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STEBG-TD
SUBJECT: Final Report  of Test , “Military Potential Test of the

SR-3 and AN/ASN-50 Flight Reference Systems , ”
RDT&E Project No. 

_ _ _ _ _ _ _ _ _ _ _ _ _
, USATECOM

Project No. ‘ 5 4-6-3260-01 and 4-6-3261-01 (U)

If the error  int r oduced by the water movement is not aligned with the
longitudinal axis of the aircraft , the error  will be shown as a compass
error .  To correct thi s error , the accuracy of all the compass systems
tested has been recomputed with all over-water fli ghts deleted. The
results are:

MA-l  AN/A SN-62 AN/ASN-50 SR-3

Average error  fr om
over- land fli ghts
(degrees).  0 .825 0.480 0 .295 0.504

NOTE : The AN/ASN-50 now meets the Military Characteristic requir e-
ment for a slaved accuracy of 0. 4 degree.

.4
• b. This Board believes that there are two requirements for a

self-contained navigation system in Army aircraft .  The f i r s t  require-
ment is for  a highly accurate system to be used in sophisticated surveil-
lance aircraft .  This requirement p laces accuracy above all other con-
siderations because the accuracy of the navi gation system will have a
direct bearing on the amount of intelli gence obtained. The second re-

9 quireinent is for selected a i rcraf t  to support certain missions.  These
• aircraft will live in a less strenuous environment,  and accurac y can be

sacrificed to some extent for other considerations. If this belief is cor-
rect , the AN/ASN-50 should be considered to have more military potential
for the f i rs t  requirement while the SR-3 has more potential for the second.

1 m c i  
6

~~1~~~~~~~~~~~~~~~~~~~~~~ON
as Colonel , Artillery

President s

Distribution:
Append ix V
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STEBG-TD 25 MAY1966
SUBJECT: Final Repor t  of Test , “Military Potential Test of the

SR-3 and AN/ASN-50 Fli ght Reference  Systems , ”
RDT &E Project No. 

_ _ _ _ _ _ _ _ _ _ _ _ _
, USATECOM

Project No. ‘s 4-6-3260-01 and 4-6-3261-01 (U)

TO: See Distribution

1. Subject document is forwarded for information and retention.

2. This repor t  is marked “FOR OFFICIAL USE ONLY ” by request
of Headquarters , US Army Test and Evaluation Command (Mr . Storm).
This action was taken because the report  is of a sensitive nature from
the manufacturers’ and test agency ’s standpoint.

3. The following comments and opinions are submitted for  con-
sideration:

a. The Dopp ler position e r ro r s  as shown in part D , appendix I,
section 3 , of this report  and in fi gure 10 of the service test report  of the
AN/ASN-62 (  ) Gyromagnetic Compass Set (USATECOM Project No. 4-5-
3015-03) are misleading. This situation results from using data obtained
from over-water f l i ghts in the computation of total compass e r ro rs .  This

• method was in accordance with the plans of test and has merit  in the evalu- •

ation of the Dopp ler sensor itself .  However , this method results in
e r rors  caused by natural phenomena being indicated as compass angular
e r ro rs .  The Doppler sensor measures the velocity of the aircraf t  in
which it is installed in relationship to the surface of the earth over which
the a i rcraf t  is flown. When over a land mass , the Doppler output is
correct  within the design limitations of the equipment . When over water ,
the Dopp ler output accuracy depend s on the stability of the water surface.
Water movement ( i . e . ,  currents , tides , breaking waves , and wind spray)
is detected and is vectorially added to the true velocity of the airc raft.
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ABSTRACT

• The US Army Aviation Test Board conducted the military potential
test of the SR-3 and AN/ASN-50 Flight Reference Systems at Fort

* • Bucker , Alabama . The SR-3 and AN/ASN-50 were flight tested in an
OV-1B for 258.5 hours and 120.0 hours during the period 26 November
1965 to 18 April 1966 and 1 February 1966 to 30 April 1966, respectively.

• The systems were compared with the requirements of the proposed Miii-
tary Characteristics (MC’s). Both systems met ten of the twenty-six
essential requirements , failed to meet six , and only partially met one
of the requirements . It will be determined during eng ineering tests
whether the systems meet the remaining nine essential requirements.
It was concluded that both systems have military potential and that cor-
rection of the shortcomings would enhance the potential of each. It was
recommended that both systems be subjected to engineering/service
tests and that the shortcomings be corrected if technically and economi-
cally feasible.
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FOREWORD

This military potential test was direc ted by the Commanding
General, US Army Test and Evaluation Command (USATECOM), in the
following:

a. Letter, AM5TE-BG, Headquarters , USATECOM, 25 August
1965 , subject: “Test Directive, Military Potential Test of the SR-3,
Flight Reference System, USATECOM Project No. 4-6-3260-01. ”

b. Letter , AMSTE-BG, Headquarters , USATECOM, 10 January
1966, subject: “Test Directive , Military Potential Test of AN/ASN-50
Gyromagnetic Compass System, USATECOM Project No. 4-6-3261-01. ”
(This directive stated tha t the details of tests of the AN/ASN-50 and
the SR-3 could be submitted in a common report.)

The US Army Aviation Test Board (USAAVNTBD) was responsible
for preparing the test plan, for conducting the test , and for preparing
the test report.
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INTRODUCTION

1.1. BACKGROUND.

1. 1. 1. The current trend toward all-weather flight missions has sub-• I • stantially increased the electronic configuration of modern Army air-
craft, resulting in an increased demand for accurate heading informa-

• tion. In October 1959, the Signal Corps Technical Committee (SCTC)
recommended the development of a universal heading reference system &

to satisfy the requirement for a compass system usable in any geo-
• graphic area and light enough for installation in Army aircraft requir-

ing heading outputs f rom the compass system to the avionic equipment.
The committee concluded that no basic research or advanced techniques• would be needed , that the desired system could be desi gned using onl y

- • commercial equipment available or under development. In 1963 , Mili-
tary characteristics (MC’ s) for  a universa l  heading reference system
(reference 7 , appendix IV , sect ion 3) were prepared by the US Army
Electronics Research  and Developm .~nt Laboratories (USAERDL).

1. 1.2.  To meet this need , a task was established to fabricate a head -• ing reference system. This system , des ignated the AN/A SN-43(V),
has various co nfigurations depending upon the specific need for each

• a i rc ra f t ; they are the “m i nim um , the “extended minimum, “ and the
“maximum” systems.  The “extended minimum” configuration has been
tested ( re ference  8, appendix IV , section 3) and the system has been
type classified.

1. 1 . 2 . 1.  The “maximum ” configuration of the AN/ASN-43(V) was in-
stalled in two UH- 19D He licopters and used in support of the Army

• eva luation of corr~mercial Dopp ler navigation systems. The results of
this evaluation pointed out the need for  improvements in the “maximum”

I configuration.

1. 1. 2 . 2 .  On the basis of these resul ts , USAERDL decided to replace
the AN/ASN-43(V ) maximum system with a modified Air Force C-lZ

* 
Compass System. This system was desi gnated the AN/ASN-62. The

• AN/ASN-62 was service tested by the USAAVNTBD using the standard
MA-i  Compass System as a control item. The report was submitted to
USATECOM on 28 February  1966 ( reference 16 , appendix IV , section 3).
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1. 1.3. As an alternate solution , the SR-3  and AN/ASN-50 Fli ght R ef -
erence Systems (FRS’ s) were  investigated under USATECOM subtasks
in an effort to meet this increasing requirement f o r  a lighter , more

S compact system for Army a i rcraf t .  The operational characteristics
of these systems have been compared with those of the MA-i Compass
System (paragraph 1. 4. 3).

1.2. DESCRIPTION OF MATERIEL.

The SR-3 and AN/ASN-50 are desi gned to provide normal head-
ing and attitude reference plus additional heading reference for  a Dop-

• pier navigator.

1.2.1. SR-3 FRS.

The SR-3 (fi gure 1) is a miniature heading and attitude ref-
erence system. The system wei ghs approximately 18 pound s and con-
sists of a flight reference platform, an induction compass transmitter ,
a controller , and a heading coupler. The SR-3 provides roll and pitch
information without the need for a separate vertical gy ro; however , this
feature was not evaluated during this test.

• 1.2 .  1. 1. The K D - 9  Flight Reference Platform is a pendulously-
• erected , two-gyro , three-gimbal stable reference f rom which a i rcraf t

direction and attitudes are measured.  Heading signals are  supp lied to
the a i rcraf t  equipment through a repeater servo in the heading coupler ,
while attitude signals are supplied direct ly from the platfor m . Should S

multiple isolated output s of pitch and roll be required , an attitude
coupler can be added to the system.

1.2. 1.2. The type KJ-4 Induction Compass Transmit ter  furnishes  an
• electrical indication of a i rcraf t  heading with respect  to the horizontal

component of the earth ’ s magnetic field.  This si gnal is used a s the
heading re ference  during the slave mode of operation .

1.2. 1. 3. The type KE-65 Controile r is a panel-mounted component
which provides the cock pit controls necessary b r  operation of the sys-
tem. These controls consist of a LA TITUDE CORRECTION control ,
HEMISPHERE selector switch , MODE selector switch , and a fast

• synchronization switch. In addition , the control incorporates provisions
for  detection of significant faults in the power source and the heading
transmission channel and for a two-control-stat ion installation which
would allow for  taking command of the system at eithe r station.

4
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• Fi gure 1. SR-3 .

