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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 Tam pa, Florida, during the period 22 February -
12 June 19,64. sthe test item's weight, power requirements, accuracy,
repeatability, 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.

2. US Department of Commerce Coast and Geodetic Survey Bearing
and Distance Tables VOR/TACAN, 2nd Edition, October 1959, as
changed.I 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 533c(5)
and 533c(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

K., 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 LEE Doppler

.Navigaotr, USATECOM Project No. 4-4-4305-01-A," with 1st Indorse-

J ~ 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."

1.2. AUTHORITY.

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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14. RESPONSIBILITIES.

The US Army Aviation Test Board (USAAVNTBD) had sole respon-

'$ibility for conda,-ting and reporting on the Military Potential Test.

5. DESCRIPTION OF MATERIEL.

The test D 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. ISee figure 1.)

1.6. BACN GROUND.

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 condu~t 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 n:ivigation computer in the evaluation. The navigation com-
puter was subsequently furnished by the manufacturer.

1.6.3. Prior DoIpler reports of test ireferences 5 and 9) have been
researched and the following pertinent information considered: system

accuracies, weight, power requirements, and human factors.

t1. 6.4. The cq-.ipment 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 I 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 - DE'rAILS AND RESULTS OF SUB-TESTS

2.0. INTROr)UCTION.

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
at altitudes ranging from th. 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.

Z2. 1. 1. Objective.

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

-. 1.2. Method

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

2.1.3. Results.

Z. 1. 3. 1. Size and weight of the test system components are as follows:

Component Size (Inches) Weight

Computer, Navigational 5 7/16 x 7 11/16 x 13 1/2 25 lb. 3 oz.

Plotting Board, Pictorial

Display 10 3/16 x 9 1/2 x 3 11/16 10 lb.

Control, Indicator, Com-
puter 5 3/lb x 5 3/4 x 7 11/16 9 lb. 12 1/2 oz.

Converter, Signal Data 6 1/16 x 10 1/8 x 12 7/8 13 lb.

SY
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Figure 1. Test Doppler Navigator
Arrow 1: High Voltage Power Supply
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
Arrow 9: Pictorial Display and Plotting Board
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Component ( (inches) Weight

Control, Rada: 3,.t 1 13/16 x 5 13/16 x 9 1/2 oz.
2 9/16

Bearing, Distance, 3 15/16 diamehr 3 lb. 1 1/2 oz.
Heading Indicator 7 3/16 depth

Frequency Converter 7 3/4 x 12 1/16 x 19 lb.
Tracker 13 1/2

Power Supply, High 8 x 10 1/8 x 12 20 lb. 1 oz.
Voltage

Receiver-Transmitter 7 1/4 x 15 1/8 x 14 1/4 25 lb. 4 oz.
w/Antenna 4 1/8 (antenna radome)

TOTAL WEIGHT 125 lb. 15 1/2 oz.

2. 1. 3. 2. Power requ' r c -rts were 1053 vclt-ampere5 at 115 volts,

400-cycle a. c. and 1. 5 amperes at 28 vclts d.c.

2. 1.4. Analysis.

The weight (125 pounds, 15 1/2 ounces) and the power require-
ments (1053 volt-amperes at lP volt, 400-cycle a.c. and 1.5 amperes
at 28 volts d. c. ) of the test Atcm were greater than the other Doppler
systems previously ,, sted (rcflerences 5 and 9) ard exct-eded the limita-
tions specified in the Militar Characteristics (reference 1) and SCL
5953 (reference 3).

S2.2. INSTALLATION REQUIREMENTS.

2.2. 1. Objecti i.

To dete rm*.re installation time, personnel requirements, and
any unusual Installa':4on cha-acterist.',.

2. 2. 2. Method.

The te0 Aern was ins'ailed bN USAAVNTBD personnel with tech-

nical assistance from the manti!acturcr and installat-on t,;.me was recorded.

One Aviation El (.ironic Equiprnerit Mechanic, MOS 284. 1, and one sheet-
metal repai ri-nan (Jivijtian) w.t r(. r sed. Thii :, stallaf lon was -nade solely

I
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-u facilitat . tt sting of tfii Doppler s' st.tm (figures 2 through 6). No

detail drawings were made for 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 1, 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 were comparable to other electronict installations of this type. No unusual installation characteristics were

j rnoted.

