squ.pm+<nt warm-up lime, and fotal reaction
time were acceptable. Position errors ranging from .05 percent to
4. 85 percent were unacceptable when considering point-to-point
navigation requirad for taciical missions such as personnel drops
and resupply of isclated units during night ar.d all-wcather operations.

2.9. TRAINING.
2.9.1. Objective.

To det=rmine training requirements for operator and main-
tenance personnel.

2.9.2. Methed,

Manufacturer's operating and maintenance instructions were
reviewed to determine training requirements.

2.9.3. Results,

2.9.3.1. It was detzrmined that a minimum of 12 kours was neces-
sary to train operators in ths use of tt s test item. This training
included familiarization with squipment, dcad-reckoning navigation,
determination of geographical coordinates from maps or charts, and
determination of trigonometric func:ions, using a slids rule or pub-
lished tables. (Scs app=rdix !, par: C.)

2.9.3.2. It was del-rmined that ar: Av.adicr El= zroric EqQuipment
Mechanic, MOS 284.1, would r:quire a minimimmn of 16 wours of
classroom instruction and 24 how.rs of on-i.=-0' training ir order
to perform organizational maintznancs., Extensive Zormal craiming
would be requir=d to train an Aviavion Elzctronic Equipm=n¢ Repair-
man, MOS 284. 2, to perform tnird - :~=lon or higher rnainternance.

2.9.4. Analysis,
Training rzquirements for opsra“or and mairi-nance personnel

was compared with thoee praviousiv established in olt.er Doppler tests
(references 5 and 9) and found 0 bz essenciaily the cams=,
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2. 10, MAINTENANCE REQUIREMENTS,

2.10.1. Obj- tive,

To determine how well the test item conformed to the present
Army maintenance and support system.,

2.10,2. Method.

Maintenance and repair of the test item was performed by the
manufacturer's representatives, Each maintenance operation was ob-
served, recorded, and evaluated by avionics maintenance personnel
using AR 750-6 as a guide.

2.10.3, Results.

2.10.3.1. Maintenance package. No maintenance package was furnished.
The manufacturer performed all maintenance during the test period.

2.10.3,2, Standardization of parts. The major components and sub-
assemblies were not in the Army supply system. They were peculiar to
the test item which was not standardized Army equipment,

2.10.3.3. Ease of maintenance. Modular construction and the availa-
bility of test points f acilitated troubleshooting and maintenance.

2.10,.3.4. Adequacy of tools available. The TK-87/U and TK-88/U
Tool Equipment Sets commonly found at second, third, and fourth eche-
lon levels were adequate when supplemented by a printed circuit repair
kit.

2.10.3.5. Test equipment. Standard orgamzational test equipment was
adequate for organizational maintenance, Special test and support equip-
ment not available in Army supply chann-ls would be required to main-
tain the Doppler navigation system. The {ollowing test equipment would
be required for field and depot maintenance:

a. Ben<_h test kit. tor in*erconnecting Doppler navigation
components.

b. Doppler simulator, for simuiating aircraft flight
characteristics.

¢. Spectrum analyzer, for testing Doppler transmitters.

17
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2.10.4. Analysis.
Although maintenance parts are not presently in the Army
supply system, the concept of using sub-assemblies and modular

replacements conforms with current Army maintenance doctrine,

2.11. HUMAN ENGINEERING CHARACTERISTICS.

2.11.1. Objective.

To determine the extent to which the test item conformed
with accepted human engineering standards.

2.11.2. Method.

Comments from pilots and operators during the test period
were collected and evaluated. In addition, two other Doppler evalua-
tion reports (references 5 and 9) were researched for human engineer-
ing characteristics.

2.11.3. Results.
The following comments were considered significant:

2.11.3,1, Bearing Distance Heading Indicator (BDHI) lighting was
inadequate.

2.11.3.2. Computer was difficult to program. The slewing knobs
were difficult to operate because of high friction levels. The counters
were difficult to position accurately because they continued to turn
after the knob was returned to the neutral or stop position.

2.11.3.3. Destination counters creeped during flight. This could be
serious if pilot lost or forgot the data he had inserted.

2.11.3.4. The present position and destination markings indicate
only north and east. This was confusing to some pilots when south
and west coordinates were inserted into the computer.

2:11.4. Analxsis.