A r r o w  1 - KD-9 Fli ght Reference  Platform
A r r o w  ~ - KJ -4  Induction Compass Trans-

mi t te r
A r r o w  3 - KE-66 Heading Coup ler

• A r r o w  -1 - KE-65  Control ler

1 .2 .  1 .4 .  The KE - 6 6  Heading  Coup ler  provides four compensated head-
in g outputs . These outpu t s  r ep r e s e n t  gyro - s t a bilized magne t ic  heading
in the s lave mode or f r e e - g y r o  head ing  wi th  the ear th’ s rate c o r r e c t i o n
in the d i rcc t iona~ g y r o  (DG) mode. i~i addi t ion , the coup ler contains
servo modules , amp l i f i t - r  m o d u le s , and a power supp l y module.
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* Figure  2. AN/A SN -50.
Ar row 1 - D isp lacem en t gyro

• A r row 2 - Compass adapte r
Arrow 3 - Rate gyro
Arrow 4 - Compass controller
Arrow 5 - Amplifier power

supply

1.2.2. AN/ASN-5O FRS.

The AN/ASN-50 (figure 2) is an all-attitude system which pro-
vides outputs in heading, pitch , and roll axes. The system wei ghs
approximately 49 pounds and consists of a displacement gyro, amplif ier

1’ power supp ly, rate gyro , compass adapte r , and a compass control ler .
The pitch and roll  outputs of the system were not evaluated dur ing this test.

6
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1 . 2 . 2 .  1. The disp lacement gyr o contains a vertical gyro and a direc-
• tional gyro , and it is the master reference  for both attitude and heading

information. The vert ical  gyro is mounted in a redundant roll gimba l

* 
which provides the atti tude performance without gimbal lock or tumbling.
The direct ional  gyro is mounted in a servoed pitch gimbal.

• 
- 

1 . 2 . 2 . 2 .  The amplifier power supply contains the necessary power
supp lies , s tar t ing c i rcui try ,  and gyro gimbal stabilizing servo amplifier

. required for  operation of the displacement gyro.

• 1 .2 .2 . 3 .  The rate gyro senses a ircraf t  movement around the heading
axis during turns and disconnects the vertical erection and DG slaving
inputs.

1 . 2 . 2 . 4 .  The compass adapter receives DG azimuth information, syn-

- chronizes the azimuth signal to the magnetic heading signal of the magne-
t ic de tec tor , and furnishes  multi ple synchronized output s of magnetic
heading. It also contains an earth rate computer.

1 . 2 . 2 . 5 .  The compass controller  is panel mounted and pr ovides a
means of manuall y controll ing the heading subsystem mode selection ,
heading set , s ynchronization , and latitude set. *

1.3. TEST OBJECTIVES.

1.3. 1. Purpose.  •

To determine by operational tests the potential of the SR-3  and
AN/ASN-50 FR S’ s f o r  military use.

• 1.3.2. Objectives. 
-~~~

* 
To determine :

• a. Physical characterist ics and power requirements. 
S

b. Installation and calibration requirements.

c. Operational characteris t ics .  •

d Mission suitability

7
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e. Safety characteristics.

f .  Reliability characterist ics.

g. Maintenance and support requirements .

1.4. SUMMARYOF RESULTS.

1.4.1.  Physical Characteristics and Power Requirements.

1 .4 .1 .1 .  The weight of the AN/ASN -50 exceeded that allowed by the
MG’ s by 24. 69 pounds. The system exceeded the volume limitations of

• the MG’ s by 0. 232 cubic foot.

1 .4 .1 .2 .  The weight of the SR-3 was less than that allowed by the MG’ s
by 6. 81 pounds. The volume of the SR -3 was 0 .274  cubic foot less than
that allowed by the MC’ s. ~. 

SI

1.4.1.3.  Maximum power requirements  for each sys tem were as
follows: S

AN/A SN- 50 - Starting, 2. 55 amperes.

SR-3 - Starting, 1.03 amperes.

1 .4 .2 .  Installation and Calibration Requirements .

S The installation and calibration of the AN/ASN-50 and SR-3  in
the OV-1B were t ime-consuming because of the comp lexity of the cali-

• brating device.

1 .4 .3 .  Operational Character is t ics .  
S

1 . 4 . 3 . 1 .  The AN/ASN-50 and SR-3  were  more accurate  than the MA-i
Compass System.

1.4. 3 .2 .  When the AN/ASN-5O was operated in the f ree  DG mod e, the
drift  rate s were satisfactory. The drif t  rates of the SR-3  and MA-l
systems were unsatisfactory.

1.4.3.3.  Operation f rom pierced-steel  planking (PSP) had no noticeable
• effect on the AN/ASN-50 , SR-3 , or MA-i systems.

8
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1.4 .3 .4.  The outputs from the AN/ASN-50 , SR-3 , and MA-I  systems
S were adequate.

• 1 . 4 . 3 . 5 .  The time required for the AN/ASN-50 , SR-3 , and MA-i  sys-
• - tems to become operational afte r power app lication was within the allow-
• able limits of the MG’ s.

1 .4 .4 .  Mission Suitability.

Both the AN/ASN-50 and SR-3  met ten of the twenty-s ix
essential MC requirements and failed to meet six . The systems only
partially met one of the requirements. It will be determined during S

eng ineering tests whether the systems meet the remaining nine essential
• requirements.

1.4.5.  Safety Characteristics.

No unsafe features  were noted in the AN/ASN-50 and SR-3. 4

1.4.6.  Reliabili ty.

The AN/ASN-50 experienced no failures in 120. 0 hours of opera-
-

• tion , whereas the SR-3  experienced two failures in 258.5 hours of
operation. 

S

1 .4 .7 .  Maintenance and Support Requirements. •

1 . 4 . 7 .  1. The time and effor t  required to maintain the AN/A SN-50 and
SR-3 were acceptable for the type of equi pment.

1 . 4 . 7 . 2 .  Common tools were adequate for  the maintenance of both the
AN/A SN-50 and SR-3.  Special test equipment was required for main-
tenance of both systems .

1 . 4.7 . 3 .  The SR-3 did not have readily-accessible test points for  main-
* tenance above the organizationa l category.

• 
5 

1.5. CONCLUSIONS .
. ~~•

1.5. 1. Both the AN/ASN-50 and SR-3 have military potential.

1 .5 .2 .  Correction of the shortcomings listed in appendix III , section 3, 
5

would enhance the potential of the systems.
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1.6. RECOMMENDATIONS.

• It is recommended that:

1 .6 .1 .  Both the AN/ASN_ 50 and SR -3  systems be subjected to eng ineer- S

ing/service  tests .

1 . 6 . 2 .  The shortcomings listed in app~ ndix III , section 3, be corrected
if t echnica l l y and economical ly 1 asible ..
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DETAILS OF TEST

2.1. INTRODUCTION.

2. 1. 1. The USAAVNTBD fli ght tested the SR-3 and AN/ASN-50 Flight
• . Reference  Systems in an OV-1B Airp lane at Fort Rucker , Alabama,

during the period 26 November 1965 to 18 April 1966 and 1 February
1966 to 30 April 1966 , respectively. The SR-3 was operated for  258.5
hours and the AN/ASN -50 for 120.0 hours.

2. 1. 2. The instrumentation used in the AN/ASN-62 Gyromagnetic Com-
pass System Evaluation (reference 14, appendix IV, section 3) was used
as far  as possible for data collection.

2 . 1 . 3 .  The requirement to test the SR-3 and AN/ASN-50 in a CH-34
helicopter was deleted by USATECOM because the USAAVNTBD was

• required to turn in the onl y GH-34 available for the conduct of tests
• (reference 16, appendix IV, section 3).

2 . 2 .  PHYSICAL CHARACTERISTICS.

2 .2 . 1.  Objective.

To determine the physical characteristics and power require-
ments of the SR-3 and AN/ASN-50.

2.2.2. Method.

2 . 2 . 2 . 1 .  Each subcomponent of the SR -3  and ANIASN-50 was weighed
and measured. The total system weight was calculated by adding the
individua l component weights of each test item. The total system volume
was calculated by adding the individual component volumes of each test
item.

2. 2. 2. 2. The equipment was operated in the OV-1B, and the alternating

S 

- current (a. c . )  and direct current  (d. c . )  power requir ements were deter-
mined f o r  each test item.

2 . 2 . 3 .  Resul t s.

5

5 
2 .2 . 3 .1. Size , Wei ght , and Volume.

t i
s
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2 . 2 . 3 . 1 . 1 .  SR-3 .

• Width Hei ght Length Wei ght Volume
Item (in. ) (in. ) (in , ) (lb. ) (cu. in. )

Fli ght Reference
Platform , KD-9 6 .000  6 .000  8.000 9. 94 288.0

Induction Compass
• Transmitter , KJ-4 3 .063 2 . 12 5  4. 500 0 .94  29. 3

Compass Controller ,
KE-65 5 .7 50  3. 15 4. 063 1.47 78 .8

Heading Coupler ,
KE-66 5.563 4.313 7.000 5.84 167. 9

4 . 5 *

TOTALS 18.19 564. 0
(See paragraph 2. 3. 3 . 2  for  additional equipment (0. 326
insta lled. ) cubic

f o o t )

2.2.3. 1.2. AN/ASN-50.