2.3. ACCURACY.

2. 3. 1. Objective.

To determine overall system accuracy.

2.3. 2. Metod.

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 app,mdix I, part B.)

2. 3.4. Analysis.

STht, sy ~;m accuracy of 1.69 percent of the distance traveled

(mean error of all flights) failed to meet the accuracy standards estab-

lished in the" MiWtary Characteristics (re:ference 1) and SCL 5953 (ref-

erence 3). I
4 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.

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

2.4. 1. Objecti'%,,.

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 !, part B.)

2.4. 3.2. Wind-mumory operation could not be tested because the
true-airspeed transducer was not 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 ar:uracy crite-tia established in the Military
Characteristics (reference 1) and SCL 5953 (reference 3).

2.5. REPEATABILITY.

2.5. 1. Objecti-ve.

To determine the test s.stem's ability to repeat identical
*" readouts over the same courses.

2. 5.2. Method.

The test system was flewn over pre-selected courses and
position errors were recorded. The flights varied from 78. 5 kilometers

to 148. 5 kilometers at altitud, s £rcrn nap-of-the-earth to 10, 000 feet.
These flights were graphed arA analyzec (figures 7 through 16). In
addition, all flights were red .ed "-o a cmmon base of 100 kilometers
and graphed (figure 18'. sta...... WCre reduced and positioned
proportionately.

:2
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*2 .~5. 3. Rt-slts.

T sc~ syst(;m's ability Io repZ-;at idtntical readouts over the
Isame cours..is .ari-d cxtensively as s!-owr. in, appendix I, part B.

2.5.4. Analvsis.

Repeatability of system was unacceptable because of the
wide dispersion of tie flights as shown in figures 7 through 16 and
position error-; that ranged from .05 percert to 4. 85 percent.

2.6. COMPATIBILITY.

2. 6.1. Objective.

To detzermine thie test system's compatibility with other in-

stalled avionics equipment.

2.6.2. M;Ld

The testC system was operated simultaneously with other in-
stalled avionic s equipment.

2.6. 3. Results.

No intzrfc rf~nce or adve~rse zettcts were ro.-,d between the
test item and th.! othe r Installed avionics equipment.

2.6.4. Analys.S.

Not applicable.

2.7. RELIABI.LITY.

42.7. 1. Objectiv-x

To d -. rinirc re~a~.yof ti-, t.-st item du-ing the test period.

2.7.2. Method,

Op,;roo tIrnC, numhWr of failures, and rfepair time7 of th.- test
item dur;.;g 0A t'_-t p,-.r,,od were recorded and anal yrzed.

>1 13
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2. 7.3. Results.

2. 7.3. 1. The system was operated a total of 148 hours, including cali-
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.

Man-

Date Failure Corrective Action hours

17 Mar 64 Magnetic variation Replaced counter. 1:00
counter failed to
drive.

27 Mar 64 Bearing distance Replaced servo ampli- 1:00
heading indicator- fier in computer
relative bearing course angle and
indicator inoperative, distance module.

13 Apr 64 Wind speed and True airspeed trans- 1:30
direction readout ducer scale factor

f unreliable, found to be incompatible
with MINAC-6 computer.
Wind synchro transmit-
ter placed in locked
position at 137 knots
(average cruise speed).

16 Apr 64 Computer inopera- Repaired cold solder 1: 30
tive, no integration, joint on "A" integrator

cir cult.

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

cessively large at cycle driver board
higher aircraft in antenna unit.
altitudes.

,1* 14
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Man-
Date Failure Corrective Action hour s

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.

Z.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 typc;s 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 planning time varied from one to three hours depending
upon type of maps used, method of programming the computer, and degree
of training of aircraft 'rew. Doppler warm-up time was approximately

15II
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one minute. Total r'l't:i: 2ne var-d frorn 2 to 10 minuted depend-
ing upon t.-t. amount of da;a inst-rt-d into tjr computer. Position

errors rarngiLd ."rom .05 perc-rt to 4. 85 percent. (See appendix I,
part B.)

2.8.4. Analysis.

Plaaning time, -qu.'pinnt waim -up time, and totaI reaction
time were acceptable. Position errors ranging from .05 percent to
4. 85 percent were unacc"eptablt wh, considering point-to-point
navigation requrrad for tac.-lcal missions such as personnel drops
and resupply of isclated units dur*ng night aid all-wzather operations.

