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~‘This is a report on the results of an investigation on the
performance of the AN/SSQ—28 soriobuoy under laboratory and
simulated environmental conditions. The investigation was
conducted to evaluate new measuring techniques and to deter-
mine if’ the equipment operated in conformance with Specifi-
cation MIL—S—22b8~ (WEP) .

The sonobuoys were made available from each of the present
manuf acturer s of the AN/SSQ—2&fThhe contraètors are the

— 
Magzi.avox Co., the Hazeltine Corp., and the Sparton Corp . -

~—~Thi~ report covers the areas in which these eonobuoys did
not meet the required limits of the specification.
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N N A R Y

INTRODUCTION

The AN/ SSQ-2 8 sonobuoy is an expendable ASW equipment ~.esigned to bedropped into the sea from an aircraft , The AN/SSQ.-28 detects and ampli-
fies underwater sounds to modulate a self— contained f-rn transmitter,
The f—rn signals from the sonobuoy are transmitted to the associated sono—
buoy receiver in the aircraft, When the demodulated signal from the re-
ceiver is connected to the proper analysis equipmer± , underwater s~’u~ d
sources can be located and identified.

The NAVAIRDEVCEN, under the authority of the BUWEPS, reference (a),
conducted an investigation on the performance of the AN/SSQ-?8 sonobuoy
under laboratory and simulated environmental conditions. The investiga-
tion evaluated new measuring techniques and determined if the equipment
operated in conformance with Specification MIL-S-22~,~~(WEP ) dated 20 Nay
1960.

One sonobuoy was selected from each of the present AN/SSQ-28 con-
tractors: the Magnavox Company, contract NOw 6O-0231jr; the Hazeltine
Corporation, contract NOw 62—0288f; and the Sparton Corporation, contract
NOw 6l—0697f. This was a necessity because at the time that these tests
were made production type AN/SSQ—28 sonobuoys were available from only
one contractor. The sonobuoy manufactured by the Nagnavox Company was a
production type, while the Sparton and Hazeltine Corporation sonobuoys
were engineering samples,, The Motorola Company, contract NOw 62—0287f,
did not have any sample available at the time.

SUMMA.RY OF RESULTS

This investigation, although conducted on a small sample of three
sonobuoys , indicated that the AN/SSQ—28 sonobuoys had certain question-
able performance characteristics. These characteristics differed in
each manufacturer 1 s sonobuoy. This report covers the areas in which
these three sonobuoys did not meet the required limits of the specifica-
tion. The sonobuoys tested failed to meet the low—frequency noise limits,
r-f carrier frequency stability, and frequency response requirements .

RECONMENDA T IONS

It is recommended that :

1. The AN/SSQ—28 sonobuoy program be reviewed with emphasis on the
questionable areas to determine whether the basic design or the manu-
facturing process is at fault. The NAVAIRDEVCEN is continuing to inves-
tigate these matters and will assist the BUWEPS in such a review.

-
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2. The existL~ , i~•z~e rn ~~~~~ i-e~~~~.c~uo be rehajna~ mLil thephase requirements ~~ .L ~~~~ ~~~~~~~ syste~n car. be ~-ftLy e~a uatei and a
new technique be lCVLS~~ ~~~ 

-~ ‘J J  be .m~2e compatible with the present
and future JEZEBEL t~Te ~~~~~~~~~~~~~~~~ The emphasio is to be on a standard
sonobu oy test techniq~e to be est;ablished and used by all sonobu oy
contractors .
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T E S T  P R O C E D U R E S

The fo1low~ng ~ests were conducted in accordance with Specification
MIL— S—22 L~85( WEP) .

The outer case of the sonobuoy was left intact with the hydrophone
cable in place within the sonobuoy. The bottom plate was t~emoved to
allow the battery to drop into its normal operating positi~n with the
hydrophone termination mass , preamplifier, and hydrophone suspended a
few inches below the sonobuoy.

