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e THIN FILM MACNETIC SENSOR
: FOREWORD/ ABSTRACT
. A This report describes the work conducted under the Thin Film

~ Megnetie Sensor research program executed for the Office of

“ Naval Research under Contract NOOO1lk-71-C-0298. This contract

calls for coumparison tests using a single axis thin film sensor

E and the AN/ASQ,-Bl Magnetic Anomaly Detector plus preliminary tests of
the basic threc axis sur/ square mouion compensation concept. The
results of this program indicate Tirst task feasibility toward a

small, low power, motion compensated . .sor.

SR G P bk e <'1M,:‘xs.\;y:\ Gt

- The sum/ square movion compensation concept was based upon a

common phase relerence for excitation of three mutually perpen~

P AT R e
¥
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dicular sensors; this concept dictated the use of an externally
)¢

swoi b
Prex-o

umped thin film sensor for the sensitivity comparison testing

-

paHRA Y

3 under this contract.

2 = R I
‘.' ! A rod sensor was utilized in lieu of a thin flat square chip

3 element vecause it provides free magnetic pole characteristics, 0y
5 2 i
i3 : a simplified method for 3-axis symmetry, more probatle =
z E
5 k> . . PR . .

k= E: mechanical reliability, and mutually independent sensor operation; -
2 B all of these characteristics are required for either compass or 4
s .. . . . . . .

G A MAD applications of a final 3-axis motion compensated sensor

3 configuration. %
5 b

X ._?

5 e Comparison testing indicated that at this early stage of externally %
E -f pumped rod development, sensor performance is as expected below

b E A£Q-81 performance; i.e., 2 nominal thin film to ASQ-81. range &
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ratio of 1/4. However, data presented herein indicates in terms
of achieved square chip performance a range retio probability
on the order of 1/2 or better. The high and variable
characteristics of environmental noise in the Burbank area (air
traffic, surface traffic, plant and industrial noise sources)
precluded accurate comparisons of system performance. HNumerous
shutdowns occurred because of AN/ASQ-81 production installation
tests. No thin film failures occurred; however, thin film
performance varied because of the environmenﬁal noise and the
critical operation of the unshielded high impedance pump
presently used. For these reasons, the comparison testing in
Burvank was made on the basis of signal to noise ratio
comparisons while minimm discernible (MDS) range comparisons
were made at the Rye Canyon Research facility because of its
more secluded and relatively quiet environment.

The fundamental concept (3-axis smn/ square motion compensation)
was tested using the AN/ASA-65 rod system since it was available,
is a standard unit in production, would meet the basic common
pump phase reference requirement, and because it would simulate
the feasibility of the concept. The results of these tests
indicated concept validity. Mutually independent sensor operation
provided the necessary phase trigonometric relations among the
three sensor rod outputs. As a result, arithmetical computation
of the sum/ square function produced a motion compensated output
while the individual sensor outputs showed typical sine function

response as a function of orientation angle,.

The intent of the contract for basic comparison and motion

compensation objectives were met during the program. Further,
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3 since reliability problems were a source of concern in ASQ-81 I

8 production programs, some of the originally planned comparison

S 23

2 3 testing time was applied towards more detailed test data on
A . electronic squaring circuitry, pump noise sources, rod sensor
; refinements and pump noise reduction.
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INTRODUCTION :

This report describes the work conducted under the ONR "Thin E

]

i} Film Magnetic Sensor" contract NOOO1l4=T7l~C-0298., The fundamental
objectives of the contract were attained. The objectives

being: (1) comparison tests in different noise enviromments
between the AN/ASQ-81 P-3C and S-3A MAD (Magnetic Anomaly .
Detector) and the thin f£ilm sensor and (2) initial three axis

~ sum/square motion compensation feasibility tests. :

] L Comparison tests were conducted on the field of the Hollywood- T
- Burbank airport and also at the Lockheed Rye Canyon Research
Facility Magnetics Laboratory area. Both series of tests were run at
different periods of the day and night and at various heights off
the ground to permit a wide variance in the noise enviromment.