2.9. TRAINING.

2.9.1. Objective.

To deterrnine training rtzquirerments for operator and main-
tenance personnel.

2.9.2. Methcd.
Manufacturer's operating and maintenance instructions were

reviewed to determine training requirements.

2.9.3. Results.

2.9.3. 1. It was det-rmined that a minimum of 12 hours was neces-
sary to train operators in th.= use o f t e tei, it.m. This training
included familiarization with ..quipm ent, dtad-reckoning navigation,
determination of geographical coordinates from maps or charts, and
determination of trigonometric func:*oros, using a slide rule or pub-
lished tables. (St app,,d-x ,, par' C. i

2. 9. 3. 2. It was de-.rrnind 0kat zL. A;'.iir E- :roy ic Equipment
Mechanic, MOS 284. 1, would r~qur a rylini4mlinr of 16 io.,rs of
classroom instruct;.on and 24 Ao'.,rs oZ cn--,L-- "'; trainirg ir, order
to perform organizati-onal maint-nanc-_. Exnf,, ,orrnal r.,ining
would be required to trdin an Aviat-.*on ELc.,tronic Equipmern Repair-
man, MOS 284. 2, to perform ttird . :L!, or highe-r na:nternance.

2.9.4. Analysis.

Training r :r,-_rne.rLtS ftcr op~rator and mai.&nance personnel
was compared witt. zho-se pr,-;viousiv tialish d in o-hr Doppler tests

(references 5 and 9) and found to b; es.nliai'v tJt .atnt.

14T7
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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 facilitated 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 organizational test equipment was

adequate for organizational maintenance. Sptc-ial test and support equip-

ment not available in Army supply chann, ls would be required to main-

tain the Doppler navigation system. The following test equipment would
be required for field and depot maintenance: !

a. Benvh test kit.. or in-ercontecting Doppler navigation

components.

b. Doppler simulator, for simuiating aircraft flight
characteristics.

c. Spetrurn analyzer, ft,r 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. Analysis.

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



oferror associated with ti.r use., and will require greater mental
effort on the- part of the opt:rator. These discrepancies were sub-
stantially tht- -aint. as reportd in the previous Doppler test report

I (reference 9). The test item showtd no improvement over previously
tested systems; .Iierefore, this system was considered only margin-
ally acceptable from ti.- humian engineering standpoint.

19
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APPENDIX I

TEST DATA



1-TLS(ZDVG PAU,'*ANY40Y FILP!ID

PAR]' A

COMPASS SWING

The ground caiibradi.J. of the J-2 Comp .ss Sytaom (with 1D998 Indicator) in YCV-2 57-3083 was com-
pleted on 19 Februa:y 1964. This swing was made using die MC-1 compass calibration unit. It is agreed
that this calibration (d.ta provided beloo!) provides thw mogs ,e-. u2ite heading reference system possible

with the means avaiable.

WITHOUT WITH ENGINES RUNNING

POWER AND ALL EQUIPMENT ON

1ST READING 2ND READING 3RDREADING 4TH READING

HEADING DEVIATIONS DEVIATIONS DEVIATIONS DEVIATIONS

000 +16' +03'
150 -04' -20' -17'
300 -20' -05'

450 -10' -17' -02'

600 -02' +-21
750 415' +12' +15'
900 +25' -21' +18f +22'
1050 +341 -10'
120' +37' 15'

1350 -.13 417'*** +30'

1500 428' +10'
1650 +20' -02'
1800 +15' -13' -10'**** -10'
1950 00 -1 '

2100 -010 - 2 5 r -17'
2250 +05' -05'

2400 408' - 01*

2550 +15' +071

2700 +20' -18' +17'

2850 +25' 415'

3000 +32' '25' +20'
3150 +24' +20'
3300 +35' 4,220**

3450 +27' 402'

3600 Y7  -07'
4

* Engine RPM r-duced irom 1500 to 1200
•* Power unit bakery b oid ev,-r, chingd po~vr unit
*** Power voltag adjustrnitt, mad ., on MC-1 console

•*** Power unit fu,,] rr ut. Thid --t ol :.:-idrig repeted in Column #4
e!/s/R,.ymend B's ', /IC~a d Sl, oc