A. Electrical Tests

The hydrophones were removed from each of the three sonobuoys under
test and replaced with a “dummy hydrophone” (electrical circuit equiva-
lent of the hydrophone) provided by each sonobuoy contractor. The
antenna was replaced with an equivalent resistive load, Power was sup-
plied by an external source.

1. Frequency Response

a, Procedure

An audio signal was fed into the hydrophone amplif ier through
the dummy hydrophone. The output of the sonobuoy was held constant at
75 kc deviation.

b. Results

Figure 1 shows curves of the hydrophone amplifier frequency
response. The sonobuoy, manufactured by the Spart on Corporat ion , had
the gain of the hydrophone amplifier set 3.) 4 db above the specif ied
level. The other two sonobuoys tested met the requirements.

2. Modulation Distortion

a. Procedure

The total harmonic distortion was measured at frequency devi-
at ion ranges of )~O and 105 kc.

b. Results

See table I,

- l  -
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“ A h L L

~~~~~~~~ D~~TO~ ~~~~~~

~~: K~ DEVL~TiO~ JERCENT ) 105 XC DEVIA TION (FE PC E O T)
M~~~fa~turer ~C ~ps 1OO~~~ s 1 kcp s 3 kcps 50 ~ps 100 cps 1 kc~ s 3 kcp s

Sparton 2 ,6 ~:.6 3.0 2, 3 1.~- 1.5 2 .0 2 + 2
Hazeltine 3,0 3 + 2 3,J ~ 3.0 1.9 2+ 1 3.0 2.6
Nagnavox * -;~. * *

* Excessive d— c converter noise increased distortion to greater than 20
percent.

3. Harmonic Conten.~ and Spurious Oscillations

a. Procedure

The r4 carrier was analyzed for it-s frequency content and
spurious oscillations.

b. Results

There were many spurious oscillations observed; only those
fr equencies that were less than 60 db below the sonobuoy channel frequen-
cies were recorded. Figure 2 is an illustration of bar charts showing
the harmonic content . It is noted that all of the sonobuoys tested me~
the specified 1—watt power requirement at the channel frequency.

I~. Phase Relation and Uniformity

a, Background

The Hazeltine Corporation submitted a proposed techr ique for
measuring the relative phase relations specified for JEZEBEL type soric-
buoys . It was their suggestion that this proposal , or a modified ver-

• sion, be the basis for formulating relative phase parameters for present
and future JEZEB~~ type sonobucys to eliminate the need for coordinate
testing between the contractors and a standard test facility located at-
the NAVA~~DEVCEN or the N&VAVIONICFAC.

The existing technique, established at the N~VAIRDEVCEN , was
not planned to formulate design parameters but to measure the relative
phase difference between two sonobuoys on the production line.

The NAVA D~DEVCEN technique, figure 3, involves measuring the
phase difference between the input signal of the hydrophone amplifier and
the demodulated output of the sonobuoy. The effect of the hydrophone

-- 3 - .
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0

10 - MAGNAVOX \— 1.O5WATTS

~~~~~LI ~~~~~~~~~~~~~~~L~~~~~~~~~~~~~L.L
42 79 148 168.250 255 336 505

FREQUENCY (MC)

10 HAZELT INE ~~—1.O5 WATTS

> 30 -

43 87 151 171.250 215 260 344 515
FREQUENCY (MC)

0

10 - SPARTON ~~~~~~ WATTS

41 82 144 163. 750 328 491
FREQUENCY(MC)

NOTE :
ALL FREQUENCIES MEASURED BELOW 60 DB ARE NOT RECORDED

FIGURE 2 - Harmonic Spectrum
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polarity on the r—f carrier is determined by applying positive pressure
on the hydrophone and observing if there is an increase or decrease of
the carrier frequency. A sample lot of sonobuoys from each of the sono-
buoy contractors would be measured on a standard test facility at th e
NAVAIRDEVCEN or at the NAVAVIONICFAC. This is essential for correlation
because of the nonstandard sonobuoy testing facilities of the sonobuoy
contractors .

The proposed Hazeltine technique involves disassembling the
sonobuoy and determining the polarity (phase) of response for the hydro—
phone . hydrophone amplifier, and f—ri modulator stages separately, then
combining the data to determine the overall sonobuoy phase shift.

b. Procedure

The relative phase of the three sonobuoys was measured using
the existing technique and the proposed Hazeltine technique.

c. Results

Tables II and III show the results of both measurement tech-
niques. It is noted that in both cases the sonobuoys met the specified
±11—degree limit .

T A B L E  I I

NAVAIRDEVCEN PHASE MEASUREMENT IN DEGREES
(E m leading Eout)

Manufacturer ~O cps 100 cps 500 cps

Sparton 102 108 l)~l
Hazeltine 109 112 1)40
Nagnavox 103 101 136

T A B L E  I I I

HAZEITINE PHASE MEASUREME NT IN DEGREES
(Ein leading E0~t)

Manufacturer 50 cpa 100 cps 500 cpa

Sparton 282 288 321
Hazeltine 289 291 320
Magnavox 283 280 316

— 6 —
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lhere were some diffi~u~ties encou~.tered wr:e~. ~isirg the Hazel.-
tine technique; primarily due to the mechanical design of the AN/SSQ.28
sonobuoy. The AO/S~Q.-.28 s~nobuoy utilizes a hydrophone prean~ lifier, and
two of the present AN/ SSQ~ 28 sonobuoy cortrarr~ors have c~mbine~ trie bydro--
phone and preamplifier in one unit. The disassembly of this unit , in
order to measure the hydrophone and preamplifier separately, was both
difficult and time consuming . The measurement of the transistorized am-
plifier and the reactance modulator (vari-.cap ) was difficult because of
the amount of noise injected into these circuits when the sonobuoy was
disassembled, The Hazeltine technique would be extremely difficult to
use on a sonobuoy production line because of the time required to disas-
sembl e, measure , and then reassemble the sonobuoy. The Hazeltine Corpor-
ation technique proved to be inadequate for production line testing of
the AN/SSQ—28 sonobuoy because ‘~+‘ the time required with its use.

B. Environmental Tests

The sonobuoys were evaluated under sinilated environmental conditions.
The small sample of sonobuoys available at the time of the test, with r.o
materials for refurbishing, made it mandatory that only the low tempera-
ture tests be conducted using the sonobuoy batteries. The sonobuoys were
tested at ambient temperature with external power to simulate the high
temperature tests+

1. Low Temperature

a. Frequency Stability

(1) Procedure

The three sonobuoys were stabilized at —2O~ C and then
operated in 1—1/2 percent salinity water at 00 C.

( 2 )  Results

Figure )4 shows frequency drift curves indicating that
all sonobuoys tested met the specified ±25 kc deviation limits.

b. Transmitter Output Tube Bulb Temperature

(1) Background

In the past it was believed that the power sag experi--
enced by some AN/SSQ-28 sonobuoys might be caused by the transmitter
output tube temperature increasing. High bulb temperature can seriously
hamper tube reliability since this condition: (1) accelerates the evolu-
tion of gas; (2) causes “runaway” if the grid circuit resistance is too
high; (3) promotes sublimation, which causes interelement leakage; and
(4) increases interface resistance, which causes a “slump—off” in tube
performance. During a visual examination of the three AN/SSQ-28 sonobuoys ,

C~tU’~31~ UNP ~!ERS ITT
— - n~s_ u V~~f l-]~S

CONIRACI I~oar-2~~4)

,*_i__%~ 
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~
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+2 5 SPECIFICATION LIMIT
+20

0 NOMINAL FREQUENCY 168 2SOMC—

— 2 5  SPECIFICATION LIMIT 
SONOBUOT STABILIZE D AT -20’C AND THEN OPERATED IN 1.5 SALI NITT WAT ER AT O’C

— SONOBUOT OPERATED AT AMBIENT TEM PE RATUR T

I I I I I I I I I I I

(A )  MAGNAVOX

+25  SPECIFICATION LI MIT

+ 20  S0NOBUO’~ STABILIZED AT -20’C AND TH EN OPERATED IN 15  SALI N ITY WATER AT 0 C

SOROBUOT OPERATED AT AMBI ENT TEMP ERATUR E

+ 10 SONOBUOT OPERATED AT AMB IENT TEMPERATURE ITRAN SN IT IER OUTPUT TUBE SHIELD MODIFIED)

~3 0 ‘-_. NOMINAL FREQUENCY 1?1.2SOMC—

~~-~o .~~~~ 

_ _ _  

— 

D SONOWUOY DEVIATED 1001CC AT THE END OP 120 MINUTES
2_ 2 0  - \ .  

_ _ _ _ _ _ _— 2 5  ~ SPECIFICATION LIMIT

— 4 0  ~~~~ 

SONOB UOY DEVIATED 120 XC BT THE END OF 120 MINUTES 

I I I I

(B ) HAZELTINE

+25 SPECIFICATION LIMIT

+20 
_____

+ 10  -
.

0 NOMINAL FREQUENCY 163 ?5OMC —

— 1 0  
SONOBIJOY STABILIZED AT -20’ C AND THEN OPERATED IN 15  SALINITY WATER AT O C

— 2 0  J.. SONOBUOY OPERATED AT AM BIENT TEMPERATURE

— 2 5  SPECIFICATION LIMIT
I I I I I I I I I I I I I I I I
0 10 20 30 40 50 60 10 80 90 100 110 120 130 140 150 160 170 1~ )

TIME (MINUTES)
( C )  SPARTON

FIGURE 4 - Frequency Drift Curves
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‘3~ Results
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60 85 ll~90 86 lii

120 8)4 . 1-_I 30

z, R-F Power Measurements

(1) Procedure

The ante ri~ waa replaced witr . cP equi-iale:Th resis~-iveload. The son obuoy was st~b11ized at _2 0W  C -1nd Then operated in i-l~~
-percent salinity water &- 0~ 0,
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d. i~;1e-- -~-~~ - -- --1 ~ ;ise

The complete sonobuoy (with the hydrophone cable in
place within the scnobuoy), the bottom plate removed with the battery in
it~ r~~r~ial i p E r ~ -r~t::- p~~~ 1ti-~n , the hydrophone replaced with a duiiui~yhydrophone, and the :oydrophcne and hyd.rophone mass ~uspended a few inches
cut of the case , was stabilized at -20 C and operated in. l -/ ’2 percent
salinity water at 0~ 0. The noise between the 0 and 500 op a band wa~
analyzed using a 3-cycle bandwidth setting co the ~n alyzer.

(2) Result-a

(
~ Sparton Corporation - ~here w~s ,-i 15—db rise of

noise below 50 cpa , although the increase of r~ise wa -s sr-i 1 below the
specified 1im~ts. Figure 5 is the record ~.i the ncise taken at 15- , ~0- ,
and 120-minute intervals.

(b) Hazeltine orporation - 7~ e ooncbuoy o<~nie cn the
air with loud ~orackling~ and ~frying~ iound~. ~ e -:.r9rkling stopped
when the hydrophone preamplifier, still activated ; wig s r en~-ved from the
water. The crackling returned when the hydr’~phone preamplifier was
placed back into the water. Figure 6 is record af the ~o1se ma de at
15.-, 60-, and 120-xiiinute intervals. These re~ crds sacw an 8- to 2-db
rise of noise below 50 cpa . The records were made with the preamplifier
out of the water but still activated. ~bis w~s nece.s~~ry to rr~.ke o u ~e-
able noise record . The preamplifier was left cut o±~ the wa 0er during
the complete test. After 90 minutes of operation there were sharp o1~ -oks
heard coming from the sonobuoy under test; the clicks oort!nued until The
end of the test.

(c~ The Na gnavox ~omp a.ny - The aonob-~oy came c-n the  air
with sharp clicks and crackling sounds. The hydrophone preamplifier was
removed from the water and the crackling noise oeas ed~ After the sonc-
buoy had been operating for 20 minutes, the hydrcphcne preamplifier w~a
returned to the water; figure 7(a) is record of this noise. The pre-
amplifier was again removed from the water to reduce the high noise level.
Figure 7(b) is a record of the noise showing an increase of noise below
50 cpa . Figure 7(c) indicates that the no~ae increased 26 db at 20 cps.
This increase exceeds the specified limits. After The sonobucy had been
operating for 60 minutes the preamplifier was again placed into the water.

- 10 -
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Figures 7 (d )  and 7(e)  are records taken at 60- and 120—minute intervals.
These records show a lO—db rise of noise at 70 cps and the 26— db rise of
noise below 50 cps.

2. Ambient Temperature

a. Frequency Stability

(1) Procedure

The sonobuoys were operated on the bench with external
power . The supply voltage was set at the maximum level that the sonobuoy
battery would produce under the highest specified temperature. The
hydrophone preamplifier was not activated .

( 2 ) Results

Figures 14(b) and 14(c) are curves showing the frequency
deviating more than the specified t25 kc.

(a)  Transnd tter Output Bulb Temperature

(i) Procedure

A thermocouple was attached to the output tube.

(2)  Results

T A B L E  V I

OUTPUT TUBE BULB TENPE~ ATURE

Hazeltine (a c)
Time Sparton Magnavox Silver Black

( m m )  ( c )  (°c) Tube Shield Tube Shield

10 85 105 132 122
20 97 109 138 128
30 103 115 1140 131
60 112 1214 1143 137
90 1114 127 1145 139

120 116 129 1146 1141

Figure 14(b) i8 a frequency drift curve showing the r-f carrier frequency
deviated beyond the specified. limits in less than 10 minutes of opera-
tion. It was believed that this large deviation of the carrier frequency
might have been caused by the high temperature of the transmitter output
tube. The tube shield of the Hazeltine sonobuoy was changed from a silver

— 114 -
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colored shield to a black s~~el~ to re~:A ce this temperature. Table VT
shows a comparison of the bolb temperatures of the sonobuoys tested0
The sm all reduction of heat caused by the black tube shield caused no
significant change Ln. the carrier deviation.

(b) R—F Power

(1) Procedure

• The antenna was replaced with an equivalent
resistive load. The sonobuoy was operated on the bench with external
power. The supply voltage was set at the maximum level of the sonobuoy
battery.

(2) Results

The voltage drop acro~s the resistive load
was measured and the power calculated (table VII).

T A B L E  V I I

R-F P~~ER

Time Sparton Magnavox Hazeltine (w)
(mm ) (w) (w) Silver Shield Black Shield

10 1.9 2 1.8 1.7
20 1.9 2 1.6 1.6
30 1.8 1.8 1.6 1.6
60 l~7 1.8 1,5
90 1,6 1,8 1.3 1.6
120 1.14 1116 1,3 1.6

C. Hydrophone Measurements

There were two types of hydrophones used in the AN/SSQ_28 sonobuoys
tested . The Nagnavox Company and the Hazeltine Corporation used the
Bender—Dice type with the preamplifier combined in one unit. The Sparton
Corporation used the “ball” hydrophone which was separate from the pre—

• amplifier.

1. Procedure

On. hydrophone from each manufacturer was measured at the NAVAIR-
DEVCEN for capacitance, dissipation, and sensitivity.
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‘I Res ; t- s

Figu.re 8 shows ~urves of the audio respor~se of the hy~rophor1es0

a. ‘he .Magnavox hydrophone, figure 8~aj, sho~s a ~~.- -~b risea t  2~ OC ops.

b. The Sparton hydrophone , figure 8(b .~, is re1a~ ively flat wit.~a ~ax±im~r1 rise of !~ ~ib at ~OOO cps,

c. The Hazeltine hydrophone, figure S~ c)~ ~h-o-~c~ a 6--db rise at
~OCO cps ar~ falls off rapidly after this rise.

R E F E R H N I~ F S

~~ W~ -i~.S~ RD C~~C3Q/202l/iT~O1~l3_O7, Proble’n ~Jo0 ~~9
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