RS

o

T2FNR SR vy €400

The following pages of this report depict the test facilities
and setups used in this program, sensitivity comparison data,
s 3-axis sum/square data, results of other tests conducted,

] conclusions and recommendations.
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TEST FACILITIES '

‘
The Rye'Canyon field test setup used in this Program is shown *
, in Figure 1 wlth an insert of a closeip of the test units in )
the, upper right hand corner.’ The cylindrical configuration ,
is the AN/ASQPBl and the three axis thin film rod sensor :is shown !
'next to the: ASQ981 sensor head. All structures an fixtures used
_were of non-magnetic materialﬁr Figure 1 4lso shows the AQR-81
compensatlon coil .setup. qn.the ground below'the sensors and
a gamma slinger Grotating magnetlc with a rated moment of
1045’ CegeSe units) in the foreground. Apmendix.A includes
related.test setup photographs 1llustrat1ng the various i
sBurbdnk and Rye Canyon faci;itles used in this program.
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SENSITIVITY COMPARISON TEST DATA

The sensitivity comparison data taken were reasonably consistent
although there were considersble variance in the data. Figures
2 and 3 illustrate Burbank gamma slinger data in which the
ASQ-81 shows at a distance of 20 feet a signal to noise ratio
approximately equal to that of the thin film gt 5 feet. This
implies a thin film to ASQ-8l range ratio of a little better
than 1/4, For the thin film, the peak~to~peak response at

5 feet was quite discernible whereas 10 feet shows a non-
discernible response; therefore, it is apparent from these
tests that the thin film rod minimum discernible range lies between
5 and 10 feet. On the other hand, the ASQ-81 showed significant
differences between responses at 3 PoM. and at 4 P.M.. The 20
foot ASQ-81 data indicates a signal to noise ratio which on the
basis of cube law physics would not extrapolate much beyond

the 20 foot reliable range. While an ASQ-81 temperature

failure prevented continuation of this particular test, it was
obvious that the relative range ratio iz better than 1 to L.

Because of the difficulty of analytically relating these data

to cube law principles, a series of tests were run to check

how the outputs of both systems varied with respect to envirommental
noise. Figures 4 through 8 show ASQ=-81 response to envirommental
noise variations while the thin film shows no such response.

These results indicated the difficulty of true relative system
sensitivity comparisons in the high level Burbank noise

environment. Further, comparisons tended to distort the true
capability of the ASQ-81 and indicated the need for ,uiet
environment testing., However, some additional gamma slinger
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tests were run in the Burbank area when such tests did not

interfere with ASQ-81 production testing. Figure 9 is an
example which shows considerably better thin film signal to
noise ratio at 5 feet than illustrated in Figure 2; this
rarticular test was curtailed however, because of ASQ-81

; failure and subsequent production testing,

g Figure 10 illustrates typical submarine model track test data

P taken from runs conducted on the Target Model Track Test

< Facility., The thin film was approximately at minimum discernible
signal (MDS) while the ASQ-81 provided a signal to noise ratio

L of 40/2 or 20 to 1, Thus, the relative signal to noise ratio
1. superiority of the ASQ-81 was, for these tests, 20 to 1 which

- in accordance with the vube law provides a relative thin film

to AQ-81 range ratio of about 1 to 2.7. Attempts to conduct further
tests on the track at different model ranges at this time were
aborted because of ASQ-81 production aireraft problems. Because
of the difficulty in securing additional data caused by Burbank

- production testing for delivery aireraft and the need for a

- quiet enviromment, the testing was transferred to Rye Canyon.

L ANLARER ARl A AN

FE T

WA a

{
SSREAT Tty

- Rye Canyon test procedures were compromised by continuing ASQ-S1
reliability requirements for production testing., However, tests
) were conducted when schedules permitted. No thin film failures
] occurred so this was not a factor.

i Figures 11, 12, and 13 show a low but significant variance in
- thin film performance with the gamma slinger turned on and off

at distauces up to 5 feet. The ASQ-81 was turned on but showed
L no response; & series of tests showed that because of interference ;
E
- 5
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the thin film sensor had to be placed at least 2 feet from the
ASQ-81 sensor head in order to secure proper ASQ-81 operation
and this 2 feet was used on all subsequent tests.

MO S by oMU X
e e et

: In Figure 14 the ASQ~81 shows very erratic performance at 30 feet,
but discernible performance at 16 feet and the thin f£ilm not at E
3 all. Figure 15 shows erratic but discernible ASQ-81 performance
E at 18 and 21 feet. Figures 16 and 17 show a minimum discernible
V - ASQ-81 range of 24 feet. On the basis of Figure 13 thin film MDS at 6 feet
E - this indicates a relative range ratio of 6/24 = 1/L, However, !
- it is apparent that even in the less noisy Rye Canyon enviromment 3
the data is still statistically noisy.