/c/P,-.' YMOND BEDARD /,/C LAUD SHORT

Fi- Md Engin,- : Cli L!,irn, GS-11

l l: lPrij,'t:' OITJ :,r

71-
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Cairns7 AAF to Crfstview VOR Distance: 103.2 Kilometers

Flight # 1

Computed Coordinates 49. 1 S 90. 1 W
Recorded Coordinates 49.1 S 91.6 W
Actual Error 00.0 1.5W
Percentage-of-Distance-Traveled Error 1.45%

Flight .2

Computed Coordinates 49. 1 S 90. 1 W
Recorded Coordinates 49.5 S 91.2 W
Actual Error .4 S 1.1W
Percentage -of-Distance-Traveled Error 1. 16%

__ __ _i I
Flight #3

L Computed Coordinates 49.1 S 90. 1 W
Recorded Coordinates 53. 1 S 89. 5 W
Actual Error 4.0 S .6 E
Percentage -of-Distance-Traveled Error 3.92%

Flight #4

Computed Coordinates 49. 1 S 90. 1 W
Recorded Coordinates 49.6 S 89.4 W
Actual Error .5 S .7 E
Percentage-of-Distance-Traveled Error . 85%

' ! Flight #.5

Computed Coordinates 49. 1 S 90. 1 W
Recorded Coordinates 50.5 S 90. 1 W

Actual Error 1.4 S 00.0
Percentage-of-Distance-Traveled Error 1. 35%

Flight #6

;, Computed Coordinates 49. 1 S 90. 1 W
Recorded Coordinates 50. - S 90. 8 W
Actual Error 1.0 S .7W
Percentage -of-Distance-Traveled Errcr 1. 16%

1-6
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* Figure 7. Cairns AAF to Crestview VOR
Distance: 103.2 Kilometers

.4' - Scale: 1 Inch 1 Kilometer
Magnetic Bearing: 24Z Degrees
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Crestview VOR to Marianna VOR Distance: 148. 5 Kilometers

Flight # 1

Computed Coordinates 4.5 S 148. 58 E
Recorded Coordinates 4. 1 S 149.14 E
Actual Error .4 N .56 E
Percentage-of-Distance-Traveled Error .47%

Fliht #2

Computed Coordinates 4.5 S 148.58 E
Recorded Coordinates 5.2 S 148. 14 E
Actual Error .7 S .44 W

Percentage-of-Distance-Traveled Error . 54%

Flight #3

Computed Coordinates 4.5 S 148. 58 E
Recorded Coordinates 7.0 S 149.94 E

Actual Error 2.5 S 1. 36 E
Percentage -of-Distance-Traveled Error 1.91%

Flight #4

Computed Coordinates 4.5 S 148. 58 E
Recorded Coordinates 6.8 S 148. 74 E
Actual Error 2.3 S .16 E
Percentage-of-Distance-Traveled Error 1.55%

Flight #5

Computed Coordinates 4.5 S 148. 58 E
Recorded Coordinates 8.7 S 149.54 E

4 Actual Error 4.2 S .96 E
Percentage-of-Distance-Traveled Error 2.89% 

411
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Marianna VOR to Cairns AAF Distance: 78. 5 Kilometers

Flight #1

Computed Coordinates 00.0 00. 36 E
Recorded Coordinates 0.5 N 0.40 E
Actual Error .5 N .04 E
Percentage-of-Distance-Traveled Error . 64%

Flight #2

Computed Coordinates 00.0 00. 36 E

Recorded Coordinates .4 N . 10 W
Actual Error .4 N .46 W

Percentage-of-Distance-Traveled Error .76%

Flight #3

Computed Coordinates 00.0 00. 36 E

Recorded Coordinates 3.2 S 2. 50 E

Actual Error 3.2 S Z. 14 E

Percentage-of-Distance-Traveled Error 4.84%

Flight #4

Computed Coordinates 00.0 00. 36 E

Recorded Coordinates 2.7 S .80 E
Actual Error 2.7 S .44 E
Percentage-of-Distance-Traveled Error 3.43%