W i d t h  He~gL~ LenL~th W ei ght V o l u me S

Item (in. ) ( in.  ) (in . ) (lb. ) 
~~~ 

in. )

Displacement Gyro  7 .000  7 . 3 7 5  15.063 2 6 .50  7 7 7 . 6

Amplifier Power
Supply 4 . 8 4 4  3.000 11.594 8 .00  168.5

Compass Adapter 11.000 5.031 7.094 12.44 392.6

Compass Control ler  5 .750 3 . 0 3 1  4 .063  1.56 70 .8

Rate Gyro 2 .406  2 . 62 5  4 .531 1 .19  28 .6

TOTA LS 49 .69  1438. 1
(See paragraph  2. 3 . 3. 2 for additional equipment (0. 832

fr installed. ) cubic S

r 
foot)
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2 . 2 . 3 . 2 .  Power Consumption.

2 . 2 . 3 . 2 . 1 .  SR-3.

a. St a r t in g- -i l5  volts a. c .,  three-phase, Wye -wound ,

• 400-Her tz - -i .03  amperes.

b. Running--1l5 volts a.c., three-phase, Wye-wound ,

400-Hertz--O.83 ampere.

c. Lighting- -28 volts d. c. --0.  12 ampere.

2 . 2 . 3 . 2 . 2 .  AN/A SN -50.

a. Star t ing-- l 15 volts a . c .,  three-phase, Wye-wound ,

• 400-Her tz--2 .55  amperes.

b. Running--1l5 volts a.c., three-phase, Wye-wound,

400-Hertz--i .2Z amperes.

c. Light ing--28  volts d .c .  --0.11 ampere.

2 .2 . 4 .  Analysis.

Not applicable.

2 .3.  INSTALLATION AND CALIBRATION.

2.3.1. Objective.

~

S
.1

To determine the installation and calibration requirements of the S

SR-3 and AN/ASN-50. 
*

S 
• 2.3.2. Method. 

S

2 .3 .2 .  1. The test items were installed and calibrated in an OV-IB Air- S

r plane . Personnel required and man-hours expended for installation and
calibration were recorded.

2. 3.2.  2. The test items were installed to operate from the existing air-
craft electrical system, if possible. Additional equipment required was
recorded . 

5
5
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2. 3. 2. 3. The test items were operated in conjunction with other power-
consuming devices installed in the OV-1B , and any mutual interference
existing during calibration procedures  was noted.

2 .3 .3 .  Results .  
S

2 .3 .3 .  1. Installation and Calibrat ion.  
S

One Aviation E • C~~’ C ~~~~L Equi~ mu n ~ Mec }-~~n~c , ‘ V:. 5 3 i
and two Aviation E 1ectr~~n i c  Equi m~ hi  ~~eu~ u ; r i e l l , S\1055  ) ~~~~~~~~~ _ t a  ie •

and calibrated the SR - 3  and ~h c  ‘~N / ’ 3~~~ .S 0  in an (5 55,
5 - l B .  The ~~~~ 

S

required for installing a~ d ~~~~~~~~~~ s ,-s tcm s  w~ s :

2 . 3 . 3 .  1. 1. Instailativ:.

(~~~~ L --~-~our s ) ( Man - H u r ~;)  
S

_____ ____ —5*———

Initial p lanning lb 16

Preparation of w i r i ng  d a gr a r n s  16 Supp ~~~J ~~ 
S S

f a c t t ~r er

Cab le f ab r ica t ion oO Supp lied by manu - S

fac tu re r

Ai rc ra f t  installation 80 84

Installation and o p e r at i on a l  check 16 16

Sheet-metal suppor t  20 ‘ S

TOTAL ~08 148* I

• 2 . 3 . 3 . 1 . 2 .  Ca libration . S
—

Both systems in the OV-1B were  calibrated using the MC-1
Magnetic Compass Cal ibrator .  Sixteen man-hours  were  expended on
each system to perform calibration procedures .

~~~~ L 

~

*Does not include man-hours  required for  p repara t ion  of wir ing diagram
• and fabrication of cable.

• 16
S I
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2. 3. 3. 2. ~~5tal1ation R equireme.~~~

Neither the SR-3 nor the AN/ASN 5O could be installed in
an airplane independent of other installed avionic equipment and function
within their full range capabilities. Equipment installed during the test
was as follows :

a. The SR-3 required turn-rate information to provide slaving
cutout signals to the system during turns . A type MC-1 Rate Gyro ,
not furnished as part of the SR-3 , was installed to fulfill this require-
ment .

b. The AN/ASN-50 did not Include a remote magnetic trans-
mitter as a major component of the sybtern , This item was required
to provide magnetic information necessary to operate the system itt the
slaved mode . A type T6 11/ASN Remote Magnetic Transmitter was
installed to satisf y this requirement .

2 .3 .3 .3 .  Mutual lnterferenCe.

2 .3 .3 .3 .  1. The flux valve of the SR-3 was 1~ c~ ted in the center vertical
stabilizer. The aft ant icollla ion li ght or~ the OV-1B was the only existing 51
power -consuming device which noticeably affected the SR -3 during cali-
bration. Operation of the anticollis ion light introduced single cycle

5 errors  in excess of one degree. The system was calibrated with the
light operating.

2.3 .3 .3 . 2. The flux valve of the AN/ASN-50 was located in the right
wing-tip cover. The ri ght wing-tip navigation light on the OV-1B was
the only existing power-consuming device which noticeably affected the
AN/ASN-50. Excessive single cycle e r rors  were introduced when the
light was operated. The system was calibrated and flight tested with
the navigation lights off .

2 .3 .4 .  Analysis.

2 . 3 . 4 . 1 .  The installation of the SR-3 and the AN/A SN-5O in the OV-1B S

presented no unusual pr oblems. Neither item could be installed inde-.
pendently of other equi pment because they r equired inputs from other
systems for proper operation .

17
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2 . 3 . 4.2 .  Both the SR-3 and A N / A S N - 5)  a re  desi gned to operate f rom
a three-phase, 115-volt a. c . ,  400-Her tz , W ye-wound prima ry powe r
source. The OV- lB  is equipped with t h i s  p r imary  power s n u r 5 c .  1-10 .’. -
ever , the majority of the a i r c r a ft  in the Army inventory are  equipped 

S
S with three-phase, 115-volt a. c . ,  400-Her tz , Del ta-wound i nv e r t e r s .

To instal l  either system in ti~e~~e a i r c r a ft , it would he n e c e sc a r 1- to i n - -
stall a De l t a —to —W yc tr ans form :r  t T ; cc ~~~ sy~ i er5~~ ~CI t i~~ ~i :~~~‘ S

pr imary a. c. power source .