The above discrepancies are of a type that, compared with
a properly human engineered system for Army aviation use, will
require more time from the operator, will have a higher probability

18
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of error associated with t~:1r use, and will require greater mental
effort on the part of the opurator. Tkhzse discrepancies were sub-
stantially the <aine as reported in the previous Doppler test report

‘ ¢ (reference 9). The test item showed no improvement over previously
: tested systems; therefore, this system was considered only margin-
ally acceptable from the human engineering standpoint,
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‘ PRECEDING PaTEBLANK.NOT FILMED
¥
PART A f
' COMPASS SWING
. The ground calibrazior of the J=-2 Compass System (with 1D298 Indicator) in YCV-2 57-3083 was com=
pleted on 19 February 1964, This swing was made using the MC~1 compass calibration unit, It is agreed
that this calibration {d.it4 provided below) provides the most w:turate heading reference system possible
with the means availuble,
! WITHOUT WITH ENGINES RUNNING
1 POWER AND ALL EQUIPMENT ON
1ST READING 2ND READING 3RDREADING 4TH READING
HEADING DEVIATIONS DEVIATIONS  DEVIATIONS DEVIATIONS 1
L 00° +16" +03!
e 15° -04' =20 -17"
| 30° -20" -0s!
¥ i 45° -10* -17¢ -02*
’ 60° -02¢ +=2!
} 75° +15 412! +151
| 90° +25! 21! +18¢ +22'
} 105° +340 10"
120° +37 15
W . 135° +33¢ +17Vdodok +301
« 150° +28! a0
. 165° +20' -02!
- . 180° +15! 13! =10"Kkok -10!
195° 00 -13
210° -01° -25¢ -17!
225° +05! -05!
240° +08' -10%%
255° +15¢ +07¢
270° +20 418 +17'
; 285° +25! +15¢
' 300° 432! +25¢ +20'
Ty 315° +24 +20!
; 330° +35¢ 42214
S et 345° +271 +02!
x! 360° -07! -07!
) ‘:" ‘ * Engine RPM r-duced teom 1500 1o 1200
' i *%  Power unit battery hoiled ovar, chenged power unit
f;"‘i : **x%  Power voltage adjustment mad» on MC-1 console
- & o *xkk Power unit fuel mur cut, Third st of v iding repedted in Column #4
. 4 ;
i Js/Raymend Budazd J/Cland Short i
3 /t/RAYMOND BEDARD //CLAUD SHORT
Ficld Engincer Clvillagn, GS~11t :
LFE Projuect Offlner
i 8
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F ' Cairns AAF to Crestview VOR Distance: 103.2 Kilometers i
3 .
‘ Flight #1

i

Computed Coordinates 49,1 S8 90.1

. Recorded Coordinates 49.1 S 91.6 W
' Actual Error 00.0 1.5
3 Percentage-of-Distance-Traveled Error 1.45%

Flight #2

b s v

. Computed Coordinates 49.1 S 90.1 W )
1 Recorded Coordinates 49.5 S 91.2 W é
4 E Actual Error .4 S 1.1 W L
1 ; Percentage-of-Distance-Traveled Error 1.16% Do
! Flight #3
: } Computed Coordinates 49,1 90.1 W .
Recorded Coordinates 535,18 89.5 W
) Actual Error 4.0 .6 E ;
3 Percentage-of-Distance-Traveled Error 3.92% ’ 3
‘ Flight #4 Co
Computed Coordinates 49.1 5 90.1 W 4
Recorded Coordinates 49.6 5 89.4 W i
Actual Error .58 7T E :
Percentage-of-Distance-Traveled Error . 85% %
" 4
Flight #5 l
X Computed Coordinates 49,1 8 90.1 W g
. P :
‘ Recorded Coordinates 50.5 5 90.1 W !
% Actual Error 1.4S 00.0 i ]
-,: . Percentage-of-Distance~Traveled Error L. 35% 3
; ? 4
: i Flight #6 :
2:‘« 3 - ‘ - i
, 1 Computed Coordinates 49.1 85 90.1 W 3
s Recorded Coordinates 50.: S 90.8 W
3 Actual Error 1.0S ITW

Percentage-of-Distance-Traveled Errcr 1.16%
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Figure 7.

