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This report gives the specifications and design details of the
second broad band inductive beam former constructed for NEL Code 3130
for use with a 16 hydrophone, 23 bearing line array system for use at
50 to 500 cps,

. The device/’v;aa constructed by Instruments Incorporated, San Diego,
California, Contract N123(953)33858A, primarily for use with towed sonar
receiving arrays.

N The inductive broad band phase compensator is introduced in NEL .
Report 1009 by F. R. Abbott. The theory and performance of phase compen-

sators is discussed in several NEL Reports by Dr. C. J. Krieger and

R. P. Kempff. The most useful of these is the Linear Array part of NEL
Report 1108 by R. P. Kempff. A memo which describes the first inductive

broad band phase compensator is NEL Technical Memorandum 614 by J. Peugh.

BEAM- FORMATION ‘?/

The beam former is designed for an array of 16 hydrophones spaced
six feet apart. The beam formation is done in a 16 transformer 39-beam
inductive phase compensator. The primary of each transformer has 600
turns with a tap at 100 turns for use with the low impedance output of

the matching amplifier. There are 78 secondary windings on each trans-

former which vary from +10 to -10 turns.

o
The shading factor Ap, for any hydrophone, is given by
" - .
Ap = 10 cos fS-nh 7,7
: Teo- '
where (8-n) indicates absolute value, and n is the number of the hydro-
v phone from either end of the array. The shading is introduced .on the----
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The winding schedule is designed so that the center point of the

array would correspond to +h5° phase shift if there were & hydrophone

there. This choice is arbitrary and it produced a symmetry that makes
the winding schedule easy to check.

For equal cross-over beams, the beams are separated by a constant
incremental phase per hydrophone, 11.8°., So the winding schedule is
calculated from the following equations in which QS is the number of
sine-winding turns in the n'th transformer secondary contributing to
the m'th beam. QCpy is corresponding number for cosine windings:

QSym = Ap Sin (45+ 8% - n 11.8 m )

QCpm = Ap Cos (45+ 8% - n 11.8 m )
where n is the number of the hydrophone with the forward hydrophone
numbered 1, and m is the number of the beam from 14 to -14 including O,
and Ap is the shading factor mentioned above. The winding schedule for
QSpym and QCpp is given in Appendix 1.

The summing networks for the sine and cosine windings were designed
by Instruments Incorporated. These each feed a one 1000 ohm filter.
There are 201 filters. Appendix 2 shows the circuit of a summer and
filter. Beam + 15 and -15 are summed with a center tap transformer.

The inter connection between the beam former and the filters are described

in Appendix 3. The filters have an attenuation of about 7 db.

BEAM DIRECTION
The selection of which beam to use for each of the beam, frequency
pairs was made by the use of Appendix 4. Using a filter for every

direction, and frequency combination would have required 299 filters.




velngr a filter oniy for the nearest beam frequency combination, save:
93 low frequency filters and doesn't éffect the bearing resolution
since the broader low frequency beams cover many of the bearings. The
beams chousen for each bearing is shown in Appendix 9. The beurings on

the sealecto board cross over at less than three db down.

OPERATION

The sealecto board on the front of the beam former is composed of
two sections. The top section connects the output of the filters to
the corresponding bearing, freqnency pairs. These points are bussed
vertically as pairs are inserted in the board. These 23 vertical
busses connect to the 23 output connectors on the right side of the
beam former. The 23 busses continue through the bottom half of the
board. The bottom half of the board contains ten horizontal busses
that connect to the ten outputs on the bottom of the board.

Inserting a pin in the bottom half of the board connects its
vertical bus to its horizontal bus. Inserting two pins on the same
horizontal bus on the lower section, ties the two corresponding ver-
tical busses together. Inserting a pin in two Aifferent points driven
by the same filter also shorts the vertical bus of eagh of the points

together.

GAIN
The voltage gain of the system with the amplifier setting on 10
is 10 db; amplifier setting 1, gain -10 db; amplifier setting .1,

gain =30 db. This gain compares the input to the impedance matching




amplifiers to the output of beam former at the center of the main lobe,

at the center frequency of the corresponding filter. This does not
include the gain of the low level preamp. The input impedance of the
matching amplifier is 10,000 ohms. An input of two volts is the

maximum the system can take without distortion.




’D 1..0 ...L..u 0 A 1..1
R OH G0 QO 4D NG NG gM O Of MO AM Qw gy 4D M4 on |
n nu-.-l .“L—. NN AN 43 .“.. 1:..’ 51.5 M2 Au_s :VO n%ﬁ./ 3\“. ned AN \43 |
ﬂ). ..-96 n-lz .ﬂfﬂ Oa-l 6.“ VN NV .46 n-lo 4:—1 2~.l 60_ VL - :..15 -.-(...A
0 0 e S ga g 0 90 0R W B9 re a9 OF TN RY 4k
] 4 '
S e e BT Ll TR L B R R R L R B
: - =]
A ; — m :
m o 23 ng VR VY =5 VY B¢ of a9 gy 37 g9 g4 [% {" O |
> £
: , Hoge
: o
3 C Ty e G gE e 4h e g da 98 Tl ep g e 8 .
w B oo g g9 B% we A0 Ag g3 WD SE DT g9 ge ov g g0 m;m |
Lol s B el L B R i L B T L
A QO M@ St D¢ N gR 99 RO YN O 4- o8 =9 oy 9 v §
< 6:-) 2n-l :V n-lo \ﬂ.s N VN 6&. On-l :-/.J. n.lz &_6 S0 -~ 5:.1 1-.7-- Wuu
M :-/nuu .ﬂ.h. AN nA 34 ...Juﬂ :.11_ 1._.5 <+ ™ 5&- 0:.1 :.Inu- 43 An nA 3.#
N Am Mg Om md M NN Mng oo ﬁﬁ.03 mA M Ay PN Am Mo
\J
- 01.. ...u...._ Ord AA l..-.. ..m....— 1..1 ~ lsm. 41.. 1-.1 e | l..m. ...u.u-. ..m....- A
mm .Sc no n o no no no o no no n o no wvnou no Nno no
] ] ] L] (] ] [} ] [} ] ] ] ] ] [} ]
SN 8 8 8 8 3 g *°m e o, R
9 ) £
: (
m
N

b o5 R,




Hydrophone Number

9 10 1 122 13 1 15 16

3 & 5-6 7 &8

2

2

3.5 353

6
=5

N
~“3
4 N

N0

63

-l -3
-l =1

c

‘2= 8

L TN R ST U O SR S P U T [ (G D R S gl U BT
) ] [ I ] (] (] | I ] (] [ ] " [ ] [} [} ]
™ M MU AN M M4 OmMm ™m M ™
3&- N~ n“-3 Q-J...-.- OJJ o .l_ . ] " [} -o | I | AM - »
o™ [T <4 ™M nao nao < M N [TaY
54 e 45 E.IO —.4-4—\-/ .u- Sl = ] " 06 [ ] ] .1 q(.dt“-. -
v ‘ ‘ <
) NN H IO UV AN INT O VI VN
Cop i L L S Ll o “o Hi
i R A e B B B B L o b O e m
: ; _
]
() O MO\ AN Vi~ ™ o0 =0 ™ ;
Qe 0o N J_Qo rwnl nﬁ N.Q._ J. [ | ] (] (< W'} - o 9-_9 i
; { onN © o o '
o\ =+ O\ ~ ooun A A< O MM 1O\ A
i e 5 A ) e i s L 0 e o R A
2 ) NO H HO MO NGO MmO 2O WO
DYV = VO WNnNO no T M ~ m (| (] 't~ ' ] [] ‘.ve- b -
. 5 . \
U
: . - &t
’ . 3 o™ o - O OMH OO OMm O OWn :
WD == DY O ON gl m .n.v. m =) - = el ' Y st.v |
: _ : o : o e . . ]
2O\ == O\ QN g+ o i N\ O HHA SOV MM OOIN AN AA O\ :
s ~ 3 { ] L] i 1 1" [ I | [ I ] | I ) | I | .. [ ] ] [ ]
NN VYV AN Y MO MO A O M QN MO MO VO o~ oM oN
]
A e T R e i e B s M e
L}
A AN R Mm@ o0 A an AN V2 VAU AU~ FIn O FO MO VN
-8 L} ' " | I | (] - ] (] | I ) [} ]
NN FF NN OV INM M HIN INH MF U N0 AN MmF A AN . m
1} (] [ ] [ I | [} (] | I | [} L] ; ] . "
M aa g Am mo om H M AN MmN HAM MO OM MH AMm NN
[) [ I | [ ] ¢ (18] [} " ] (] | I | 8
A4 A4 A4 A4 A4 A4 A4 A4 A A4 A4 A" A4 A4 A4 O AA
() |} | I ] [] { ] " ] ] | B | ] ] "
MO N0 N N0 N0 N N NV ©NO N N0 N NV N0 N Mo
(] (] (] ] ' ' : , : r ?
- o — o ™ =+ A 3 = ) A o) ~ o A 2
] ) (] [} o ' ' [ ' ~ ~ ~ ~ ~
: Aw ) [l ) ' )
-
FINPNEI 7 € NS TR
i, i e " i i s i inn




6
-3

-8
-4 9

8
-3

I

APPENDIX




3

e

LY G LMY g N1 SN nNLShE
| [ ©vu Lt e
HCSSAO0Hd TVNDIS °T °*F °f a0l U
L_ u S
YIILTI4 SSVd QIvEaU 000t
=
Y\M V
QNGO¥D -
% T b
a0

APPENDIX II

CRILS
Indine 3
v.mll e CAAAL w SINANI
m ANIS0D

R R




e

i
|
; WIRING SCHEDULE
QUTPUT AWE :
P DRAWER A - DRAWER B - DRAWER _C l DRAWER D
DTN T PIN P1IF rI# ! ey
PIN COLOL Y \ . G y ¥l
5 el g ELLTER | > C _||FILTER __SCHFILTER | | B C § ¥ 1L 5c
; B- 1| BLACK {A 1 f500- 1 |19] 1 B D [|250- 6 2B D |l 2001 e
| D- 1| BROWN !l 2 fl500- 2 |17 L F H fs?,(-:_ L Sl AP B gelea] 1A B 2 396-15 {- 51 1 B D
f F- 1) BLACK | 3 fb50- 1 159- 2 L e
H- 1 5353 ﬁ 4 ?oo- 316! 3BD ||400- 8| Li3FH 100- 5 ?333213
A= 2 | BLACK, §# 5 150=- 2 350- 9 ¥ | :
':‘- 2 ‘ ORANG i 6 1400-22 [15§ 3 F H 'jj300- 8 ggz_ ; ‘tgz:i; 6l LFH
e, ;;Lﬂvn | goo- L J14} 5 B D (j250- T 55- 5 i 15 =
G- 2 | YELLO % - [y
S i L e
A& ool S s 5 )= 1300-1T
\ 3 iua“&x i 10 {1350- 1 {13} 5 F H {{L26- 1 300-12 1250-16 |
F- 3 IBLACK 4B 1 [500- 5 {12} 7 B D [t100- 1 250-11 R e R
H- ; { BLUE "} 2 {450~ 4 500-10 {3 {T BD {{200- 9 *159-12 | }
A- & iBLACK 1 3 jitcO- 2 450-10 159- 7 e
C- & {White § 4 1i350- 2 400~ 9 1126~ 5 :308'15 2 71 3BDES
E- L (DROWN | 5 ih50- 5 {11{ 7 F # [}300- 9 I 60- 5 R
G- b JRED % 6 }hoo- 3 | 250- 8 f 79- & f'uo-*e L
B- 5 {BROWN § 7 {350- 3 [ 200~ 6 - & e
D- 5 jORANG i 8 §3oo- 1 159- L 50- 3 %205-15 y
F- 5 (EROWN ;i 9 {500~ 6 |10 BD - ' HL50 : Ca R
R bl Dl 9 126- 2 500-12 {-2 (T B D {45¢-16 :- 83 F H
| , 100- 2 ___jlbso-12 Loo-16 ;
A- € iBROWN 'C 1 350~ 4 9. 1 , :3:@_1‘3 ; {_.......; 35u-£8' S e |
i § ' § f{“g‘ i ;Egg-ii 2|7 FH l300-13 E §300-19 | | 'g
ol F e )= J= Hasu=12 1250-18 4
| 1; fpoo- 1 st o Boo laco-10 || 1200-16 | i
5 L2 H i - O=10 (= Yoy ? i At ( §
>- 71 | 6 j300- 3 - B e e R
=T : 1 o) : ; i§= : 5 =17 ;
gt T 250« 2 i leco- 7 { J100- 6 : 14 300-2G | §
H- g i ! 8 ﬁtso- 74 811 BD 159- 5 i i 79- 5 i 4250-19 i | }
A= O | 9 JhoO- 5 126- 3 i i 63~ 4 : 00-17 i-10'5 F H§
C- & i 10 {1350- 5 lhoo- 3 ! : 50- b 'i fﬁoo 1? T 2 !
o - i- 4 i i R e | s e e 3
- ; ; gggg- g Z9- i i ggog-Lg -3 {T F B §350-19 . _?
colmmieEn R s
3: g . g 4 %Zgo- 2 i? 11 F H{f400-10 { 19 B D 300-1k ! i1450-186 ‘=11 {7 B D
;_ A i 2 "“;8- 6 { 350~11 . ij250-13 : HLhoo-18 '
He & i N D= 0= ' 4200~ : Hace_nrs
A-10 . 7 4300 5 fsono | e B -
010 | i 8 ibso. b iy } S e
C-10 ! ;8 1250~ 200- 8 : mee- 71 | 1500-18 1-12 TFH
E-10 ! i 9 [j00~ 2 159- 6 | fl00- T ¢ i{hso-19 ¢,
G-10 | ¥ 10 3&50- 8} 6113 B n;126- L ﬂ 19~ 6 f _; j 400-19 ;
;-}1 qzaig ;E : ﬁgoo- T9 .Loo- L ; § ﬁhoo-13 ,-u ¢9 BD ?Jso 21 ;
g 7;45 - y;SO--7 ! 9= 3 ; 2350=14 | : {f350-22 =13 ;9 3D
P-11 ! YELLOW, 3 {}300- & | 63- 2 : H3oo-15 | |- i1500-19 ‘<14 - 9 F HE
H-11 . GREEN [ L $1250-5 if 50-"2 ! Noenati ! i 5u50-go ; !
A-12 D YELLO | 5 [Jo0o- 3 ! }500-23 0l9F H Noe1 ) {1400-20 ;
c-12 ! BLUE ¥ 6 1159~ 1| fiso-22 | H59-10 Huoo-21 -15 ht
Kl 811D 7 9= 9V5 N3F I ;ls\)o 23 ,‘{L:_‘h- 13) ; {{500-20 =16 11
G-iZ WHITE § & jfhsu- 91 ji350-23 | 1100- 8 | u50-01 l
. Gzl % 9 \350- 6 x i 300-23 i 500 -1k {5 iy F il i[500-21 5-17 3
| o3 jewe Joofo-7t | fesoar ! 1. Msew i fbseei ]
3 F-13 GREEN  GROUND  "INTERCONNECTION SCHEDULE FOR FInmERs AND BEAM FORMER.'
g H-13 WHITE  GROUND
% APPENDIX

amvmmm COPY




e

T ssasazsases HtHH
8833 ssas: T
T T
: T T
T T
[s] 23
> ¥ ¥ S T
3
: :
3 2
> s s
i seee!
~ 23 sasaasnses 4 daas: oas g2 seadsa: jossess
o ba =] £3 e 958 sa28s }oss pose oo e Saaagaoans v
& . 3 S8aan ass + T 3323 soeRaant fooes pagsssasse T
T 3 T asasaas ey a3 radzages il sunsaaanes sasagesed: .
=t :
' 3333 T -
base 3 T 3 1 ++ w o
2%
o e o= : : 8
josesse s o 7 & <
+ %3 sossss T - w
22k 2 ea82s o tamas o
=5 T
3T :: : 2580 sests s 10V pas "
Q ooi i A
T
[ Tt T 1 I T ] .
I3 223 :
+ s oy ;i
: T SSee o s sxeses s55s sane: o
vas : 1 :kl T 1T F o ~Y
T : g : i R : ]
3 e’ 0w
T
- T T T iai T T
T =2 . T 543 sens 1
1 s T oot
T T T
< T : HHT: s
+ s T :: &
o T : 1 T s jass e -~
N ER i : Y ¥ T 558 sosal saansva: & T 1 )
S 1 g, T i R Hhbaty
Saatiam 2k T H SRR > s3agnpass sos:
3 e .
T sbiibeses pracssadis N
= ¢ »y 28 98 g $ i3 1T
HioT + 1 BB ansa e o8 suass shans nas: es. o~
i H T
T T
T : aeaas assas T 3HT
: i T 3
T ST yaases T T i : mw
¥ P+ na it
< t os N T T. -3
o oa i ue t i T oot =
3 e = oAz aagieass
$ ¥ o o3 3 i :as
: ssesail : T acs T 1
: oeas > T £22 s
s : a &
s + sasaes T T
T :: + 2§23 $8s0s paget iy <
RN T . Sees Sethe
T T T T m
T HH 1 39 8¢ =
bos s 53 . &8s Sseatians s
T T
: T T T T =V% omn sazaslsy
2a33aa: T tt : e
: T 1 $ ’: T T
3 : < i <
it T 7
- T e s rae e x T 0 68
s 255 2o22055n 14 sos: aa Tt T 1. H
> - e
. T e & 1 1
¥ s =3 o ua: 47 =
: 522222 son; + TN s:
3 T 1 3% eassiie:
;2. T \
: o a
T % ; 53 T 1T
1 + + 1
T Tt T T 1 T 285 i3 v0t :
+ + T T : sas aes
:
T T T I ¥ T 1T i3 + wa T ¥ ooss O
e T : T sssia: 1 2523 tebeaasss
a) et T X, e T : = t H b8 ssass 1 + : s
< - T -~ oy
: t : ¥ T 3 1+ 3s Bacs:
322t t H 5 5 Tasassas 2 + : : i : 356
T avs ot T : o T = 2n a3 308 op ve
T 3 1 : : seeass s ¥
asesrs seagssres: oo
1 i Anes o T as : 3 + % 4 =
: ¥
H s : + s + 20 saasanuss v 3 3 N
. : T %
t T T o T ¥ -
35303202 saas + THTT T t : t 1 3 i
s> T T ¥ 33a% sovas va; + 3 ¥ . e
: e % Tacos casas son vasus 122 smass sa: : 3 + $ 1 T 13 T 3
1 R X 1 : 3 : astsiats oo 808 :
- + Hi : ree iy o
f 1T ; HEHT Ses: isesuss T o3 e 1313 Ed
o~ I = 3
T T 1 T T 53 1 T y0e s & g~
T i X t a2 ieseans X T : T I ¢ os $
.3 t s saai oas i aes T T ,
T 3 | T 3 . : t 1+ a
T T H T .
THT 198 vus ] ¥ + : - e yos ot pos “ seos.
¥ T # :
303 3. 1 H s Besas T T HHT =
i e Sass X X T ¥
1 1 e T T H 1 g s bos 131 1]
: : : . : Hi i : . =
t :
Tt : H : T 1
T v y = T T B
: ¥ ¥ =a' H THi H e $ Sass saast o £)
2 > 15T T T B
w o -
+ T : T : 23 1o W <
¥ : e i : H i 3
: : + ¥ T Hr s
e z 7 8 g o ® Sy r . v 85 o ve o
i + s aass ¥
T 3 S5 as o .3 T 1 T T 1
T T T tea3 53 HT T
3 i 1 % ¥ T Hit 1 T
T : 1 3 T =t
T
t T I 3
: T : $ H o pas sewobe : e
: t :: : + 228 goaes 38 54 b
: e $ s : ! 5 o ¥
% kS S it oot P s
+
o : S f i 5
w 3 soasy gr oeaid i ipis s pRose e 1 3t - o)
T T &
139 oe voaaun yoos Fvoe SUEE? fuben Evew
- o2 FESTA LTS 1 j: Seess
! T
: STaiasreaaass o o 1
T > eses ran) 3
I =2z
T $os a2z : = : : 3
: Pt 3 Engessgse beese
= . ;
T 1t T ey = peTTIeTI LT -
2 T 1 Ieeiassases: 13 133 Bgessuesl 3T, Sast
: t i e naanens omoansa ot i oSz Sl it
> — ™ _
o] N A T
- g X S o
- ~ b
-y > —

q-.!l{l .BIU‘IIJESI w.
TY%O1-9EE HONI 3HL OL OZ X OF V_

—



APPENDIX 5

BEAM ASSIGNMENT CHART
for
23 OUTPUTS, 39 BEAMS

90° 65.50 56.1 %6.7 39.6 33.1 27.1 21.3 15.8° 10,5 5.2 0 <5.2 ~10.5

. 500 19 [17 16 |k J12 10 |9 7 5 3 2 o |2 |-3 *
4Lso |17 |16 14 12 11 9 8 6 5 3 2 0 |-2 -3
Loo J15 [1k 12 31 110 8 T 6 i 3 1 jo |-L | -3 L
350 }113 112 1) 10 8 7 6 5 L 2 1 0 |-1 -2
300 {11 |10 9 8 F 6 5 L 3 2 1 |0 |-1 -2
250 |10 | 9 8 T 6 5 | 3 |3 2 1 |0 |-1 -2
200 | 8 | T 6 6 5 i g 2 1110 1 g-d
159 | 6 5 5 L L A 2 2 i 1 O j=1 1-1
126 | 5 L L 3 =0 e 919 2 1 1’ 0 0 |0 -1
100 | 4 3 3 3 2 2 2 1 3! 1 0 0|0 -1 l
9] 3 3 3 2 2 2 il 1 i o oo -1 !A
P 63 | 2 2 2 2 L i 1 1 i 0 0 0lo0 0
5 18 4.2 2 1 1 5 N 1 1 0 o _jolo 0

Total: 201 filters
Maximum number of outputs from one filter: 6
Maximum number of filters from one beam: 13

BEAM SELECTION CHART
FOR
39 BEAM PHASE COMPENSATOR

APPENDIX V.