2 .4.  OPERATIONAL C~ L\ . 5 ~~( 1  
~~~~~ *5~~~~~ ; I •

2.4.1. Objective.

To determine t i :  c p I r a t l nal  a r a : t O~~ t . S:~~~~ ) ~ ~ R — 3  ~d
S AN/ A SN—50 installed in an OV- 13 Ai rp ne •i s ;~ . I1IO ‘~. \ - 1  (S5~~

System as a cont r o ’ ~~~~~~~~

2 . 4 . 2 .  M ct } • . ..

.5*

2.4.2.1. The t E s t  I t ~~h s  cere  c~i Li ) ra t  d i%S ~~~~ the .~ - l  ( .;r r 1 i~s~ Caii— S

brator and res x l t ’ S were  r - cor :ec!  • Th~ 1 s t  I t e n i s  we •. e 013 € r a t 5  cu~~-r ~~
fl ight in the OV- 1.B A :r~~iane.  A~~ rn~~t ’~a 1 inte r f e r~~nce occur r in t ~ be — S

tween the test s y s t t n i s  and ‘,the ~ eoV.t r ~~consurning de’.’ic es ~~~ n : t ed .

2 . 4 .2 .2 .  The OV-1B A~r p 5 i t c  “as ope~ ated within ti’e fl i ght er:-S~e1ope 
-

limitations and the heading indicat ion rc ~:eived f rom the test i tems was
compared with that provided by the A N !  ~SN-62 ins t rument at i  ~~~ t i e

S M C — l  Compass Cal ibra tor . One.n:  f 1 i ~~ht~ ii’.~ ~i P ~~ ~i r r s  t~ .. he5l ( i—

S 
ing of 15 degrees ’ se p a r a t io n , h If l i s , ‘0 ~. es , Steep t~~r:;s, s o P  ~~t 1-ai~~i-It  S

S and level f l i ght. Tl~ : ~~~~~ t n : ns  W C ! c  ~~ s of ~ • t  ~5 ~~~~~~ s. -

S Turns of 90 , 180 , 270 , 360 , 450 , 540 , ~30 , anP 7~. 0 de :’:ecs W ( 3 0  ac-S 

complished in both d i rec t ions .

2. 4 . 2. 3. The test items were  ope ra t ed  in conjunction with the Doppler
I navigator and other instal led ei ’ ctrun ic 55quipment requi r in i i~ heading

information. 
.5 -

2. 4 .2.  4. The warm-up  time required t a r  the test i tems to become
operational prior to conducting above tests  was measu red .

2 . 4 .2 . 5 .  The controls were inR peci-ed and operated to evaluate the
ease of identification and operat ion  of t~ se ce i :~~ is .  

.
5

5 5S S
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2.4 .3 .  Results .

2 . 4 . 3 .  1. No adverse effects were noted when the test i tems were
operated on the ground or in fli ght with othe r installed avionic equip-
ment. S

2. 4. 3. 2. Accuracy of the systems was as follows :

2. 4 .3 .2 .1 .  The results of ground swing of the MA-l , SR-3 , and the
AN/ASN-50 are contained in part  A , append ix I , section 3.

2 .4 .3 .2 . 2 .  The average er r o r s  obtained from four air swings are con-
tained in parts B and C, appendix I, section 3.

2.4 .  3. 2. 3. Gimbaling e rrors  introduced by pitch changes were not
S detectable on either the SR-3  or AN/ASN-50; however , errors  in excess

of eight degrees were present on the MA-l .

* 2. 4. 3. 2. 4. Doppler position e r rors  (angular e r ro r )  are contained in 
S

part D , appendix I, section 3.

2. 4. 3. 2. 5. Drift  rates of the test items operating in the free DG mode S

S are contained in part  E , appendix I, section 3.

2 . 4. 3. 2. 6. The difference between the two most accurate output s of
the individual test items is contained in part F , appendix I , section 3.

2. 4. 3. 3. No adverse ef fec ts  were  noted in the test items when the 
S

S OV-lB  was operated f rom PSP.

2 . 4 . 3 . 4 .  The tim e required for  the MA-I , AN/ASN-50 , and S R-3  to S

become operational (80 percent  synchronous speed) after power was
S applied was 1.0  minute , 1.3 minutes , and 1 .9  minutes , res pect ivel y.

2. 4. 3. 5. All controls of the test items were easily identified and
S operated . The SR-3 and AN/ASN-50 control heads incorporated a fas t

synchronized mode which was a desirable feature.

2. 4 .4 . Analysis.

With all systems operating in the magnetic or DG mode , the
AN/ASN-50 performance was equa l to or better than the S R - 3  and the

19
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S SR-3 performance was equal to or better than the MA-i .  The outputs of

S 
all systems were adequate .

2 .5 .  MISSIONStJITABILITY.

5 2 .5 . 1. Objective.

S T o de termine the compliance of the SR-3  and AN/ASN-50 with
the MC’ s ( reference  7 , appendix IV , sect ion 3).

2 . 5 .2 .  Method.

The pe r fo rmance  of the SR- 3  and AN/ASN-50 was compared 
S

S with that re qui red by the proposed MC’ s.

2 . 5 . 3. Resul ts .

The SR-3 and AN/ASN-50 met ten and failed to meet six of the
S twenty-s ix  essential  requirements  of the proposed MC’s. The systems

onl y partiall y met one of the requi rements .  It will be determined dur ing
eng ineerin g tests whethe r the test items meet the remaining nine requi re -  -•

merits . For a point-by-point comparison of the test items with the pro-
posed MG’s, see appendix LI, section 3.

2.5.4. Analysis. S

Not app lic able.

2 .6 . SAFET Y.

2 . 6 . 1. Objective.

S To de te rmine  the safe ty  charac te r i s t i c s  of the S R - 3  and A N/
ASN-50.

2 . 6 .2. Method.

2 . 6 .2.1. The installations of the SR -3 and AN/ASN -50  in the a i rc rat t  

S

• were examined and possible safety hazards were noted.

2.6.2.2. The SR-3 and AN/ASN-50 were  examined to de t e rmine  whether  S

any safety hazard s existed.

~t 1 
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* 2 . 6 . 3 .  Resul ts .

S There were no safety limitations or precautions required for -
,

the operation or use of the SR-3 or AN/ASN-50 and the proposed MC’ s
did not contain any safety requirements. No unsafe features were found
in the SR-3 and AN/ASN-50.

2.6.4. Analysis.

Not app licable.

2 .7 .  RELIABILITY. S

2 .7 . 1 .  Objective. S

S To determine the reliability of the test items during the test
-
• period in terms of total operation time to total number of fai lures.

2 . 7 . 2 .  Method.

S The total operating time during the test program and the total
number of failures (compiled in paragraph 2. 8) were used to arrive at
a mean time between failure (MTBF). 5

5

2.7.3. Results.

SR-3  AN/ASN-50

S Total failures 2 None 
-

5 

5 
. Total operating time 258. 5 hours 120. 0 hours

MTBF 129.25 hours N/A

2.7.4. Analysis. S

The AN/ASN-50 did not fail during the test period . The failures
S 

experienced by the SR-3 were minor in nature and were easily corrected.
I (See paragraph 2. 8 . )  A major redesign or modification of the equipment

S will not be required.
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2.8.  MAINTENANCE AND SUPPOR T REQUIR EMENTS.

2 .8 .1 .  Objective.

To determine the maintenance and support requirements of the
SR-3 and AN/ASN-50 .

2 . 8 . 2 .  Method.

2 . 8 . 2 . 1 .  The SR-3 and AN/ASN-50 were maintained and the total 
1

’

operating time , failures , total active maintenance down time , mean
time to repair and rep lacement parts required were recorded. S

2 . 8 . 2 . 2 .  The SR-3 and AN/ASN-50 were evaluated with respect to the 
S

ease of maintenance, packag ing density, availability of check points ,
and suitability of calibration procedures.

2. 8. 2. 3. The standard avionic maintenance tool kit was utilized , as
practical , to evaluate its adequacy. Special tools and test equipment

S required for maintenance were recorded.

2 . 8 . 3 . Resul ts .

2 . 8 . 3 . 1 .  Total operating time was 258.5  hours for  the SR-3 and 120.0
hours for the AN/ASN-50. No fai lures were encountered on the AN/
ASN-50. The SR-3 experienced the following failures.  The f i rs t  failure
occurred 2 February 1966 at 167. 5 operating hours , and the second S
failure occurred 27 March 1966 at 232. 1 operating hours.

Corrective Maintenance Man-
Problem Action Category Hours Remarks

a. Intermit- 1. Removed Organizational 0 .2  Defective
S 

tent operation coupler from module was -~
of heading aircraft .  returned to
coupler re-  manufacturer
suited in 2. Bench Direct Support 1. 0 for repair.
inaccurate checked and Cause of
magnetic analyzed problem was
information, system. isolated to

22
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Corrective Maintenance Man-
Problem Action Category Hours Remarks

3. Removed Di rec t  Support 0. 1 the contact
S and replaced pressure be-

S se rvo  assern-  tween movable
bl y. contact and

the coil of
S 4 . Fina l sys - Direct  Support 0.5 the compen-

• tern checked. sator potentio-
meter. The

5. Replaced Organizational 0 .4 manufacturer
cou pler in stated that S

• a i r c r a f t  and they have
performed changed to

S serviceability movable con- S

S 
check. tact with a

higher spring
tension to •

eliminate
S future pro-

blems of this
¶ nature.

T OTAL 2.2
I

S b. System 1. System Organizational 0 .25 Defective head-
S would not ground ing coupler
I synchronize. checked. was returned

S Malfunction to manu-
• indicator 2. Removed Or ganizational 0. 50 facturer for 

S 
-~

appeared at system from repair . Pro-
all t imes,  aircraft .  blem was
Servo response isolated to
very slow. 3. Bench Direct Support 1.25 defective

S checked and amplifier
S an a lyzed circuit (ARI).

system. Repair was
not accorn-

4. Substituted Direct  Support 0. 10 pu shed on
i. 

- ; a heading site because
coupler . of lack of

repair parts .

5 23
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Corrective Maintenance Man-
Problem Action Category Hours Remarks

5. Final sys - Direct Support 0.50 None .
5 tern checked.

6. Replaced Organizational 0. 70 None .
system and
performed

S serviceability S

check.

TOTAL 3. 30

2 . 8 . 3 . 2 . Active maintenance time was as follows :

SR-3 AN/ASN- 50

Tota l scheduled maintenance time 13. 8 6. 4

Total unscheduled maintenance time 5. 5 None 
S

2. 8. 3. 3. Mean time to repair (Total unscheduled maintenance time) . 
S

S 

Total numbe r of failures
the SR-3 was 2 . 7 5  man-hours.  Repairs  were not required on the AN! S

ASN-50. 
. 

S

2. 8. 3.4 . Repairs  beyond replacement of major component s were not
accomplished because repair parts were not provided for  the test. De-
fective components were repaired by the manufacturer  (paragraph
2 .8 .3 .  1). Parts required during the test were : ‘

~1Hours of Operation S
S 

Parts Used Nomenclature at Time of Failure System

KE-66 Heading Coupler 162. 5 SR-3

KE-66 Heading Coupler 232. 1 SR-3

2 . 8 . 3 . 5 .  Normal servicing of both the SR-3 and AN/ASN-50 was accom - 5

.plished without difficulty. The AN/ASN- 50 provided accessible test points 
SS for verification of all of the system ’s pr imary voltage and signal sources.

The SR-3  did not provid e accessible test points for maintenance cate-
gories abov e organizational 

24
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2 . 8. 3. 6. System calibration (compass swing) procedures of both test
S items were comparable; however , both were excessively time-consuming

5

- 
as a result of the complexity of the calibrating device (MC-l Magnetic
Compass Calibrator Set). S

S 2 .8. 3.7. The TK-l05/G and the TK -l OO/G Tool Kits were adequate for
performing organizational through general-support categorie s of main-

5
5 tenance on the SR-3 and the AN/ ASN-50. No special tools were required. S

2. 8. 3. 8. S~ ecia1 test equipment was required to perform maintenance
on both systems through the general-support  category. Special test
equipment used and required was: S

Item Type

S Magnetic Heading Simulator Manufacturer A Part No. 2586546

N Compa ss Calibrat,r MC-2 (MC-l modified) S

S System Interconnecting Cable (Local fabrication)

Scorsb y Table Manufacturer A Part No. 2585982

Tilt Table Manufacturer A Part No. 2586334
1Phase Ang le Voltmeter Manufacturer  B Part No. 202B

S 

Servoed Repeater Manu fac tu re r  C Part  No. C054430020

Common test equipment necessary to supplement the special equipment
listed above was normally found at the maintenance categories indicated
and was considered adequate. 

S

2 .8.4 . Anal ysis.

2.8.4. 1. The AN/ASN-50 met the MG’ s pertaining to maintainability.
The SR-3 did not meet the MC’s because of the lack of accessible test 

S

S points for higher categorie s of maintenance. The effort required to
maintain either system was considered to be acceptable for this type of
equipment.
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2 .8. 4.2. Because of the complexity of the calibrating device (MC-1) and
the degree of accuracy that was required, the calibration time (16 man-

S hours for each system) was excessive. A manual swing to achieve
comparable accuracies would require more time and personnel.

- 2. 8.4. 3. Man-hour s required to perform repair operations during the
- 

te st were not considered excessive.

• 2. 8.4. 4. The two failures experienced with the SR-3 were considered
* 

to be easily correctible and presented no major problem of redesign. S

2. 8.4 .5. The manufacturer of the AN/A SN-50 has ten available pieces
oI~ special ground-support equipment (one for fli ght line and nine for
intermediate level) designed to simplify maintenance operations. The
equipment was not available during the test. However , if the Army pro- S

S cures the AN/ ASN-50, this equipment should be evaluated to determine
its need and adequacy.
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Part A

Ground Swin2 of the MA- 1, SR-3 ,  and ANi’ASN- 50

Actual Heading MA-l  SR-3  AN /ASN-50

00 000 00’ 3590 58’ 359° 57’

15 15° 02’ 15° 09’ 15° 06’

30 29° 56’ 29° 58’ 30° 06’ 
-S

45 45° 04’ 44° 56’ 45° 03’

60 60° 04’ 59° 59’ 60° 04’

75 750 
07’ 75° 00’ 75° 02’

-

S 

o o 0 5

90 89 54’ 90 04’ 90 04’ 
5

105 104° 58’ 104° 03’ 105° 05’

120 119 ° 59’ 120° 03’ 120 ° 00’

l~35 135° 04’ 135° 00’ 134° 55’

150 150° 06’ 150° 06’ 149° 56’ 
5

165 165° 05’ 165° 01’ 165° 01’

180 180° 09’ 180° 02’ 180° 03’

195 1 94° 57’ 194° 52’ 195° 05’ 
*

210 209° 59’ 210 ° 09’ 2 10° 06’

225 22 5° 05’ 224° 57’ 225° 02’

240 239° 57’ 239° 55’ 240° 05’

255 255° 06’ 254° 56’ 255° 04’ -

p 270 270° 04’ 269° 58’ 270° 01’ 5
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Actual Heading MA-i SR-3 AN/ASN-50 -

285 285° 05’ 284° 56’ 284° 59’

300 300° 03’ 299° 56’ 3000 01’

315 314° 59’ 314° 53’ 314° 57’ 
S

S

330 330° 02’ 329° 52’ 330° 04’

345 345° 06’ 344
0 58’ 345° 06’

I

S 

S
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S Part D

• Dopp h~r Pcsi~ii-1n Errors

Distance Track Angular Error (degrees)

Fro m - To (km.)  (degrees) MA -i AN/ASN-50 SR- 3

Cair ns--Crestvicw 103.3 240 .6 0 .1R 0. 1R 0.7L
0.4L 0.3R 0. 8L
O.IR 0.8L 0.2L

Crestview—-E glin 49 .8 11I4 .2 2 .4 R  0 . I L  1.2L
0.6R 0.2R 0.5L
0.3R 0 .1L 0.9L

5 E gii n--Tyndail* 1 1 4 . 6  114.1 1.7R 1.6L 0.4R
1.2R 0.7L 2 . 1R
1.OR 1.7L ~) .1R

Tyndall --P erry Foley ** 180.5 St~~7 l . SR  1. 1L 0.~~L
1.OL 0.5L
1.U 0.1L S

S Perry F ol ev— — I 5 , I I a I I a I . s s ~s: 70.2 313 .4 1 .O L 0.0 0.0
0.9 L 0.~~1. 0.~7R
0.7L 0 .7L 0.1R

Tal laha s see-—A lb any 124.2 354.5 2. IL  0. 0 0 .IL
1.21 0 . I R  0.9L
1.SL 0.4L 0.2L

Alb any--Eufau la 92. 3 293.6 0.9L 0.7R 0 .3R
0.4L 0.6R 0.4L
0.9 1. 0 .7R 0.2R S

5 1
Eufau la - -Mar i ann a  129. 1 179.7 1.71. 0.SI L 0.51.

S 

1 .01. 0.2 R 0.0
0.1L 0.3L 0.8L 5

Marianna--Cairns 78.6 313.0 0.2R 0.2R 0. 3L

0.1L 0 .2R
1

0.5L 0.4R
S I

S I  _ _ _ _ _ _ _ _

‘1~~ver—wate r flight S

**Part l y over—water fli ght 5 5