Flight #5

Computed Coordinates 00.0 00. 36 E

Recorded Coordinates 1.9 S .60 E

Actual Error 1.9 S .24 E

Percentage-of-Distance-Traveled Error Z. 41%

Flight #6

.4 Computed Coordinates 00.0 00. 36 E

Recorded Coordinates 1.7 N 00.00
Actual Error 1.7 N 36W

Percentage-of-Distance-Traveled Error 2.22%

Flight #7

Computed Coordinates 00.0 00. 36 E

Recorded Coordinates .7 N .40 W
Actual Error .7N .76 W

Percentage -of -Distance -Traveled Error 1. 2707

f-10
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Figure 9. Marianna VOR to Cairns AAF
Distance: 78. 5 Kilometers
Magnetic Bearing: 313 Degrees
Scale: 1 Inch I Kilometer
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Cairns AAF to Marianna VOR Distance: 78. 5 Kilometers

T ~Flight #_I

Computed Coordinates 53.59 S 57. 38 E
Recorded Coordinates 56.80 S 57. 50 E
Actual Error 3.21 S.12 E
Percentage -of -Distance- TraveItd Error 4.07%

Flight #2_

Computed Coordinates 53.59 S 57. 38 E
Recorded Coordinates 55.70 S 57. 70 E
Actual Error 2. 115S .32 E
Percentage -of -Dis tance- Traveled Error 2.67%

Flight #3

Computed Coordinates 53. 59 S 57. 38 E

Recorded Coordinates 54. 00 S 57. 80 E
Actual Error .41 S .42 E
Percentage -of -Distance-Traveled Error 0. 76%

FLight 4

Computed Coordinates 53. 59 S 57. 38 E
Recorded Coordinates 55.60 S 57. 50 E
Actual Error 2.01 S 12 E
Percentage -of -Distance- Traveled Error 2. 550%

Computed Coordinates 53. 59 S 57. 38 E
Recorded Coordinates 55.00 S 57. 10 E
Actual Error 1.41 S .28 W

Peceta6otDitac-r~ieldError 1.78%

j Flight i6

Computed Coordina~tes 53. 59 S 57. 38 E
Recorded Coordinates 53.60 S 56. 80E

Actual Error .01 S .58 W

Percentage -of-i istance-Trdv,,eled Error 0. 70%

F'light #7

Computed Coordinates 53.59 S 57. 38 E
Recorded Coordinates 54.60 S 57. 00 E
Actual Error 1.01 S .62 W
Percentage -of -Di stdice -'rrave led Error 1. 52%
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Marianna VOR to Crestv ii %N- OR)0stance: 148.5 Kilometers

Filgkt 41

Computed Coordinates 04. 43 N 148.48 W
Recorded Coordirtats ~.80 N 148. 20 W
Actual Error .63 S .28 E
Percentage -of -Distance!~ eit-r Error . 47%

FComputed Coordinates 04. 43 N .48. 48 W
Recorded Coordinates 3. 10 N 150. 30 W
Actual Error 1. 33 S 1. 82 W
Percentage -of -Distance -Traveled Error 1. 557oj Flight #3
Computed Coordiniates 04'. 4 3 N 148.48 W
Recorded Coordinates S. 80 N 149. 00 W

pActual Error 1. 3 7N .52 W
Percentage -of -Distance -Traveled Error 1.00%

Flight #4

Computed Coordi~ate s 04.43 N 148. 48 W
Recorded Coordinates 3. 80 N 154. 70 W
Actual Error .63S 6.32 W
Percentage-of-Ditane-Trae(.-d Err(.Cl 4.24%
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C rest-viw\ VOR tku Cairns AAF Dj d I 10 3. 2 Kiloinete rs

Flight #1

Computed Cuordlndtes 00. 0 00. 36 W
Recorde--d Coordiiates 0. 4 S 3. 80 W
Actual Error 0.4 S 3. 54 W
Percentage -of -Distance- Tra. eled Error 3.43%

FlIght #2

Computed Coordinates 00. 0 00. 36 W
*Recorded Coordinates 0.4 S 0. 70 W

Actual Error 0.4 S .34 W
Pe rcentage -of -Distance -Traveled Error . 50 %

Flight #3

ComputedCoriae0000.3W
Recorded Coordinates ro 0.:0 N 0.0:3 w
Actual Error 0.2 N .44 W

Pe rentae-o -Ditane -Taveed Eror.50%

Flight #4

Computed Coordinates 00.0 00. 36 W
Recorded Gocrdinates 0.4 N .05 W
Actual Error 0.4 N .31 W
Percentage -of -Dis tarico-Travc 1,d Error .05%
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FigureL~ 12. CetiwVRt Cin