Cairns AAF to Crestview VOR
Distance: 103.2 Kilometers
Magnetic Bearing: 242 Degrees
Scale: 1 Inch = 1 Kilometer
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Crestview VOR to Marianna VOR

Computed Coordinates
Recorded Coordinates
Actual Error

Flight #1

Percentage-of-Distance-Traveled Error

Computed Coordinates
Recorded Coordinates
Actual Error

Flight #2

Percentage-of-Distance-Traveled Error

Computed Coordinates
Recorded Coordinates
Actual Error

Flight #3

Percentage-of-Distance-Traveled Error

Computed Coordinates
Recorded Coordinates
Actual Error

Flight #4

Percentage-of-Distance-Traveled Error

Computed Coordinates
Recorded Coordinates
Actual Error

Flight #5

Percentage-of-Distance-Traveled Error
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Marianna VOR to Cairns AAF Distance: 78.5 Kilometers

Flight #1
Computed Coordinates
Recorded Coordinates
Actual Error
Percentage-of-Distance-Traveled Error

Flight #2

Computed Coordinates

Recorded Coordinates

Actual Error
Percentage-of-Distance-Traveled Error

Flight #3

Computed Coordinates

Recorded Coordinates

Actual Error
Percentage-of-Distance~Traveled Error

Flight #4

Computed Coordinates

Recorded Coordinates

Actual Error
Percentage-of-Distance~Traveled Error

Flight #5

Computed Coordinates

Recorded Coordinates

Actual Error
Percentage-of-Distance~Traveled Error

Flight #6
Computed Coordinates
Recorded Coordinates

Actual Error
Percentage-of-Distance-Traveled Error

Flight #7
Computed Coordinates
Recorded Coordinates
Actual Error
Percentage-of-Distance~Traveled Error
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Figure 9. Marianna VOR to Cairns AAF
AN Distance: 78.5 Kilometers
Magnetic Bearing: 313 Degrees

v Scale: 1 Inch = 1 Kilometer ?
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Cairns AAF to Marianna VOR

Flight #1
Computed Coordinates
Recorded Coordinates
Actual Error
Percentage-of-Distance-Traveled Error

Flight #2
Computed Coordinates
Recorded Coordinates
Actual Error
Percentage-of-Distance-Traveled Error

Flight #3

Computed Coordinates

Recorded Coordinates

Actual Error
Percentage-of-Distance~Traveled Error

Flight #4
Computed Coordinates
Recorded Coordinates
Actual Error
Percentage-of-Distance-Traveled Error

Flight #5
Computed Coordinates
Recorded Coordinates
Actual Error
Percentage-ot-Distunce-Traveled Error

Flight fz_p_
Computed Coordinates
Recorded Coordinates
Actual Error
Percentage-of-Distance-Traveled Error

Flight #7
Computed Coordinates
Recorded Coordinates

Actual Error
Percentage-of-Distance~-Traveled Error

e e W PO A P

Distance:
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53.
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.01S
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00 S
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59 §
00 S
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0.76%

.55%

| AN
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0. 70%
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Distance

Figure 10.

78.5 Kilometers

.
.

133 Degrees

Magnetic Bearing:

Scale
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Mar.ianna VOR tc Crestvica + OR Distance: 148.5 Kilometers

~ T g

Fiight #l

e e —— L

Computed Coordinates 64.43 N 148,48 W

Recorded Coordinates 3.80 N 148.20 W
‘ Actual Error ] T V28 E
' Percentage-of-Distance-Traveled Ercar «47%

Flight ¥2

:
E Computed Coordinates 04,43 N 148,48 W
§ Recorded Coordinates 3.10 N 150.30 W
vy Actual Error 1.33 S 1.82 W
Percentage-of-Distance-Traveled Error 1.55%

Flight #3

Computed Conrdinates 01,43 N 148.48 W
Recorded Coordinates 5.80 N 149,00 W
Actual Error .37 N .52 W
Percentage-of-Distance-Traveled Error 1.00%
| Flight #2
Computed Coorditates 04,43 N 148,48 W
Recorded Coordinates _3.80 N 154,70 W
Actual Error .63 S 6.32 W
Percentage-of-Distance-Traveled Errcc 4,24%
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' Crestview VOR to Cairns AAL Distarce: 103.2 Kilometers

Fiight #1

Computed Coordirates 00.0 00.36 W . '
Recorded Coordinates 0.4S 3.80 W
Actual Error 0.48 3.54 W
Percentage-of-Distance-Traveled Error 3.43%
Flight #2 ’
Computed Coordinates 00.0 00.36 W
N Recorded Coordinates 0.4 S 0.70 W
‘ Actual Error 0.4 S .34 W
-; t Percentage-ot-Distance-Traveled Error .50 %
3
Flight #3
. / —
Computed Coordinates 00.0 00.36 W
o Recorded Coordinates 6.2 N 0.80 W
} Actual Error 0.2 N .44 W
Percentage-of-Distance-Traveled Error .50%
'S
: - Flight #4 :
g Computed Coordinates 00.0 00.36 W
'> Recorded Cocrdinates 0.4 N .05 W
} Actual Error 0.4 N 31 W
" Percentage-of-Distance-Traveled Error . 05%
r
4
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: Cairns AAF to Eufaula VOR Disctance: 94.5 Kilometers