~~~~~~~~~~~~~~~~~~~~~~~
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Distance Track Angular Error (de~~ees)

From - To j lan.) (degrees) ~~~j . AN/ASN-50 SR-3

Cairns--Mar ianna 78.6 133.0 2.4L 0.2K 0.0
1.2R . 0. 6L 0.1K

= 
0. 3L 0.4L 0.4L

Ma rianna--Eufaula 129.1 359.7 1.2L 0.1R 0.1K
0.2L 0.5L 0 .I R *

S 0.3L 0.1L 0.8K

Eufaula--A lbany 92.3 113.6 0.9K 0.2R 0. 3L
0. 5K 0.4L 0.3L
0.2R 0.4K 0.6K

Albany- -Tallahassee 124.2 174.5 2.8K 0.2L 0.6L
0.0 0. 1L 0.8L S

0.3L 0.3L 0.8L

Tallahassee——Per ry Foley 70.2 133.4 1.6K 0.5L 1.3L S

0.2K 0.1L 1.3L
0.2L 0.3L 1.1L

Perry Foley__Ty ndafl* 180.5 266.7 0 . I L  0.6K 0.9L
l .5L 0.0 1.OL
0.3L 0.1L 0.5L S

TyndaI1 --Eg1in~~ 114.6 294. 1 0.4L 0.0 0.1L
1.4L l.6L 0.6!. 

S

0.3!. 1.O L 0.8!.

Eglin--Crestview 49.8 344. 2 0.4L 0.3K 0.4!.
0.7R 0.3!. 0.4!.

1.3!. 0.2L

Crest view--Cair ns 103.3 61.6 1.5L 0. 2L 0.6R
0.7K 0.0 1.4!.

H- 0.2K 0.0 
*

Total Err or 45.4 24.0 28.8

Average Error 0.892 0.444 0.533 5

*Ove r_water flight
*Ilp artl y over-water flight

~‘°$‘Data not reliable 
S 

-
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5 Pan E

Drift  Rates

fl~~ t N o .  I

S 
- 

Maximum Drift MA- i SR— 3 AN/A S N-S IJ
Time Allowed Rate Rate Rate

(minutes) 
— 

(degree s) Drift  j degrees/hour) Drift (degrees/hour~ Dr i ft (degrees/hourj

0 - 2 4  0.43 -0 .9 2. 2S~ ÷0.2 0.50 -0.2 0 .50

24 — 58 0.57 —0.2 0. 35 +0. 6 1.06* —0.2 0. 35

58 - 77 0.34 0.0 - 0.0 - -0.2 0.63

77 - 99 0.37 0.0 - -0.2 0.55 0.0 -

99 - 117 0.30 -0. 4 1.33* -0.2 0.67 -0.2 O. F~7

117 - 177 1.00 -1.5 1.50* -1.5 1 .50* -0.4 0. 40

177 — 230 0.88 — 1 . 1  1.2s~ +0.1 0.11 -0.6 0.68
)

Maximum Drift s_ i_SSI 1 \ N / A S N ~~4J S

S Time Allowed Rate Rate Rate S

(minutesl (deerees) J~a~L j~4~~r~ Q1~j ~ (dearees !bourl Q~j [~ j ~~~J l~~~

5 5 0 - 2 6  0.43 +5. 1 L 1 . 7~s~ 40.3 0.69 -,- (J .2 0. 46

26 — 42 0.27 ~2 .9  10.~ 9 0. 0 - -0. 1 0. 37

- 
5 

42 - 64 0.37 +3.8 10. 36* -0.2 0.54 - .0 -

- . 64 - 87 0.38 +2. 2 5~74* -0.1 0.26 -0. 1 0.26

5 

87 - 108 0.35 +2 . 0 5•57* -0.3 0.86 0.0 -

108 - 124 0.27 -p 2 .8  10.50* -0.1 0.38 0.0 -

124 — 205 1.35 +4 .9 3.63* — 0.3  0.22 -0.8 0.59

_____________________________________

- 
*Excee~f~ limits of 0.1°/hour

T

~~~~~~~~~~~~~~~~~~~~~~ 
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The following is a point-by-point comparison of i h -  S R- 3  and AN!
ASN-50 with the pro posed MG’ s ( r e f e r e n c e  7 , a ppendix  IV , - - •ct i on  3 ) .

S T - ~ t ll~~~~; ~~~~c t ’  S

- R *- g u i r e m e nL

- 

. Requirement SR-3 AN / A S N - 5 0  Rerna :~ks

LI. Operational Charac- S

S teristic s.

1. General: The Yes Yes
UHRS shall provide a
magnetically slaved
or unslaved gyro stabi-

S lized heading reference
for Army a i r c r a f t .  The
equipment shall pro vide

j  the required heading in-
formation for one pilot S

S and one cop ilot h eadin g

- 
display and , if required ,

S provide a minimum of

I three isolated outputs
for other electronic
equipment .

2. Accuracy: The
nominal heading accuracy

S of the system shall be as
follows:

a. Slaved operation No No The sla ved ac- ~~~s S 4

• ±0.4
0 curacy of ~i ) t

I 

SR-3 -i veraged
0. 533 degree  and
t 1 ~~~~

- sla ’:eci c c u r - i * y
of the AN/ASN-50

S ave raged 0. 444 -

de gree .

S S

- 

I:

I -_ _ _ _ _ _ _ _  - -  ~~~~~~~~~~~~~~~~ 
-
~~~~ 

- —5--
.---

_ _ _ _ _  

1 - PT S~~~~~C FIU4~D
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Test Item Meets
S Requirement

Requirement SR -3 ANIASN-50 Remarks

b. Free gyro No Yes Fourteen checks
operation 1. 0°/Hr . of drift rate were

S performed. The
- 

SR-3 exceeded the
1.0° /Hr.  on two
occasions.

