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ABSTRACT

S
Expendable bathythermographs (BTs) submitied by General Motors,
Inc. and Francis Associates, Inc. were tested io determine the ‘em-
perature indication accuracies attainable from their thermistor-bridge
temperature sensing circuits and the depth accuracy obtainable from
their procedure of utilizing a known BT sink rate to determine instan-
taneous depth.

An expendable BT unit with a platinum temperature sensor znd a
built in pressure transducer was submitied by Basic Devices, Inc., but
malfunctions within the unit limited the extent of evaluation.

-
> Laboratory and field ‘esting provided information sufficient for ar
evaluation of the techniczl feasibility of the expendable BT concepts end
also provided some indication of operational capabilities.,

.-

e Wil Saction [

UNANRO UNCED 0
ISTRIBUTION /AVAILABILITY CODES
T

1%

@/ i

m;ﬂ__. Py ; i L n i |
D o e d J -
ons Wite Sectan BB\,, 5




TABLE OF CONTENTS

Abstract ~=- e T e i et S etod o i
;'VCJIF'\, JQ = R Te e DR T ©w e - e o h el o k }
{
iesis
i
Laboratory T
rature A uracy
rocequre - e - Bk
£ (e - » _ G

B

Hesultge =~

W eaure - 5 - o
E
: R s 5 ' i '
Ll cife i Pressure on Thermisio ‘
cedure ~es-neasa - S 2
i ’ e 1t~ n o - - - - - 24
\ { X
i 17°¢ o 4o oy A o & 25
] £ lagitlties simas ce s awna - o it o v el 24 ;
1
Field Tests
Ve Orn Station and Low Speed Testing
By T OB LIIG inliriso  o tros s o ot o o o o o 39

D A A e B S N e G e s o




Page
VI, High Speed Testing

A, Procedure-=-s=s=sa=-==c=- e - 41

B. Results~----- .S e e e e e e - 44

Equipment and Facilities-==-=-"""="-"-=--=s-ccecowoos mmnner 59
Appendix

) 4 General Perfo iance Specifications for a Shipboard 56

Expendabi- B aythermograph

i1, r~ «ginal Exp:ndable Bathythermograph Test Plan-— 58

ClereNCEeS " " rmtcacan cnmmc et e e B Em - ——— - - 70




LIST OF TABLES

Page
Table I. Absolute Temperature Accuracy Test Results 11
Table II. Thermal Response Time Counstants 20
Table III. Low Speed Test Results 37
Table IV. High Speed Test Results 47
List of Graphs

Graph I. Results of Temperature Accuracy Test GM

Type "A" 12
Graph I, Results of Temperature Accuracy Test GM

Type "B" 13
Grapn IIL Results of Temperature Accuracy Test

Francis Associaies 14
Grapa IV, Sink Rate Test Hesults 31
Sample Expendable BT Temperature Profiles

List of Figures

Figure !. Photozraph of Expendable BT Units 2
Figure 2. Francis BT System 3
Figure 3. G. M. BT System 4
Figure 4. Basic Devices BT System 5
Figure 5. Temperature Accuracy Test Setup 8
Figure 6. Photograph of Temperature Accuracy Test 9

iv




Figure 7.

Figure 8.
Figure 9,
Figure 10,
Figure 11,

Figure 12,

Figure 13,

Thermal Response Test Setup

Photograph of Thermal Response Test
Pressure Effects Test Setup

Photograph of Pressure Effects Test Stand
Sink Rate Test Setup

Photograph of Sink Rate Test Equipment

Equipment Installation For Field Test

22

23

27

28




FOREWORD

Expendable bathythermographs thus far evaluated by this Office
were preproduction units submitted by the Puckard Electric Division of
C:zueral Motors Corporation and Francis Associates, Ine, These BTs
are essentially similar ian ccncept, consistins of compact, streaniined
instrument vahicles designed to sink at 2 corstant rate while paving out
a fine electrical cable from a bail located within the instrument hody.
A thermistor located at the nose of the insirument seises the ocean
temperature and regulates a corresponding ¢, ¢. signal which is trans-
witted back to recording instruments sboard ship via the deployed 2lec-
trical cable. Wire is also payec out from a second coil on boardc the
ship to allow the wire to remain essentially stationary in the water as
the eaip progresses along its course.

lemperature signal readout instrumentation consists of a sirip
chart recorder located on beard the ship. Since the velocity of the sen-
ci- vehicle through the water is essentially constant, a relationship be-
veen depth and time is estanlished and thus the time axis of the record-
¢+ chart is directly related ic depth. A larg: scale temperature-depth
pofile from the water surface down to 1500 “eet is produced in lass
tan two minutes from the time of BT launch.ng while the ship remains
on course and maintains spea2ds up to twenty knots

\ prototype expendable BT incorporating a pressure transducer
ant havicg all electrical cable deployed from the ship was developed
n¢d submitted by Basic Devices, Inc., but problems within the temper-
tture sersing circuit necessitated returning the uniis to the manifac~
nrer for modification. The modified units were not rzturned in time
fo~ laboratory analysis: field testing provided insufiicient data {or
avaluation of the Basic Device expendable BT's operating characieris-

W\es,

The axpendable vatbythermcgranh evaluction conducted by this Cf-
fice was concerned primarily with an engineering concept, rather than
an orarational production device Laboratory testing included studies
of ternperature accuracy, thermal response time, the effects of pres-
sure up u the temperature sensors, and uniformity of sink rate. Field
testin; ¢ the expendable bathythermographs was performed to provide
informatios on operatioral characteristics.
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I. TEMPERATURE ACCURACY

