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6P QENTIAL

REPORT OF INVESTIGATION

1. INTRIODUCTION

The AN/BQH-1 measuring set Is manufactured by Dyna-Empire Corpora-
tion under contract NObsr-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 consists of the following units:

RO-142/13Q1-1 depth-Bound speed recorde.-
flO-143/BQH-l remote depth-sound speed recorder
OC-11/BHiQ-1 depth element
TR-167/BQH-1 sound head (two per equipment)

Illustrations of these 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 (c). Because of the short
period of time available for the necessary tests, only partial climatic, shock, and
i4.-hration tests were conducted.

It.. EQUIP~MENT OPERATION

The. AN/BQH-1 represents a departume from the regenerative pulve principle
(",sing around") as developed by the National Bureau of Standarda, and described in

reforeace (dl). In the AN/SQH-l, sound velocity in water Is obtained by Me~asuring
the ravl tme o anacostic pulse over a path of fixed longth. Theuits opel

transistorizod and operatoo from the 115V, 400-opa Power line,.

The heart of the system is the sound ticad, the oileration of which is as
followli: the oatput of I crystak-cetitrolled oscillator io uhalvd Into a, train of pulseu

byaShmt ri~rcrci nda~f~rniting notwork. Tho negative half of this

tulse0 train PW)Oorlu two' fNctiovia (1) it ita antpilliodi andi transmitte-d Into) the water
as 4 train of I wq( pllseS, k-111 (2ý I,- It, oqek tomiul'ahntb tivibrator "ON."
TIhe (time taken by 00trae 'ualitteO j;a -&hsitrletiail. wfttvi path is dotwendent oai the
vinhwity of weund iii water, 'The lAth of tho v~ctut in the wgiWe iW shuavn In Fig. 4.
Thiv polihsO It~ A lv~vvd by Anther hd on amlvjfcd.. -and ueed to triger anothor
somt rge iut tho output ot which is (ifOil w~t~ nd WoUsed totu

uke ~ ~ ~ ~ ~~~1 IV4tvba o 1"0W AQ ihe p4.lked DC Outpu.t of th~is mutivibrator htas
alla qvorgpý vulue pivbgiatoot to 1W 4Wd eoiy Ti I. 101gaa U10"o~ used to

Pa"Ition a 40-c2ycel 30I'VO gystow divhin hOW OhAK drulms



The depth element connects to the submarine pressure line, and its output
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 is included as a unit of this equipment.

III. TEST EQUIPMENT AND DATA

A. Test Equipment

Because of the unique requirements of this evaluation, it was found
necessary to acquire a precise temperature measuring device. A Leeds and Northrup
system 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. 10. 06* C.

B. Test Data

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

The data a6 presented gave sound velocity at evexy centigrade degree;
linear Interpolation was used to get sound velocities tt tomperatures between these
po$nts. The cowbination of the eror In the N]3$ data and the temperature measure-
wont loads to wi over-all arror of *0.4 ft/so in the tknovin soud velocity.

IV. QU1PMENT PEIFORMAN"CI

Theo U4ound vo'lm~ity is prcaeu(nt(ýd onipiq re -son ative grap~h pApXlr .Asi
fun~tto of OW de,•ll of the siulrten Vg, ). OTwV 110uould Veouolty axis is

Iati•ed in 10 ifi". teittati fro t 40•0 to 51t0 ft/sww tho de-1h s8a0e I1 eatit i'bartd
in 2Ltooku itgetvals trfut 0 tk 16o0 toot. Auo Weudad oa tWe chabtS a0 two aets 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
of submarine.

The chart is required to have scale divisions of 10 ft/sec, and a slope
change of 1 ft/sec in the sound velocity shouldbe readable. By exercising caution
in the reading of the chart, it is possible to read the sound velocity to the nearest
2 ft/sec, but reading to 1- ft/sec would not produce consistent results. The ability to
read within 2 ft/sec is considered sufficient.

The chart is not provided with red illumination as required 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 must be covered. Final approval
is contingent upon the contractor's provl'Uing an illumination system suitable to the
Bureau.

