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PREFACE

The problems related to a i r c r a f t  t ra i l ing vo r t i ce s  a rt ’  c u r r e n t ly u n der
intensive stud y for the Federal  Aviat ion Admin i s t r a t i on  (FAA ) by th e
U. S. Depar tment  of Transpor ta t ion . The T r a n s p o r t a t i o n  Sy s tem s  Cen ter
( TSC) of the U. S. Depar tment  of T ranspor t a t ion  (DOT) in i t ia ted and is
c a r r ying out several pro gram s in thi s area , i n c l u d i n g  p r o g r a m s  to
develop acou stic systems for detecting, tracking, ari d meas t r i n g  the
strength of aircraft \v,Ike vertices. The  system descri ix.’d in thi s
repor t was des igned , built , and tested by Avco Corporation ’s Systt ’ns
Divi sion (Avco/SD) for I) O T / T S C  unde r Contract DOT-TSC -620, dated
15 August 1973. It is an eng i n e e r e d  e x t e n s i o n  of the p u l s e d  a c o u s t i c
m u l t i - s t a t i c  rada r concep t  developed by the Comm u n i c a t i o n s  B r a n c h
of DOT /TSC at  C a m b r i d ge , M a s s a c h u s e t t s,

The A v c o -en g ineered  s y s te m  is des i gned to pe r m i t  s imu l t ane ous
ope ra t ion  of two ( o f  t h r e e )  8- e le m en t  a r r a y s  dep loyed a l o n g  art
a p p r o p r i a t e  b a s e l i ne , and to p rov ide  r e a l -t im e  d e t e c t ion , t r a c k i n g ,
recording, and graph i c  di splay of vortex locations.

This volum e of the final report describes the  d e s i g n  of the e n g i n e t ’ red
system. Othe r aspects of the s y s tem  a r e  cove red  in a d d i t i o n a l  v o l u m e- ;
(II throug h I V ) .

The w o r k  p e r f o r m e d  u n der  th i s  c o n t r a c t  was  si g n i f i c a n t l y
enhanced  b y the c lose  coupe  r a t i  on ;t nd c o n t r ib u t i o n s  of R a l ph Kod i
David Burnham , and Thom as Sullivan , a l l  of l)OT/T SC .
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1. INTRODUCTION

Trailing vortices from heavy jet a i rc ra f t  represent  a cu r r en t ly
undefined hazard , particularly during landing and takeoff operat ions.
Considerations of safety and the need to optimize airport  operations
make it essential to acquire positive information about the presence
and locations of vortices generated by heavy a i r c r a f t .

The feasibility of using mult i -s ta t ic  pulsed acoustic radar to detect
and track wake vortices has been demonstrated by the Department
of Transportation s Transportation Systems Cente r (DOT/ TSC) in
tests at Logan International Airport , Boston , M a s s . ,  at John F. Kenned y
International Airport , New York , N. Y . ,  and at the National Aviation
Facilitie s Experimental Center (NAFEC) , Atlantic City , N. 3. The
hardware used during these tests consisted of laboratory models. The
equipment was not engineered for long-term installation in the field ,
and was incapable of aut omatic real-time data processing and disp lay.

This report describes a pulsed acoustic vortex sensing system (PAVSS)
development pr ogr am ca rr ied out by Avco Systems Division (Avco/ SD)
f or DOT /TSC under C ontract DOT -T SC-620 . The goal of this program
was to develop, build , and test art engineered wake vortex sensing
system consisting of acoustic sensors and associated electronics; to
acquire and process the sensed data; and to disp lay this data visually
in real time.

The complete final report on this program consis ts  of this volum e
(Volum e I , HARDWARE DESIGN) and three additional volumes , as
follows:

Vol ume It STUDIE S OF IMPROVED PAVSS PROCESSING
TECHNIQUES

Volume III PAVSS OPERATION AND SOFTWARE DOCUMENTATION

Volume IV PAVSS PROGRAM SUMMARY AND RECOMMENDATIONS

In this f i r s t  volum e of the final report , Section 2. describe s the over-all
system , Section 3. discusses the design of the individual subsystem. and
sub-elements , Section 4. identifies the source of Informat ion regarding
system operation, and Section 5. lIsts appropriate references. Three
appendixes (Appendix A , Dr awing L ist; A ppendix B, Parts List; and
Appendix C , Report of Inventions) complete this volume of the report.

1- 1/1-2
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.i. SYS lEM I ~ESC R I P  l ION

T h i s  s e c t i o n  desi  r ih e s  the P u l s ed  .-\ ou s t i c  \‘ o r t t ’ x S e i u ~. u r u g  S~~~t . ’ i u
PA vs-H t ron ~ t ~ y s i~’i iu ~ v n ’ w p a i n t

~i ,  1 G E N E R A L

I he PAV”P’~ c on s i s ts  e s s e n ti a l l y ot  t h r e e  s — ) ’ l c n ) e n t  , t c o a — d i i  r .o1 ,~~r

a n t e n n a  , i r T ; i v s  and , t l l  the  h a r d w a r e , s o t t w i re , and u n t t ’ r t t t  .‘ u t e i u s

nece  s sa ry f or r e a l —  t ime .0, qui  s i t  ion , r e d u c t i o n , rt , i d ou t , and d i s p l a y
o v o r t e x  p o s i t i o n  d.ita . Analo g a n d  di ~~u t a l  data  is s tored on magnetic
tape b r  s ubsequen t  o t t - l ine  r e duc t i on  and ev a l u a t i o n .  ‘rhe sys tem
con t a i n s  a m i n i c o m p u t e r  t h a t  not  onl y pt~ r t ) ) r n s the  r e q u i r e d  PAVSS
f u n c t i o n s  hu t  a l s o  c an  i n to  r t a c e  w i t h  o t h e r  e x t e r na l  c omp ut e r s  or

cont rol s ys t e m s .  I h c  sy s t e m  may  be cons ide red t i  c o ns i s t  of the
to l l o w i n g — l i s t e d  bas ic  s ub s  y~~te n u s :

• - 
Pulsed a c o u s t i c  r adar  s u b s y s t e m

• Data a c q u i s i t i o n  ub~~y-~~t ’ rn

• Disp lay s u b s y s t e m

• Data s torage  s u b s y s t e m

• Softwa re subsys t em

Fi gure 2 -1  is a p i c to r i a l  ove rview of the PAVSS .

Br ief  funct ional  descr ip t ions  of each of these subsys tems fo l low.

a. Pulsed Acous t i c  Rada r Subsys tem

The pulsed acous t ic  radar subsys tem cons i s t s  of three a r r a y s ,

each conta in ing  ei ght t r a n s c e iv i n g  elements , Each t r a n s c e i v e r
e lement cons is t s  of: ( 1 )  t r an smi t t e r  drive and r e c e i ve r !
gating prearn pl i f i ca t i on  e l ec t ron ics , (2) an e l e c t r o - a c o u st i c
t r ansduce r , (3)  an an tenna , (4) a t ranspor table  m o u n t i n g
s t ruc ture , and (5) i n t e r connec t ing  cables.  The a r r a y
elements are designed to allow three independent  a r r a y s  to
be dep loyed , eac h wi th  baseline lengths  up to 2000 fee t ,

-i
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b. Data A cq u i s i t i o n  S u b s y s t e m

The dat a acquisi t ion  s u b s y s t e m  conta ins  the m inicom pute r
and aU of the e l ec t ronic  equi pment  needed to: ( 1)  se lec t  an
a r r ay  conf igura t ion , (2 )  gene ra te  modula t ion  w a v e f o r m s  and
gate control  si gnals , (3)  receive and de tec t  t r a n s m i t t e d
s ignals , (4)  ex t rac t  t i m e - d e l ay  data , (5 )  de t e rmine  vor t ex
position information , and (6) control the data s t or age  and
d i sp lay s u b sy s t e m s .  The mnin icor r tpute r p e r f o r m s  these
functions automatically in response  to compute r  p r o g r a m s
generated o f f - l i n e  and e ntered into the computer m e m o r y  via
a d ig i ta l  magne t ic  tape recorde r i n t e r f a c e .  The s y s t e m  is
also control led by appropr ia te  key board i n p u t s .  The mini-
‘ ompute r provide s 16 , 000 (16K)  words  of m e m o r y .  A data
l ink to a cen t r al  c o n t r o l l e r  p e r m i t s  remote  con t ro l  of the
S y st  em.

c. D isp lay S u b sy s t e m

The disp lay subsystem c o n s i s t s  e s s e n t i al l y of a cathode ray
tube (CRT) disp lay. Provisions are i ncluded  fo r  a h a r d - c o py
dis play to allow pr in tout  of se lec ted  data , compu te r  ca lcu la t ions ,
and graph ic data , The CRT disp lay device is used to disp lay
vortex position data from an array . The CRT disp lay ope rates
in a real t ime , two-d imens iona l  mode - - that  is , it disp lay s, for
example, altitude and horizontal disp lacement with respect to
a runway centerline as a function oi time, Alternativel y, it
cart be used to disp lay vor tex  t r a c k  motion-  - e i the r  ho r i zon t a l
or ver t ica l .

d. Data Storage Subsys tem

The data s torage subsys t em cons i s t s  e s sen t i a l ly of two magnet ic
tape recorders , one analog and the o ther  di g ital. The forme r
is a 14-track unit , the latte r a 7 - t r a c k  recorder .

The analog recorder  provide s d i rec t  r eco rd ing  of pre-arrt plified
receiver  si gnals (acoust ic  r e t u r n s ) ,  a r r a y  t ime - r e f e r e n c e

si gnals , run init iat ion and run iden t i fi ca t ion  data , conf igu ra t ion
definit ion data , and voice commen ta ry .  It include s appropr ia te
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playback capabi l i ty  to allow d i r e c t l y recorded si gna l s  to
be processed and disp layed in the same way as data is
processed and disp layed dur ing  opera t ions  in real t ime.

The pr imary  funct ion of the di gital  tape recorde r is to
store t ime- de lay and vortex posi t ion data dur ing per iods
of unattended operation.  Its secondary  funct ion is to serve
as an input /output  device to fac i l i t a te  loading and readout
of compute r p rograms .

e. Sof tware  Subsys tem

The sof tware subsystem, or package , consis ts  of all program
list ings and tape s required to operate the PAVSS , to produce
the graphic disp lays , and to record  vortex t r a ck  da ta .  The
com plete sof tware  documenta t ion  is p resen ted  in Volume I I I
of this repor t .

2 . 2  O V E R - A L L  SYSTEM DESCRIPTION

This section p r cs e n t s  the over-a l l  desi gn of the PAVSS . The v a r i o u s
subsystems are described in deta i l  in Section 3.

The PAVSS hardware system is shown in block d iagram form in Fi gure
2 - 2 .  As noted above , it cons is t s  of the fo l lowing- l i s t ed  subsys tems :
pulsed acoustic rada r subsystem, data acquis i t ion  subsys tem , d isp lay
subsystem, and data storage subsys tem.

Basically, the pulsed acoustic rada r subsystem cons is t s  of a parabolic
cylinder reflec tor ac tiva ted by a quadripod-mounted , center-feed
t ransceiver .  This assembly is desi gned to be mounted on a tower
s t ructure  capable of providing seve ral levels of instal led hei ght.  The
t ransducer  is an Atlas PD-60 acoust ic  t ransducer  with inte rnally mounted
driver ( t ransmi t ter) and receiver  e lec t ronics .  The pulsed acoustic radar
subsystem also includes the cabling necessa ry  to provide powe r to the
a r ray  and to ca r ry  si gnals to and from the a r ray .

The data acquisition subsystem consists of all the elements needed to
control system operation (upon receipt of external data eithe r from a
centra l pr ocessor or local keyboa rd) , solve fo r vortex locations , and

2-~
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feed da ta to the dis p lay or s torage s u b s y s t e m s .  Data a c q u i s i t i o n
subsystem elements  include a PDP-l l/05  minicon-iputcr , a bootst rap
loade r , an extende d capab il it y a r it h m e t i c  unit , a core rr i eniory
( addit ional  to that provided in the min icompute r) , a r a d a r  s u b s y s t e m
controller , a key boa r d unit  and ass ocia ted  con t ro ller , and an a n a l og
si gnal processor .

The disp lay subsystem consis ts  of a Di g i ta l  E q u i pment  C o r p o r a t i o n
(DEC)  GT-40 graphics unit that includes a C R T  for  v i s u a l  p resen ta t ion
of data . Software is provided to allow use of a \‘e r s a t e c  Mode l  1 I U O A
ha rd -copy  disp lay de vice for p resen ta t ion  of data , inc lud ing  gr a p h i c s .

The data s torage subsys tem cons is t s  of two m a g n e t i c  tape r e c o r d e r s
and their  associated con t rol l e r s .  One tape recorde r , used fo r
ana log data , is a Bell and Howell C PR - 4 0 1 0  1 4 - t r a c k  r e c o r d e r  w i t h
provision for  voice r e c o r d i n g/ p lay back on an ed ge t r a c k .  The o t h e r
is a DEC T U - l O  7 - t r a c k  recorde r used fo r  di g i t a l  da t a .

The combined data acquisition , display, and storage subsvstenis are
housed as shown in Figure  2 -3 .  ( Th e  desk is not supp l ied )
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3. SUBS YSTEM D E S I G N

T h i s  por t ion  of the f i n a l  r epo r t  i nc lude s de ta i led  d i s c u s s i o n s  and
d e s c r i pt ions of the des i gn of each s u b sy s t e m  of the PAYSS . It should
be no ted  that  the d r a w i ng s  r e f e r r e d  to in A ppendix A (but  not i nc luded
in t h i s  repor t ’~) de f ine  the h a r d w a r e  in d e t ai l  as f i n a l l y des i gned .

3. 1 PULSED A C O U ST i C  R A D A R  S UP SI S T EM

The pulsed acoustic radar subsystem (PARS) consists essentiall y
of an acoust ic  ante nna e l e m e n t , com plete wi th  an acous t ic  t r a n s d u c e r
and a s s o cia t e d  e l e c t r o n i c s , and a suppor t  s t r u c t u r e .  It a l so  inc lude s
the r e q u i r e d  i n t e r c o n n e c t i n g  si gnal  and powe r c a b l i ng .  The a c ou s t i c
antenna e l emen t , s u p p o r t  s t r u c t u r e , and si gnal and powe r d is t r i b u t i o n
scheme are  desc r ibed  in P a r ag r a phs 3. 1. 1 , 3 . 1 . 2 , and 3. 1 . 3 , re-
spect i vel y

3. 1. 1 Acoustic Antenna Elemen t

The acoust ic  an t enna  e l e m e n t  c o n s i s t s  of the f o l l o w i ng - l i s t e d  componen ts :

a. R e f l e c t o r  and a s s o c i a t e d  r e f l e c t or  s u p p o r t  s t r u c t u r e

b. Quadr ipod s u b a s s e m b ly,  composed  of:

1) Q u a d r i pod

2) E l l i p t i c a l  feed  h o r n

3) Dr ive r and a s s o c i a t e d  t r ansce ive r e lec t ron ics

These major items are  de sc r i bed  in P a r a g r ap hs 3. 1. 1. 1 and 3. 1.  1. 2 ,
r~~ pec t ive ly.

3. 1. 1. 1 R e f l e c t o r

The following paragraphs describe first the acoustic desi gn and then
the mechan i cal des i gn of  the reflector and reflector support structure .

0 Furnished unde r Item 8, PAVSS Drawings  and Parts List.
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a. Acoustic Desi gn

The ref lector  design selected for the PAVSS was chosen on the basis
of its abi lit y to sat isf y the acoust ic radiation pat tern requi rements
specified in Table 3-1 and the field equipment envi ronmenta l  and
physical design requirements listed in Table 3-2 .

A s a concomit ant des ign goal , Avco sought to provide a system whose
over-al l  performance would equal or exceed that of the equipment TSC
was operating in the field at the time the contract  fo r  the PAVSS was
awarded.

The TSC desi gn was evaluated in Avco/SD ’ s ac oustic  antenna f ac i l i t y .
The data from this test e f fo r t  indicated that  the elevation p lane bea mnwidth
requirement (60 °) cou ld no t be sati s f i ed by TSC ’s o f f s e t - fed re f lec to r
approach.

Extensive evaluation tests on the TSC - designed r e f l ec to r  with feed
location as the variable paramete r indicated that use of a cen ter - fed
ref lector  could solve the problem of meet ing the elevation plane beamwidth
re quirement. A solution based on using the same focal length to diamete r
(F/D)  ratio used by TSC ( 3 3/ 52  = 0. 635) was finally achieved. The requi red
re f lector , however was longer in the cy linder plane than was the TSC
antenna (58 inches as compared with 36 inches).

The ref lector  design was then reviewed from the viewpoint  of the environ-
mental  and physical  desi gn requi rements.  In response to a recommendat ion
by TSC the design parameters  were reconsidered to dete rmine the feasi-
bility of using a ref lector  with a 36-inch parabolic plane dimension. This
would effectively decrease wind loads on the reflector in a typ ical a i rpor t
environment.  As a result  of this review another ref lector  was fabr ica ted .
I t was des igned to retain the same subtended ang le as the previous
reflector at the focus of the reflector in the cy linder plane . In the new
reflector  the 58-inch ref lector ’s focal length to diamete r ratio (33/ 5 8)
was scaled down to accommodate the new ref lector ’s parabolic plane
dimension of 36 inches. The resul tant  design has a focal length of

(33  x 3 6 ) / 5 8  = 20 inches

The new reflector was then tested with an elliptical feed horn (described
in Paragrap h 3 . 1 . 1 . 2 .  2).  A 60° elevation beamwidth was achieved , as
shown in Figure 3 - 1 .

3-2 
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TABLE 3-1

ACOU STIC SENSOR R E Q U I R E M E N T S

A R P A Y  SYSTEM

ConfIgur at ion  3 l inear ~t1~ray~~. S elc~~.~n~ ~
per  arr~1y

Array Element Mode Transceiver

ARR AY ELEMENT - ACOUSTICAL

Freduency 1 to ~1 ~~i::

Pulse Length 2 to 5 m i l l iu e c o n d s

Beamu Id th (Fan ) at
~‘ .0 klI~

Elevat ion 60°

A z I mu t h a l  5
0 *

Sicclote~ (a t 2 .0 < 30 JU
‘ a °

~~~~~~~ e >
Transmit Power 100 w a t t u  ( e l e c t r i c a l )

* Subsequent ly  changed to 6.00
.
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TABLE 3-2

S U M M A R Y  OF RE QUIREMENTS FOR FIELD E QU I P M E N T

Put ~,‘eLem Con l i l e n
r ’ r ~en~ aL o r P l iy e ico l  __________________________

L~ ’u ‘i~~n Parame ter
Ope r at l np  don—O pera t ing

i!~~h ( J e ~Troe s , F )  125

Lo~. ( J e  ~r~ ee , F ) -40 -

H e l a t V- :i u m ! C i t y

P ’rc ’ n t , co ndensing U 1PO

Temp er a ture  ( d e g r e e s  F)  ( v  t S

Pr e c h~~ta t ’.on

Pa in  ( inci~~’u per hour ) 0 .3 . P

Sno~: Load (pounds per dO
s :uap e foot ) 

__________________ I ___________________

~‘-.‘in ~~, St . aoy  (mi le s  p r  hour ) 35

Co efu l  L i f e  O n ’  ‘Ooae

Re f i  ~‘ ct or

Ele vation Angles 4~~0 
+ 15~ 1~rotn l i i  i i e r : e - m a~

Support Elevat ion  Height- s U .  5, a n i  13 Oe . ’t

M at er i a l s  As n o n — m e t a l l i c  as p r a ct ~~c i

3- J~
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It  was also considered that this ref lector  design adequatel y sa t i s f i e d
the sidelobe requi rements  in the az imutha l  plane since it met the specif ied
levels at all ang les except for a few discre te  angular  reg ions whe re
the side lobe levels were onl y from 1 to 2 dB above the specif ied levels.
Figure 3-2 shows the azimuthal  plane pat tern achieved with this  design.

Both theoret ical  considerations and test  measurements  indicated that
the r eq uired side lobe pe r f orm ance was unatta inab le wi th  a ~ ° bearnwidth
in the azimuthal  plane unlesc a la rger -d iameter  ref lec tor  with resul tant
higher direct ivi ty we re used. On the basis of these findings the azimuthal
plane bearrowidth requirement listed in Table 3 -1  was revised ( f rom 5 to
6°) to ref lect  the bearnwidth actually a t tained . T he on ly apparent  disad-
vantage is a decrease in antenna gain.

On the other hand , it is expected that use of the 6° beamwidth will provide
an advantage in that it will improve system performance marg ins when the
potential effects of turbulence- -which could produce beam wandering due to
changes in the coherency of the signal distr ibution at the aper ture-  -are con-
sidered. In  general , these effects become much more pronounc ed as the
bearnwidth decreases .

b. Mechanical Design and Construction - Reflector

The ref lector , shown in Figure 3-3 , cons i s t s  essent ia l ly of a cy lindrical
pa rabolic honeycomb sandwich integrall y bonded to a b ra ced , mar ine -
grade plywood box f r ame .  The re f lec tor  is 36 inches high and has a
chord of 52 inche s and a focal length of 20 inches.

Brief l y, construct ion of the ref lector  proceeds as follows:

1) A temp late is prepared to define the 20- inch focal
length parabolic surface of the ref lector .

2) A wooden form is const ructed in the shape of the ref lec t ing
surface .  The temp late is used as a guide .

3) The box f rame is constructed.

4) All sur faces  to be bonded are coated with epoxy adhesive
(thickened with Cabosil to provide good fil lets at all
in te r faces ) .

3-6
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5) The honeycomb sandwich  ( c o n s i s t i n g  of a 1/ 3 2 - i n c h  sheet
of 0-10 fiberg lass , 1-inch thick Kraft paper h o n e y c o m b ,
and ano the r  sheet of 1/32-inch G-10 fiberg lass) is then
laid up, togethe r wi th  the box f ra me , on the wooden form .

6) W e i g h t s  ( sand  bags)  are  place app ro pr iately to ins ure prope r
contact  between th e var ious  i tems , and the a s s emb l y is
placed in an oven to cu re  the adhes ive .

7) When cu r ing  is comp lete , the mater ia l is t r immed  to s ize
whe r e n e c e s sa r y , t h en sanded , and a ll jo ints  are f i l le d wi th
pol yeste r pu t ty .

8) Holes are drilled for the “U” bolts used to secure the
q uadripod to the r e f l ec to r  and for  the h inge s used to secure
the reflector to its ~.upport structure. A sui tab le  t emp late
is used as a d r i l l i ng  guide .

9) A f t e r  the a s s e m b ly has  been comp leted and f i n i s h - s a nd e d  i t  is
painted , first with a priming coat Irld then with a finish coat.

10) Finally--although this is not  s t r i c t l y pa r t  of the r e f l e c t o r
construction process--the quadripod is mounted  and  the
assembly is installed in the reflector support structure .

c. Mechanical Desi gn and Cons t ruc t ion  - Reflector Support S truc ture

The r e f l ec to r  support  s t ruc tu re , s hown in Fi gure 3 -4 , is designed to
su pport the r e f lec tor  at va r ious  ang les of e leva t ion  e i ther  at ground level
or , when secured to the t o w e r  s t r u c t ur e , at d i s c r e t e  he ig hts  above
ground level.

The s t r u c t u r e  is a s sembled  from Z - i n  ( n o m i n a l )  d i a m e t e r ,  Schedule MO
polyviny l chloride (PVC )  p i pe and f i t t i n g s . All jo in ts  are solvent  we lded .
The support  st r u c t u r e  is a s semble d  ove r a p p r o p r i a t e  j i gs to i n s u r e
d imens ional  r ep e a t a b i l i t y.  The legs  of the s t r u c t u r e  end in langed
f i t t i ngs d r i l l ed  to ma tch  c o r r e sp o n d i nI ~ holes in sp ike an g les (used  for
gro und leve l i n s t a l l a t ions )  or in m a t i n g  f lan ges on t h e towe r structure
( f o r ins ta l la t ion  above ground level) .

&
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T h e  r e f l e c t or  is at t a c h e d  to the  s up p o r t  s t r u c t u r e  it  4 p o i n t s  — — t w o
in the  h o r i z o n t a l p lane and t w~ in the  ye rt  ic ;il p ia r oe — — v i a  h i i ~ ge s
Once t he des i r ed  e l ev a t i o n  ang le tor the  r 4 ’ t l t - c t o r  i s  (‘ s t . t l ) l i  ‘~h e d
the h in ee  s .1 re c lum ped to the suppor t  st r u c t u r e  w i t h  ‘12’ ’  b o l t s .  I he
d c v i t i o n  .t fl~~l( ’ 1 5  a 3 , 1 7 ) 6  t i on of the a c o u st i c  : t , i t t nn:t  t l e n ) e I l t ’s i n . -, l . 7  j l ’~:
lo c a t i on  . i i -n ~ th e  . l r r . i y ’ s . 1 / i z n U t h a l  c e ’n t t r l i n e .

3 . 1. I - .~ Qu ad r i p o d  S i i b . i ss en bl y

I he q i . i d r ip o d  s i i b . i s ~~e r i . h 1 y (- ( > I l s 4 s t . ~ & , f  t h e  qu a d r ip o d  itself , , t  t eed
hor n , and an e l ’ e t r  . i c o u st i c  t r a n s d u c e r , or  d r i ve r , w i t h  i t s
a s  5 4 1 ’ i a t t ’ d e lec t  r o n i (  S .

I .  I .i . 1 U i . u r ’.plld

[h e  quad r ip o d , ~ ) W I )  in Fi gu re 3 - 5 , su ppor ts  the feed  horn  and
r a n s d i R c r .i t t he  p rope r l o c a t i o n  re l a t i v t •  t o  t h e  r e f l e c t o r .  I t  is c o n / i  r i o c t o d

a t  . 4  1 — in ch  t h i c k  P\ ’ C h i b  and f ou r  Ic ~ s T he l a t t e r  a r e  ía hr  1 (‘ .1 t ed  f r o m
- inch (n n ina!) d i , a n i e t e  r • S1 hed ul e  MO PVC pipe and 4 5

0 
P V C  , i n i~le

i t t  i 7 i ,~~s ‘rhe leg  e l e m e n t s  3 re r e e t i t o r c e d  w i t h  wooden  dowi .l s  to i n c r e a s e
the  a s s e m b l y ’s r i~~i d i t v  I ’h y or , -  , t s s e r’nb1,~d ove r .i s u i t a b le  j i e  an d  a l l
J o i n t s  are so lvent  welded - ‘T he horn is bo l t ed  to  t h e  h ub  w h i c h  is d r i l l e d
and tapp ed to  acconn n :o d at t ~ th e t r . i n s d , i c er .

The legs of the quadripod t i t  ove r the box f r i  n o ’  of t h e  r e f l e c t o r .  ‘l’hc o nt i  r~’
qua d r ipod a s s e m b l y c a n  be p o s i t i o ne d  f o r  t i n e  t u n i n g  (nominal location
plus or minus 1 inch) if neces~ ary r he .t s s e t l ’b l y is se c u r e d  to the box
f r a m e with ei ght “ U” bo l t s .

3. 1. 1 . 2 . 2  Elli p t ica l  Feed H o r n

a. Desi gn

The feed horn se1~ cted for  the PAVSS is e l l i p t i ca l  in c ross  se c t i o n .  Th is
desi gn approach was selected to permit  the i l l u m i n a t i o n  e f f i c i e n c y  of th e
ref lec tor  to be m a x i m i z e d  b y feed pa t t e rn  cont ro l  in the parabol ic
(az imuthal )  and c y l i n d r i c a l  ( e leva t ion)  planes of the r e f l e c t o r .

The major and minor  axis  d imens ions  of the feed horn , shown in Fi gure
3-6 , we re initially selected on the basis of conical feed horn data collected
in Avco/SD’ s acoustic antenna labo ra tory .  The dimensions we re f i n a l i z e d
on the basis of the re f lec tor ’ s fa r  f ie ld  sidelobe and beamwidth  response

3 — i l
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in the a z i m u t h a l  and lev at ion  p lant’s  w hen  t ed  by t h e  c l i i  pt l ea !
horn .

The feed horn ’s elevat ion and a-,.in - or t lo a 1 p a t t e r n s , p l o t t e d  a t  t h e
desi gn ref e retoce f r equency  of 3 kl!z , ar e  shown  in  l’ i gu  re s 3 —  7/c
and 3-7B , res pect ivel y.

As Fi gu re 3 —7A m d  cates , the b e a i nw i d th  of t h e  t e e d  p a t t e r n  is 70 0

in the e levation plane . Th is  p a t t e r n  is  p r o j e c t e d  on to  the  r e  f le ct o c
in suc h a manne  r tha t  it sub tends  ion a n g l e  of p p r o x i n l a t e l y ~~,j 0 at
the f eed , g iving a 60 0 t a r  f i e l d  pane ro . I ) u r in g  l ab o r a t o ry  e v a lu a t i o n s
o t was  dete  r ni in ed  t h a t  the 3 dli  level of t h e  t eed h o r n  lo ad t o  & ‘  k e p t
wel l w i t h i n  the edge ot the re flee to r t (3 l iVe  rc ot l ie  a to ~ 

‘ ,~ d gt ~ e f t ’e e t s
o f the r e f l ec to r  in the  e l evat ion  p lane . Mcii  s u r e l l ie nt s  showed , in
ge n e r a l, t hat  if the  3 dIS point  of the feed h o r n  ( d e s i r e d  in t h e  r e f l e c t o r
f a r  field) in te rcep ts  the r e f l ec t o r  Irori l one t o  two  w .i v e l e i o g t h s  coon t h e
ed ges , the  r e s u l t i ng  f a r  f i~ 1(1 p a t t c  r io b e , in iw i d t h  ~vi l  1 he t he  i m i  te n O  t h e
feed horn ’s h e a l l l w i dt h  . T h i s  I , e ; t n iw j d t h  / r4 ’ f le c t o r  ‘‘diz e y e  lot  ~i t i s h ip  s
onl y a pprox ima te  and em p i r i c o  I; i t  does not  cc pr e  s e n t  a 10.1 rd 0 71(1 f a s t
desi gn ru le .

In the a z i m u t h a l  p lane the  feed h o r n  1,t t t e  rio ~va s Ia p ’-~ rca , r epr e  sen t  i n . )
an ape r tu re  d i s t r i b u t i o n  of the  fo rm ( R e f e r e n c e  I I :

1) + [i - ( p  / a )’_] 
~°

whe rc :

P = N o r m a l i z e d  rad ia l  d i s t an c e  on the  a p e r t u r e  f r om
the c e n t e r

b = Pedestal  hei ght(  m a g n i t u d e  of i l l umina t i on  a t  t h e
dish ed ge , that is ~ = a)

= A d i m e n s i o n l e s s  q u a n t i ty  t h a t  d e t e r m i n e s  tile r a t e  ~ [
ape r tu re  i lium m ut t  On tape r ( R e  for e  ned I)

An approxi mation to the measured  data shown in Fi ,.) ”re  3 -7 .-\ y ie lds
the fo l lowing- l i s t ed  va lues  for  p a r a m e t e r s  b and  97 (Reference 1):

R e f e rence 1. Hansen , R .  C . ,  Mic rowave  Scann ing  A n t e n n a s ,
Volume I - A p~or tu re s , Academ ic , N ew Y ork , N.  Y . ,
(1964) , pp. 64-67 .

- ~~ . —
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b = 1/4 (det ermined  f rom a 10. 0 dB p a t t e r n
taper + 3. 5 amplitude tap~’r

Si = 1 .0

Inte rp olated side lobe , beamwidth, and 1st null pos i t ion  data f rom
R e f e r e n c e  1 can be compared w i t h  c o r re s p o n d i ng  m e a s u r e d  data f r o m
Figure 3-2. This comparison is summarized in Table  3 - 3 .

As discussed above , a ~~0 
beamwidth w i t h  a p p r o p r i a t e ly s u p p r e s s e d

side lobe s could be achieved onl y by i n c r e a s i ng  the d i r e c t i v i ty .
This , in tu rn , r e q u i r e s  an inc rease  ~n r e f l e c t o r  d i m e n s i o n s -  -a t rade -
off not considered warranted for  this p rogram .

b. Location

The acous t ic  an tenna  e lement  is desi gned to  opera te  in an env i ronmen t
wh~~re the vor tex  t a r g e t s  wi l l  be presen t  at a d i s t ance  grea te r than
2D / X , or 10 2 feet  f rom the e lement  (whe re  I) = r e f l e c t o r  chord) .
This  r e q u i r e s  that  the feed ho rn ’ s acous t ic  phase  cente r be located
20 inche s f r o m  the r e f l e c t o r  at its foca l  poin t .

The feed horn ’ s phase  c e n t e r  location has  been de f ined  on the bas is  of a
combina t ion  of m e a iu r e d  data and theore t ica l  ca lcu la t ions.  Tes t  limita-
ti~ ns re quired the antenna to be focussed  at a d is tance  of 50 feet , or
D / X . The pat terns  recorded represen t  the fa r  f ield d i s t r ibu t ion  of
aco ustic energy  ( R e f e r e n c e  2) a l thoug h they we re recorded with the
focal  point d i sp laced f rom the t r ue  f a r - f i e l d  focal  point of 20 inches .
T h i s  same r e f e r e n c e  de sc r ibe s  the d e f o c u s s i n g  requ i red  to achieve
f o c u s s i n g  at a d i s tance , R , f rom the p a r a b o l i c  a p e r t u r e . From the
cu rves given in that  r e f e r ence  it was d~~t e r min c d  that  the ho rn ’ s position
along the focal axis had to be reduced (moved in the direct ion toward the
r e f l e c t o r )  by 0 . 9  inch  to be focussed  in the f a r  f i e l d .  Fi gure  3-8 is a
s k e t c h  showing these  r e l a t i o n s h ips and d im e n s i o n s .  Based on the resu l t s
of these tes t s  and ca lcula t ions , t he acoust ic  phase c e n t e r  of the e l l ip t i ca l
horn in the broad plane is established as 1.4 inch inside the f eed ho r n
aper ture .

Refe rence 2. Johnson, R. C., H. A. Ecker and J. S. Hollis ,
Dete rminat ion of f a r  f ie ld  an tenna  pa t te rns  from
near  f ie ld  m e a s u r e m e n t s, Proc .  IEEE , 61 ( 1 2 ),
D e cem be r 197 3 , pp. 166 ’~ - l h 94 .

[7
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3. 1. 1 . 2 . 3  Transducer  and Associated Elec t ron ics

a. Transducer

An Atlas Model PD-60 drive r was selected as the e lec t ro -acous t ic
t ransducer .  The selection was based pr imar i ly on its low cost ,
adequate performance , and good mechanical design.

b. Transceiver  Electronics

Both the drive r and receive r pre-ampli f i ca t ic n elec t ron ic s  f or each
array element are located at each electro-acoustic t r ansducer-  This
approach was adopted to reduce cable costs and to m i n i m i z e  electro-
magnet ic  interference (EMI) problems that accompany the use of long
cable run s such as required in field instal lat ion of the pulsed acoust ic
rada r subsystem. E ach t ra n sduce r , there f ore , contains both transmit
and receive electronics. Figure 3 .9 shows this equipment , which  is
part of the acoustic antenna element , in b lock d iagram form . ( I t  is
shown in the large dotted enclosure labelled A R R A Y  E L E M E N T . )

Th e design parameters for the t r ansce ive r  e lec t ron ics  arc l i s ted  in
Tables 3-4 and 3-5 for the t ransmi t te r and receive r , respect ivel y -
The t ransmit te r produces , by e lect r ical  act i~ a t ion  o f the electro-
acoustic tr ansd uce r , the required acoust ic  s ignal  b u r 0 4 t  of 2 to ~
milliseconds duration at a carr ie r f requency  o 1 1 to 4 kHz at 100
watts with a maximum burs t  repeti t ion rate on the orde r of 3 b u r s t s
per second.

The data acquisition subsystem contains the t r a n s m i t  wave f o r m  f u n c t i o n
ger~erators.  The waveforms produced by these ge ne ra tors  are  fed ,
under minicomputer control , to the se lected acous t ic  an tenna  e lem e n t s .
The si gnal is a phase-locked, gated square-wave that is used to dr ive
the t ransmit te r .  It is important that the burs t  should have no I ’)C
component and that it should begin in a pos i t ive -go ing  d i r e c t i o n. Th i s
is necessary to permit  use of the burs t  for receive r gat ing .  The input
signal drives two t rans i s tor  switches that app ly a plus and a m i n us
40-volt square wave across the t r ansduce r ’s 16-ohm d r iver  coil ,
Experience indicates that this square-wave input to the t ransduc er
produces a near sine-wave acoustic output. This is the r e su l t  of:
( 1 )  the limited upper - f requency  response cha rac t e r i s t i c s  of the
t ransducer  driver and feed horn , and (2)  the inductance of the d r i v e r  coil .
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TABLE 3-4

TRANSMITTER DESIGN PARAMETERS

T r a n s m i t ter  (one per ir ray e le ment )

Peak Power  Ouput ~0O i’.- a t t s  ( e l e c t ri c a l )

Input Vo 1ta~ / I +~~~~ vol ts

Input Current;

c~u t o - s c cr it  ~~ 07 amperes

Peok 1 ampere

Operating Frequency 1 to ~ kH~

Pu 1cc

Duration 2 to 5 millisecond s

Repetition Rate 3 pulses per second , maximum

Output W ,’-ive form Seuare wave (symmetrical )

3-22



TABLE 3 - 5

RECEIVER DESIGN PARAMETERS

Receiver (one per array element )

Gain 50 dB , maximum

Frequency Range 1 to 4 kllz

Output Swing 10 vol ts

Gate Control Gated OFF during transmit
period

Input Limiting volts

Output Impedance 200 ohms

3-23
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The t r a n s m i t t e r  po~ver arn~) l i 1 i e r  ~‘ i i  l i t  is ~.h. wn s c h e n / a t i c a I i y  l i i
Fi gure 3-10. I)lie to packaging c o n s t r a i n t s , the two  s t ) r a C 4 ( ’
capacitors , C 1 and C 2 , have he t ’n l oca ted  on the r e c e i ver  ~ ir c  u t
boa rd - The v provide sufficient s tor i cc to no m i n i  i ze  the  d ru o  p in  -t
5— ru i l li s econd  b u r s t  a t  a ro ’ p e t i t i o n  ra tt~ ol 3 bu r  t s  p~~r second .
Diodes  C R 3  and C R 4  i s o l a t e  the d r i v e r c i r c u i t  t r o n o  t h e  t r a ns d u ce r
during the receive period .

A ga ted p r o — a mp l i f i e r  is used in the  rece ive  po r t ion  01 th e  I r a n s d - i  e r
e l e c t r o n i c s .  Th i s  p reven t s  damage  and ove r load ing  of s / l h s , . ’1t ien t
c i r c u i t s  as a resu l t  of the p r e s e n ce  of l a r g e  v o l t a g e s  f r o l i  t h e  e l ec t r i , -
acoust ic  t r a n s d u c e r  d u ri n g  and im m e d i a t e l y fo l l o w i n g  the  t r a n s m i t
pu l s e .  The p r e - amp l i f i e r  supp lies 50 dIS  ot  ga in  to produc e s i g n a l
levels  on the  o rde r  of 5 v o l t s .  ‘l’he c i r c u i t  is sh owu in s c h e n o , t t i c
diagram form in Figure 3-11 . Inpu t  p r o t e c t i o n , p rov ided  by R I , C R 1 ,
and C R2 , l imi ts  the  +40 -vo l t  t r a n s m i t  b u r s t  to ± 1/2 volt at the  i n p u t
of the pre - a m pl i f i e r .  A t r an sc  onduc tance  a n o p l i f i e  r , 7. 1 , p r o v i d e s
both gate cont ro l  and s igna l  gain .  When  the gate  ( b i a s )  i npu t  of 7 .1  ( p in 5)
is a t  — 1 5  vo l t s , the amp l i f i e r  is OFt” s ince  no c u r ren t  f l o w s  in t he  i npu t
d i f f e r e n t i a l  pair .  D u r i n g  the (‘N p er i od  ihe j u n c t i o n  of  R 7  and R 8  is
ra i sed  to the voltage output leve l for Z 2 .  This value is a function of the
peak receive r ou tpu t .  It provides a bias input of about 60 noicroarupe res,
maximum, to the p r o- a m pl i f i e r .  The 60 - m i c r o a mp e r e  va lue  fo r  the
bias current was selected to provide 50 dB ot p r e -an~p1i f i e r  g a i n -  I n
t h i s  c i r c u i t  a m p l i f i e r  Z2  p e r f o r m s  essent ia ll y an a u t om a t i c  gain c o n t r o l
(AGC) function. Transistors Qi and Q2 provide low-impedance drive
for  the output line .

The rece iver  is gated b y using the t r ansmi t  bu r s t  to charge capaci tor
C6 via diode CR3. Since , as p r e v i o u s ly  noted , the t r a n s m i t  b u r s t  a l way s
s ta r t s  f rom the ze ro  l eve l  and with its f i r s t  e x c u rs i o n  pos it i ve -go ing ,  the
capacitor immediatel y cha rges , thereb y causing the output of the comparator
ampl ifi er , Z3 , to go into posi t ive sa tura t ion.  This , in t u r n , causes  arn pli-
f i e r  Z2 to go into negat ive  saturat ion.  Diode CR4 allows resi s to r  R8 to
pull the gated pre -amplif ie r bias input  to -15 vo l t s ,  thus c utt ing of the
ampl i f ie r .

The t r a n s m i t t e r/ r e c e i v e r  e l ec t ron ic s  are ins ta l led  in the r ea r  of the
dr iver , as shown in Fi gure 3- 12 .  A rubber  0 - r i n g  seal provides
envi ronmenta l  sealing be tween the d r ive r  housing and the t r a n s d u c e r .
The feed- th roug h terminals  at the bottom of the housing are  sealed with
a room- tempera tu re  vu lcan izing  (R T V )  compound.

3— 2~i

L_. _______ _



_ - _ -~
- - - ---

~
- . - -

~ 
- . - - - . _ ~~~~~ - - -. - - ~~~~~~

- - - a .) .

‘- p

‘
p

-

~~~~~~~~~~ ~~~~~~~~~~ 
_ _ _ _

Hi’ :‘; Hil
V

0

“A/V

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

3-25

,. -

~

: . - ~~~~~~~~~~~~~~~ 
.



I 
- - 

1
‘p p

I
~~~~~~~ I

:~ 
~~ 

~1J__1 I,!:I1_:IL_I

pace Ja . ; i wn u..q, a- .4

3-26

i i



-

- ‘o

C.-.
‘0
42

C)

C
0
I’4.
‘I
42
-I

4,

4,

Ø Q

V
I -

4.

i.e”, — C

-. I..

~ 1
- —.4 ~~~~~ —

~~Ul~ (‘.1
• -‘ 4.

-

0
144

_ _ _ _ _ _ _ _ _  _



3. 1 . 2  Antenna Support St ructure

The antenna support s t ruc ture , or towe r , is shown in Figure 3 -i  3. It
provides means for supporting the acoustic antenna element at eithe r
of two hei ghts (intermediate - -3 to 5 feet , or ful l--lO feet)  above ground
level. (The reflector support structure is used , without the tower , in
ground leve l installations.) A guy line and anchoring system is used in
the field to stabilize the installation. The antenna support  structure is
an assembly of two identical symmetrical beets connected by four
identical  cross braces. Each bent is constructed of 2- inch diamete r
(no minal) , Schedule 80 PVC pipe and fi t t ings.  All joints  are solvent
welded. Each bent is assembled in a f ixture used to assure  consistency
in fabr icat ion , particularly in regard to the dimensions from the bent
center l ines  to the mounting flanges.  The bents are furnished with two
sets of mount ing  f langes--one set for installation of the acoustic antenna
e lement at the inte rm edi ate height ; the othe r for its instal lation at the
full hei ght.  The braces are made of 1 1/2  -inch by 1 1 / 2 - i n c h  by
3 / 1 6 - i n c h  extruded PVC ang le stock. The bents and braces were
desi gned to be symmetrical to avoid need for left-hand and rig ht-hand
members .  This provided both cost savings and assembl y simp licity.

The guyline and anchor ing system is desi gned to prevent lateral or
rotat ional  movement of the support structure and to prevent it from
topp ling over .  It  includes guy line s, anchors , sp ike ang les , and tent
pegs.

a. Guyline s (4) - -Dacron was selected for the guy lines on the
basis of its: moderate cost , low stretch, high strength ,
environmental  resis tance , flexibil i ty,  and ease of tying
and untying.

b. Anchors  ( 4)..-The anchors are of commercial desi gn
(A.  B. Chance , Sty le 326) .  In use they are installed
about 10 feet away (diagonally) from each corne r of the
support str ucture used (reflector or antenna , depending
on the installation heig ht desired) . Each anchor has a
holding power of from 750 to 1000 pounds.
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c .  ~~p~_ke Angles  ( 2 ) - - T h e  sp ike ang les are used at all in-
sta llat ion hei gh t s .  They are made of alum inum s t r u c t u r a l

ang le s tock .  Bolt  holes  in the ang les m a t c h  holes in the

PVC f l anges  of e i the r s u p p o r t  s t r u c t u r e .

d. T en t  Pe~~j1)- -The se pegs , which are of standard commercial
d e s i g n , a re  d r iven  into the ground unt il  t h e y  so l id l y engage
the u p r i ght portion of the spike angle.

3.  I. 3 -  Sj~ nal and Powe r_Dis t r ibu t ion

The f o l l o w i n g  pa r a g r a phs d e s c r i b e  the d i s t r i b u t i o n  scheme used to
route  si gnals  and powe r to and f rom the d r ive r  and t r ansce iver e l ec t r o n i c s .
The cabling layout is shown in Figure 3-14.

For reasons of e conomy,  powe r c i r c u i t s  are  fed to each a r r a y  and dis-
t r i b u t e d  to each acous t i c  an t enna  e lement  in each such a r r a y  via a
junct ion  box ( J -box)  located at the e lement  of each a r r a y  nea re s t  the
si gnal p r o c es s o r .  T r a n s m i t  and r ece ive  c i r c u i t  conduc to r s  r u n

ind iv idually f r o m  each  a r r a y  e lement  to the si gnal p r oc e s s o r .  A p p r o p r i a t e
connectors or hard-sp l ices a re used where  cable r un dis tances exceed
avai lable  cable lengths .

The t r ansmi t  and receive si gna l leads consist  of a tw’ twis ted  pair  No. 22
AW G cab le f rom t he a r r a y elements to 3 -box 1 , and a f i f t e e n  t w i s t e d
pair No. 22 AWG cable between J -box  1 and the si gnal p rocessor .  The
two t w i s t e d  pai r cable between the ar r a y  elements and 3-box 1 is used
for  both t ransmi t  and receive signals.

For DC powe r a 3 -wi re  No. 14 AWG cable and a 3-wire  No. 16 AWG cable
connect  the ar ray elements to 3-box 1. A 3 -wi re  No.  14 A W G  cable
ca r r ies powe r between the s igna l  processor  and J-box 1 ,

3 .2  DATA ACQUiSITION SUBSYSTEM

The pulsed acoustic vortex sensing system (PAVSS) is shown in block
diagram form in Figure 3 - 1 5 .  Descrip tions of various items included
in the data acquisition subsystem (DAS) follow. 

- _ -  -~~~~~~~~~ -~~~~~~~~
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3. 2. 1 Isolation Module

The isolation module provides galvanic isolation between the data
acquisition equi pment and the cable s to the pulsed acoustic radar
subsystem ’s three arrays . It also protects the signal process ing
equipment from over-voltage surges originating in the exte~~. ..i
cabling.

The incoming signal is pre- f i l te red throug h a passive h igh-pass  f i l ter
to eliminate hi gh-amplitude , low-frequency noise that mi ght saturate
the active components in the signal processing chain. The cutoff
frequency of this f i l ter  is set low enough (800 Hz) ,  howeve r , to assure
that the lowest frequency signa l (1000 Hz) can pass through without
attenuation.

The basic ci rcui t  of this module is shown in schematic diagram form
in Figure 3-16.

3. 2. 2 Configurat ion Control Module

The configuration control module contains the switching m~.trix and
associated control circuits  used to interconnect the inputs and output s
of the data processing c i rcui ts , the analog tape unit , and the three
pulsed acoust ic  radar a r rays  (X , Y , and Z on Figure 2 - 1 ) .  The system
cc)nf~guration is represented by an 8-di git code . - Code assignments are
defined in Figure 3-17.

The subsystem controlle r generates 2 independently programmable
frames-  -A and B ( f rame period and pulse length). These frames can be
modulated onto 2 independently selectable carr ier  f requencies - -F l  and
F2 .

Bits 0 and I of the configuration control code select the app lication of
frames A and B to 2 out of the 3 arrays  (X , Y, and Z) .  If bits 0 and 1
are both ZERO , the play-back mode is selected and all arrays are dis-
connected.

Bits 2 and 3 of the confi guration control code serve to interchange the
carr ier  frequencies between the two sides of the selected arrays .
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8-BIT CODE

Bit Bit Frame A Frame P
1 2 Goes to Goes to

O 0 N . C . *

O 1 x Y

1 0 Y z

1 1 x z

* Playback Mode, all arrays a-re
disconnected.

Bit 2 (Frame A) Carrier- Frequency
Bit 3 (Frame B) Left Right

• 0 Fl

1 F2 Fl

Bit ~l. Frame A , le f t )
Bit 5 Frame A, right ) Optional Transducer
Bit 6 Frame B, left ) Selected
Bit 7 Frame B, right) 

__________________

0 Outer

1 Inner

FIGURE 3-17 Configuration Control Scheme
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The r e m a i nin g  4 bi ts  (4 , 5 , 6 , and 7) se lect  one of the  two op t i o n a l
t r a n s d u c e r s  in each h a l f - a r r a y .

The iden t i ty  of the a r r a y s  ‘that arc a c t i v e  and of the e l em e n t s  tha t
are  be ing used can be d isp layed ( v i a  the displa y s u b s y s t e m ) .  The
ope ra tor  can then use the i n f o r m a t i o n  d i sp layed fu r  m a k i n g  a pp r o p r i a t e
voice inputs to the analog magne t i c  tape r ecorde r .

Fo r a sche ma t ic dia g ra m o f  the con f i g u r a t i o n  control module , see
Fi gure 3- 18 (Par t s  A , B , and C) .

3. 2. 3 Line Dr iver  Module

The line d r ive r  module ra ises  the t r an sduce r  exc i t a t ion  si gna l s  to a
level ade quate to drive up to 5, 000 fee t  of c a b l i ng .  Th i s  modu le  is
show n schemat ical ly in F igure 3 - 19 .  Inputs  to the l ine  dr ive r module
are : ( 1)  square-wave ca r r i e r  f r e q u e n c i e s  Fl and F2 , and ( 2) the
synchronized pu l se enve lope s for  f rame s A or B . A hi gh-power  ope ra t iona l
am pli fie r cont r ol led by a~ialog swi tches  combines  the inputs  to g e ner a t e
an ou tpu t si gna l. The output  si gnal is produced in the fo rm shown in
Figure  3- 19.  Four identical channels  are  provided.  These cover  a l l
comb ina t i ons  of f r a m e s  A and B and f r eq u e n c i e s  F l  and 1~’2 .

The line drive r module also includes  an 8-bi t  a n a l o g - t o - d i g i ta l  ( A / I))
converte r used to permit accurate recording of the t empera tu re  environ-
ment  during data co llection . The 0 to 5 -vo l t  output of the remote
te mperature  sensor is converted to an appropria te  8-bi t  di g i ta l  out put
which , in turn , is ente r ed in the temp e ra ture  reg is ter  in the rada r
cont ro l ler .

3. 2 . 4  Analog Pr ocessor  M odu les

Twelve analog processor  modules are used.  Inputs  to these modules are
the re turn  si gnal s f rom the acous t ic  t r ansd ucers  in t h e pu lsed a c o u s t i c
radar subsystem. A f t e r  these input si gnal s a r e f i lte r ed and  de tec ted
the module generates an event , or hi t , pu lse wheneve r the condi t ioned
si gnal exceeds the magnitude of a p re - se t  threshold .  Fi gure 3-20 is a
block diagram of the ana log  processor module . Af te r p r e - f i l t e r in g  of
the input signal ( f rom the pulsed acoust ic  radar  subsys tem)  b y the
isolation module , a s not ed above , the signal pa sses t h rou gh a synch r onous
detector that ac ts  as both a na r row-band  f i l ter  and a detec tor .  For a block
diagram of the synchronous detector , see F i gure 3-21 - The detected

3-3t



- — -  -- - --- - - --~~~~~~~~~ - .- -- - --
~~~~~~~~

----—--- .
~~~
--- —----

ç :ij~~~1 ~~~~~~~~~~~
_ _  _ _  

-

~~~~

L ._ “ -

_ ~
~~~~~~~~~

_ ~~ t J I - -

_____ -H
~~~~~~~~~~~ ~~~

‘

. ~~~~ ~_ J
_ -

_  

I
T -

~~~~~~~~

.1_HII~~~~~~A~

~~~~~~~~~~~~ 
_~), . rI-

: :~~ J ~~~~~~~~~~~~~~~~~~~~~~~ ~

L~i-~. 1
~ 

--
~
- E 2

~ L..
~

FIGURE 3-l8A Block Diagram , Conf igu ra t i on
Control Module , Sheet  1



3 K3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

_  

~~~~~~~~

7 K3 : — _ _ _

- 
_________________________ 

~~~~~~~~ -
- 

- — -

- ~~~~ 

- . 2 V

-
.
~
., -u 

>~~ 
‘~ ~,-.. 

~~~~~~~~ 
T,,,..~ 4. fl

(2T ’

FIGURE 3-18B Block Diagram, Configuration
Control Module , Sheet 2

3-38

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - ~~~~~~~~~ - -



-
~ --- -~ - - -~~~~~~~~--.- - . - -~~~~~~~~~~~~~~ -- - - - - -  . - -

-4r *~~
-
~

-,

L:~~~ ~~:
_

J _;-}:~~~2 
~~~~~~~~~~~~~~~~~~~~~~

_ _

~~~ 

_ _

~~~ I - —-—--__ - . -
L~~~~J - -

I 
~~~~

) - .

_  
--~~~~~--

~~~ii4 4 
_ _

_ _

~~ 

1. ~~i-~~ ii] ~~~~~~~~~ ~
- 

-
~~~~~~~

~~~~~~ 
~~~~~ 

--HH
FIGURE 3-l8C Block Diagra r r i , Confi gura t ion

Contro l  Module , Sheet  3

_ _  

I 
-~ —~~~ -~~-



----_-._~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I_ I
‘1

H

; —V’ v”V
+ t

—I I
j  I I

I I
T S~ r’ +1 E

_

~~
i-1

~~L4

3_ 14 0

- . .—S~~. - - * -

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



_
_ _ _  - ~~~~~~~-~~~~~~~~ - - ------ -

_

I)

0

I.,
0
U,

___________ In
A ST UI 0

DO
0

~. 1~

3-4].



-- -—--- - - ~~ --.~~~~-~ -.---~~~- -—- --— -~~~~ - -  ~~~~~~~~~~~~~~~~~~~~ —-—~~~~~~ --~-- - - - - - --~~— - ..

_ _  _ _  

I

t
.
J )

~—1

_ _ _ _ _  L~ 
.1

_ J
I—.’

S 1.5

3—~2



si gnal is then multiplied by the reference signal- -which is a square
wave si gna l a t  the f r e q u e n c y  of the c a r r i e r .  If the si gnal  is phase
c o h e r e n t  wi th  the r e f e r e n c e  si gnal  a DC component  wil l  be p r e s e n t
at the output  of the mu l t i pl i e r .  The magn i tude  of t h i s  c o m p o n e n t  is
p roportional to the cosine of the phase d i f f e r e n c e  between the signal
and the r e f e r e n c e  s igna l .  To avoid ph a s e - d e p e n d e n c e  in the  ou tpu t ,
two channels are used with the reference si gnal on one channel 90

out of phase w i t h  the r e f e r e n c e  si gnal on the o t h e r  channel .  A f t e r  the
si gnal is f i l t e r e d the abso lu t e  va lues  of the m u l t i p l i e r  pu tpu t s  a re  added.
The r e s u l t i ng  si gnal is un ipolar  and has  a max imum v a r i a t i o n  of 3 dB .
Th e actua l va lue of t he va r ia t ion  i s  a func t ion  o f the si gnal  phase .

Fi gure  3 -2 2  shows the  t r a n s f e r c h a r a c t e ri s t i c s  of the synch ronous
d e t e c t o r/ f i l t e r  for  a r e f e r e n c e  f r e q u e ncy of 3 kJ - l z .  Some response
occurs  at the odd h a r m o n i c s  of the r e f e r e n c e  f r e q u e n c y  due to its
square-wave shape . This is not s e r i o u s  because  the  c a r r i e r  h a r m o n i c s
are  e f f e c t i v e l y reduced  in the t r a n s m i t t e r  and acoustic propagation path.
The choice  of a s y n c h r o n o u s  de tec to r  approach  was favored  since it
avoids the center  f r e q u e n c y  and b a n d w i d t h  control  d i f f i cu l t i e s assoc ia ted
w i th the use of r e s i s t a n c e - c o n t r o l l e d  f i lt e r s .  The de tec ted  si gnal next
enters the threshold comparator c i r c u i t  shown schemat ica l ly in Fi gure  3 -2 3 .
The re  the si gnal is f i r s t  b u f f e r e d  by ope ra t iona l  amp l i f i e r  1 and then twice
d i f f e r e n t i a t e d  in dual opera t iona l amp l i f i e r  2.  When the negat ive  of the
f i r s t  der ivat ive (on pin 12 of operat ional  ampl i f i e r  2) becomes more
ne gative than the p r e - s e t  threshold  voltage on p in 3 of compara to r  6 ,
the compara tor  produces  an out put si gna l. T h is indi ca t es that  t he rate
of r i se  of the input  s i g n a l  has exceeded the set ra te . When the second
der iva t ive  (on pin 10 of operational amp lifier 2) goes from positive
through ZERO to negat ive , the z e r o- c r o s s i n g  compa rator  ( compara to r  5)
p roduces  an output  s i g n a l .  This  l a t t e r  si gnal t r i g g e r s  monos tab le
r nu lt iv ihr a t o r  10 whose  output  goes posi t ive fo r a pe r iod w hose len gth
is d e t e r m i n e d  by the values  of C3 and R 7 .  The noise s e n s i t i v i ty  of
compara tor  5 is reduced b y h y s t e r e s i s  in t roduced  by R6 and R 4 .  When
bot h com pa rato r s (5  and 6) p roduce out put s i gnals s imul taneous ly mono-
s table  mnu l t iv ib ra to r  1 1 p roduces  a uni f orm ou t put hit ’ pulse .

A togg le gate is incorpora ted  in the analog p rocessor  module to exclude
si gnals f rom unwanted events .  The gate is reset  to the closed state
by the f rame sync pulse. Subsequentl y it togg les with each togg le pulse
rece i  - ~d f rom the cont ro l le r .  Thus any portion of the f rame can be
masked out as des i r ed .
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3 . 2 .  5 Rada r Control ler

The radar  cont ro l le r  is used to: ( I )  i n t e r f a c e  wi th  the va r ious  subsys t ems ,(2)  provide cont ro l  si gnals to govern operat ion of the subsys t ems, and
(3)  receive data f rom the subsys t ems . A block diagram of the controller
is shown in Figure 3 - 2 4 .  The fo l lowing pa ragraphs  describe various
i tems in the radar  cont rol le r .

a . Confi gura t ion  Control  Module- - In t e r f ace  with the  confi guration
cont ro l  module  is via 8 l ines  of low-leve l ac t i ve - s t a t e  t r an s i s t o r_ t r a n s i s t or
log ic ( T T L ) . The r eg i s t e r  is a 16-bi t  wr i t e  r eg i s t e r  ( w h i c h  provide s 8-bit
expansion capabi l i t y ) .

b. Analo g Processor  Module- -The  analog p rocesso r  module interfaces
are  as follows:  two l ines for  each of the c a r ri e r  f r e q u e n c i es , one line toeac h analog processor  m odule for a togg le command , a nd an event pulse
input  line f rom each  of the analog processor  modules .  Each  toggle
command line is no rm a l l y hi gh and it goe s low fo r  the ac t i v a t e  s ta te . The
event  pulse  inpu t  l ines  are  n o r m a ll y  hi g h and go low d u r i ng  the  event
pu lses .

c. Messag e Code/Temperature  Reg is ter - The message code tempera turer e gis t e r  in te r face c o n s is t s  01 S norma l ly  hi gh l ines .  It  a ny  l ine  goe s low ,the r eg i s t e r will s t robe  the data and send  an i n t e r r up t  si gnal to the mini-
com p u t e r .  The uppe r ~ b i t s  of the reg i s t e r  are  used for  the message  code ;the tempe r a t u r e  r e g i s t e r  occupies  the  lower 8 h i t s  of the r e g i s t e r .  On
command f rom the compute r  the t e mp e r a t u r e  reg iste r accepts  di gital  datafrom the t empera ture  sensor  A / D  conve r t e r  and s t robe s the data to the
min icompute r .

d. IRIG Code Reg is ter - -The IRIG code reg is ter  is a constantl y updatedregis te r  which receive s its input f rom the IRIG genera to r .  U pon receiptof a sta r t - o f - r u n  (SOR) command the IRIG code reg is ter  comp letes any
upda ting if in the middle of a cycle and then sends an i n t e r r up t  command
to the mi n i c o mp u t e r .  It takes two data words  to t r a n s fe r the 17 bi ts  of thet ime code to the min icompute r .  U pdat ing remains halted until  the two datawo rds have been t r a n s f e r r e d  to the c o mp u t e r .  U pon comp letion of t he
t r a n s f e r , reg i s t e r  updat ing  r e s u m es .

e. ID Code Regis te r- -Timing of the ID code reg i s t e r  is controlled
by the sync code module.  Dur ing  outgoing in fo rma t ion  cycle s a dataavailable signal is sent .  The sync decode module then controls  the data
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r u n s  fe r and  s e n d s  a da ta  t r a n s  fe i~ c omp le t e  si g na l  upon co n lp le t  ion 01
t h e  t r a n s  le r . : \ c out  r o l l e r  l u i sy  s i g n a l  is  u sed  d u r i n g  t h e  act  i ~—e do t u
t r a n s f er  t o  p r e v e n t  da t a  I ro rn  h~’ in g  e n te r e d  i n t o  ( l i e  r e g i st e r  w h i l e
da ta  is b e i ng  t r a n s  (e r r e d  ou t .  The da ta  in c y c l e  is  con t  r o l l ed  b~ a
s t u t a  t _ile in t e  r rup t  com ma n d  - U pon ( -omp let ion of .i da ta  I ran st  &. r I ron~
t h e  svu c  decod e module  t h e  11) code r e g i s t e r  s en d s  an i n t e r r u p t  c( >rfl rn a nd .
U p-an cornp lct ion of the  d a t a  I r an  s fe r to the  ru in i con pute  r t h e  II )  code
r e g i s t e r  s e n d s  a REAI)Y — FOR - DA -r A  s i g n a l  to  the  sync  c o n t r o l  m odu l e
to s ign a l  i t s  r e a d i n e s s  to r e c e i v e  data a g a i n .

f., ~~eq~t cnce l~~~g~c-  - T hn  s equence  log ic a c c e p t s t h e  e ve nt  ~ ‘i l ses
and -j s e  s I hem to  set an i n t e r r u p t  f l ag .  At  the  same it p laces  a ho ld
on I he a p p r o p r i a t e  f r am e  reg i s t e r  as~ oc n t t i .(d w i t h  the even t  pu lse .
U pun c o u ln i a  nd t roni the  0110 ic onipu te  r to the  ‘h i t  data  r e g i s t e r , t h e
s ‘‘quc ice  log ic e mi te  r s  on the  data  l i n e s  the  a d d r e s s  of the  module  t h a t
c~ - m i t a i u e d  the  e v e n t  pu l se  and also the  Ir am e  t ime  a s s o c i a t e d  w i t h  tl-.at
add re s s  - W h e n  t h e  data t r a n s f e r is comp le t ed  the  sequence  log ic c l e a r s
t h e  event  i n t e r r u p t  ( l ag  a s s o c iat e d  wit h  the  data t r a n s f e r and t h e n  s e a r c h e s
s e q u e n t i a l ly fo r  a new e v e n t  ( l a g .

g.. In i e r r u_pt - - T h i s  c O n S i s t S  of s t a n d a r d  DEC i n t e r r u p t  c i r c u i t s .  l i i : ’
one v e c t o r  a d d r e s s  p rov ided  i s  se lec tab le  v i i i  a p l u g - i n  c o m p o n e n t
ada plc r .

h .. C o ni m an d St a t u s R c~~~s~e r ( C S R ) - ~~Tho CSR is  a 16 -bit r e a d / w r i t e
r e i . t i st e r -  T u e  lowe r- orde r bi t s  a r c  w r i t e -o n l y b i t s  used to  a c t i v a t e
vu r i o u s  r e g i st e r s  in the  c o n t r o l l e r .  The  u p p e r - o r d e r 8 bits arc read-
onl y h ) i t  s used in i n d i c a  t d ig  t h e  in t e  r r u p t  mode of the  s y s t em .  Bi t
a s s i g nm e n t s  a r c  l i s t ed  in Table 3 - 6 .

i. A d d r e s s  Decode - -ih e  bas ic  a d d r e s s  of the c o n t r o l l e r  is 77XX where
the two X’ s a re  selectable via a p l ug - i n  adap te r .  (XX is 64 for  the PAVSS
software.) The address decoder decodes up to 16 addresses for use with
the con t ro l l e r .  ~I he a d d r e s s e s  and the i r  funct ion s a re  l is ted in Table 3-7.

j. Clock -- The clock p rov ides  the  basic t iming fo r  the sys tem b y
p r o v i d i n g  the 2 kHz and the 2. 304 MHz signals  required to t ime the f r a m e ,
ca r rie r , and pulse-width  programmable  counters .

k. 200-Second T ime r - -Th i s  t imer  provides  a 200-second i n t e r ru p t
command to the mi nicomputer . 1 he t i m e r  is r e s e t  by receipt  of the
READY command and sta rted upon receipt  of an SOR command.
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TABLE 3-6

COMMAND STATUS REGISTER FUNCTIONS

Pi t  Func t ions

15 li lt  Data

14 Time - Start-of-Run (SOR )

13 Gate To- ile Mark No . 2

12 G a t e  Toggle Mark ~No . 1

11 R e a d y  Signal

10 S t a r t — o f — R u n  I d e n t i fi c a t i o n
(soR - ii. )

Run Time Out

8 Message  C a l l

7 Done

6 In te r rup t  Enab le

5 Busy

4 2 10_ Second Timer Enab le

3 To~-gle Enable

2 ID Code E n a b l e

1 P l a y b a c k  E n a b l e

0 Enable

3-149

_ _ _  ~1,
- ~—~-----~~ - ---~~~~~~



TABLE 3-7

ADDRESS LIST

Funct .. lon R i : ~~~/i r’ -

00 Command S t a t u s  Rei -~~it -t ’  HA’ .’

02 Hit Data  R

04 Frame PerIod 1

06 Frame Period 2 V.

10 Carr ier  ~ i id  Pulse Len t1~ I V,

12 Car r i e r  ~u i i i  P u iu c ’ L s- t i 1 --t ~~. 2

14 0~i tc  To~~-le I

16 ~a t~ To 1g ie 2

20 Conl ’i  gurat  ion Cont ro l

22 I d e n t if i c a t I o n  ( I D )  Co- i c  H I-;

M e s sag e  C000/ Te : IpoI ’ : l tu rc  H

26 Tape Start/Stop

30 IRIG Time SOR R

32 Spare

Spare

Spare

3 — 5 k
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1. Gate Toggle R e g i s t e r - - T w o  such reg is t e r s  a re  requ i red .  A code
is e n t e r e d  in the r e g i s t e r  a long wi th  the l o w e r - o rd e r 10 b i t s  of the
data  to provide  the  t i m e  r e q u i r e d  f o r  the  t ogg le c o m m a n d  ( i n  one -
mil l i s econd  inc r e m e nt s )  - The value thus  e n t er e d  is t hen  c o mp a r e d
w i t h  the va lue  r cp r c s e n t e d  by the up p e r - o r d e r  10 b i t s  of the f r a m e
ge n e r a t o r .  W h e n  the t imes  m a t c h , the re g i s t e r  sends a pulse to the
analog p roces so r  modu le s  des i gna ted  b y the c o n t e n t s  of the u p p e r -
orde r 6 b i t s  of the  gate togg le reg i s t e r .

m. F rame  G e n e r a t o r  - -Two f r a m e  g e n e r a t o r s  are u sed.  Each  f r a m e
g e n e r a t o r  is con t ro l l ed  by a 12 - b i t  code provided  by the n i i n i c o ru p u t c r .
The code f rom the m i n i c o mp ut e r is compared wi th  the c o n t e n t s  of a
coun te r .  When  these  m a t c h , the f r a m e  g e n e r a t o r  p roduces  a si gna l  to
ac t iva te  the pulse w i d t h  gene ra to r  and a l so  r e s e t s  the c o u n t e r  fo r  a new
cycle . The f r a m e  gene r a t o r  is c locked  by a 4 kFlz si gna l. In the
approach  used a 0. 5 m i l l i s e c o n d  r e s o l u t i o n  is  ob ta ined  for the f r a m e
period . The m a x i m u m  f r a m e  per iod  is 2 . 0 4 1 5  s e c o n d s .

n. Pulse W i d t h  G e n e r a t o r-  - Two pulse wid th  g e n e r a t o r s  a re  used
in the  radar  c o n t r o l l e r .  The pulse  width  generator is set by the u p p e r -
orde r 6 bits  of the word  used to set  the c a r r i e r  f r e q u e n c y  and the pu l se
w i d t h  gene r a t o r.  The pu l se  wid th  g e n e r a t o r  is c locked by a I kHz
g e n e r a t o r .  The r e su l t an t  m a x i m u m  pulse  length  is 63 m i l l i s e c o n d s.
The pulse w i d t h  g e n e r a t o r  sends an enab le  pulse  to  the  sync  modu le  when
a c t i v a t e d  by the  f r a m e  pe r iod  g e n e r a t o r.  The enab le  pu l se  is m a i n ta i n e d
for  the d u r a t i o n  of the pulse  per iod .

0. C a r r i e r  F r eq u e n c y  G e n e r a t o r  - - t wo c a r r i e r  f r e q u e n c y  ~,en er a t o rs
are requi red .  The c a r r i e r  f r e q u e n cy  is g e n e r a t e d  by p r o gr a mn n i a b l e
c o u n t e r s  cont ro l led  by a 10-b i t  code . T h e  code value is  4 t im e s  the required
c a r r i e r  f r e q u e n c y .  The o u t p u t  of the  p r o g r amm a b l e  counte r is d iv ided  b y
2 to provide  a 2F ou tpu t  square  wave tha t s e r v e s  as a r e f e rence s i gnal  for
the ana log  p r o c e s s o r  modu le . The 2F o u tp u t  is t h e n  d iv ided by 2 in the
s ync module to provide the prope r f r e q u e n c y  s ign a l  to the d r i v e r  n o d u l e s .
The t r e q u e n c y  r ange  is f r o m  576 kHr .  (~~~~

. 304 M H z / 4 )  to 563 Hz
( 2 .  304 M H z/ 4 0 9 2 ) .  The f r e qu e n c y ,  F , is 2 . 304 MHz/4n, where n is
any  integer f r o m  1 to 1023.

P. Sync Mod ile- -Four sync modules are used to provide the r e q u i r e d
contro l log ic for the fou r  l ine  d r i v e  r s .  The sync m o d u l e s  ii r e e n a b led  b y
the pulse  w i d t h  g e n e r a t o rs  ( t w o  to  each  g c ner at o r~ and p rov ide  t h e  enab le
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si gna ls and the sync f requency  for  the line dr ivers.  The output
of the sync modules  a lways  beg ins wi th  a pos i t i ve -go ing  pulse
and ends w ith a negative - going pulse. Onl y full  cycle s are
provided to the line d r ive r s .

q. Tape S top /S ta r t - -  The tape s t o p / s t a r t  commands are provided
by addressing the tape start ,’stop register . If a ONE is set into
the DOO bit , the tape will s tart . It will  stop in response to a ZERO
in the DOO b i t -  The tape wi l l  a l so  stop in response to an ini t iate
si gnal to the c o n t r o l l er -

3 . 2 . 6  Sync Decode M odule

The sync decocie module is packaged on two c i rcui t  boards.  One board
contains  the analog and f i l t e r  c i r c u i t s  for  the analog tape recorder ;
the  othe r provides  c i r c u i t s  for  the di g ital i n t e r f ace  with the controlle r ,
di g ita l decod ing,  and coding of the analog s igna l s.  Figure 3-25  is a block
d i ag ram of the sync decode module .

a . IR IG Time Genera to r  I n t e r f a c e - - T h e  IR I G time gene rator  in terface
is handled by a p a r a l l e l - t o - s e r ia l conve r t e r .  The paral lel  reg i s t e r  is
loaded wheneve r the l o w e s t - o r d e r  bit  ( 1 - s e c o n d  increments , in e f fec t )
o f the re g i s te r  change s state . A delay is then t r i ggered to allow the data
to s tabi l ize , and then the paral lel  reg is te r conten t s a re t r an s f e rr ed
s e r i a l ly to the r ada r  c o n t r o l l e r  at a t r a n s f e r rate of 144 kHz.  The
reg is te r can accept  up to 20 bits of i n f o r m a t i o n  in pa rallel .

b. W o r d  I n f o r m a t i o n  Ne twork .u~ W h e n  the data avai lable signal  is
a c t i v a t e d  the word code r eg i s t e r  f i r s t  i n h i b i t s  the sync I si gnal.  It then
sends out a 15-b i t , 8-kl-l z s t a r t - o f - w o r d  si gnal.  This  is fo l lowed by
8 kHz bursts of pulses  fo r  ONES or ZEROES.  These are sent at a rate
of 250 H z .  Ei ght pulses  a re  sent out for  a ONE ; fou r  pulses are  sent out
fo r  a ZERO. The r eg i s t e r  also c locks  the p r imary  controlle r and when
t he 16-b i t  word is comp lete it sends out a data t r a n s f e r  comp lete signal .
( F i gure  3 - 2 6  ind ica te s  the c o n f i g u r a t i o n  used for data t r a n s f e r - )  The
data  out si gnal is OR ’d wi th  the sync I si gnal and sent to a condit ioning
ope r a t i o n a l  a mpl i f i e r  used  to e n t e r  the i n f o r m a t i o n  on the magnet ic  tape .

c. T R I G  In - - T h e  TR I G  input  is f i r s t  f i l t e r e d  by a low-pass  f i l te r and
t h e n  s u m m e d  w i t h  the sync  II  si gna l in a s u mm i n g  ampl i f i e r  used to
cond i t i on  the si gnal  for  subsequen t  r eco rd ing  on magnetic tape . This
c o n f i gu ra t i on  requi res  use of an IR I G format  B signal with a 1 kl-I z
c a r r i e r .
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d. T R I G  and Sync II Decode - -The signal from the magnetic tape is
routed in parallel through low- and hig h-pass filters. These are used
to separate the TRIG and sync si gnals. The TRIG signal is then available
for subsequent decoding (b y an exte rnal  decoder that is not included in the
PAVSS design). The sync II si gnal is then app lied to an amp li tu de de tec tor
used to provide the sync II output command (sync II decode pu lse) .

e. Word and Sync I Decode -- The information fro~n the tape recorde r
is passed through an amp li tude de tec tor  to detect the 8 kHz pulses. A
word decode module counts the number of bits in the word. It more than
12 are decoded , the reg is te r beg ins to se nd the data to the radar  con t ro l l e r .
A l l  t r a n s f e r t i m i ng  is accompl i shed  in response  to the informat ion a c q u i r e d
by decoding of the ONES and ZEROES.  The sync I decoder sends out a pulse
at the sta rt of eve ry  word whose in format ion  content  is to be d is regarded
(t hose words  that  do not contain data , for example) .  Provis ion  has been
made for  s y n c h r o n i z i n g  word t r a n s f e r  wi th  the f rame  sync si gna ls should
the need for  this o c c u r .  The four  words would be t r a n s f e r r e d  in response
to the fi r s t  four  f r a m e  sync si gna ls .

3. 3 DISPLAY SUBSYSTEM

• The disp lay subsyste m con s is ts  of a CRT display unit  and sof tware  pro-
v isions for  a hard-copy disp lay device. Each device is capable of

dis play ing the fo l lowing- l i s t ed  in format ion  at the operator ’ s option:

Vor tex  Posi t ion Horizontal ve rsus  vert ical  posi-
tion as a funct ion of time

Vorte x Posi t ion Hor izonta l  position as a function
of time

Vor tex  Posi t ion Vertical position as a function
of time

Run Iden t i f i ca t ion

Pert inent  Meteorological  Data

Prompts to the Operator
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3. 3. 1 C RT  Disp lay

The C R T  disp lay device is the I)EC GT -40 g r a p h i c s  unit. This un it

uses  dig ital t e c h n i q u e s and is , t h e r e f o r e , a s tab le  s y s t e m  t h a t

r equ i res  onl y m i n i m u m  a d j u s t m e n t s  - The disp lay ’s v e c t o r  f u n c t i o n

opera tes  t h r o u gh a c omb i n a t i o n  of di g i t a l  and a n a l o g  t e c h n i q u es ,

t h e r e by p rov i d ing  a good c o m p r o m i s e  be tween  speed and a c c u r a c y,
and a s s u r i n g  p rec i se  di g i ta l vec to r  c a l c u l a t i o n .  The app r oac h used

to present  and accumula t e  v e c t o r s  is  suc h tha t  e v e r y  p oin t  of the
vec tor  is ava i lable in di g i t a l  f o r m .

The end - poin t  p o s i t i o n  is a u t o ma t i c a l l y and a c c u r a t e ly h e l d  d u r i n g
p l o t t i n g ,  thus  preve r~t i n g  a c c umu l a t e d  e r r o r s  or d r i f t . The v e c t o r s
a re  of near  cons tan t  ve locity and a r e  t i m e - e f t i c i e n t  r e g a r d l e s s  of
l e n g t h .  Four  d i f f e r e n t  v e c t o r  f o r m a t s -  - sol i d , long  d a s h , s h o r t  d ash ,
and do t /da sh -  - are  ava i l ab le  in h a r d w a r e  - A sm ooth  r a m p  d e f l e c t i o n
signa l permits fast vectoring with mode rate deflection b a n dw i d t h  and

power .

The GT-40  c h a r a c t e r  gene r a t o r  h a s  b o t h  uppe r and lowe r c a se  c a p a b i l i t y
w i t h  a complete r e p e r t o i r e  of d i s p l a yab l e  c h a r a c t e r s .  An a u t om a t i c a l l y
r ef res hed d i sp lay is used r a t h e r  than  a s t o r a g e  t ype  so t h a t  a b r i g ht ,
c o n t i n u o u s  image wi th  e x c e l l e n t  c o n t r a s t  r a t i o  is  p rov ided  d u r i ng  m ot i o n
or while  changes  a r e  be ing  made  in the  e l e m e n t s  of the  d i s p l a y -  A b l i n k
f e a t u r e  is app l icable  ( v i a  h a r d w a r e )  to a n y  c h a r a c t er s  or g r a p h i c s  d r a w n
on the screen.  A sepa rate  l ine  c l o c k  in the  d i s p lay  p e r m i t s  t h e  01-40
to be s y n c h r o n i z e d  to a line frequency of 60 H z .  The C R I ’ s r e s o l u t i o n

is p r ec i se  enough to a l l ow o v e r p r i n t in g .

The GT-40  t e r m i n a l  inc ludes  log ic fo r  h a n d l i n g  cl i r a c te r s  w i t h  d e s c e n d e r s ,
such  as ‘ p ’ and ‘ g ’ . Th i s  enables  such c h a r a c t e r s  to be p o s i t i o n e d
co r rec t l y with respect  to the tex t  l ine . In a d d i t i o n  to the 96 ASCII
p r i n t i n g  c h a ra c t e r s , 31 spec ia l  c h a r a ct e r s  a re  i n c l u d e d .  T h e s e  a r e

addressed  th roug h the shi f t - i n / s h i f t - o u t  cont ro l  codes .  T h ey  i n c l u de
ce r t a in  Greek  le t te rs , a r c h i t e c t u r a l  symbols , and m a t h e m a t i c a l
symbols .  C h a r a c t e r s  can he p r e s e n t e d  in i t a li c s  s imp l y by s e l e c t i n g
tha t  fea ture  th roug h t he s ta tus  i n s t r u c t i o n  b i t .  Ei ght i n t e n s i t y  l eve ls
per m it b r i gh tness  and con t r a s t  to be va r i ed  so that  t he d i s p lay  can 1)0
viewed unde r a va r i e ty  of l i gh t i n g  c o n d i t i o n s .

The GT-40 is in tegrated with the P D P - l l/ 0 5  computer  in a hi g hl y e f f i c i e n t
wa y.
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3. 3. 2 Hard-Copy Disp~~y

Software is provided in the system for operation of a hard-copy d isp lay
device that will be provided as government- furnished equipment (GFE) .
The device to be used is a Versa tec  Model L100A electrostat ic p r i n te r/
plotter. It is designed for plug-in compatibility with any P D P - l l
minicomputer.  The Model 1100A unit is basically a hig h-speed line

pr in te r /plotte r that uses an electrostatic printing technique . The wr i t ing
head , in which 1024 individually addressable wri t ing electrodes are in-
corporated, is fixed in position. As paper passes ove r the writing head
any or all of the writ ing electrodes may be activated to deposit a charge
on the coated paper. The charged paper then passes ove r a liquid toner
that contains carbon particles.  The particle s are attracted to the charged
areas of the paper , causing the appearance of block dots. A heating
element fuses the carbon particles to the paper and assures  delivery of a
dry copy of the printout.

The entire ASCII character  set (including both the upper and lowe r case
alphabets) can be printed in 132 colum ns per line at a rate of 500 lines
per minute.

Detailed specifications of the hard-copy disp lay device are listed in
Table 3-8.

3 . 4  DATA STORAGE SUBSYSTEM

A 14-track direct recording analog magnetic tape recorder  is used to
record twelve channels of received signals , and two t ime- re fe rence  and
ID channels. An ed ge t rack is provided for voice commentary regard ing

- run identity, a r ray  confi guration , etc .

A 7-track digital magnetic tape recorder in the data storage subsystem
is used to record the identity of the run , the a r ray  confi guration , the
time delays as calculated by the minicomputer , the vortex t racks  as
calculated every two seconds , and the meteorological data (s ign , plus
three decimal di gits from each of 10 sensors)  when fed into the sys tem.

3. 4. 1 Analog Tape Recorde r

The analog tape recorder in the data storage subsystem is the Bell and
Howell Model CPR 4010 portable magnetic tape recorder/reproducer-

3-57



- -

TABLE 3-8

VERSATEC ELECTROSTATIC PRINTER/PLOTTER SPECIFICATIONS

P l o t t i n g

P l o t t i n g  Area 10 .24 inches square
Tot al Wr i t ing  Points 1024
Wr it i ng  Point Spacing 100 pe r inch
V e r t i c a l  Line Spacing 100 pe r inch
Input 8-bit  pa ral l e l  by tes
Data Transfer Rate 500K l ytes per’ second

Plotting Speed l22,~~I-~ dots per 
second

Memory One-line buffer (1~~2’~ b its)

Printing

Columns 132
Character Spacing 12.5 per inch
Charac ter  Font 7 by ~ dot ma t r ix
Charac te r  Generator R e a d - o n l y  memory
Print Rate 500 line s per minute

Input Code 7-b it ASCII (USIiS x 3.4-1~’b~~) .
parallel , no parity

C h a r a c t e r  Set 9b
Memory One- line  b u f f e r  (l~~2 c har a c ter c )

D~ s~ -ns ior t s

b idth 1) inches
Height  38 inche s
Depth 18 inches
Weight  160 pound s
Paper  Drive Inc remen ta l
Pape r Adv an ce Speed 1.20 inches pe r se~ unJ
W r i t i n g  Spot Size 0 . J~075— i nch d i a m et e r

P r Th~-ut 115 Vol t s , bCO w a t t s , s i n g l e —
phase
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This is a rugged , portable , instrumentat ion-qual i ty  unit capable of
providing labora tory-cal iber  performance in a f ie ld  app lication. It is
full y In te r -Range  Instrumentat ion Group (IRIG) compatible . It is rack
mounted and contains 14 channels of direct record and playback electronics.
It provide s seven tape speeds , ranging from 15/16 of an inch per second
(ips)  to 60 ips . It may be controlled either manually (at the recorder
itself)  or remotely (via the data acquisit ion system) .

The analog tape recorder  accept inputs f rom the si gnal processor ’s
con f i guration control module as follows:

Twelve unfiltered signals received by the pulsed
acoustic radar subsystem

Two frame sync signals

Star t/ s top commands ( re lay  closures)

Read y and Star t -of -Run (SOR) event signals

Run numbe r

Ar ray  conf igu ra t ion

C a r r i e r  freque nc i e s

Tape and a i r p o r t  ident i ty  ( ID )

Pulse repet i t ion  period

A i r c r a f t  type

IRIG time of day

together with voice commenta ry  from an audio system.

The analog tape recorder provide s playback output s to the signal
processor ’s configurat ion control module as follows:

Twelve a r ray  signal channels

Two frame sync signals
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S t a r t - o f-  run

A r r a y  con f iguration

Run numbe r

C a r r i e r  f requenc ies

Tape and a i rpor t  ID

Pulse repeti t ion period

Aircraft type

I RIG time of day

and voice commentary play back to t he audio system.

At a tape speed o f 1 - 7 / 8  ips , and with each run taking 200 seconds ,
approximate ly 50 to 80 runs can be recorded per reel of tape .

Pe r t inen t  sp e c i f i c a t i o n s  of the ana log ta pe r ec or der a re su mm a r ized
in Table 3-9~

3 .4 . 2 Digi ta l  Tape R e c o r d e r

The dig ital tape recorder in the data s torage subsystem is DEC ‘ s
TU-  10 t ranspor t .  Ih i s  unit  i n t e r faces  with the PDP- 1 1 / 5  mini-
com pute r via a DEC T M - l i  control unit  included in the subsystem.
The T U - l O  recorde r is a hig h -pe r fo rmance , low-cos t , indus t ry -
compatible magnet ic  tape t r anspor t-  Transfe r of informat ion between
the PDP-ll/05 and othe r computers is practical because the TU-l O
reads and writes  data in a r ~ industry-compatible format.

The dig ital tape recorde r records the identity of the run in response
to eit her ke yboard inputs or signals from a central  processor .  It
records the array configuration , the time delays calculated by the
minicomputer, the vortex tracks as calculated every two seconds , and
the meteorological data (s i gn , plus three decimal di gits f rom each
of 10 sensors) when fed into the system.

Pertinent specifications of the di gital tape recorder  are summarized
in Table 3- 10.
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TABLE 3-9

ANALOG TAPE R E C O R D E R  - - PERFORMANCE SPECIFICATIONS
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TABLE 3-10

DIGITAL TAPE RECORDER - -PERFORMANCE SPEd FICATIONS

Tape 0.5-inch w ide , industry zt-cndare

Tape Read/Write Speed 45 inches per second

Rewind Speed 150 inches per second (approx imately
3 minutes for a 2400-foot reel)

Packing Density, 7-channel 800 bits per inch

Maximum Transfer Rate 36,000 characters per second

Inter-record Ga.p 0.75-inch or greater

Record ing Mode Non-return to zero (Nfo-~)

Magnetic Head Dual gap, read after write

Data- Transfer Method Non-processor request (direct memory
address , DMA , — cyc le  s t e a l i n g)

Beginning of Tape/End of Tape Photoelectric sensing of reflective
(BOT/EOT) Detection strip

Skew Control Dc-skew ing electronics el iminate
static skew

Write Protection Write protect ring sensing

Data Checking Features Read after write parity chucking of
characters . Longituuinal re-
dundancy checks

Programmable Commands Rewind , and Go Off-Line
Accepted by Transport

Read

Wri te

Wri te  E n d_ o f-F i l e  C h a r a c t e r

Space Forward

Space Reverse

Wri te  w i t h  Ex tended  In t e r - reco rd
Gap

Rewind to Beginning of Tape (HOT)
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TABLE 3- 10  (Concluded)

DIGITAL TAPE RECORDER- -PERFORMANCE SPECIFICATIONS

Extended Features Self-test of control with
recorder off-line

Local Transport Controls On-line/Off-line

Forward/Reverse/Hew m d

Unit Select

Power On/Off

Start/Stop

Brake Release/Load

Design Features Industry standard compatibil ity

Power failure interlocks to prevent
tape damage or data loss

High capac ity (l0~ —inch reels canhold up to 2400 fee t  of tape )

Mechanical Mounting 19-inch relay rack

Compatibility TSC’s PDP-l0 computer format
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3. 5 SOFTWARE SUBS YSTEM

The PAVSS software is documented in Volume III , PAVSS OPERATION
AND SOFTWARE DOCUMENTATiON , of this final report.

3.6 DRAWINGS AND PARTS LISTS

A list of drawings defining the detailed design of the PAVSS and
parts lists for the PAVSS hardware are included in A ppendixe s A
and B, respectively.
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4. SYSTEM OPERATION

A detailed description of operation of the PAVSS is presented in
Volume III , PAVSS OPERATION AND SOFTWARE D O C U M E N T A T I O N ,
of this final report.
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APPENDIX A

DRAWING LIST

• FOR.

PULSED ACOUSTIC VORTEX SENSING SYSTEM
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A P P E N D I X  A

D R A W I N G  L E S T

f o r

P U L S E D  A C O U S T I C  V O R T E X  S E N S I N G  S Y S T E M

DRAW ING NUMBER TITLE

63180 1 PAVSS CABLIN G DIAGRAM
631802 CABLE ASSY CONTROLLER TO ANALOG TAPE
631803 CABLE ASSY REMOTE TEMPERATURE
631804 WIRING DIAGRAM ± 40V (RACK)
631805 RACK LAYOUT DATA ACQUISITION SYSTEM
631806 CABLE ASSY UNIBUS TO CONTROLLER
631807 CABLE ASSY SYNC & DECODE MODULE TO ANALOG

RECO R DER

631808 INTERFACE CABLE CONTROLLER TO E X T E R N A L
MASTER CONTROL INPUT

631809 IRIG GENERATOR INTERFACE CABLING
631810 CONFIGURATION DISPLAY UNIT
6318 11 CABLE ASSY DATA ACQUISITION SYSTEM TO J /B OXES
631812 BACK PLAN E WIRING

631813 CONFIGURATION CONTROL MODULE
63 1814 CABLE ASSY CONFIGURATION CONTROL MODULE TO

ANALOG TAPE RECORDER

63 1815 CABLE ASSY ISOLATION MODULE TO CONFIGURATION
CONTROL MODULE

631816 WIRING DIAGRAM POWER SUPPLIES
631817 LINE DRIVER 1’D DULE
631818 WIRING LIST J BOX
631819 ANALOG PROCESSOR MODULE
631820 ISOLA TION MODUL E
631821 SYNC DECODE MODULE BOARD NO. 1
631822 SYNC DECODE MODULE FILTER BOARD
631823 RADAR CONTROLLER BOARD NO. 1
631824 RADAR CONTROLLER BOARD NO. 2
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APPENDIX A (Concluded)

631825 PAVSS COMP LETE ANTENNA ASSEMBLY
631826 PAVSS ANTENNA REFLECTOR SUPPORT ASSY
6 31827 PAVSS ANT ENNA MAST ASSEMB LY
631828 PAVSS ANTENNA REFLECTOR - QUADE.APOD -

HORN
631829 PAVSS TRANSCEIVER ELECTRONICS

A- 3 / A- 4 
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AP PENDIX B

PARTS LIST

• FOR

PULSED ACOUSTIC VORTEX SENSING sys-rEM
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A P P E N D I X  B

P A R T S  L I S T

f o r

P U L S E D  A C O U S T I C  V O R T E X  S E N S I N G  S Y S T E M

A. Data Acquisition Subsystem

Item Nomenclature and
# Description Qt y Part  # M a n u f a c t u r e r

1 Grap hic Display Terminal I G T 4 O - AA  Di g i ta l  F.quipment  Corp.

2 Central Processor Unit (a) PDP- 11 /0 5
3 Communications Interface Module (a) D L - I 1 E
4 Memory, 8K (a) MM- IL
5 Key board (a) LK-4 0
6 Power Supply (a) H74 0
7 Telet ype Controller (a) KDHB
8 Extension Mounting Box 1 B A - I l - E S
9 Per ip heral Mounting Box 1 DD 1IA

10 System Memory 1 M E I I - L A
11 Extended Arithmetic Unit I K E I I - A
12 Magtape Bootstrap Loader 1 M R 1 I- D B
13 Power Supply 1 H72 0-E
14 Cabinet 1 H9 60-CA
15 Power Control Unit 1 861-C Di gital E quipment Corp.

16 Power Supply +SV 1 P M - C C - 5V  Power Mate
17 Power Supply +24V 1 PM-C -24V Power Mate
18 Power Supply ± lS V 1 PT-Pl C Power Mate
19 Rack 1 A R - 52 5 - 14  Power Mate
20 Voice Logg ing Unit 1 l 2 -47 8C-2  Bell & Howell
21 Card File 1 706- 9027-02 -01 - 01  Carnbion
22 ConfI guration Display Unit 1 AVCO , SD

23 Remote Temperature Sensor 1 T621 Weather  Measure  Corp.
24 Cable I T621- C Weather  Measure Corp.
25 Unlbus Cable I BC 11A- 10  Dig ital E qui pment Corp.

(a) Part of GT4O



Pulsed Acoust ic  Vortex Sensing System (cont inued)

Item Nomenclature  and
# Descr iption Qt y Part  # M a n u f a c t u r e r

26 Connector Block 1 H808 Di gital E qui pment  Corp.

27 Stri p Connector & Cable Assy  4 702-1042-28 Carobion

2 3 Coaxial Cable As Req d RG-58
29 AC Power Cable As Reqd AWG 14
30 Wi re -wrap  Wire As Reqd AWG 30 KYNAR
31 Wire #24 AWG As Req d NAS7 0 3 24- U C 9
32 Wire #16 AWG As Req d NA S7O 3I 6-UC9
33 Strip Connectors As Reqd (b) Berg Electronics
34 Connector 1 DD-50S Cannon
35 Connector 1 MS3IO2EZO-7P

36 Connector 1 MS3 1O6E2O- 7S(C)
37 Connector, BNC 30 UG-88

38 Connector 1 57-30500 Arnphenol

39 Connector 1 PTO6A-8-4P(SR) Bendix

40 Connector 1 PT O2P-8-4S Bendix
41 Connector 1 P T O 2 C E - l 4 - l 9 S  Bendix
42 Connector 1 PTO6E 20 41S (SR) Bendix
43 Connectcr 1 PT O7A-20-4 1P Bendix
44 Connector 1 a22-11N31 Amphenol

45 Barrier Ter minals 4
46 Mechanical Mounting Hardware As Reqd
47 Spade Lugs As Reqd Y A E ZZ -N66F  Bur nd y
48 Spade Luge As Reqd T Z l l B  Waldom
49 Isolat Ion Modul e 1 See Page B-4
50 Con fI guratio n Control Module 1 See Page B-5
51 LIne Driver Module 1 See Page B-6
52 Analog Proce ssor Modul e 12 See Page B-i
53 Sync Decode Modul e 1 See Page B-8
54 Radar Controller 1 See Page B -li

(b) Make fro m Berg Part No.. 65039-002 & 47706
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Isolation Module

Item Nomenclature and
# Descri ption Ot y Part # Manufacturer

I Chassis 1 AC-427
2 Trans former  42 6T48HF Allied
3 Lamp 84 NE- a  Sylvania
4 Resistor , 750j i. 5% 24 RCZO -75 1- 5
5 Inductor 24 E AIOO Triad
6 Capacitor , . I MF , 200V , 10% 24 DPMS-2P l Cornell Dublier
7 Capacitor , . 15  MF , Z OOV , 10% 24 WMF-2Pl5  Cornell Dublier
8 Connector 3 PT O2 P-20-41S Bendix
9 Connector 1 DD-50P Cannon

10 Terminal Board 6 15033 Keystone Electronics
11 Wire #Z4AWG As Reqd NAS70324-UC9
12 Mounting Hardware As Reqd
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Configuration Control Module

Item Nomenclature and

# Description Qty Part # Manufacturer

1 Wire-wrap Circuit Board 2 715-1 101- 01 Cambion
2 Card Separator 1 706- 1021-02 Carnbion
3 Dual-in-line Socket (16 pin) 2 703-3789-01-04- 16 Cambion
4 Relay, 4 PDT 20 KHPJ7D11-24 Potter & Brumfield
S Relay Socket 20 27E008 Potter & Brumfield
6 Socket Retainer zo 24A032 Potter & Brumfi eld
7 Positive -AND Driver 4 7545 1A National
8 Diode 16 1N4003 Arrow Elec,
9 Capacitor , 10 MF 20V I 15 O D IO 6X-90 2 0 B2 Sprague

10 Ca pacitor , 50 MF SOy 1 30D Sprague
11 Ter m inals , solder 12 155-386 6-01-04  Cambion
12 Wire , #24AWG A s Reqd NAS70324-UC9
13 Wir e-wrap Wire As R eq d AWG3 O KYNAR
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Line Driver Module

Item Nomenclature and

# Descri ption Qty Part # Manufacturer

1 Wire-wrap Circuit Board 1 7 1 5 - 1 1 1 5 - 0 1  Cambion

2 Wire-wrap Socket (14 pin) 11 703-38 97-01-04-16 Cambion
3 Solder Terminals 54 155-38 66-01 -04 Cambion
4 Socket Terminals 31 LSG -I F G I - l  Augat
S Operational Amp. 4 LHOO41CJ National
6 Operational Amp 3 MC 1747CL Motorola

7 Analog Switch 4 DG1 5 1BP Siliconix

8 A / D  Converter 1 4110 Teled yne Ph ilbrick

9 Hex Inverter 1 7404 National

10 Potentiometer , lO O i ~ 1 3099? Bourns

11 Potentiometer , 5 K 4 32 62 X Bourns

12 Potentiometer , 10 K 1 990 I R C
13 Potentiometer , 1 meg 1 3099? Bour ns

14 Resistor , 3 . 0 9  K 1% 12 RN55

15 Resistor , 10 K 1 % 1 RN55

16 Resistor , 20 K 1 % 1 R N 5 5

17 Resistor . 56K 5% 4 RCO7

18 Capaci tor , SO PF S%

19 Capacitor , • 001 MF 1 E3 ZB1O ZFXW Component Research
20 Capacitor , . 0 0 5  MF 4 SGA-D5 0  Sprague

21 Capacitor , 10 MF , 20V 20% 3 PlOD Sprague

22 Wire-wrap  Wire As Req d AW G 3O K Y N A R

U -
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Analog Processor Modules (Per Board)

Item Nomenclature and

# Description Qty Part # Manufacturer

1 Wire-wrap Circuit Board 1 715- 1106-0 1 Cambion

2 Card Separator a 706- 1021-02 Cambion
3 Socket A d a p t e r ( 14  pin) 9 702-3726-01-04 Cambion

4 Dual Op-Amp 6 MC 1747CL Motorola

5 Voltage Comparator 2 LM3L1N National

6 Analog Switch 1 DG 1S1BP Siliconix

7 Quad 2 NAND Gate 2 7400N Fairchild

8 Quad 2 NOR Gate 1 7402N Fairchild

9 Hex Inverter 1 7404N National
10 Dual Flip Flop 2 7474N Texas Instrum ent s
11 Multivibrator 3 74 121N Signetics
12 Diode 4 1N914

13 Potentiometer 5K 1 990 I R C
14 Potentiometer 10K 1 3099P-1-103 Bourns
15 Resistor . 220.n. 5% 1 RCO7
16 Resistor , 47Oi~ 5% 1 RCO7
17 Resistor , 5l0i~. 5% 1 RCO7
18 Resis tor , 1K 5% 3 RCO7
19 Resistor , 2. 2K 5% 3 RCO7
20 Resistor , 5. 1 K 2% 1 RLRO7C5 12
21 Resistor , 6.8 K , 5% 1 RCO7
22 Resis tor , 7 . 5 K , 1% 10 AC 1
23 Resis tor , 10 K 1% 2 RN55D
24 Resistor , 10 K 5% 3 RCO7
25 Resistor , 15 K 5% 1 RCO7
26 Resistor , 22 . 1 K 1% 12 RN55
27 Resistor . 30 K 5% 1 RCO7
28 Resistor , 68. 1 K 1% 1 RN55C
29 Capacitor , . 01 MF SOy 2% 2 D 12B 1O3GXW Component Research
30 Capacitor , .022 MF 10% 1 CKOSBXZZ3K
31 Capacitor , .05  MF 50V 1% 2 D 12B5O3FXW Component Research

a One per 2 boards.
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Analog Processor Modules (continued)

Item Nomenclature and

# Description Qty Part # Manufac ture r

32 Capacitor . 0. 1 MF SOy 10% 1 CKOSBX 1O4K

33 Capacitor , 0. 2 MF 30V 2% 2 D 1ZAZO4GXW Component R es e a r c h

34 Capacitor . 1 MF 10% 1 CSR13G 105

35 CapacItor . 4.7 MF 10% 1 CSR 13C475

36 Capacitor , 10 MF 20% 3 150D Sprague

37 Wire-wrap Wire As Reqd AWG3O KYNA R
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Sync Decode Modul e

Item Nomenclature and

# Description Qty Part # Manufac turer

1 W i r e - wr a p  Circuit Board I 7 15-1 105-0 1  Cambion

2 W i r e - w r a p  Circuit Board 1 7 15-1106-0 1 Cambion

3 Socket Adapter 9 702-372 6-01-04  Cambion

4 Card Separator 1 706-102 1-02 Cambion

S Voltage Comparator 2 LM3 11N National

6 Dual Op-Amp 9 MCI 747CL Motorola

7 Quad 2 NAND Gate 4 7400N Signetics

8 Quad 4 NAND Gate 0/C 1 740 iN Texas Instruments

9 Quad 2 NOR Gate 1 7402 Fairchild

10 Hex Inverter 5 740 4 National

11 Quad 2 AND Gate 1 7408 Fairchild

12 Three Input NOR Gate 1 7427 T I

13 Dual Flip-Flop 10 7474 T I

14 Magnitude Comparator 11 7485B Signetics

15 Decade Counter 1 7490 Fairchild

16 Binary Counter 10 7493 Fairchild

17 Shift Reg ister 5 7495 Fairchild

18 Multivibrator 1 74123 Slgnetics

19 Dual Multiviorator 2 74221 Signetlcs

20 Resistor 1. 91 K 1% 3 RN5SD

2 1 Resistor  4 .02 K 1% 2 RN5SC

22 Resistor  4. 64 K 1% 1 RNS5

23 Resistor . 7. 15 K 1% 2 RNS5C

24 ResIstor , 8.06 K 1% 2 RN55

25 ResI stor , 2 1. 5 K 1% 1 RN 5S

26 Resistor . 243 K 1% 1 RN55D

27 Resistor , 1 K 5% 4 RCO7

28 Resistor , 2 K 5% 2 RCO7

29 Resistor , 3 K 5% 2 RCO7

30 Re sistor . 10 K 5% a? RCO7
3 1 Re sistor . 24 K 5% 2 RCO7

32 Re sistor 30 K 5% 1 RCO7
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Sync Decode Module (continued)

Item Nomenclature and

# Description Qty Part # Manufacturer

33 Resistor , 36 K 5% 2 RCO7
34 Resis tor , 39 K 5% 1 RCO7
35 Resistor , 56 K 5% 1 RCO7
36 Resistor . 100 K 5% 2 RCO7
37 Capacitor , .001 MF 1% 50V 6 E32B1 O2FXW Component Research
38 Capacitor , .0 1 MF 1% SOy 2 DI Z B I O 3 F X W  Component Research
39 Capacitor , .05 MF 1% 50V 2 D 12B5O3FXW Component Research
40 Capacitor , . 2 MF 1% 30V 2 D 12A2O4FXW Component Research
41 Capacitor , 330 PF 10% 1 CE331 Sprague
42 Capacitor . .01  MF 16V 36 Y5S Sprague
43 Capacitor , 0. 1 MF 100V 3 CKO6
44 Wire-wrap Wire As Req d AWG3O KYNAR
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Radar Controller

Item Nomenclature and

# Description Qty Part  0 Manufac turer

1 Wire-wrap Circuit Board 2 DS7 14-1042 -O 1 Cambion

2 Socket Adapter 9 702-3728-01-04 Cambion
3 Quad 2 NAND Gate 24 7400 Fairchild

4 Quad 4 NAND Gate 0/C 25 7401 Fairchild

5 Quad 2 NOR Gate 20 740 2 Fairchild
6 Hex Inverter 23 7404 National

7 Quad 2 AND Gate 14 7408 Fairchild

8 Dual 4 NOR Gate 1 7425 National

9 3 Input NOR Gate 3 7427 National

10 8 Input NAND Gate 5 7430 Fairchild

11 Quad 2 NAND Buffer  1 7437 Fairchild
12 Decoder 1 7442 Fairchi ld

13 Dual Flip Flop 31 7474 T I

14 Quad Latch 10 747 5 Fairchild

15 Comparator 22 7485B Signetics

16 Quad 2 Exclusive-cR Gate 2 7486A Siliconix

17 Decade Counter 6 7490 Fairchild

18 Binary Counter 19 7493 Fairchild

19 4-Bit Shift Register 13 7495 Fairchild

20 Multivibrator 3 74121 Fairchild

2 1 Quad D-T ype F/FS 26 74175 Raytheon

22 Receiver 9 SP38OA Signetics

23 Driver 7 8881 Digital Equipment Corp.

24 Clock Oscillator 1 C0-238A Vectron Labs

25 Resistor, l8Oj t 5% 1 RCO7

26 R esistor , 390i~ 5% 1 RCO7
27 ResIstor , 470,~ 5% 16 RCOS

28 Res Istor , 1K 5% 26 RCOS
29 R esistor , 30K 5% 3 RCO5
30 CapacItor , 220 PF 3 CE2Z1 Sprague

31 Capacitor , 330 PF 1 CE331 Sprague
32 Capacitor , .01 MF 76 YSS Spragze
33 WIre-wrap Wire As Reqd AWG3O KYNAR 
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B. Data Display Subsystem

Item Nomenclature and

0 Description Qty Part  # Manufacturer

1 Display Processor (c) Digital Equipment Corp.

2 CRT Monitor (c) VR 14 Di gital E quipment Corp.

3 Li ght Pen (c) 375 Digital Equipment Corp.

4 Printer Controller 1 C-PDPllVer satec  (GFE)
5 Printer - Plotter 1 1 lO OA Versa tec  (GFE)

(c) Part of GT4O
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I
C. Data Storage Subsystem

Item Nomenclature and
0 Description Qty Part  0 Manufacturer

1 Control Magtape 1 TM 11-A Digital Equipment Corp.
2 7 -Track  Master Transport 1 TU I O - F A  Digital Equipment Corp.
3 Analog Tape Recorder 1 CPR-4010 Bell & Howell

B- 13



D. Pulsed Acoustic Radar Subsystem (Three 8-Element A r r a y s )

Item Nomenclature and
0 Description Qty Par t  0 M a n u f a c t u r e r

1 Power Supply 2 PR-60-HM Powe r Mate
2 Antennas 24 See Pages B-17 , -18, -19
3 J-Box 3 Z96-232A-48-CC Zero Mf g. Co.
4 J-Box 3 Z96-232C0G-4CC Zero Mf g. Co.
5 Barrier Terminal Block 3 30-540 Cinch-Jones
6 Barrier  Terminal Block 3 3-540 Cinch-Jones
7 Terminal Lugs As YAE2Z -N6ÔF Burnd y

Reqd
8 Terminal Lugs S-1030 Waldorn
9 Terminal Lugs S-1033 Waldom

10 Cable 8745 Belden
11 Cable 8741 Belden
12 Cable 2265 Al pha
13 Cable 2258 Al pha
14 Rubbe r Gromrnets
15 Duct Seal As Johns-Manvil le

Reqd
16 Connector 3 PTO 6A-2 O-4 1PSR
17 Connector 1 PTO6A- 18-3ZP SR
18 Connector 1 PT O6CE- 18-3ZPSR
19 Connector 1 M S3 1L6P -18-32P
20 Connector 1 PT OZE-l 8 -32 S
21 Connector I PTOZP- 18-32S
22 Connecto r 1 M53 110P- 18-32S
23 Connector 2 PTO6E-20-39p SR
24 Connector 1 PTO6SE-20-39PSR
25 Connector 2 PTO1CE-20-39S
26 Connector 1 PT OZCZ-2O-395
27 Connector 2 MS3 1O6EZO-4P
28 Connector 2 MS3 1O2RZO-4S(C)
29 Connector 1 PTO6SE-14-5PSR
30 Connector 1 PTO75E-14-SS
31 Connecto r 2 MS3 1O6E2O -7P
32 Connector 2 M S3 1OZEZO-7S(C)
33 Connector 1 MS3 1O6EZO-7S(C)
34 Connector 1 MS3IOZE2O- 7P
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Pulsed Acoustic Radar Subsy~ t exn (Continued)

Transcei ver A~semb1y (per Trancceiver)

Itsm Nomenc’ature and Par t Number
No. Description quantity Rece iver Transniit er Manu~’ac~~r

I Driver, Model PD-60 1 Atla~

2 Board , printed circuit , receiver 1 A r

3 Board, printed circuit, transmitter i Ave

14 Terminal, feed-through 5 Avco

5 Spacer , #10 x i”, Fiber 2 H. H. ~ n i 1

(Malce frcsn #21142)
6 Spacer, #8-32 x ~~

“, Fiber 2 H. H. ~ nj t . h
(Ma~ce f’rcn #3132)

7 Stud, #10 x 3/14” 2

8 Screw, round-head, ~~ x ~~
“ 2

9 ~‘ormer , s~ 6; 2 Ti, T2 Triad

10 tor , 2N2222A 2 ~1

:r, 2N2218A 1 Q2

• 12 insistor , 2~N27A I

13 Transistor , 2N3635A I

114 Transistor, 2N14001A 1

15 Transistcr , 2N3773 2 ~5, .~6

16 Diode , 1N645 5 CR3, CR14 , CR1 , CR2
CR7

17 Diode , 1N9114 2 CR1, CR2

18 Diode , 1N14997 2 CR3, CR4

19 Diode , 1N147414 2 CR5, CR6

20 Capacitor, electrolytic, 2000/50, 2 Cl , ~~ Cornell-
Type ~(BR 2 Dublier

21 Capacitor, mica, 100 pf, ~ 415 1 C3 Elxnenco

22 Capacitor, mica, 10 pf , ~ 415 1 c14 Elmenco

23 Capacitor, 1 nierofarad, 50-volt 1 CS &~ie
8131-o5o-651-10~4214 Capaeito2’, 0.01 microfarad, IlK 103 1 C6 Centralab

25 Capacitor , 2 nicrofared, 50-volt 1 CT ~~ie
81141-o5o-6S1-22~~
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Pulsed Acoustic Radar Subsyst~n (Continued)

Transceiver Assesbly (Concluded)

Iten Nc*nenclatur e and Part Number
No. Description Quantity Receiver Transmitter Manufacturer

26 Resistor, car bon, 270 ohs, 1W, 5% 1 R11#

27 Resistor, carbon, 330 ohs, 3W, WW, 2 R9, RiO Ward Leonard
Type 3X

28 Resistor, carbon, 510 ohs, ~W, 5% 1 Ru

29 Resistor, carbon ,UC, ~W, 5% 1 Rl

30 Resistor, car bon , 3.3K , ~W, 5% 1 R8

31 Resistor, carbon, 10K, j~w, 5% 3 R2, R16,
R17

32 Resistor, carbon, 9.1K, ~W, 5% 6 R2, R3, R14,
R6, R7, E8

33 Resistor, carbon, 15K, ~W, 5% ]. R12

34 Resistor, carbon, 22K, ~W, 5% 2 Ri, R5

35 Resistor , carbon , 36K, i~W, 5% 1 R6

36 Resistor , carbon, 150K, ~-W, 5% 1 R7

37 Resistor , carbon, 470K , 1~W, 5% 2 R13, R18

38 Res istor , carbon, iN, j~-W, 5% 1 R15

39 Potentic~neter , Trizupot , 124 , 3009P1. 1 R14 BournB

140 Resistor, carbon, laM, ~W, 5% 2 R3, R5

141 Horn, feed, elliptical 1 Avco

42 Gasket, 0-ring, 2-252 1 Parker

43 Fk~se clip, 101001 2 Littelfuse

144 Yuae , slow-blow, l~ A, MLO1~ 2 Littelf’use

45 Operational amplifier , 7141, 2 Z2 , Z3 Pairchild
N5B77141312

146 Operational amplifier , CA 3080A 1 11 RCA

147 Heat sink for 2N2218A 1 Wakefield
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Pulsed Acoustic Radar Subsystem (Continued)

Antenna (per antenna)

Iten Nomenclature and
No. Description quantity Part Number Manu facturer

Reflector Support Structure

1 Tee, 2-inch, PVC , Schedule 80 10

2 Eli, 90~, 2-inch, PVC, Schedule 80 14

3 flange , 2—inch, PVC, Schedule 80 4

14 Pipe, 2-inch, PVC , Schedule 80 30 ft

Mast Assenbiy

1 Tee, 2-inch, PVC , Schedule 80 16

2 flange , 2—inch, PVC, Schedule 80 12

3 Pipe, 2-inch, PVC, Schedule 80 60 ft

4 90’~ angle, 1k” x l~ ” x 3/16”, 36 ft

5 900 angie, 11” x lb” x 3/16”, 10 ft
aluminum (60~6-T6)

6 Cap screw, ~-2O by 3” , cadmium plated 10

7 Lock nut, ~-20, cadmium plated 10

8 Washer, flat, i-inch, cadmium 12
plated

Quadripod

1 Pipe, 1— inch, PVC, Schedule 80 16 ft

2 Eli , 145~ 1—inch , PVC, Schedule 80 8

3 Hub , 2-inch thick, 6-inch diameter 1
PVC

14 Morn , elliptical, 4” x 6” by 1
8 inch long

5 Rod , wood, to fit inside 1-inch, 16 f t
PVC, Schedule 80 pipe
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Pulsed Acoustic Radar Subsystem (Continued)

Antenna (Continued)

Iten Ncaienclature and
No. Description Quantity Par t Number Manufacturer

Reflector

1 Fiberglass, 1/32-inch thick, 30 ft
2

C- 10

2 Kraft paper honeycomb , i-inch 15 ft2 KP-~-6O-25-E Hexcel
thick

3 Plywood , 2-lnc h, marine-grade 22 ft2

14 Resin , H9-2039 AIR R9-2039 Hysol

5 Hardener A/H 112-3561 Hysol

6 Polyestei putty A/H

7 Paint , latex A/H

8 Primer , oil-based A/H

9 Hinge, T, 6-inch long, heavy, 14
cadmium plated

10 U-bolt, 1-inch by 2k-inch long, 8
cadmium plated

11 Cap screw, ~-20 by l~”,cadmium plated 12

12 Lock nut, ~-20, cadmium plated 12

13 Cenent, PVC A/H

14 ~‘e bolt, ~-2O by 14 inch, cadmium 4
plated

15 Washer, flat , h-inch, cadmium 8
plated

16 Nut, ~-2O, cadmium plated 14

17 Screw, 8-32 x 5/8” , fillister-head , ~
cadmium plated

18 Washer , flat , #8, cadmium plated 4
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Pulsed Acoustic Radar Subsysten (Conc1ud!~~

Antenna (Concluded)

Iten N~~enclature and
No. Description 

-~~ Quantity Part Number Manuf*cturer

Miscellaneous

1 Anchor 14 326 Chance

2 Peg, tent, plastic 14

3 Rope, 4-inch, Dacron AIR

4 Cap screw, 4-13 by 24” , cadmium A/R
plated

5 Nut , 4-13, cadmium plated A/R

6 Lock vash er , 4-inch, cadmium plated AIR
7 Washers, flat, 4-inch AIR
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APPENDIX C

REPORT OF INVENTIONS

This program resulted in the design and implementation of a three-
ar ray  pulsed acoustic vortex sensing system capable of real-time
display and recording of vortex positions. The technological basis
for the design had been developed by the U. S. Department of
Transportation’s Transportation Systems Center. Avco then imple -
mented this technology in accordance with standard engineering
practices and produced deliverable hardware.  The computer and
system contr oller desi gned during the program were based on pre-
viously developed commercial and in-house hardware. The system
software used an in-house assembler developed earlier for auto-
matic test station applications.

diligent review of the work performed under this contract has
revealed no innovation, discovery, improvement, or invention.

4
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