Fiicht #1

Computed Coordinates 75.84 N 56.45 E

Recorded Coordinates 73,50 N 57.30 E

Actual Error 2,66 N .85 E

Percentage-of-Distance-Traveled Error 2.96%

Flight #2

Computed Coordinates 75,84 N 56.45 E

Recorded Coordinates 76,40 N 56,40 E
i Actual Error .56 N .05 E

Percentage-of-Distance-Traveled Error - 59%

- ————

Flight #3

/
Computed Coordinates 75.84 N 56.45 E
o 1 Recorded Coordinates __?7. 00 N 55.30 E
S Actual Error 1,16 N 1. 15 W
X } Percentage-of-Distance-Traveled Error 1.74%
"\
T
N 1 ]
%
2
; Q\
.
i« l
3 ‘-‘q‘.
.l
R
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g Figure 13, Cairns AAF to Eufaula VOR
.3 r Distance: 94.5 kilometers
g; é : Magnetic Bearing: 37 degrees 4
','.;,‘," Scale: 1 inch =1 kilometer .
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Eufaula VOR to Marianna VOR
Fiight #1

Computed Coordinates

Recorded Coordinates

Actual Error
Percentage-of-Distance-Truveled Error

Flight #2

Computed Coordinates

Recorded Coordinates

Actual Error
Percentage-of-Distance-Traveled Error

Flight #3

Computed Coordinates

Recorded Coordinates

Actual Error
Percentage-of-Distance-Traveled Error

Distance: 129.4 Kilometers
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Marianna VOR to Eufaula VOR

Flight 41

Computed Coordiuutes

Recorded Coordinates

Actual Error
Percentage-of-Distance-Traveled Error

Flight #2

Computed Coordinates

Recorded Coordinates

Actual Error
Percentage-of-Distance-Traveled Error

Flight #3

Computed Coordinates

Recorded Coordinates

Actual Error
Percentage-of-Distance-Traveled Frror

Flight #4

Computed Coordinates

Recorded Coordinates

Actual Error
Percentage-of-Distance-Traveled Error

1-22

Distance:

129.44 N

129. 4 Kilometers

128,99 S

.45 S

129.44 N

.39%

129.49 N

.05 N

129.44 N

. 39%

129.79 N

1.65 8

129.44 N

.39%

129,28 N

.16 S

1.39%

00.58 W
_.88 W
L30 W

00.58 W
108 W
.50 W

00.58 W
00.32 E
.70 E

00.58 W
LA0 W
.48 E
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Marianna VOR to Eufaula VOR

Figure 15.

129, 4 Kilometers

Distance

RN L™

360 Degrees
1 Kilometer

1 Inch
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E
i
] Y , Eufaula VOR to Cairns AAF Distance: 94.5 Kilometers
| Flight #1 :
Computed Coordinates 000.0 00.35 E '
A Recorded Coordinates .1N 1,20 W ’ "7
p Actual Error 1N 1.55 W
Percentage-of-Distance-Traveled Error 1.69%
, Flight #2 :
Computed Coordinates 000.0 00,35 E };
Recorded Coordinates 000.0 00.30 E
Actual Error 000.0 .05 E i
Percentage-of-Distance~Traveled Errox . 05% ;’
Flight 43 3
Computed Coordinates 000.0 00.35 E 3
Recorded Coordinates 2.6 S 1.90 E
Actual Error 2.65S 1.55 E J
Percentage~of-Distance-Traveled Error 3.18% 3
Flight #4
E
Computed Coordinates 000.0 00.35 E ‘
Recorded Coordinates 2.85 1.90 W
Actual Error 2.88S 2.25 W |
Percentage-of-Distance-Traveled Error 3.82%
£
E
A
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Eufaula VOR to Cairns AAF

Distance

Figure 16.

94,5 Kilometers

217 Degrees
1 Kilometer

Magnetic Bearing

Scale:

1 Inch
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.», .
; } Tampa VOR to Cross City VOR Distance: 191.3 Kilometers
\ :
i OVERWATER FLIGHT
L Computed Coordinates 188,14 N 35.54 W ,
Recorded Coordinates 189.00 N 38.40 W
Actual Error .86 N 2.86 W
Percentage-of-Distance~- Traveled Error 1.57% .
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Figure 18.

Overall performance. (All flights
were reduced to a common base of
100 kilometers. Distance errors
were reduced and positioned
accordingly.)