B. Sound Velocity Measurement and Calibration

The sound head of the AN/BQH-1 was immersed in a temperature-
controlled bath of distilled water, and the bath temperature 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 obtained from the NBI report..
The recorded sound velocity was within 10 ft/see of the NBS values over the tempera-
ture range of 00 C. to 30' C, No tolerance for the sound velocity measurement was

spelled out in the equipment specification, but this -amount of Drror is consliderd
to bA acceptable.

-It Is requLird that moans bk provided to determine if tWe sea unit (sound
heady has remained In -:I|1bration. This isdoneby deprvsehig i t, Itooh oin the frint
panel of the equipment Caulsing the rocorder to Indicate 48004 (t/ac, Deprosalon of
the switch actuates a relay which altorts Out the first threo stug•.- iln the aound hea4t
rvceivt.-amplifhwr and ,liject's Into the fourth stnqo a portio! of Olt.) mtutt from 1!h.e(
Schwmtt TrIgger circuit and difturvntinting notwork. ThiO igAin vqm-! u thu e reivelyo
&,hmitt Trigger 1U turu th• outu•tw multivibrator '1CW1'F." 1t the sround h0tWad I

Imitorod Inwnhr ofappOxiately M3 . h "cAV, indivvatiolk in 4$170 ft/&eo, A
With tho souatl hbad itumew ra lit wAer .Viektfr or wArtiOr tha04 0Id, thQ "Vat"
readiog de•,rtv (ain 4800 ft/iov, as shwnw In 16ta b , T]to ' vte viatlon Is caused
by Choiw'mt int tile uf1rruiiig poilnts ofk O the11 sowul d traiW3ItttOrt with Ivtlpoeraturiv
Whicht chaflges, htawilvr, 0.t not affet Othnnsone. of SOWund veowt?'It
erorm Is pxotent~illy difiastvoun, for It is pu~vibio to adjualth iwChart elt-unl with
TUS$K'd to. Us drive tuwg~taisimn rusultgn in Mn itwgrriiwt PWostOn of the Chart It It

SCOlW ,t!fIA
Ck.



is set at 4800 ft/sec when the "call' rbading is actually something different. The
contractor reports that a development to correct this deficiency is under way, but
until such time as this correction is brought about, the "call' 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
is corrected the AN/BQH-1 be resu~bmitted to determine If the calibration. system is
sufficiently accurate to warrant Ito use as an abisolute indication..

Table I

VARIAT ION OF "ICAU" READING WITH YEMPF.RATURE

Temperaturp of
Sound Head "Call" Readina*

(o C.) (ia

2.8 4790
6.9 4791

14.1 4797
19.9 4801
26.7 4805
33.2 4798

*Normnal 4800 fi/sec

It is possible to calibrate sound heads for use with different reacorder units,
This Is accomplished by meane of three potentiometers in the recorder. Ono adjusts
the low end (4600 ft/seo) of the scale for both sound headi3; the other two adjust the
high end of the scale for ea~ch sound head indtvidually. Since'adjustment of these
potentiometers requireo extremely accurate Information as to the temperature of the
water in which L.he sound heads are immersed, the calibration should normally be
undertri.ken only under laboratory conditionsi. Any offort by shilis personnel to under-
take It will only lead to inaccuracies of unknowvn magnitude in the recorded values of
sotmrd ývelocfty. Two avenues of appi-oach aro open: first, to replace the potentio-
'meters with fixed reas~stors, and seconmi, to la,~intain the oettings of the imtentiometer
with looldog devicen. Tbe first remedy takea ayway the ability for Casy Inter'change
of recorder uolts; the second rieth~od, while far 'mn% belnig tampaerproof. to prL4)a~y
*Preferable Wavne it (1001 etOAi tho th1WV)Uebility fetut'e

hodoptIb (4ieA0 1,-4 torqui d to 040iufy tho. rolowtng kupiinerwt
i4 ti0d, 5%o -0- otuh. IIOU"e 0 to nt to a v .1 q Of wutmle&0wr ra

uto Afeikn wto t to imko-00 .a, ftti~ i '. wnd o 0111(t not to 0 0. 0t
11W mope ot tOw doptf; oltiM U144 ktklk MW4V d ditt~tty, thO 10i(MOt tho

(to~ nifthec W114 h-~d.v"u~ tm wtvieutly a~vwkite for U.1 mqIM r!40

l~t& ~p~wd 1 thede~b ~tat ~sfw iaiw4 b of 4, U. $3
Goups CO11n muwhh'tbuge w~o itt uai-i ioadzo at rQife t t)4t 00 1

~&~Cby, C'Q4 t. Re *At (;4vg Wtotr aiur~ate W itvd ýda
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1. O~ -tLner Figure 7 Illustrates tha depth as Indicated by
the AN/BQH-1 versus the pressure applied to the depth ele~ment. The depth Indication
exoteds the line~arity requirement only at !he extreme uppe~r and lower ends of tile
scale. The linearity requirement Is satisfied completely for deptli:i of 40 to J.470 feet$
and Is considered to be acceptable.