3. Special Features: No No Neither the SR-3 S

Provisions shall be made nor AN/ASN-50
• to facilitate various was designed to

system conf igurations facilitate various S

through the utilizations system configur a- S

of plug-in modules. By tions by use of
virtue of the universal plug-in modules.

S 

selective component I

concept , the system con-
fi guration of the AN/ASN-
43(V) shall be variable
to the extent required to 1’

.
5 meet the light weight , low

volume demands of the - S

less sophisticated aircraft
and the more complex
maximum system con-
fi guration necessary to
satisf y the more stringent
requirements of the all
weather , navigation
mission of the larger ,
sophisticated aircraft
systems.

* 
III. Physical Charac-
teristics. 

S

1. Limiting Wei ght 
S

S and Volume Factors:

46
I 1- 1.- :
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Test Item Meets
S Requirement  S

S Regu ir e -~ent S R- 3  AN /ASN-50 Remarks  S

a. The wei ght of Yes No Weig ht of the
S the universal heading AN/ASN-5O cx-

reference system shall ceeded the re-
• not exceed 25 lbs. when quirement by

all plug-in components 24. 69 pounds.
S are utilized.

b. Volume shall Yes No Volume of the S

S not exceed . 6 cubic A N / A S N - 5 0  ex-  -

ft .  when all p lug - in ceeded the re-  S

co mponents a re  util ized. quirement b y
0. 232 cubic foot.

c. Wei ght is -~o No Nt-i ht~r sys te :~:
minimized throug h the was de signed to S

S utilization of plug - in meet the un ive r sa l
S modules , by u sing h eadi ng re f ere nce

onl y those components  concept . J~f =
specificall y requi red  any  module was
for a par t icular  a i r -  removed , th11
craft installation. s vs te n  s would

fail to opt-r*lt

within its full  
—capab i l i t y . 

S

2. Ar r angemen t  Yes  Yes  5

and Coordination of 
IS 

Component Units: Corn- S

ponents shall be capable
of being readily mounted
or dismounted for  use , S

servicing, transport, 5

or replacement , and
shall be compatible with
all instrument groups or
systems requiring heading -

information.

I ~~~ 47
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Test Item Meets
Requirement

Requirement SR-3 AN /ASN-50 Remarks

3. Provision for Equip- No No
ment to Operate in Conjunc-

S tion with Other Electronic -

and Intended Associated
Equipment : Desi gn of the

S equipment shall permit
S installation independent

of other installed elec- S

tronic equipment. S

Furthermore, it shall be Yes Yes
compatible with stabili- S

zation, navigation, and S

surveillance systems re-
S quiring heading information.

4. Anticipated Power Yes Yes S

Supply Considerations: S

The equipment shall be
capable of operation with
a primary source of power -

from the aircraft  electri-
cal system without inter-
ference to other power

S consuming devices in the
aircraft .  The equipment S

S shall require minimum S

power. 
S

5. Adaptability to Yes Yes
Alteration: Maximum
practicable use shall be
made of MIL standard type S

components in the design
S and construction of this

equipment . However , - - S

other improved components
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Test Item Meets
R equ i r e m e n t

-
~ Requirement SR - 3  A N/A S N - 50  Remarks  S

- 

- 
. and techniques ‘-~ h ic 1i w i l l

enhance the des i gn of t 1~- -
equi pment should be Con-

-

- * sidered. S

6. Construction and
Special Requirements  t~
Meet Operation , Ti- -~n s  -

po rtation , Packa g ing ,
and Storage Conditions:

a. Vibration: Un — [Jr Uo be cle~ 4 !- r 1vi :-~ed
The e4uipment shall  1<no ’.vn !~nn -~- ’~ h~~ .~ - -:i:-~& - r~r * :
meet the shock tests sts.

S of M I L -T - 5 4 2 2  par  I
4. 3. 2 . 1.

b. Shock: The U n -  U n -  To bu d~ - t - r
equi pm ent sha ll tneet ~ r ’ :V- fl fl(~~ ’~ i b ’1~ ‘

S the shock tests  of MIL-  1est~~.1 T-5422 par 4. 3.2. 1

c. Humidity:  11~u U n -  Un-  f c  ~~ ~ t~ i-

equipment shall meet t~ ~fl~l~\ f l  no- -’ n OV c~n-~
hum idity e n v i r o nm ent  o~ t e s t s
MIL-T-5422 par 4 . 4. ~~~ .

d. T t m p e r *~tu r t - - [ T ~ ’_  U n -  1 1) be determined
Altitude : The equi pme nt :-j ,\” n known b y ~i~ inee ring

- shal l meet the t e m per at u r e -  tes ts . S

* altitude requirements v~
MIL-T - 54 2 2  par 4. 1.2 .

e. Salt Spray:  The [ In -  Un- lo he deterrvinca
equipment shall meet the 1~nown known by eng ineering
salt spray requirements  of t e s t s .  =
M IL -T -54 22  par 4 . 5.
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Test item Meets
Requirement

Req~ irement SR-3 AN/A SN-50 Remarks

1. Explosion: The Un- Un- To be determined
S equipment shall meet the known known by engineering

explosion requirements tests.
of MIL-T-5422 par 4. 6.

g. Sand and Dust: Un- Un- To be determined
The equipment shall meet known known by engineering
the sand and dust environ- tests.
ment of MIL-T-5422 par 4.7.

h. Fungus : The Un- Un- To be determined
equipment shall meet the known known by engineering
fungus environment of tests.
MIL-T-5422 par 4.8.

i. RFI : The Un— Un- To be determined
equipment shall meet known known by eng ineering
the requirements of the tests.
susceptibility and inter-
ference tests of MIL-
1-26600 (USAF) for
Class I equipment .

IV. Equipment Operation
and Maintenance Charac-  

- S

teristics.

1. Operating Time: Yes Yes
Equipment shall be S

capable of continuous
reliable operation for a
period of 23 hours during
each 24-hour pe r iod
without requiring adjust..

S 

ment, calibrating or - .

maintenance.
‘-‘5 -
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Test Item Meets
Requirement

Requirement SR -3 AN/ASN-5 0 Remarks

2. Maximum Ac- Yes Yes
S ceptable Preparation

Period from Secured or
S S Power-Off Conditions:

Equipment shall be
capable of satisfactory
operatio n within 2 minutes
after power has been
applied.

3. Personnel Con- Yes Yes
S - siderations: Controls

shall be capable of bein g
easily identified and 

. Sadjusted by Army avia tors
in fli ght. Organizational
maintenance shall be car-
ried out through readily S

- 

I 
accessible check points
and unit replacement on

S the °Go-no-Go ” bas is. S
.

4. Provisions for 
S

Field Maintenance.

a. Design of equip- No Yes S R-3  did not
ment shall facilitate field have readily ~S

maintenance by providing accessible test
readily accessible test po ints.
points and jack s, and
providing for easy re-
placement of component 

=S units. S -

b. Equipment Yes Yes
shall be designed to re-
quire a minimum of tools
and test equipment. When-
ever possible, the require d

r S 5. 5 5 [ 51
S .C 
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- Test Item Meets S

S Requirement
Requirement SR -3 AN /ASN -50 Remarks

tool and test equipment S

S shall be of the type cur- -

rently for issue in the
- fie ld Army.

c. Special tools , No No Tools, test
S test equ ipment , maintenance equipment ,

manuals , and par ts  lists , manuals , and
if required , shall be fu r -  parts lists

S nished with the prototype were not pro-

- 
models. vided for a

- 
military potentia l
test. 

S
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1. Deficiencies. No deficiencies were noted on either fli ght
-
- reference system.

2. Shortcomings. The following shortcomings were noted during
- this test:

Suggested S

-- 
Shortcoming Corrective Action Remarks

S SR-3 S

a. The KE-66 Heading None.
Coupler experienced
two random failures
during the test period.

b. Test points were Provide accessible - s .

not readily accessible test points. S

for categories of

S 
maintenance abo ve
organizational mainte -
nance.

c. Drift rate (DG None .
- mode) wa s excessive.

~1 AN /ASN-50

Wei ght of the AN ! None.
ASN-50 exceeded the
MC requirement. S

H ~~~~~~ .

F ~ I
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1. Human Factors Engineering Manual , published by Dunlap and 
S

S Associates, Inc. ,  429 Atlantic Street , Stanford , Connecticut, 1961.

2. “Preliminary Engineering Report , Universal Gyrornagnetic
Compass Set, AN,’ASN-43(V), US Army Signal Research and Develop-
ment Laboratory, 1 April 1962 .

S 

- 3. ‘ Fina l Project Review and Value Analysis of Gyromagnetic
Compass Set , AN/ASN-43(V), ” US Army Signal Research and Develop-
ment Laboratory, 13 August 1962.