PART C

DETERMINATION OF DATA FOR

PROGRAMMING DOPPLER COMPUTERS

1. Map Data.

a. North-south and east-west values required for programming
the Doppler Navigation Computer may be determined from a map by
the following procedures {reference figure 35):

(1) Locate the te-rminal poinrs of the {light path. i

(2} Draw a true rorth-south line through one point ard a o)
true east-west line through the second poirt so that they intersect. P8

(3) Measure the north-so.th and east-west distance from
base (point 1} to destinaticn {p.uint 2} alo~g thess lines.

b. Accuracy ofthe values obtaired hythis method are depend-~
ent upon the scale and quality of the map used and on the care taken in
making the measurements,

2. Computed Data from Latitude and Longitude. North-south and
east-west data can aiso be determined from latitude and longitude in-

formaticn by the fcllowing process:

a. From asonr e 2.7h as US Coast and Geodetic Survey
publications or aher reliable pitklicad oss, determine the latitude
and lorgitude of th- tase {peint 1) und d-stination (point 2).

Exam.ple: Base - Caitns AAY 312 16' 05" N
85" 43" 36" W

De stiration - Gresr rw VOR 36749 33, 4" N
86' 40" 45" W

b. To determine ‘he nc -th-south distance from btase to 4
destination, subtract latitudes ard corvers directly to raatical miles \
or kilometers,




NOTE: Orne muincte of lavievie cguals 1 naut_cal mile,

31 16! 05, 0"
30 49! 33, 4"

26! 41, 6"
26' 31.6" = 26.5 . - tical mtis = 49,16 kilometers.

¢. Tc determine the cast-west distance from base to destina-
tion, subtract longitudes,

86° 40 45 57' 09" = 57,15 n.m. at equator
85° 43 36
57! 09"

Since the lines of longitude corverge at the poles, this is not the true
east-west distance and mast e " orrected by multiplying by the cosine
of the mid-latitude.

d. Determine the mid-latitude cosine.

(1) 31° l6' 05,0
30° 49! 33,4

26! 3L, e

{2) 13' 15.8"
2/26" 31,67

2
6
6
T3
2
1i
10
16
16

(3) 309 a9 53,40
13 15.%

O

31 02! 49. ¢




VT ST T T e

g

\

\4:‘ From f."fgkn etric tativ - - Cosine 510 02' 49.2“ -
. 856749,

¢, FEast- .-t distance 18 therefore 57,15 x . 856749 = 48, 96
n.m. = 90, 74 kitumeters,

f. Since Crestview is scuthwest of Cairns, the values 26.5 n, m.
south {(49. 16 kilometers) and 48,96 n.m. west 90, 74 kilometcrs) would
be inserted in the navigation computer as the desired destination.

3, Determination »f Variatior. Variation for insertion into the
navigation computer is determined —directly from the available maps.
For short flights over areas of little variation change, an average
variation can be determined by inspection of the map. For longer
flights or for flights over areas of erratic variation change, the flight
should be broken into shorter legs and the variation determined for
each leg. These values are then inserted irto the computer as the
flight progresses. If an approach orany significant flying is to be done
at the terminal area, the variaticn of th- re.rminal area shouid be in-
serted at the destination in order ‘¢ prevent the Introduction of unnec-

essary errors.




APPENDIX II

COORDINATION

This report has b:cn coordinated with the following agencies:

US Army Aviation School

US Army Combat Developments Command Aviation Agency
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Addresses No. Copies
Office, Chief of Research and Development 10

ATTN: CRO/X
Washington, D.C,

Commanding General

US Army Test and Evaluation Cummand
g ATTN: AMSTE-BG
- Aberdeen Proving Ground, Muryland 21005
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AD Accession No.

United States Army Aviation Test Board, Fort Rucker, Alabama
Report of USATECOM Project No. 4-4-4305-01, Military Potential
Test of a Doppler Navigator in a Fixed-Wing Aircraft, 28 September
1964. DA Project No. 1G641203D526. 64 pp., 18 illus.

The Military Potential Test of a Doppler Navigator in a Fixed-Wing
Aircraft was conducted by USAAVNTBD personnel in the vicinity of
Fort Rucker, Alabama, and Tampa, Florida, during the period

22 February - 12 June 1964, The test item's weight, power require-
ments, accuracy, repeatability, and reliability did not meet the
requirements of the MC's and SCL 5953, The test item was not suit-
able for tactical use and was marginally acceptable from a human
factors standpoint. It was concluded that the test item is not suitable
for Army use and recommended that the test item be given no further
consideration for Army use.
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