Distance: 103. 2 kilometers
Magnetic Bearing: 62 degrees
Scale: 1 inch I kilometer
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Cairns AAF to Eufdkila VOR IY'-tance: 94. 5 Kilometers

Computed Coordinates 75. 84 N 56. 45 E

Recorded Coordirates 7. 50 N 57. 30 E

Actual Error 2.66 N .85 E
Percentage-of-Distanee-l' I, eled Error 2. 96%

Flight #2

Computed Coordinates 75. 84 N 56. 45 E
Recorded Coordinates 76.40 N 56.40 E

Actual Error .56 N .05 E
Percentage -of-Distance-Trave!.ed Error .59%

Flight 43

Computed Coordinates 75. 84 N 56. 45 E
Recorded Coordinates 77. 00 N 55. 30 E

Actual Error I. 16 N 1. 15 W
Percentage-of-Distance-Traveled Error 1. 74%
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Figure 13. Cairns AAF to Eufaula VOR
Distance: 94. 5 kilometers
Magnetic Bearing: 37 degrees
Scale: I inch =1 kilometer
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Eufaula VOR to Marianna VOR DlLstane: 129.4 Kilometers

Flight #1

Computed Coordinates 129.44 S 00. 85 E
Recorded Coordinates 124. 84 S 2.65 W
Actual Error 4.60 N 3.50 W
Percentage-of-Distance -Tr,. eled Error 4.48%

Flight #2

Computed Coordinates 129.44 S 00. 85 E
Recorded Coordinates 129.74 S 1. 95 E

I Actual Error .30 S 1. 10 E

Percentage-of-Distance-Traveled Error .89%

Flight #3

Computed Coordinates 129.44 S 00. 85 E
t Recorded Coordinates 129.24 S 1.25 E

Actual Error .20 N .40 E

Percentage-of-Distance-Traveled Error .37%
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Marianna VOR to Eufaula VOR Distance: 129.4 Kilometers

Flight .1

Computed Coorditiates 129.44 N 00. 58 W
Recorded Coordinates 128.99 S .88 W
Actual Error .45 S .30 W
Percentage-of-Distance- Traveled Error .39%

Flight #2

Computed Coordinates 129. 44 N 00. 58 W
* Recorded Coordinates 129. 49 N 1.08 W

Actual Error .05 N .50 W
Percentage-of-Distance- Traveled Error .39%

ib t Flight #3

Computed Coordinates 129.44 N 00.58 W
Recorded Coordinates 129. 79 N 00. 32 E
Actual Error 1.65 S .70 E
Percentage-of-Distance- Traveled Error . 39%

Flight #4

Computed Coordinates 129. 44 N 00. 58 W
Recorded Coordinates 129.28 N .10 W
Actual Error .16 S .48 E
Percentage- of- Distance- Traveled Error 1. 39%
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Figure 15. Marianna VOR to Eufaula VOR

Distance: 129. 4 Kilometers
Magnetic Bearing: 360 Degrees
Scale I Inch 1 Kilometer
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IEufaala VOR to Cairns AAF Distance: 94. 5 Kilometers

Flight #1

Computed Coordinates 000.0 00. 35 E
Recorded Coordinates .1 N 1.20W 
Actual Error . N 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
Percentage- of-Distance- Traveled Errox .05%

Flight #3

Computed Coordinates 000.0 00. 35 E
Recorded Coordinates 2.6 S 1.90 E
Actual Error 2.6 S 1. 55 E
Percentage- of-Distance- Trav ted Error 3. 18%

Flight $4

Computed Coordinates 000.0 00. 35 E
Recorded Coordinates 2.8 S 1. 90 W
Actual Error 2.8 S 2.25 W
Percentage-of-Distance- Travte-d Error 3.82%

4-g
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Tampa VOR to Cross City VOR Distance: 191. 3 Kilometers

OVERWATER FLIGHT

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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(Overwater Flight)
Distance: 191. 3 Kilometers
Magnetic Bearing: 349 Degrees
Scale: 1 Inch 1 Kilometer
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Figure '- 18.. Ovrl pefra. (Al fliht

were reduced to a common base of

100 kilometers. Distance errors

were reduced and positioned
accordingly.)
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PART C

DETERMINATION OF DATA FOR

PROGRAMMING DOPPLER COMPUTERS

1. Map Data.

a. N' rth-south and east-west values requitred for programming
the Doppler Navigation Computer m-ay be determned from a map by
the following pro'cedures (reft-rt:nce figure 35):

(1) Locate the t, Mnial points of the fl ght path.