4. “Environmental Test Rep or t , Universal  Gyromagnetic Compass
Set, AN !ASN-43(V), ” USASSA, Fort Monmouth Contract No . DA 36-

S 
039-SC-90865, February 1963.

5. “Final Report, Universal Gyromagnetic Compass Set, ANt
ASN-43, ” US Army Electronic Proving Ground , February 1963.

S 

- 

6. Letter , AMSTE-BG , H ead quarters , US A rmy Test and Evaluation
S Command, 9 May 1963 , subject: “Directive for Conducting Service Test S

of the Universal Gyromagnetic Compass Set , AN/ASN-43(V), TJSATECOM S

Project No. 4G-3990-02. ”

7. Letter, SELRA/SRI , Headquarters , US Army Electronics
Re search and Development Laboratory,  17 October 1963 , subject:
“Proposed Military Characteristics for  a Universal Heading Reference - 

-System for Army Ai rc ra f t  (Rotary Wing and Fixed Wing), “ with in- 
S

closures.

8. R e por t  of Test , USATECOM Project No. 4-4-4300-0 1-G ,
“Service Test of the Extended Minimum System of the AN !ASN-43(V)
Gyromagnetic Compass Set , ” US Army Aviation Test Board , 25 February- I 

1964.

9. Plan of Test , USATECOM Project No . 4-4-4338-01, “Confirma-
tory Test oc Compass Controller C-6343,’ASN , ” US Army Aviation Test
Board, 8 June 1964.

10. Combat Developments Objective s Guide , Paragraph No. ‘s 533c(5) S
and (6), 15 August  1964 , with revisions.
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11. Letter , AMSTE-BG , Headquarters, US Army Test and Evaluation
Command, 29 September 1964, subject: “Planning Directive, USATECOM
Project No. 4-3-3015-01, -02 , Test Planning, AN/ASN-62( ) Gyromag-
netic Compass Set. ”

12. Coordinated Test Program, AN /ASN-62 , Gyromagnetic Compass
Set , US Army Test and Evaluation Command, November 1964. ‘

13. Plan of Test , USATECOM Project No. 4-5-3015-03, “Service
Test Plan of Test of AN/ASN-62( ), Gyromagnetic Compass Set , “ US

S Army Aviation Test Board , 29 January 1965. - S

14. Message , SMOSM-NSPA-9-04-5802 , Commanding General ,
US Army Aviation Materiel Command, I l  April 1965 , subject: “CH34C
Acft for Map. “

15. Plan of Test , USATECOM Project No. 4-6-3260-01 , “Military
Potential Test of the SR-3 Miniature Flight Reference System, ” US
Army Aviation Test Board , 5 November 1965.

16. Final Report of Test , USATECOM Project No. 4-5-3015-03,
S “Service Te st of the AN/ASN-62( ) Gyromagnetic Compass Set , ” US

Army Aviation Test Board , 28 February 1966.
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USATECOM Project No. ‘ s 4-6-3260-0 1 and 4-6-3261-01

Agency Final Report

Commanding General 2
S 

US Army Test and Evaluation Command
ATTN : AMSTE-BG
Aberdeen Proving Ground , Maryland 21005

Commanding General 25
US Army Electronics Command
ATTN: AMSEL-VL-N S

Fort Monrnouth, New Jersey 07703 -
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CODE SHEET

S Thi s code sheet will not be distributed outside the Department of
Defense.

SR-3 General Electric Instrument Division

AN /ASN-50 Lear Siegler , Inc .

Manufacturer A Sperry Phoenix Company, Division of
Sperry  Rand Corporation

Manufacturer B North Atlantic Industries, Inc .

Manufacturer C Kearfott  Division of General Precision , Inc.

I

65

‘ .i - ~~i~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I 
- 

~~ 
~~~~~~~~~~~~~~~~~~~~~~~ :: ~~~~~~:~~~~~~~~~~~~ 

~~~~~~~~~~~

- 

UNCLASSIFIED ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Security Classification

• DOCUMENT CONTROL DATA~ R&D
- (S.cu rit y claaaiiicatior, of tiff., body ci abet,act and ,ndeajn~ m,not at ,00 m,t.I be ent er ed wt,en the ove,~It report clao.,,i,ed)

I ORI r , INAT ING A Ct IV I T Y  (Corporate autho r) ~2a R C P 0 R T  S E C U R I T Y  C L A 5 c I F I C A T I O N
S US Arm y Aviation Test Board Unclassified (l~.. ~IL_ “-

- - Fort Rucker , Alabama 36360 2 b  GROu P

3. REPORT T ITLE S
S 

MILITARY POTENT iA L TEST OF THE SR-3 AND AN/A SN-SO FUGHT REFERENCE SYSTEMS (U)

S a DESCRIPTIVE NOTES (Type of report and inc tuo ,v e date .) 
S 

S

Final Report of Test , 26 November 1965 to 30 April 1966
5 AUTH OR(S) (Last na,,,. I,r. t name. ,n,tiel)

Wrote n , Cecil E .,  Majo r , SI GC

6- REPO RT DAT E f i a  TOTAL NO OF PA G ES  1 7 b  NO OF Ry F S

May 1966 61 J 16
6CS C O N T R A C T  OR GRANT NO. 9e. O R IG I N A T O R ~5 R EPO RT  ~~uIt 9 F N  I

USATECOM Project Num bers 4-6-3260—01 and

S b. PROJ ECT NO- None 4-6-3261—01
a-

9b OTHER REPORT NO(S) (Any oth,,, obe,-~ th,t pa~ t S r  ~~S5 ~~gfl,- f

S 
thin report)

S 

d 
None

- ¶0 - A V A  ILA8 ILI TY L IMITA TION NOTICES

TLi.L_L~~~~~~L _ ,J._. _ C - J.... ._ .
~~~
. _,  L_SLL. _J, -

- 
- - 

~ I ..J . ~~~~~~~~~~ -“.~~~ S

-
~~

t~ SUPPLEMENTARY NO TES Protective markings have 12 - SPONSORING M I L I T A R Y  A C T I V I T Y  S

been placed on the report because the report is of a Com manding Genera l
sensitive nature from the manufacturers ’ and test US Army Electronics Command
a~ency ’s standpoint. Fort Monmouth , New Jersey 07703

13 . TRACT

-
S - he US Army Aviation Test Board condu cted the military pote ntial test of the SR-3 and AN/ ASN- 5 0 Fli g ht

Reference Systems at Fort Rucker , Alabama. Tht. SR— 3 and AN/ASN—5 0 were fli ght tested in a n OV —I B for
258.5 hours and 120.0 hours during the period 26 November 1965 to 18 April 1966 and 1 February 1966 to 30 .5\p r i l
1966, respectively. The systems were compare d with the requirements of the propose d Military Cha racteristics ( t IC ‘ s).
Both systems met ten of the twenty—six essential requirements , fai led to meet six , and only partially met one of the
requirements. It will be determined during engineering tests whether the systems meet the remaining nine essential S

requirements. It was concluded that both systems have military potential and that correction of the shortcomings
would enhance the potential of each. It was recommended that both systems be subjected to engineering/service 

S

tests and that the shortcomings be corrected if technically and economically feasible. (U) (FOR OFFICIA L USE ONLY)

I 

-

I S
.

:

DD 1473 
~~~~~~~~~~~~~~~~~~~~ 

uNc1AssI: R
~:~~~

L
~ :E oNLv) 

[I
I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5- ~S~~~ S -



r~~~
-ii

~~ 
-_ --,- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S

~
-T

~
r-- 

‘a - ‘~~~~ -- ___________

UNCLASSIFIED ~~~W 1 t ~~Tt J~f6NLY~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~
S1c u r I I~ I. I , ’ i ~ I t I ( I t I ( I t 1  S

¶ 4  L I N K  A ~ N~ B L N ~ ~K E  A S ’ R D S  5- S • SS
~ -

S 
I~~S~~5 - t~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~

Military Potential Test Ins t al l at ion requirements S

SR— 3 Fli ght Re ference System Maintenance requirements
AN/ASN— 50 Fli ght Reference Syste m Support r equir drne nts 

I S 

S

OV— IB Airplane D~ fic ietIc i es
Proposed Military Characterist ics Sh ortcomings 

S 

5
-

c 1’~ ~ 
S

S Ope r ation a l characteristics ~
S Wei ght

S Accuracy ‘~:
Dopp ler n avi gator

S 
Mi ssion suitability 

S 
~~~

S5 I tC tV

R e l i a b i l u y  I - S

~~S

~ 
\~ M1I ~ j I I I~~~ - 

- _______________

: ~ ORIGiNATING ACT 1V ITY~ Enter t h r- n~tme and SII1I I r,~ - S - S I 
~~ ~v -~u 1 ~u .~ ~ V ~ur~ rI(1N \(1 ~ I( ’ l - . J~~~ -~ I ! IV  I i -

( th t. ntr  ~ r cub flu r I I)ep Irtmrnt I I I  j It.~t I  1 ~ tUTthe t ~ Ill 0 f the ~ nIh - than
S tO f l s .~ . I I t I~~ I C ~~ or - - t h e -r )fl . I n I - i t I II ( ri s r _ i  1< - ,I,tP , :5 I ’ . ’~~~Ifl,

5 S

he report . I Y I I S S S S _ t S If  I•~ - .I~ . f I t -  I Z t _~~I f I  i I l S I n , u 4 I I 1 1 s !_j I l c .~~r. ~S I S I I * ? ~~ - 5 ’

— U -  h as:
2 t .  REPoR I~ SECU~~T Y CLASSIF ’ICAlI ON : Enter t h t - -~ -. •- r 