A. Procedure

Five uriis of each BT type ware utilized for laboratory evaluz-
tion of the expendable bathythermograph concept. The units originally
submitted by Basic Devices, Inc., failed to function properly and wete
returned to the manufacturer for modifization of the temperature sens-
ing circuit; however, the modified uaits were not returned in sufficie 1t
time for laboratory evaluation prior to the issuance of this report 'I he
remaining BT units, five each of the Geaeral Motors types “A" and '
uni¢s and five of the Francis Associates units, were subjected to test ng
of their temperature seasors and associated circuitry to determine if
the *+0.20°C femperature accuracy desired by the U. S. Naval Ocear.>~-
graphic Office had been achieved.

Recording instruments supplied with the expendable BTs were
raplaced with precision digital-readout instruments o provide a better
indicatior of actual BT 2rrors aad to facilitate data collection.

The fifteen BT units were placec in z regulated temperature
bati and completely submerged with tap water. A supporting rack was
fabricated of hardware cloth to provide free circulation arcund the urits
and to separate them from the tank corrers, cooling coils, heating ele~
ments, and any other region where non-uniform temperature conditicns
mi, 1t have inereased the apparent errors of the BT readings. Bath
ten peratures were determined by use of a thermister thermometer
(H. 2. B. Singer). The thermometer, calibrated before and after the
temperature tests, was accurate and reoeatable to +0. 02°C, ']‘wo mar-
cury-glass thermometers, calibrated and readable to X0, 025 C were
incinded in the bath to provide information on uniformity of tempera-
ture distribution.

Bath temperatures and BT readings were taken at 5°C incre-
ments over the BT operating ranze of 0 to 30 °c, with this cycle repeat-
ed three times for increasing and three times for decreasing temper:i-
tures to sive sufficient data on BT temperature sensing accuracy and
uniformity between units. The bath was allowed to stabilize for at
least fifteen minutes at each temperature test pcint before any readir gs
wer2 taken. The bath temperature was continuously monitored as B™
rea lings were taken to insure that all BT readings were taken under
stable temperature conditions.

Three-five position switch boxes ware fabricated to facilitate
rapid selection of BTs for testing,
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The current output of the General Motors BT units was read as
¢. voltage drop across a precicion fifty ohm resistor. A digital volt-
meter was utilized in determining the resultant BT voltage output. The
meter was checked before each test run with its internal calibration
points and checked dzily with a laboratory stardard cell.

A direct digital readout of the Francis Associates BTs' Thermis-
tor Resistances was obtained by incorporating the ET bridge network
within a precision resistance bridge.

The laboratory insftrumentation used in reading BT temperature
cignals was tested and found %o provide a reading accuracy and resolu-
tion better than an equivalent +0. 02°¢,
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B. Results

Temperature accuracy tests indicate that the General Motors
ui:its are within the specified error limits ( +0.20 °C) over most of their
operating range, (0-30 C), and that the Francxs Associates BTs can ac~
hieve the specified accuracy if the manufacturer's calioration is medi-
fied,

Temperature errors fu: the General Motors type A" units were
within the allowable llmxts except at the extreme upper and lower ends of
the operating range (0-30 °C). From 5°C to 25 °C the General Motors
types "A' and '"B' units gave temperature readings which are acceptably
close to the specified allowable + 0. 20°C error if possible experlmontal
error is considered (0. 04°C maximum). At the test points of 0°C and
30°C, however, the temperature error curve extends beyond the allow-
asle error limits.

General Motors supplied a linear calibration factor to be used
in converting the voltage outputs of their BT units to temperature read-
inzs. The application of this linear calibration factor to the inherently
non-linear output of their temperature seusing circuit results in increas-
ing errors as the extremes of the operating temperature ran_e are ap-
proached,

Temperature testing of the Francis Associates BT units reveal-
ed an average disagreement of about 0. 30°C between the calibration data
supplied by the manufacturer and the test data obtained during evaluation.
A negative 0.30 OC shift of the entire calibration curve would allow all ex-
perimental test points to lie within the acceptable +0. 20°C error range
Francis Associates believes that this difference was due to poor calibra-
tion on the part of the thermistor rwanufacturer. Thermistor calibration
had seen corrected on a second group of BT units submitted at a latar
date for use in field evaluation

Francis Associates comapensates for non-linear thermistor
characteristics by balancing the theriiistor resistance against a non-lin-
ezr resistance slidewire within their recordirg unit. The resulting re-
corder output is linear over the specified operating range, but the inher-
ert error in the non-linear slidewire unit will increase the BT error as
secen from the output s de of the slidewire. Tests conducted on the
Francis recording unit showed this increase of error within the lineariz-
ing unit to be less than #0.08°C,

Table I and Graphs I, II, and III present the reduced data from
temperature accuracy testing




TABLE I

EXPENDABLE BATHYTHERMOGRA?H EVALUATION

thase: I. - Absolute Temperature Accuracy - Reduced Date

Bath Temp. (°C)

BT No, A4

0 0.15
5 0.15
10 0,02
15 0.03
20 0.08
25 0,02
30 0.20
BT No, Bl11

0 0.04
5 0.09
10 0.10
15 0.04
20 0.17
25 0,08
30 G, 19
BT No, A23

0 0.37
5 0.32
10 0.28
15 0.16
20 0,23
25 0,28
E 30 0.28

i" NI B— ==

Taken by: W. Reid

Date: 6 March 1964

Average Absolute Temperature Error (0C)

General Motors Type 'A"

AT

Genaral Motors Type 'B"

0.29
0. 04
0,14
0.11
0.05
0.12
0,33

B1z

0
0
0
0
0
0

-« L0
.03
.05
. 09
.23
« 12

0,290

28

. 45
<15
.05
.04
.08
<03
0.24

(o= B e o T o= I T )

—
0. 06
0.19
0.16
0.04
0.13
0.08
0,23

Francis Associates, Inc.