2. jjteresi's - The amount of hystereais preset-t in the dept~h circuit
is defiined as the difference in indicated depth when the same pressure to applied to
thb depth element, firot when Lhi, pressure is~ increasing and then wlen It Is
decreasing.

F igure 7i also indinates the hysteresis present In thG deptit
indicating system. The amount of hysteresis present le twenty feet, well wii tL t~w.
limit of 4:5% of full-scale depth (175 feet).

3. TenivratumreCoefficient and Zar Siift -DMring the limited
climatic tests cond Ucted o - the equipment, no temaperature-dpendent change was
observable In the depth indicator, for both constant applied pressure and zero
pressure (zero shift).

4. Calibration anmd Zero Set - Calibration of the depth scale Is
provided by means of three potentiom~eterýs--two for the zer-c-depth valnibration of
each sound-head, anjd one for rauxtinurn-depth calib~ration of both tmits. The ability
to Individually calibrate the zerZ'4 setting no matter U11ich soujid-Ilead to ini use,
fulfills the requirement of be ing able to adjusL for -a 25-to.-OWoot difference In
mounting location of the iiowd-hoadu.

V. ENVfl1ONMNTAiL TBhSTS

A. Pressure Ygat

The seu 4.ho4 11101u1106 Nt cable pu~uIng Woo ~j~iI ~ tho ooi

~atk p esueo-te a$n c t t(psg 4houx's at GV-Qpi n
at '96 pa;g. 110010i1avf( reudh~Ifs5 Wir3 Mrade, at tl'u I1f (T tht. ýmte'd with ;W ee r"C

irwa roa big tanad at ZM'o prja~ vgdtoddtU,0iCM fU
test.

A test (0 P0ii4 for(" "itunte) U~4~cd~tdwt h lu~ w'w
to dh' ot wi, ho th uo W t . w o~o "Uv Vo

MCtesitv, cotow 01'i i "o twortet4o Of 414 ii'Iy4h N~uii
O& / eAdII1Oe for~ Wi Wirs Wrdwf' L'lX ~ ~5 ~ Il
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the second period they were +1220 F. and 96% H~. H, No deterioration In porformanee
was noted during this test.

C. Vibration Test

The following vibration test was conducted on the main recorder unit:
.exploratory run, 5-~3.3 cps, Ini the front-back anid side-side planes; and a variable
frequency test (D-LO cps, with five nitnuter, at each discrete frequency) in the front-
back plane. The remnote recorder received the exploratory and variable frequency
tests in the vertical plane. The depth element and the sound heads were not vibrated.
No mechanical or electrical failures occurred aa a result of these tests. Owing to
the short time available for evaluation, only these limited vibration tests were Con-
ducted. They are, however, considered sufficient to Indicate that no trouble will be
experienced with the recorder tuilts under' cosiditions of envirornnetal vibration.

D. Shock Test

The maits recorder unit was subjected to the complete, light-weight shock
test. Two power-.supply filter capacitors, CZ06 and C220, repeatediy popped from
their sockets, despite the use of restraining clamps. Titz clamps prevented the
enpacitors from ftying around Inside the equipment, but were not sufficient to hold
them in theiv sackets. There clamni should be replace4.dwith otlhers that. will hold
the capacitors in place.. The leads of Owo tubular .471 pf capacitors (C224 and C200)
broke during the Wtet. This can bo prevented by clipping tbýýwe aap~altore to the

V. CO)NCLUSiION AIND H.ECO=ElNflAUON3

Victte qutprlt to ýer(mvdoriy saI atory for Navy us o. Vrovistot ot
Pr he lit) 10naticr& and W1 wecurzuo clibrAU06 iiystot will, toieve toW
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