(2) Draw a true nozth-south line through one poi.nt ard a
true east-west l-ine through the second point! so that thf-y intersect.

(3) Measure rioncrth-sc..h and east-west dista-ce from
base (point 1) to destinaticn (p.,i:,- 2.) alcr-.g lhes'- Ynes.

b. Accuracy of the values obtalnredby this 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 f rom Latitude and Longitude. North-south and
east-west data can also be dt terininted from latitude and longitude In-
formation by the fc'llow~llg pro.:css:

a. F r'-r as h tis US C-::iit arid Geodetic Survey
publications c,-- ot~her r,-lab . r J:h ,'c.xs., determ -e thie 'at~tude
and longitude Of th-7 'i (PC it? !'i -_d d- -t1-,atior 'pcdir!t 2).

Exarrnple: Base -Cairns A-AY lI 16' 05"' N
85 4 3' 360" W

i Dt ia -( V VOil30 49' 331. 4"' N
86" 40' 4511 W

b. To detcirmine the n-, -th-;c,th distance from I-ase to
destination, z.Th!trac-t lat-Atdcs a- .I 71or,,,,f- r- direelly to raitii( al il es
or kiloniete-ri.

14;7
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NOTE: Or--t- rn:nue of l c'i:-i&~als I :ztital mile.

0
31 16' 05. 0"

0
30 491 3 3. 4"

26' 1

26' 3 1.6" 26. 5 itical r~Is 49. 16 kilometers.

c. Tc determne thc t-,t-vest d*Lstancte fronm base to destina-
tion, subtract longitudes.

86 0 40' 4 5' 57' 09" - 57. 15 n. m. at equator
85 0 43' (.

571 09'.

Since the lines ot longitude corver ve at the poles, thIs is not the true
east-west distance and rnist ) rr(-,tAd by mnultiplying by the cosine
of the mid-latitade.

d. Determine the mid-latitude cosine.

kC

(1) 310 16' 05. 0'
300 491 33. 4"

26' .31.e 6

(2) 13' 15. 8''
2/26' 3 1.6'

2

6

.~ 3

-2

10

16

0

4W31 02' 49.L



r
k4-) From trig,, rt'i. t - Cos;re 31 02' 49.2"

.856749.

t-. Ea - .. . dItii c is th, r,.f :e 57. 15 x .856749 - 48. 96

n. m. 90. 74 kiJrnt- rs.

f. Since Crestvit ; !s -,uIthwet of Catrns, the values 26. 5 n.m.

south (49. 16 kilomcters) a :d 48. 96 n.m. wt -t 190. 74 kilometcrs) would
be inserted in the ,avigation computer as the desired destination.

F. 3. Determination A Vatilatior. Variation for insertion into the

navigation computer is determined directly from the available maps.

For short flights over areas cf little variation change, an average

variation can be determined 5\ inspection of the map. For longer
flights or for flights over area of erratic variation change, the flight

should be broken into shorter Irgs and the variation determined for
each leg. These values are then inserted Ito the computer as the

flight progresses. If an approach oran, .;gnificant flying is to be done

at the terminal area, the karlacn c.f th - t _mnal area should be in-

serted at the destination in ,r-er t , ent the introduction of annec-
t ~essary errors. -
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APPENDIX 11

COORDINATION

This report hasi tL - coordinated with tihe following agencies:

US Army Aviation School

US Army Combat Developments Command Aviation Agency
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Addresses No. Copies

Office, Chief of Resear-ch and D ,-v lcupm ent 10

ATTN: CRO/X
Washington, D. C.

Commanding General

US Army Test and Evaluat;on Curnimand

ATTN: AMSTE-BG
Aberdeen Proving Groupd, NT.irv'[land 21005

Commanding Gene ral 2
US Army Materiel Command
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Washington, D. C.
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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. IG641Z03D526. 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.

AD Accession No.
United States Army Aviation Test Board, Fort Rucker, Alabama

Report of USATECOM Project No. 4-4-4305-01, Military Potential

" I Test of a Doppler Navigator in a Fixed-Wing Aircraft, 28 September
1964. DA Project No. IG641203D526. 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-

'1 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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