~~~~ ‘‘Quai l III( r, - : : I: - - ’ t r - r~ flI.t ’. - t I  u n  0’” . ‘t h ’. ‘ S
all  e _  I , r u ~~ u l a l S I f l i  ~III~~ tI S S ~ th u ’  repo rt. Iiid ,~~at e  :‘,h,- l hu-t  I T  1)IR’

S ‘ ‘ & , - I I I I  t • - d Dat a ’’ i’~ ine-luded. ‘. IOr b I,II: 15 to  lIt in .n - 5 1 1 . 1  - S I - S

S l O t  •~ with  appropriate r - u ’ e I l r I t v  tt’ 1 I I I S I I I S I f l S .  (21 ‘‘1- re  u~~ n Intl -S Il l I I I T V I u iII and I t i l .s e n h l f l 4 t i o f l  of  this

2? . GROUP: A l Il T 0 1 1 1  It~~ a- f leritI lI lIt IC C~ I I S I tie , 1 fl I~~- - t I D 
r’ p~ I l t  i s  DtX. is n u t  u t h l - r l / e d .

r t -c t ive  52 00. 10 and A r s o l l  Fo r ,  es Ind us t r ia l  ManIIal . l III(t (.1) ISI S. Gover nment 0 u~f i I ICl may obtain ¼ S ~~ I ’ - . I,f

the u t - - l I t -  1UIfiIII 1 A i - s~ , whe n app lo . I 1 S I l -  -l ho.C I l u l  pt i uuna l this rr - II I ITI I I tr r - t ~~V I r e . l)l)( , Other qua: Ill _ lI DDC
r S ,t r kl nee  h i s - 1 n used I - r  cr  III 3 I l l - I  Gr Ip 4 ~~ a uthor- u lS i ’ r - III,!] request t i I T I I l I i ii

I/C l f  ‘ S

I REPOR r TITLI’ I n t e r  t h  eom ~~l r t t rq rt t i t l e  in ~ll Il S it  
- 5- 

1.S f I l
apital letters T i t l e  itt ‘I u.h uld he unc lassi f ied i-I d r 1’, from DDC Orb r qual I I u

If a rneaning lu t  ‘ itl e cannot be selected without classif ica- Cl I I  request th rI l I l l - I I
Ion , sh ow t i t le- , -lasrt if icat ion in all capita ls  in parenthesis - S 

S

im mediately h - l l - .wIn j  t he t i t le.  ~~S 5 _ S~~ __S S~~~~~~ S ____S~~S SSS S_SS5 S_ S ’ ’  p-S

4. DESCRIPTIVE NOTES: If appropriate , enter t he typ e- of (~~) “ Al l  d t s t r I I - l I I : - - I -  I IbIs r I p - s r  Is  c Of l t T S l l i r C  i.
r e p o r t , e.g.  • inIerIm . prIu~ re Ss , summary, annual , or final. tIe d I)D( u s u - r - - shall request through
Give the inclusive dates when a speci f Ic reportIn g peri od I s  ..

S I - - v t - r e d .  _ — -  _ S——_
~~~~~~~~~~

S— — 5-— - - —

- . I - If the r~- re rt titu s been tur etis hed to th e Olin u~ - I f  I
S AUT IIORISi ; Enter the name(s) 01 author(s) as  shown on Servo es Depa rtment ‘-I CI,mnl - r I  i’ (or sale to the I S I 3 I I I . I )  : : -
1 in the report. Ent er last name , f i rs t  name , mi ddle i n i t ta t .  Utu te  t his fact  and enter the pri : e, t f  k r I S S.C.~l.

I f  mi l i ta ry ,  show rank and branc h of service. The name of 
- S

the prInc ipal author is an abso lute mIn imum requirement. 11. SUPPLEMENTARY M IT tS .  Use f r  ,~~di t~~ ufl~~I e ’ sp l . ue - - -- ~ 
‘ 

S

Ii. REPORT DATE: Enter the date- of the report as day,  
t o r y  no tes .

r n - S mith, bea r , rut month , year. If more than one date appears 11. SPONSORING MIL ITA R’P A ( 5 F I \ I 1  V f - T h u r  t hu  u l S . I S I u  (II

-n t he report , use date of pl ib li catio n. t he depart mental pro t ect  o f f ice  or tabu r ut .  tv  ~S~~~~ ?lC t I l11’ S f I ~~u 1

7a. TOTAL NUMBER OF PAG ES: The total page count 
tng for) the research and development lIlt IludI- a l ldru-r . - S S

should fo l l o w norniel paginat ion procedures , i.e. , c u t e r  t he - I I A135 l R A b I - t Ill, an u t - -.in I  I ‘ OIt ,I u r i , - t  I i i  I~~ t I I t , l ~

number of pages containing infor mat ion. 
- 

- lul lrr .lr~ Of  t hu d uuu  Iiriue’fl t 1Oc t11  .~~ t ,,- o f th i’ ’ u t ~ ” r S  - V u - f l  hO lu tI S

i t  ri .iV 1150 _ if l lu  0 e h— I - S - S l  0 1 0  In It,,’ I~ P. I t  t i l l  I u ~ ( I P l O.  I ’, - S

‘h NUMBER OF REFERENCES Enter the tota l  number of t - - - r t  If l i t  010 CI I  C t 1 I I  IS 
~5 O S 1 I I I I I S I L  a c u s f l t j n h l . i t l r l I  III, - -

referen t -es cite d in the report. sh4u fl hi’ , , t t  ,,- to- - I .
8~~. CONTRACT OR GRANT NLtM BER: If appropriate , e n t e r  It is h i ght’, Ill - - S I r  t h u  1h ,t  the I P - l I r l  I S I  - u — -  1 0 1  u , - 

S

t he appl icable number of the contract lIr grant under wh ich S 
~~~-~~~S I’.- rin - l u r t - t t f i u I. t II II l- ~ I r , u h ~ r . u t ~

Il 5 1 1  h -  u . I -s Inu. - i  e l . ’

t he rep o rt was written. ,‘nul ,s lb tin m ill s i l l - fl f ‘lie ‘ I I I I O I IV  1o-I l l Il tS  u t,o 5- I l I , u t I S u f l

Sb , ~e- . & Sd. PROJ ECT NUMDER: Enter the appropriate t h u  I ll  5 r ’ Ill I’ I: in the’ 1C11 ,I.r . IP IT ru~ ; - r u  1 1 0  S I  IC l u  ‘ I

mi l t t a r y  department identification , suc h as pro j ec t number . 
S ( I . . - r  It -

s u ’upro j ec t number , s ys tem numbers , t a sk n u m b er . etc. II l u r O  u S ~~~ I ImtI It St  ISOI  - S I T  t luu I t I m - I l  S t  I hu u~~~s I  r u t

S . ~~ ORIGINATOR S REPORT NUMBER(S): Enter the of l i - I~~ • t t t e  iIIit I S ? l 5  I t u I l b I l T  IS  t t  ‘~ S 1 1 1 . 1 ~15 5

I 5 u t a l report number t I S  wh ich the document will be ident if ied . I 4 K I’ i at)Rl)s  t’~i~~ 5 5 1 5 1 1  t n  u Iiir IS u P s  I O I I I II I. I.  I c  I _us
and control led by the or igina l  ing ac t i v i t y .  This number must - r s ho rt t 5 1 r 1 I 5 5 1  that  - I l . I O u  - I III II~ .u ru j . 5 0  .uI II I r ’ l , u v  1-,- u~ r- -I  as

‘
a S t  be u nique t o  th is  report. ,nd es 1 - I l l i l l - - I - - u  C . u t . I t s S m l u l  ‘I,.- rep o rt . K- st m u l e  I he’

qb OTI!ER REPORT NUMBER(S): If the repor t has l,ee,t S I ~ lI I l •  ~ u - lh- I nu, ~ u l I ’  1 5 1 1 0 - C I I I  I~ 1 1 l  IC  ?I i l I h l r r  I I I I  1’

ass ig ned any other report numbers (e i t her b1 the I r tg to  nor I I I l It  I r~ I I I I I Ii 0 1

h u  the spon or) alqo enter t l-i i~ number( I 1 ¼  I I I I 1 I Ii n I I
S tI’ S s t - - n I ’ - t o l l  s t I l l  he II - - u ~~ I Ps Iii t~~ u t i -  III ‘Ii l ’t  t I ’  tO l l  I S

S I I f l t ’~~X ?  Ito 4 s ’_ I , l l ’ I ’ u lI. If lilt  - m I l l  • . . . I I S I  I 5¼ l i i i ! — . I’

o t l lu o  ti~Il

-- - ~~~~~~~~~~~~~~~ UNC LA SSIFIED (F~~~ O~~IC IALU~ E G~ LY) —

‘~ Ser urti~ CI I I S S I I I - , , t l l l t t

_ _ _ _  
~ 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

.5. ~~~~~~~~~~~~~ ~5~~~~~ 5 S  .. ~~~ ~~~~~~~~~~~~~~



— - 

~~~~~~ I_jJ
5-__ 

~~
‘ ‘  5- 

~~~~~~~ ~~‘ ~~
‘‘

~~~~~~ 
‘
~~~~~~ —a----— — ...~~~~.. ~~~~~ 

. 
~~~~~~~~~~~~ 

-- 
~~~~~~~ ~~~~~~~~ -wu -lath

-~FoR-omcL4L-usE-oNLY .

1

I 1
-
~

1 ...

I

‘S
t

., .4
(.1

~—FOR—OFFIt1~L USE ONL-Y—--——-

±1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _


