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REPORT OF INVESTIGATION
I.  INTRODUCTION

The AN/BQH-1 measuring set is manufactured by Dyna-Empire Corpora~
tion under contract NQbsr~75772. It is designed for use in submarines to measure

the velocity of sound in water, this information being displayed on a chart as a
function of depth,

The equipment consisis of the following units:

RO-142/BQH-1 depth-sound speed recorder
RO-143/BQH~1 remote depth-sound speed recorder
0C-11/BHQ-1 depth element

TR-167/BQH-1 sound head (two per equipment)
Hlustrations of thesa units may be seen in Figs. 1, 2, and 3,

The problem of conducting an engineering evaluation was assigned by
reference (a), under the provisions of references (b) and (¢). Because of the short

period of time available for the necessary tests, only partial climatic, shock, and
vihration tesis were conducted, .

1., EQUIPMENT OPERATION

The AN/BQH-1 represents a departure irom the regenerative pulse principle
{"sing arvound") as devoloped by the National Bureau of Standards, and described in
reforence {d). In the AN/BQI-1, sound velocity in water is obtained by measuring
the travel time of 8n acoustic pulse over a path of fixed longth, The unit is completaly
transistorized and operates from the 116V, 400~ops power line,

The heavt of the system i the sound head, the epevation of which ls as
follows: the output of a evystal-centrotied oscillator Is shaped Into a train of pulses
by « Schmitt Trigizer cirovit and & differentiating notwork, The negative half of this
pulse train portorms twn functions: (1) it le amplliied and transmitted Ints the water
8 u tealn of 1 peeo pulges, and (2 17 1s ased to teiggor a biatable multivibrater "ON,
Tha timao taken by the fransmitied gas - fo traversn the watey path is depondent on the
valooity of sound in water, The path of the sigaal in the water is showa In Fig., 4.

T This pulse i+ reeeived by another hydsonhone, ampliited, and used to tiigger anethor
Schealtt Trigger chreult, the culput of whish i differontiated and thon vsed to turm
the multivibrator to the "OFFY stato,  The pulsed BC vutput of this multivibrator hag
an axerage valuo proportioned to the sound volicity,  This BU signal iy thon used to
position a 400-oyele seive systom driving the chast diwm,
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The depth slement connects to the submarine pressure line, and its outﬁﬁt
is used to position the pen-drive servo system., On the recording chart, the sound
velocity is presented on the horizontal axis and the depth on the vertical axis. A
remote recorder {s included as a unit of this equipment,

III. TEST EQUIPMENT AND DATA

A. Test Equipment

Because of the unique requiremeats of this evaluation, it was found
necessary te acquire a precise temperature measuring device. A Leeds and Northrup
gystem was used, consisting of the following units:

8163~-C Platinum Resistance Thermometer
8067 Mueller Temperature Bridge

8068 Commutator

2284-d Galvanometer

For reading absolute temperature, the over-all limit of error of the
combination of the bridge and resistance thermometer i £0,08° C.

B. Test Data

Reference data for values of sound velocity in water were taken from
Table 2, Journal of Research of the NBS, vol. 59, page 249 (1957), (reference {c)).
The data presented are values of sound velecity in distilled water. The NES also
made measurements on several samples of tap water; these sound velooity readings
did not differ appreciably from the values obtained from distilled water. Measure-
ments at USL were conducted using distilled water, but no offort was made to main~
tain a high level of purity.

The data as presented gave sound veloelly at every centigrade degree;
Hnear intorpolation was used to get sound veloeltles at tomperaturos botween these
points, Thoe combination of the error in the NBS daia and the temperature measure=-
ment loads to an over-all ervor of %0.4 ft/sec In the known gourd vejocily.

IV, EQUIPMENT PERPORMANCE

A, Infermation Pregontation

Tho gound veloolly 18 pregonted on prossurv-sonaitiva graph papor as a
funation of the depnth of the submartne {see Fig, 5). The sound velesity axis is
calibeated in 10 #5ce intervala from 4800 to 5100 {t/sex: the depth sealo in calibrated
in 20-foot intervals from O to 1600 feot, Also tacluded on the charts asv two seta of
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isoballast curves--one set for the isothermal condition and the other set for the iso-

saline condition. Each set of these isoballast curves is computed for a specific class z
of submarine, o

The chart {8 required to have scale divisions of 10 ft/ sec,and a slope :
change of 1 fi/sec In the sound velocity should be readable, By exercising caution
in the reading of the chart, it is possible to read the sound velocity to the nearest
2 ft/sec, hut reading to 1 ft/sec would not produce consistent vesults, The ability to
read within 2 ft/sec is considered sufficient. ‘