The data taken with the gamma slinger and the thin film sensor
mounted on the maneuver boom above ground inside the balloon,
and shown in Figure 18, shows a small difference in thin film
response with the gamma slinger turned on and off at a distance

E of 5 feet; 6 feet would probably be close to MDS. Figure 19 shows ;
: 4 a performance variation for the ASQ-81 at 45 feet that is at one time ‘
33 .

discernible and at another time not discernible. At greater

distances up to 50 feet, no discernible signal occurred as there
were noise pulses which exceeded any possible signal by 10 db. At
this point, the ASQ-81 failed. As a result, the tests were
terminated because of adverse reliability effects on production
testing, These data indicate a range ratio of 6/45 = 1 to T.5.

sdantdons D il Lol

The effect of the gamma slinger target orientation with respect

to the thin film sensor in compass heading reference is shown in (
Figures 20 and 21. From these data the conclusion can be drawn f\
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that, in the area in which the tests were conducted, northeast

!
and 180° (or southwest) from that heading gives the most consistent,

o smoothest and greatest amplitude signal. However, if further tests
of this nature were conducted in various geographical areas and
, ) more points of the compass used a different conclusion might be
§ . drawn., It should be noted though that most of the sensitivity
tests condﬂg:ted under this contract were made with a N-S target
5 ‘to sehsor head;lng. z
:{ , Substantial additional recorded sensitivity comparison data (

' acquired under this contract have been retained in Lockheed files

and is available for OfTice of Naval Research inspection and use.
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ROD SENSOR FOTENTIAL

The following data and discussion considers the potential of

the rod sensor on the basis of the demonstrated detection

i) iy g e O

4 E vpotential of the thin film approach when using a thin film square chip,.
: Figure 22 shows the results of tests conducted in the fall of

1970 (with the same gamma slinger target used in this contract

7 test program) indicating a high quality signal to noise ratio

(about 4/1) at a distance of 20 feet.

The magnetic cube law extrapolates this performance to a unity
(1/1) or MDS signal to noise ratio at a distance of 29 feet. This
compares favorably with the ASQ-81 data of Figures 2 and 3.

l Achievement of similar performance with the rresently used rod

: sensor (compatible with the 3-axis sum/square concept) requires
incorroration of pump and bipolar detection improvements. As

an example, improved performance can be attained by replacement of
the present unshielded high impedance pump with a shielded low

impedance pump such as previously used.

o " v v 3 LS M5 i, 2 Y P
v AV e QOY LT g8 et it REVERS A A A LYALL LS PrRr VATEY N o8y
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ity e by st " et daatdd ot 2 LA s e " 2

LOCKHEED 28

CavisUna COMPaANY




PRI TR TEOTOY F AT T VN

cacdn T8 Lt S A R ¥ BRI
TANTO

st b S o PSRRI U SR e o Lt s g S

e . Mithantt b

b (R

/

IR 24792

m-ll
"
>oe Trerporem Sp—
€L ! “
———a L : P
' f‘f.J,. .w.-.?.ucjl
N g ...Y....L

H

e -

- W‘LLI

L
! NRE
N e baadod
H R
R

. o\

l

FIGURE =22

SELF-PUMPED SQUARE CHIP DATA SAMFLES

(NO MOTION COMPENSATION)
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high gain phase locked loop using
the original square chir thin film

This performance was secured with a

NOTE

rather than the rod type.
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MOTION COMPENSATION 3-AXIS SUM/SQUARE DATA

General

The AN/ASA-65 three axis unit, each unit being exactly at 90°
to each other, is utilized in the P-3C as a comoensation device
for the AN/ASQ-81 magnetometer system. It provides three inde-
vendent orthogonal outputs which are individually applied to

ASQ-81 cumpensation coils. In this research program, tests

were conducted using this AN/ASA-65 for simplicity and demonstration
of the proposed technique. The test point terminals for each of the
three ASA-65 sensor lags were monitored and the resultant data plotted

as a function of orientation angle in the earth's field. The
sensor data wac first obtained with one axis vertical and then
skewed with no axis veritecal., The curves drawn in Figures 23

and 24 are derived from the data given in Figures 25 and 26.

Vertical Axis Data
Figure 23 illustrates very little vertical axis response to

rotation and typical sin/cos response of the other two sensors.
The square root of the sum of the individual squares (F) shows a
maximum variation of 0.15 volts for 3’,60o rotation while the
individual sensors show a variation of 6.5 volts. Over certain
angle increments - such as from 300° to 360° and 360° to 600,
(F) shows no discernible variation. It is believed that the
use of sensor derivative coupling in sensor outputs would
further reduce amplifier dynamic range by virtue of limiting

sensor output to dynamic field changes.
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DEGREES

000
030
060
090
120
150
180
210
2ho
270
300
330
360

000
030
060
120
150
180
210
2ho
270
300
360
370

LOCKHEED

CALISORMIA COMPANY

3~-AXIS CONCEPT VALIDATION

DATA (V=-AXIS:

V-AXTS

59
5.95
5.9
5.9
5.9
5.95
5.9
5.9
5.9
5.9
5.95
5.9
5.9

5.9

5.9

5.94
5:95
5.96
2.97
5.98
5.99
5.98
5.97
5.9h
5.90

VERTICAL)

T-AXIS

k.0
1.96
3.05
3.35
2.70
1.ho
- .30
~1.85
-2.95
~3.20
-2.66
-1.30
0.40

2.40
1.96
3.05
3.35
2.78
1l.ko
0.25
1.80
2.97
3.20
1.30
0.40

Figure 25

33

L-AXIS

3.50
2,86
1,60
=0.10
-1.65
-2.75
-3.05
~2.k2
~1.25
0.60
2.15
3.20
3.50

3.5

2.85
1.62
0.05
1.65
2.75
3.06
2.0
1.15
0.55
3.20
3.50
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000
030
060
090
120
150
180
210
2ko
270
300
330
360

CKHEED

Fnme A CAwLaty

3-AXIS CONCEPT VALIDATION

DATA (V~AXIS~-SKEWED)

T-AXIS

6.10
6.26
5.85
k.60
3.45
2.25
1.45
1.30
1.84
2.85
k.10
5.25
6.10

6.10
6.20
5.85
4.58
3.50
2.25
i.46
1.33
1.85
2.85
4,12
5.30
6.10

VOLTS

Figure 26

3k

L-AXIS

1.98
2.30
3.20
k.20
5.42
6.15
6.25
6.15
5.27
k.15
3.00
2.25
1.98

1.98
2.30
3.19
L, 2¢
5.40
6.17
6.25
6.15
5.25
L1k
L.1k
2.27
1.98

V-AXIS

1.98
0.30
1.12
1.85
1.72
0.75
0.75
2.35
3.78
k.50
k,2¢
3.h0
1.90

1.98
0.30
1.13
1.86
.71
0.75
0.78
2.33
3.80
k.50
4,50
3.k40
1.98
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3-Ax+s Skew Dita

Figure 24 illustrates sin/cos orientation response iror all three

sensors with amplitude variances up to 6.5 volts. The total

field calculation of (F) shows again about 0.15 volt variation

for 360o rotation. In this test, another set of data were taken

3 1 : using derivative/capacity coupling of the individual sensors.

134
g
Ew(! (s L.
0

~; ij These data are given in Figure 27. In this derivative coupling
’ 1 test, the ASA~65 was rotated a:.d the response recorded after a
L{ ;é l-second delay. During the first nalf second after an incremental
change in angle, the individual sensors indicated a transient
Y %j response as shown which quickly reduced co zero.
1]
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* PAPENTHESIS DATA INDICATES "EYEBALL" ESTIMATE OF TRANSIENT
ICSPONSE TO ANGLE INCREMENTS OF 3C DEGREES

:
13
3-AXIS DERIVATIVE COUPLING DATA l - ¢
DEGREES . . v . 1
000 0=( 0.02 ) 0-( 0.00) 0-( 0.00) B
030 0-( .030) 0-( 0.50) 0~(-1.86) l
060 c-( .270) 0-( 0.99) 0~(-1.50) 4
090 0-( 1.20 ) 0= 1.h2) o~( 0.87) l ¥
120 0-( 1.50 ) 0=( 1.42) 0-( 0.20) g
15° 0-( 1.k0 ) 0~( 0.98) 0-( 1.20) 3
180 o-( 0.86) 0-( 0.35) v-( 1.70) I &
210 0-( .30 ) 0-(~0.35) o-( 2.0k) 3
oko 0~(=0.55 ) 0~(~0.90) 0-( 1.60) ! 3 %
270 0=(-1.15 ) 0=(=1.35) o-( 0.85) 2 7
300 0=(=1.40 ) 0=(~1.30) 0-(=0.15) I g
330 0-(=1.30 ) 0-{~0.96) 0-(~1.05) k
36¢ 0-(=0.9C ) 0~(~0.30) 0-(~1.60) 1 '

|
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Figure 27
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Squaring Circuit Developunent

As described in Reference (1) Lockheed has developed under

in~house Independent Research funding a low power electronic

squaring circuit. Figure 28 is a data plot of the squaring

o 2

g 3 ég circuit output versus input. A sine wave generator was used in con-

3 Junction with o phusc cplitvter to suprly cgual amplitude but
§§ phase reversed inputs to both sides of the squaring circuit,
=k The load resistor output was a second harmonic sine wave whose
-- base level was nominally equal to one-haif the supply voltage.
.; Thus, as the input varied, the D.C. mid-level of this second
- harmonic varied and a capacitor betwcen the output and ground
%% provided a filtered D.C. level which was monitored by a ',

Simpson 303 meter to observe the data plotted in the figuce:

Eg The phase inverter leads were reversed as shown by the plot to
- check the squaring function for phase reversal characteristics.
£t
i :
- The test results shown in Figure 23 support the conclusion that
% not oniv is the sum/square concept soliid vut =lso that the sum/
d square concept appears fTeasible from an initiai . -zearch stand-
- voint. There are, however, limitations which relate to the
j% degree to which three squaring channels can be matched, as well .

as the degree of 3-axis symmetry electronic and physical symmetry
which can be achieved. It should be noted that tne variability

vetween solid state transistor and FET devices may pose a require-~

ment for critical selective matching of components. For example,

Pl

tre initial squaring circuit developed by Lockheed involved 2 high
component rejection rate. The vroblem ol achieving 3-axis matching
way impose a 95% rejection rate unless uniform component production

can be achieved by tighter specifications. The Lockheed squaring

3

circuit requires relatively little power compared to typizul
3+ &>

s SN G el

X

and commercially available squaring circuit modules.

225
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DISCUSSIONS: RESULTS, PROBLEM AREAS AND SOLUTIONS

‘

. General
The results of" this program indicate that the sum/ square

function appears to lend itself to module development with

status of the art components. This module could be designed

to mate with either the ASA-65 or a 3-axis mini-rod configuration.
30& sensor sensitivity can probably be increased significantly

by .reduction of pump induced noise.

Sum/Square Research

. Further effort in this area could be based upon use of

Ve ” a

Bl AN S W,
oy " 4 el ey s A g o e W pcabel

. _ i available squa.i'ing mod{xles which generally require highexr pover
‘ gl: . than the c;’.rcuit developed by Lockheed. The Lockheed circuit
i however has been based upon FET items which have a wide variance
1 in their electronic characteristics. It is an open question
A at this time whether three matched squaring channels can be
§ ; -3 better fabricated after conducting squaring circuit research
: f_i or with use of commercially available sguaring circuits.
n While this question is not completely resolved at this time,
3 i§ Loc'kheeq independent research indicates that the 3-axis sum/
? - square module can be assembled within status of the art
% I{ components prow}ided selective utilization of components is
= exercised. Such a sum/square module could be interfaced with
; f . the AN/ASA-65 as an expedient approach.
- Sensor Potential
; As indicated in the previous Figure 22 and the following Figure 29,
- square chip performance exceeds by a wide margin the performance
i )
T
-
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1 obtained by the rod sensor at this early stage of its
development. (The data shown in Figure 29 was secured with
the same gamma slinger target used in the other parts of this
test program.) While these data were secured with a self-
vumped square chip sensor, similar performance can be obtained
3 with external pumping providing the pump phase reference is

free of noise.

Noise Sources

In this first stage of rod sensor development, a high sensor
drive level was used in order to increase the sensor response to
a signal input. The sensor output was a high level unipolar

pulse whose output at a relatively low impedance level exceeded

oy g o P N BN M D O

the high impedance pump crystal oscillator output by about

30 dv. In this first rod configuration, the unshielded high
impedance low level output of the crystal oscillator was
vulnerable to phase, amplitude, and frequency shifts due to
temperature and sensor output feedback into the crystal
oscillator. When either the sensor output or the oscillator
output was shorted a substantial decrease in outputr noise

level was observed. These observations indicate that the sensor
and pump were not mutually independent. To test this further,
the sensor coil was shorted out and a change was noted in the

characteristics of the pump oscillator as indicated in Figure 30.

2 Rod Sensor Improvements

In earlier thin film externally pumped square chip compass work
and in self-pumped square chip work, the pump action was at a

relatively low impedance and therefore relatively independent

k2
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of noise shifts due to sensor feedback temperature, capacity
pickup, and other forms of envirommental noise. In these

more sensitive systems, the sensor output was a low level

bipolar output as contrasted to the high level unipolar

oyt

characteristic of the rod used in this ). »gram. Lockheed has in

its own research, however, determined a rod circuit whose ocutput

characteristics (shown in Figure 31) provide the bipolar character-
istic which has been symptomatic of high sensor performance. In
this Figure 31, the lower photo represents a sensor null
corresponding to a certain orientation angle. The two upper
photos represent in phase and out of phase sensor outputs

caused by displacing the sensor to either side of the null

angle, It is believed this bipolar rod coupled with shielded

faq i

low impedance pump excitation could provide both compass and

3-axis sum/square capability.

(s

Sensor Performance Shifts

In previous self-pumped and external’y pumped chip designs,
the sensor was phase locked so as to provide displacement

compensation. Thus, if such a sensor were rotated about its

[ R W)

axis, a response would take place during the rotation; after

the rotation, the sensor would automatically bias itself to

ey

.

the most sensitive portion of its detection characteristic. In
this program, based upon the 3-axis sum/square concept, this
feature was not used. Therefore, in these tests, a critical
interface existed between sensor orientabion angle and any phase
shi®ts in the overating point of the high impedance pump
oscillator. While this pump was crystal controlled, finger touch
of the crystal case caused very large noise fluctuations in

sensor output. Further, the specification for such high
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Sdis

impedance crystals indicate the need for critical temperature

stabilization. These considerations give reasons for some of the

.«q . '

fluctuations in the rod sensor performance during this program. }
s - At this stage of research, the suitability and practicality of phase
é - i& locking each sensor in a 3-axis sensor conliguration poses certain

Pactors; for example, the effect of such a design on the phased

sum/square operation is not known, could lead to alignme:t complexity,

u&-w‘

and possibly increase system complexity. Further, it may be possivle

Lb2ot e N

3 - that the 3-axis sum/square technique does not require such phase
wi locking to ensure maximum performance and it is possible that phase

locking would degrade performance.

¢4
<
!w

E g Core Materials E

Lockheed studies indicate that considerations should be given to

ol

other materials and designs which may be suverior to thin film

devices. Tor example, tests indicate that the @ of thin {ilm c -
;? b sensors normally used in compass and sensor research nominally

falls between 6 and 10. Reference (2) and other source material

gwg

indicate the possibility of securing a sensor Q as high as 140. Fe,

] é_ Total Field Sensor 3
3 } 4 The 3-axis total ield concepts poses a dynamic range problem ?
g associated with the squaring function requirement. This problem 3
3 . requires a solution in order to achieve suitable sensitivity.
§§ Lockheed initial analysis of this problem indicates that a practical :
ﬁ‘ ;= solution is available which provides sensitive linear detection 3

4
]

in a manner that is compatible with the 3-axis sum/square motion

compensation concept.

§
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CONCL.USIONS

The results of this ONR sponsored program leads to the

conclusion that a 3-axis motion compensated low power mini-magnetic
sensor (Mini-Mad) appears feasible. Specific aspects of this

conclusion are as follows:

(1) A 3-axis Mini-Mad sum/square sensor system can be
assembled with available state of the art com-
'é ponents and materials.
' (2)  The ultimate sensitivity capabilities of the Mini-Mad
configuration cannot gt this time be predicted
i accurately. However, a 0.1l to 0.5 gamma sensitivity
3 level does appear achievable in a system.
] (3) The sensitivity comparison tests of the rod thin
: film versus the AN/ASQ-81 showed the ASQ-81 to be
far superior in all noise environments in which
' the tests were conducted. Range comparisons of
E 1/k, 1/2.7, 1/4, 1/7.5 in the various type tests
conducted indicates that a nominal 1 to L ratio

was demonstrated for the rod sensor.

E . } (k) The sensitivity tests conducted on the square chip

' ; thin film showed a gamma slinger pickuv at 29 feet range
versus a maximum of 45 feet for the ASQ-81 tested at

a different time and enviromment. This gives a range
ratio of 1 to 1l.55. There is no reason to believe that
this same capability cannot be achieved in the rod

sSensor.
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RECOMMENDATIONS

| aniinaiad J

Purther advancement of a motion compensated Mini-Mad sensor
system should include further 3-axis sensor rescaich along with
sensor element considerations. In addition, the scope of the

research program should include the total field sensor concept.

A SR
. -
o "y o S
. b
o, e Vot i PR e R P ) TP T
e AP ot St R RO AT P Y VTSRO I W
LA

1 i' The following specific areas are recommended for further effort:
1 J 2
£ 3 - (1) Conduct literature search, historical and contemporary
; f - work that may constructively apprly to motion com~
t . pensated Mini-Mad feasibility.
3 'i (2) Derive and test a "quick reaction" total concerpt
k>

model by fabrication of a sum/square module which
mates with the 3-axis ASA-A5 rod system.
(3) Investigate by analysis, research and tests the

N SRR AU
L«'ni

—

sensor detection potential and refine mini-rod

(258

Py
L

sensor, other sensor elements and related circuits for

3,

improved sensitivity and noise reduction.

~~
=
~—

Conduct analysis of design requirements to meet

dynamic range requirements for 3-axis sum/square

RPN
W watd 4
Lauantid ]

{unction.

t

(5) Conduct research and analysis on the total field

Llweti A
L aad ]

sensor approach,

@

(6) Generate a total program plan for Mini-Mad systems

e

that puts into perspective the techniczl, icscarch,

2

development, and operational requirements for

advancement of Mini~-Mad systems. This plan should

fonins

include the following tasks:
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MOTION COMPENSATED MINT-MAD
PROGEAM TASKS

Research Applied Research Defelopment

Operational Analysis Sensor Circuits Sum/Square Module
Sensitivity Analysis 3-Axis Sensor Amplifier/Filter
) Construction ' Systems

Avpplication Study Signal Frocessing Correlator Circuits
Communication Interfaces Sensor Drive Techniques Pump Drive Circuits
Environmental Limitations Core Winding Techniques Filter Circuits

(Temperatures, Shock, Core Materials

ete. )
MAD Signel Study ‘ Total Field Sensor

Airera’™s ‘loise

Solar/Global Hoise
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APPENDIX A ;
FACILITY/TEST PHOTOGRAPHS

::’

[ 2
s
gt

This appendix consists of photographs of the Lockheed Rye

]

Canyon Research Center Magnetics and Burbank test facilities

Pt
rw e oy,

used in this program other than illustrated in Fizure 1.

sy
[VREENY \~}

F

Figure A-l: a pressured balloon non-magnetic material

facility at Rye Canyon. This facility houses the equip-

- ment and fixtures used in AN/ASQ-81 and other MAD and
compensation system testing programs. Remote control

i_; of equipment is exercised in the companion facility

shown in Figure A-2.

Figure A-2: Rye Canyon test and control building. This

{22

facility not oniy houses the control egquipment “or the

balloon facility, but also houses other recording and
test equipment for MAD R & D.

Figure A-3: This interior view of th: balloon test

==

facility shows the AN/ASQ-31 installed in the maneuver cradle
fixture with the Mini-Mad sensor near the ASQ-81 sensor
head.

PO

# naes iy

b

Figure A-4: This photo illustrates the Burbank submarine

oanrss 93
o §

model target track facility and gamma slinger located i:

!

the foreground with the ASQ-81 and thin Tilm sensor in

the background.

g

Figure A-5: This closeup vhoto of the target track shows

a pipe target on the movable dolly ané the drive motor

[ Yot

in the foreground.
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