The chart is not provided with red illumination as requived by the equip- !
ment specification, The charts are illuminated by clear bulbs, with amber-colored ;
glass being used in the cover of the equipment. The intensity of the lamps is variable,
and at maximum intensity the light was judged to be excessively bright. The
contractor maintains that if red-tinted bulbs were to be used, it would not be possible :
to see the chart trace because of the large area that imust be covered. Final approval ;

Is contingent upon the contractor's provting an illumination system suitable to the
Bureau. ’ ‘ ' ' -

B. Sound Veloeity Measurement and Calibration

The sound head of the AN/BQH-1 was immersed in a temperature-
controlled bath of distilled water, and the bath temperatura and the reading of the
stylus on the chart were recorded. Figure 6 shows the relationship between the
sound velocity as recorded by the AN/BQH and the data ebtained from the NB% report. :
The recorded sound velocity was within 19 ft/sec of the NBS values over the terapera- [
ture range of 0° C. to 30° C. No tolerance for the sound velocity meagsurement was ;o
spelied out in the equipment specification, but this amount of orvor ig gonsliderad :
to be accaptable. : -

it {8 vegulrad that means he provided to detormine if the goa untt {sound
head) bas remained In ~“libratien. This isdonaby deprussing u sy itoh on the front
panel of the aquipment causing the recorder to indicate 4809 ft/sec. Deprosglon of
the switeh actuates a rolay which shoxts eut the fiest theas stuges Wy the sound heay
regelvo-amplifior and injoots into the fourth stage a portion of the autput fram the
Sehmitt Teigger elreuit and diffyrentiating network,  Thia sigoal oauges the yeselve
Bohmitt Trigger (v turn the avlput multivibratey YOFF. " H the sound hond (g
fmameraed (n wator of approximately 99° €., the "oal Indlostion is 4869 fi/sen,
With thu gound bond teiwe veed ln water eclder ov warsaer than this, the "oal”
seading doparts from 4800 1300, ne shown in Tulde 1, This doviation g caured
Ly chaigos b the oporating polats of the sowrd head trassistors with tusperature,
which changes, however, da aat affect the measurmont of sound velocily, The
cerar {8 potentiatly disastious, fue it 18 pessible to adjust the ohart drune with
rospedt o ity drive mechanism, vesuitlng in an Incorpect position of the chast H
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is set at 4800 ft/sec when the "cal" reading {s actually something different. The y
- contractor reports that a development to correct this deficiency is under way, but

until such time as this correction is brought about, the "cal" reading should be used

only to indicate whether or not the equipment is operating and not as an absolute

value by which to position the chart, It is recommended that when this deficiency

i corrected the AN/BQH-1 be resubmitted to determine if the calibratior system is

sufficiently accurate to warrant its use as an absolute indication,

EYYE R
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Tabie

VARIATION OF “CAL" READING WITH TEMPERATURE

Temperature of

Sound Head "G Reading®* B
(0 c.) (ft/sec)
2.8 4790
6.9 4791 B
14.1 4797 )
199 480}
26.7 4805
3.2 4198

*Norma| 4800 ft/sec

It is possible to calibrate sound beads for use with different recorder units,
This is accomplished by means of three potentiometers in the recorder. One adjusts
the low end (4600 ft/sec) of the scale for both sound heads; the other two adjust the
high end of the scale for each sound head individually. S$ince adjustment of these
potentiometers reguires extramely accurate information as to the temperature of the
water in whick ihe sound heads are immersed, the calibration should normally be
undericken only under laboratory conditions, Any offort by shigs personnel to under-
take it will only lead te tnaccuracies of unknown magnitude in the reom ried values of
sound velegity, Twe avenues of approach are open: first, to replace the potentio~
moters with fixed resistors, and gecond, to maintain the settings of the potentiometar
with loalkiog dovicen. The first remedy takes ewoy the ablilty for casy interchanga
of recorder uoita; the sccond method, while far from being tamperproof, 18 pmb&bly

“preforable sluee [t does retcin the interchangsabilily feature,

. Donth Blemont

The dopth olomant ta roquired to paiiafy the following: output Huear within
#0, 5% of fuibaonle dupth; hystevesis not to oxoced 25, 0% of full-svale daplin; tmparss
ture enoffiolont not (e sxeeed 0,028 ser ", and sere shift not t exgend 0, 014% per
V¥, The output of the dopth elemont waa not measored dlrealy, the pesidon of the .
stylum o e ohwrt belng dovmad sulficiontly sceurute for the sequived purpassi, o

Fressuee apitied to the dopth oloment was mousured by monne of a W, 8,
Gauge Compuny masies gaogs, whivh wis in fors ghocked at dii‘uma‘. polais oo it
wam by i Uronbyt Steam Gauge tester seourate W 21 powsds fweh?,
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1. Qutput Linearity - Figure 7 illustrates the depth as indicated by

the AN/BQH-1 versus the pressure applied to the depth eiement, The depth indloation
excueds the lincarity requirement only at the extreme upper and lower ends of the

scale. The linearity requirement is satisficd completely for depth:s of 40 to 1470 feet,
and is considerad to be acceptable,
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2. Hysteresis - The amount of hysteresis present in the depth circuit
is defined as the difference in incicated depth when the same pressure (s applied to
thé depth element, firet when the pressure s increasing and then when it is
decreasing,

Figurs 7 also indiecsies the hysteresis present in the dept
indicating system, The amount of hysteresis present {g twenty feet, well withis the
limit of 5% of full-gcale depth (£75 feet),

3. Temperature Cosfficient and Zaro Shify ~ During the limited
climatic t2sts conducted on the equipment, no temperature-<ependent change was
chservable in the depth indicator, [or both consiant applied pressure and 2250
pressure (zero shift). ‘

4. Caltbration and Zero Set ~ Calibration of the depth scale la
provided by means of three potentiometers--two for the zerc-depth ealibration of
cach sound-head, and one for maximumi-depth calibiration of both units. The ability
to individually calibrate the zerw asiting no matter whioh sound-head ig in use,
fulfills the requirement of being able to adjugk for a 26-te-80-foot difference in
mounting location of the sownd-heads.

V. ENVIRONMENTAL TESTS

A, Pregsure Tost

The sound-hosd, Including tte cable paoking, wae subjected to the otlowlng )
hydrastatic prossurve test: 15 minutes at 60 pelg: M4 houre ot 600 palg: and B Boure '
i 850 pesg, Yegletance veadings wora made at the aud of the anble, with uo diifevonce
from the roadtags obtadned at zove prosgure belag detoetsd durisg the sosrde of e

&

tast,

_ A& tont (950 paig for sus Sinuted was alzo cindunted with the seund ;.zmi
conngetod to the recordar unit,  Whon the prossure was mmoved, e wound vy
tndication retusned o within 2 (fsac of the orlginal indioation,

B. CHmstic Tesie

Clinsatle testing eonalsted of iwe mrimﬂs of ammnimnmw #ight hours
sauh. ;ﬁ.mdme@ for the firet paricd weve +138° F, wad lees than 30% &, B for
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the socond period they were +122° F, and 96% R, H, No detorioration In porformance
was noted during this test.

C. Vibration Test

The following vibration test was conducted on the main recovder unit:
-exploratery run, 5-33 cps, in the front-back and side-side planes; and a variable
frequency test (6~28 cps, with five minutes at each digcrete frequency) in the front-
back plane. The remote recorder roceived the exploraiory and variable frequency
tests In the vertical plane. The depth olement and the sousd heads wevre not vibrated.
No mechanical or electrical failures ccourred as a result of these tests. Owing to
the short time avallable for evaluation, only these limited vibration tests were con-
ducted. They are, however, considersd sufficiont to indicate that no trouble will be
experienced with the recorder waits undes conditions of environmental vibration,

D, Shoek Test

The main recorder unit was subjected te the complete, light-weight shock
test. Two power~supply filter capaciters, €206 and €220, vepeatediy popped from
thelr sockets, despite the use of restraining clamps, The clamps prevented the
capacitors from {lying avound inside the egquipnont, but were not sufficient to hold
them in thels sueckets, Thoese elamps should be replaced with others that wili hold
the capaeltors in place. The leads of two tubular .47 uf capacitors (C224 and {26%)
broke during tha test. This ean be pwvantnd by elipping thoge capacitors to !;he
chasgis,

V1. CL.NuLU&ION AND m:.camwmno:«s
A Congluaion
- The eg uipmm& ls venstdervd satisfactory for Navy use, Provislon of
propay ehart fllumlvation and an azmuma ealtbration syatou wiil sorve to corpeat

the muy werions dotivtancles,

' 3”.& Retwamondaiions

The fotlowley osominandution with aorve o worredt the fow deflclonaios
Mo tn e equipsient:

5. Bladify wound hesd clsvuits x6 thavealibration readiag te not tewmpuraiure
dogendént, o
2. Provide ueeper sad Hlwe -ation for the chast,
3. Mot vtm;tmim@ assd tblor cagasilore sothal they wtiiamy iu;,zmwmi
aot broeak fosde,

ea&&mwm | D
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