A20

—r——

cCOoOO0CoOoOCOoOOo

.47
41
.35
.23
.21
«31
.30

[

A27

0.37
0.33
0.31
0,21
0.29
0.36
0.38

o
™

Blg

0.12
0.10
0.06
0,02
0.07
0.03
0.33

A28

0. 42
0,36
0.30
0.16
0.20
0.24
0.21

A1

0. 42
. 12
,01
.02
. G4
.04
24

o000 O

B20

0,03
0.13
0.10
0.02
0.11
0.03
0.29

A30

0.31

0.28

0.26
C.16
0.23
0.30
0.32
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II. THERMAL RESI"ONSS

A. Test Frocedure

The expendable BTs were tested with respect to thermal response
to check agreement with the specified G3. 2% indication of an instantane -
ous te mperature charge (Thermal Responsz time constant) within 0. 15
seconds.

The methai of tecting consisted e ssentially of suddenly changing
the temperature o. the fluid surrovnding the 3T thermistor while observ-
ing the ouvtput of ‘ae BT unit on an oscilloscope

The G. }i. types A & B units were tested for thermal response by
wetting the BT {arermistor and allowing it to come to room tem:perature
e% ilibrium and then pluning the 37T unit intoa bath at approximately
38°C ahove roon temperature, The ouvtput signal from the BT was record-
ed on 1 storags type oscilloscope or photcgraphed from a regular oscil o-
scope

Utiliz ng the same test raethod, the Francis' units thermal re-
gponse time constarts were fcund to bz in excess of the allowable time
of 0.15 sec. Inorder to simulcie actual flow conditions that the Franc's
BT unit would experience as it descended through water at a thermal ve -
locity of 2f fps, the coid bath in‘o which the BT was plunged was replac-
ed by a str2am of cold water forced past the thermistor at apgroximately
25 fps, thus inereacs’ng the heat transfer rate. This method was not usad
for tte (. M, units < nce their response rate was within specification
even ia ptill water.

A fast acti's solenoid actuated va.ve was used to provide a sud-
der :urge of cold tep water through a nozzle located directly beueath tha
nos: of the Francis 3T uiit. By observing the height to which a free
colunn of water vould rice from the cozz e, the water pressure was ac-
jirsted to provide /. flow velocity of 25 fps  + 1 fps at the nozzle exit.
water was allowed to flow throush the valve and nozzle for approximate -
iy one minute belore each test run to cool the metal surfaces coming in
contact with the vater down to the 9°C top water temperature., Water
flow was momertarily shunted through a by-pass in the solenoid valve
while a “'rancis BT with ¢ wetted thermistor at room temperature was
mounted about sne inch a ove the nozzle. The solenoid valve was then
actuated to produce o jet of cold water past the thermistor and the result-
ing thermal re¢ponse was observed on a trace-storing oscilloscope which
had _cen trig :red simultanecusly with the solenoid valve.

15«
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Because tae recordins unit containing part of the Francis Asso-
cittes BT Bridge circuit was not available until after laboratory testing
hai _een completed, it was nezessary to simula‘e the recorder portion
of the Fraucis' bridge to provide a voltage output from the BT. The
voltage output corresponding o thermistor resistance was recorded on
a stora-e oscilloscope which 1ad zen ealibrated by replacing the therm-
isior in the BT unit with a decicde res starce and observing the cridge
output voltage on the scillos >pe sorcen as the decade resistance was
chznged to correspond to thermisior 1esistances at known operating
wemperatures.
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B. Test Resulis

Both tyres of Gereral Motors Expendable BT units demonstrat-
ed thermal response time constants below the specified 0 15 seconds
when tested in still water Respouse time will be somewhat decreasec
urder actual operational conditions since the high flow rate past the
theristor will increase the rate of therniistor temperature change.

Initial still water tests on the Francis BT u.its indicated a
thermal responsz time renging from 0. 37 sec. to 0.81 sec., depending
upon the uunit tezted This non~uniformity of response time between B']
ur its was causec by a wice variation in the thickness of the coating ma-
terial vsed to insulaie the thermistorz. VWhen the water jet method de -
scri cd previously was used in thermal response testing, the average
respouse time constant fcr the units with thinner insulation coatings was
reduced to 0.17 sec

Unly clizht variaions in thermal response time were noted for
flow vetocities dowan to about 10 fps, but below that velocity the respouse
titne increases sharply with decreased flow velocity.

The thermistors in a group of ten additional Francis BT units
stomitted for field testing had .een modified from the oricinal design
used in laboratory tested units. The modified units had more uciform
therois or coatings and thermistor mountings had been modified to eli
tiinate much of the insulating material which appeared to be responsi le
tor the relatively long thermal respouse time of the originally submitted
uiitts




TABIE I
EXPENDABLE BATHYTIL. 'MOGRAPH EVALUATION

Fhase: II - I‘_hermal Rei')on e Time Constant - Results
Taken by: . Heid Date: 25 March 1964
Thermal Response Gerar al General
Time Constant Notors Mciors

I‘L_e A) (T e L)

\. Still Water Test

Meximum i, 09 sec 0.11 sec 0 &1 sec

i verage J. 07 sec, 0. 03 sec 0.52 sec

Mnge 0. 04 sec 0.05 sec 0. 44 sec
B. Tests Coanduected ith 10-25 Fps Flow

Maximum 0.19 sec

AvVerage 0,17 sec

Ll =3
o
v

Ranre

o




Ul, EFFECT 07 PFESSJRE ON THERMISTCRS

A. Proc.dure

Erconeous tempe rature readings could result from stresses ir -
cuced in trermisior mate ~ials at the hydrostatic pressures to which the
experdanl: bathvihermog-aph will e subjected in operational use. To
cetermine the noagnitude of temperature error due to pressure effects
1he Gene al Mortors and Francis Associates expendable BT uuiits were

Lhjected to a sressure (050 psi) corrzsponding to their maximuin oper-
ating ¢ pth {1700'), The emperature siznal outputs were monitored and
comerred 10 ‘e perature readings cbiained by a pressure-isolated terni-
pera‘are censing unit (H. ], B. Singer ibermistor thermometer). A
frare was fuoricatad to rold the General Motors and Francis Acssociates

T units so that their respective temperature sensors would be not mcre
tl-an one-balf inch from the Singer therrmometer.

Since all temperafture sensors were located within a small re-
on, nen=uniform iy of temperatures within the test tank could be 1znor-
¢ Tle pressure insens tive Singer thermometer eliminated the need
for tpzoretical caleulations in determining the actual chan e of tark tem -
cra.ure dus to pressurization,

Termoerature rec.dings were taken from the BT u ils and the
Caser temperature senscr at atmospheric pressure. The tank precsire
/a0 theo increased to 65(C psi and the temperature readincs repeaic

The change in temperature indicated by the Siner unit wos
wpared to the temperature changzes indicated by the BT units to ~tve
formaticn as to the effects of pressure on the BT thermistors
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FIGURE 10 - BT SUPPORT FRAME FOR PRESSURE EFFECTS TEST
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hor istor of the G. M. BT unit must therefore ce less than the posst le

3. Results |

e s

Hycrostatic pressures to 550 psi produ e negliy vle temperature
set.sin- ercors in the expendable 3Ts

Ircreasing the bdih preszure to 650 psi resulted in a water tem-
arature Licrease of 0. 17°C, as indicated by both the Sinzer thermometer
¢ the G M. Expendable BT ucit.  Any effects of prescure on the

‘itiental error {(approximately 0. 02°C) invclved in testing

Xper
. The Francis Expendabe BT unit indica ed a temperaiure chan e
f 107°C, a dfference of 0. 01 “C from the temperature indicated by the
in-er thecmometer. Adding the error indicated by the I'rancis BT to
thz possible experimeantal e"f‘Ol *eou.ts in a makimum pocsible pressure
nduced temperature error of 0 03 “c. Anerro- of this raarnitude cai be
:u.;)u.«:red ne ligible when compared to the + 0. 20°C BT a “caracy require -
meant

Troubles in the temperature circuit of the Basic Devices, Inc
it precluded any determinaticn of its pressure sensitiv.ty




i sSINKK RA i
\ Procedure
3oth General Motors and Francis Asscociates rely on a knowl
ed f the rate at which their BTs will sink to provide a correlat
,_ tween the instantaneou lepth of the BT and the elapsed time after ti
3 BT 15 entere the wate Since 1 id be econ« ically impractic
t VLG L1 1litbra sch BT unit in produd lots to deter: ¢
e~denth rela ship for the unit, the | 18t Le for
edict ie w.t resSpe( {0 Si ra f they Ire (O aintain the specili 4
3ocuracy 1n i me uretnent ¢ 1 eat r 2% of actual ot %
ever is > r) K
SO M hang sink rate will o as the BT unit le
ts zerc launchino veloeity and as the deployment of o
31 conducting wire reduces the BT mass
Since the number of variakles invoived in relating tume 10 ceptl
are many, L.¢ BT flow characteristics, weight variation between units
> {1 as wire loyed. launch >iht, wave helgzht, sul
{ac sater tu ilence density, etc only the apparent a jor
i areas were gelected for involvement in evaiuation of the exne i
concept The factors selected for experimental analysis clude

Termin BT velocity
o Uniformity for a single uni

Consistency between different units of the same 13
[tine lor depth) reyuired to achieve terminal velocity
ffeg i reduced mass due to wire deployment

Fifes [ variat in launeh helisht

ina e lL.aooralory Undersea weapons Test 3
tormi sink rate tests on the expendable BT: i
13 le dee feet 1n diameter, and has le platd
’ curately placed at any desired water dept
al €Nt e ces were constructed to reiease the expendalbile

B o o control of solenoid actuated release mechanisms I'ri
were provided to accurately determine the time at

vhich the 071 eft the launching platforn A hydrophone wgs mounie

t ywvabile platd 10 detect the acoustic sional cenerated when

t the tfor surface \n electronie counter with a 1 MC ti




base was set to start counting on the triggering impulse provided as tie
BT left the launch mechanism and to stop counting upon receipt of ine
nydrophone signal,

By this method an accurate indication of the time required for
the BT to fall through a known distance was achieved. System response
tests indicated an accuracy greater than +0.00C sec., equivalent to a
BT depth measurement error of less than two inches.

To determine the terminal velocity of the BT units and the vari-
ation of terminal velocity between units, three of each of the BT types
submitted for evaluation were dropped five times each through water
depths of 25, 50, 75, and 100 feet. The times reyuired to reach the re-
spective test depths were recorded and used to provide velocity data
throush analysis of the time intervals setween subseyuent depth izvels

No wire wes deployed from the BT units during the first series
of tests because the purpose of the tests was to compare termina! BT
ve locities under identical mass conditions. The effect of wire deploy-
ment was then determined by dropping each BT throu h the full iuu' test
depth with wire being deployed.

All of the wire in one BT u.it of each type was then re:: .vec
and the BT used to repeat the first seriec of drop tests to detern 1. the

change in terminal velocity due to the loss of wire mass.

A series of tests was planned in which the 3Ts would be drocpad
from varyins heights to determine the effect of water surface unoact
ipon the BTs' velocity. but the hydrophone cable was severed by a D1

it before the tests could be completed.
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Sink Hate tests performed on General Motors and
sociates Dxpendable BTs indicated thai the reguired depth
tcet or 2%} can be achieved,

i1l reguire

juire

but that the attainment of
e precise control of w

T's as well as an acc

o

weight and dimens

irate analysis

3 Oof the

1\.“'
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daviagion

e velocity
le unit in
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variation

terminal
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WeE )

Fhe degree of ‘erminal velocity ¢
inits wouid be betier than that indiecated
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10its was relatively minor, some error was induced in subsejuent
ests due to changes in flow characteristics in the case of damaged Bls

The maximum terrainal velocity varistion netwzen jdeniical 3T
inits was less than 4%, '[c meat the depta specificatior of 22% accu-
racy, it may be necessary to correct for the effect of riass reduction
due to signal wire deployment, launch height, and ‘0 pracisely index the
instant of impact., The limit of the effects of n=siiu ccnditions on the
terminal velocity are not precisely snown at tiis time

These tests were performed in fresh wate:; a slightly difierent
terminal velocity is anticipated in sait water. The resoective ET manu-
facturers are presently engaged in further exferimentzl and theoretical
analyses of sink rate characteristics. Until f nal time-depth relation-
ships nave been submitted by the manufacture °s, taorcugh analysis of
depth accuracy paramete s is beyond the scop2 of the present evaluation
orogram. Some additional indication of BT depth accuracy is provided
oy the field evaluation phases ¢f this report.
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Sines the data r¢cording units supplied by ©. M. and Francis
Agsociates ar: not nececsarily simi to the 2quipment which will be
uged in conju ton with procduction BTz, precsautions were taken 1o in
sure that fluc s in shipoocard powzar sup>ly would not be detri-
nental to the diia recording process. Line voltage regulation to 117

= 1v znd frequency regu.aiion 10 60 cps + 0. 1 cps were provided for
the Francis recorder “he synchronous moaior chart drive of the
“rancis recorcer cause chart speed to be directly dependent upen
ire fraquency and thus cepth {(timins) accuracy is directly dependent
on the freguenecy regulation available cn board a given ship., The
2. M. recor provides timing lires which eare independent of line

e 1001 O\
4 LGAT LY

Since the major purpose of the field evaluation program was o
provide data on the accuracy of temperziure-cepth profiles produced
3y the expendal i2 BTs, most tests werz concucted on station where a
reliable temps: ature-de 3th profile supplied by Nansen casts could be
compared to the BT dat: A region of relatively stable temperature
renditiong was selected ag a test station Tre expendable BTs were
ested over 2 1t ree~hour period withh Nansen casts taken beforz and
afler the 3t period to provide data on the temperature stability of the
vater mass, Seven G, M, BTs, seven Francis Associates BTs, and
hree Bagic Desice BTs were deployed duringz this time interval

m

Tre remaining BT units were desloyed from the GILLISS at
12 5 knots 1o provide data on underway cperztion. Three Francis uni:s
ind three G M units were deployed during a fifteen-minute period be -
‘ore the GILLISS was scaeduled to take an oceanographic station. The
iwderway tests were corducted on the edge of the Gulf Stream in a re-
jion of sharp thermocl es. All BTs were deployed within three nauti-
sal miles and one-half hour of a reference Nansen cast station. The
data provided by the expandable BTs in the uaderway tests was not ex
pectad to agree exactly with Nansen cast cata because of the relatively
ar stable water temperatures. The data was used to analyze BT indi-
cztion of a shap thermoeline «nd to check general correlation with
ywesuma 1y sicble deep water wwmoerafures

J
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B71 tests conducted wth the GILLISS a1ove-to
relations between GM and Fraacis BT and Narn-
accuracy ranges speec fied for the expendable
the designed rnaximuin operating depth of 150
s provided accurate data to over 700 feet be-
1e erratic, e tzmperature traces produce:
ich did noi cperatz correctly to full rated dep:h
wrature profilzs down to 2 poirt on the trace

1 was sharply dej lected and showec highly 21 -
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renge. Only one of the 3
in cperating to the full 1500 foot depth. The
wed & characteristic sharp offset in the tem- '
s ranging fror 400 feet to 1100 feet. When the
on~station, wire frora the shipboard cable cian- ]
n the water surface ir small coils which meay
he wirz was pulled ceneath the sea surface
bv kinking of the signal caole would explain the
1its noticed on most of the Francis BT temper:.-
ETs ave deployzd from the shipboard cable
rmation of loops in the wire and thus the pro-
n festing should not be present wheun vnderwa; .
by the fact that all ihree of the Francis BTs
12. 5 knots achieved 1500 foot recording depthis

ng of the Fran ":".
wr a limited den

proble ns.

r:e Basi: Device expendable BTs tested on-station did
rusaful cata, Althoush the units appezred to operate 4
st:d or dzclk, the deployved units produced femperature L,

3 peary g no relationsiip to the conditions actually

20d G expendable 3Ts wer? also deployed at a specd 1
iy determ ne underway cperatioaal characteristics. Al 1

<¢'s un' ts used underway produced temperature pro-

ated :atisfactorily with a MNansen cast taken later in

w

e

wment of the CIV. 3T units revealed a preobler
ble continuity as the BT units impaced on the
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wsater surface. Of the three GM units iested underwey. only one unit

coatinued to transmit tempereture signale a2iter launcaing., It is se-
.ieved that the signal failures were caused by 2xcessiv “es
tn the region where the 377 znd shipdoard cables are o red and coanset-

:d to a surface float unit,

saplLe 3ires

Low speed test resul's are presented in Table [ and the sample
=xpendable BT temperature profiles,
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A, Procedure
Expeniable BT tests covered carlier in this report had been

concerned primarily with concept feasibility. Units developed by Gen:r-
al MVotors and by Francis Associates dernonstrated the ability to produc:
acecurate temperature profiles at low to moderate speeds, though som:2
oroblems tended to limi: overall performance. A second series of fizld
tests, involving higher ¢perating speeds and more severe environmer a
sonditions, was conduct:d to provide further information on the overs.l
capabilities of the BT s:stems.

At present, the e is no capability for accurate deterriination of
temoerature profiles while operating at high speeds (20-30 knots), al-
though an accu 'wte deter miration of the ocean temperature profile, io-
scmparison purposaes, ¢ould have been obizired from reversing thermo
maters, vessel scheduling limited the high-speed testing phase to the use
f a T. S Nav’ Destroyzr onz ''not to interfere’ basis with the limited
cemparison dia‘a supplied ¢y mechanical BETs and salt water injection
temperature veadings,

Previous field ¢2sting indicated that radical departures from ic-
svrate tempersature profiles would be acecrpenied by erratic recording
of expendable BT data (ree sample BT traces, pgs. __39 anc _ 40 )
Ana'ysis of the BT data was therefore bzsad on the continuity of tenmipcr -
tuce profiles and on con parison of traces obizined by several expendable
3", all dropped during a short time intarval. Although no absolute de
e "mination of the existiag ocean termperaivre structure was riade, an-
alysis of the evpencable BT traces with ref2rence to information cbtain-
ac during prev ous teste provided a gocd indication of high speed operi-
:ional charactevistics,

Prior o the teet, Tive of the origirally submitted type 'E" {shif~
beard power suoply) and two of the type "A' (self-contained power zuo-
ply) eipendabls BT units were returred to Gereral Motors at ‘heir re-
qu2et. These 1 nits wer: subsequently modified to provide imoroved sig-
nal cable contituity. Modifications congisted of rounding off the edges of
the surface float (F.g, 3 pg. %) and providing a protective sieath of
plastic tubing arourd the signal cable in the region where the shipboari
and ~ I gignal cables are connected to the float, In addition, 2 short
lergih of protected signal cable frecm the shipboard cable bail was coilzc
wihin the float unit to pertially absorb water surface impaet shock, fix

additional type "'B' units were supplied to bring the total number of




speed testing to thirteen., Elev:
3 "Xpt—‘ wdable Bls, xluding six new units, were als

utilized during this test phase.

ava lz ’h*“x]".x':

The exnendable 3Ts, their associaied recording and launchin
equipment, and various items of test equipment were loaded on boarc
the USS SAUFLEY (DD 455) in New York. The BT recorders were set
up in the SAUF1.EY's torpedo room, locatec approximately amidships o
the rmain deck. “he Francis Associaies expendable BT launching tube
was mounted directly opposite the po"" £ rnndf* rocm hatch, with the tuhe
facing 45 degre.s forward {rom the siern and depressed 45 de .rees {ron
the h.r‘t ontal, Calbrat.on checks were mace on the strip chart record
er supplied Er; i f‘s-_rwc;.;ves. and on General Motors' oscillograp
Both 37T sigr 2 onn the ship's 110 voit, 60 cvel
power supnly 1 isolat.on ira Kfcr":- r was provided for use with
Franc sirin chart recordar, but was found not t¢ He neces
sary for satisfact

The ship’s power was continuously mcnitored during the BT
ite. Line [requency was found ic be regulated to 60 cps 0.5 cps;
1led within a range of 112 ‘J("l"., 0-'3 voltq The t’r;, cta‘

c anges of 113 vc lts + d) Volts,, and 60 eps *5 cps w xthuu advers:>
efiect upon data accurac), Since the synchronous chart drive motor i
rancis Associaies’ recorder relates chart spzed directly tc line fre
quency, the +0.5 ¢ps deviaiions in the ship's power supply would pro-
duce errors up o * 0,8 per cent in the BT trace depth acecurcey.

~

Asg in previous tasts. Ge

ne ors BT units were launched b
throwing the coinecied ET and surface £

C

:\

‘ar outboard as possiblz
nY

e~ over the ship's side. The
wyed through the Francis Associ-

vhile holding iz shipboarc cabl
Francis Agsceintes BT units wers
ates launching {ube

'

ALl Fraoncie Associates BT units wers equipped with a three-
ductor signal cable, one of the conductors being used as a ground retu-n
Provizion has b2en made in the Francis Associates BT system: to elimi
rate the third conductor Hy using a sea water return from tm- >] anit "o
the srip's ground, The ‘wo-wire mode of operation has the advantage of
reducad BT cost and provides automatie recorder operation by triggering
the recorder chart drive when the BT unit makes contact with the wate
surface. PBoth the fwo-wire and the thr2e-wire modes of operation we e
tested,

"‘.:2"




e
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Vi

ert

o vendable B7's were testec over a six-day period at vary-

enc in varyirg sea states, initial testing was conducted at
1 ¢ . seas. Because the US3 SAUFLEY's operational schac-
invoive subscguent high-speed operation, all remaining tests
orired at spea s below twenty knots. The sea remained rela

n uni  the las cay of testing, when conditions up to sea state
et vintered

1EL7Eis

of dat: was based primarily on comparison of multiple

ed duriig short time int2rvals and on observiation of ex-
eha  ior. Any aprea-zrce of highly erratic behavior
rzce was jud; ed to terninate the useful portion d the tempera-
€ hough meecnhanical BT traces and sea water inj2ction tem-
;s ware obtainec wherever posc:ible, tae dubious accuracy of
asurements rer dered them uansvitable for use in analysis of tae

e 130 traces
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1 its float intact stopp
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o

Several of the te

3 show highly erratic

avior is excrplified
antly norraal trace, f
lecth, TThe roise oo
rp random < sclaceme
)y interrmitient shorti
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15

00 foot designad

bility of the new General

modified older un

ey
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no

5 and thke older
dels to provide g

rion, The only d
onits was the gre

float of the newer

hat the

rontinuity at the su
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problem, The s

f signal eable in u
float produces a ¢
~ce ig applied to the fiocat. The floats of iwo of
were removed and
f the float units we
operating speeds.

1d
od

385 feet, The ¢
cperating upon

nperature profiles
signal behavior., |
v 3 high noise leve
llowed by sharp tr
rrring .n thece trac

ni

o
o

& of varying amg
of the signal eab

new urits o

C «nd the BT probes sink =t
nuwn recording rate for any
:“C par foot of depth. Sye

the thermistor of ¢ Francis

~2¢, showed that the recorc-
ate to any step r

sistance change ard indi-
i little or no overshioot,

;p2adable BT units perforr -
:zt2d during Phase V of th:
ems were still present, 3s
e cf three units tested at 20
arcugh B36) General Motors
depth at a ship spead of 15
Viotors units was, in gener-
its {see Table IV, ’g. 47 .
inits had been mod:fied from
rectar signal calble protec:
fi2rence between the new

~ter length of protecied sigi-

8Ts. The results of tais
ut serformed the older ET:.

faze float junction. however,

1.220ard and BT urit cable
deir'way oparation, but at-
ondition where the cable

the BT uniis were deplovei
re responsible for some of
Tle two units attained

ne 1nit deployed at 25 knots
irpact with the water surface .

o>:ained with General Motors

L most cases; this erratic
stperimposed upon an ap-

wee displacements at great

2g is actually a series of

liztcde and could be explain

‘e tarough small leaks in tue

le ingulatich. Sharp permanant trace displecements would more
>eélly be caived by conplete resistance breakdowns or by actual part-

of the gign:l cable




7iite e o @varn in casac 1ere the air tamperature c i
ers ! surface w emoerzfurs,. Since the therms
k S nsts i Gerneral llotors BT units is appreximaitely
), O pe 1 licatiol stgniancous temperature
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threw the BT and surfa:e float overbozxrd In foul weather. as exper
31 ¢ on the {inal dav o testinz, the harql launchiag procedur: becarr

hozardous due to slipnery footings aad ogscasional flooding of Ve det

e g of high speed field #eting are presented in Table
[V and the sa le axperdable BT jermpa~:ture profiles
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L ESTING

diGH=-SPEED TE37" RESULTS

ih.’:) b. G
vy X377 Terial sSpeed Sea Operaing
O, vifgr, Mo, Knotg) State Deptt (Ft) Remarks
30_July 1314
1 Francis A=31 25 NIL 1360 3-wire operation
‘ Frrancis A-24 5! 1439 3=-wire operation
g Frarc A=25 " 75 2-wire operation
‘ Fr A~28 = 340 3-wire opsration
(®)
O
: Gli B-13 plin n > Old Unit
( Gl G- 14 b5 0 459 Old Unit - Float [ e rioved
e
| Francis A-32 3 =9 1150 2-wire oceration
{ Francis A«17 ﬂ % : €30 2-wire operation
¢ Francis A-173 3 Wi 41) 2-wire operaticil
10 Sl B-1& " 335 Old Unit « F'loat t'2 noved
Shiniy s
11 GM B-18 15 NIL 3 Old Unit
i TR
12 Gl B=15 15 NIL 210 Old Unit
3 GN. B=31 15 1509 New Unit
<4 Gl B- 35 15 ) New Unit
S G A-2 1o =1 ‘: 153 Old Unit
& Gl  A-1 8 £ 1509 Old Unit
s
4 Avgust 1334
7 Ghv Be 38 15 State 5 1032 New Unit
g Gl B 34 13 37 New Unit
9 Gl B~ 32 18 = 1500 New Unit
a( Gl B 3¢ 8 2 1500 New Unit
- X
21 Franc s A-154 13 M- 1020 2-wire operation
22 Franc's A-177 18 &% 840 2-wire operation
23 Franc s A-15C 18 W 410 2-wire operation
o4 Francis A-142 18 1310 2-wire operation

4=
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[tem
30

31

32

2
€0

34

36

A

3l

L._.A_....__..______________M

# Quantity
1

2

LCescription
Hydrophone: U.S
SB~-134C.

sSonics ¢

2rp

Mercury-Glass Thermomeier:

Scientific Co.: -
crements: Total ‘m
and readable to X 0
1C3292 and 1C3362

Laboraiory Standarc

Unsaturated .zhoras

volts: Accuracy - +
Frequenecy Changer:
100C:
Stebility - 60cps
by test (input fre.ue

Used es Fregu
+0.05¢p: for

1 3
to 51°C i1 0

mers i ¢
ne ~r . e
023%¢ ne:
i Cell: Sop

ory ot
0. 005
oorel s¢

ency

ncy varied

cps, input voltage varied from

\.‘, Ix-, C( )

£.C., Voltage Regulator o T
30008: 117 volts X 0.1 voit

Telemetering Thermistor Ther
F. R, B. Singer Co, Model U210

trzted and repzaiab

Oceanograpaic Regearch

GILLISS (AGOR-4)

U, S. Naval Ordrance Lzboratory

Undersea Weapors

cecp, 80 feet ciaine
rerged platform w
tank depth to wi
vawer filled.

4 g8 B9

Fabricated Equipment

1

Supporiing Frame
riesh hardware ¢ ot
of BT units in re

W

“permal Responsa

le to *+0, 02

fest Ttk
ter, 31
ich ca be
+one- 2l
Fabricztecs

h to meo.inte

ulated e 1 pz:

A L -
lTest Stanc-

Suppert Stand o produce 237ps

Francis BT units «
BT Eelease Mectan
Solenoid activated r
counter triggering =
raie iesting

Suppert Stand - Frame

unn'te and referenc

Solenoid zctu

isms n | ":‘
lease mew
switeh for

e

Regulat

Mod:1
Fighat
1‘:)"
dibrate
al Ncs
ay Co. !
31928
Loan F ‘i
tion Source
10 minuies
from 5 66
105 1o 125
sen [loce
10Mme
;Ii‘ cali-
C
USINE
0C fze
- 1549
Y t any
ch resh
0!
1 positio
Ature t
ozzle znd
low past
awed v l"f‘
nteo! Uni
u S¢€ K
cte i L}




? ‘ ) ty Description

thermisiors iocated within one-halil incr of
reference serzor -~ uased in determination
of efiect ¢f Hhressire on thermistors

3 pole 5 position swiftch boxes - uszd to
select BT units for temperature Testing
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)R MANCE SPECIFICATIONS FOR A

ENDABLE BATHYTHAERMOGRAPH

~

ts in tk2 cceanographic community for the design aw

) € vely inezpensive expendable bathythermogrean
el rom ships while vnderway. Such a device aatl
1 ASWEPS Program by both fleet tactical sho

ips opportunity , in the ASWEPS Synoptic letwo
\ noed zld have the capebility of telemat
to 1,500 feet a! ship

ft. ). The sersor o

a
L ¢y should be such tha
‘ to ASWEPS, Associa e
3 ) ronic » and record the datz shou d
inc econo ik should not degrare sz
. 1 2d o111 be designed fo~ com

; shi and svace available, for nstall:
icaticas onlv, and for operation without intevie rent

wipe dable bathythermogranh should be designed to maet fro

1, 530C fees 2t 20 knots
o3 0 to 1,300 feet, #2% or 15 ft
whictever is greaier

y I3 (2] 0" io

i ™
reater than 0, 15 sec.

t ie @3 fed 1 the system will al“imately be compos
101" @ 853 3: the ga2nsor package anc trailing wire assern
v electronies and recording assembly, ard the launching equipment,

. we the BT wiil be launched from ships at speeds up to 20
nots, it is meidered imperative that the cink rate be high (18 to 20
f:) in o dzr o limit the length of wire which must be trailed from tie

~56=
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APFENDIX II

TEST FLAN
EXPENDABLE BATHYTHERMOGRAZPH (ET)

The objective cf this test plan is to deterinine the overall opera-
tional capability of the Experdable Bathythern.ograph Laboratory and
field tests have been desigied tc determine its accuracy, repeatability,
and reliability. Test resulis shall _e compared with published specifi-
cations. Tests shall consist of the following

Temperaturas

"‘hermal Response

Pressure Effects oan Thermistors
Impact Shock

Cink Rate

Field Tests

S U o Wt

Facilities to be used:

NAVOCEANO Instrumentation Divisicn Laboraiory
Navel Ordnance Laboraiory Tast Tower
Ship capable of 30 knots

Equipment to be used:

Two AMINCO portablie teingerature baths, range -29° to 71"‘C‘ ac-
curacy + 0. 19C.

One Hydrophone with amplifier

Mercury in glass stancari thermometers, range -1 1o 40°C with
0.1°C scale units.

One digital voltmeter

One digital ohmmete:

One recorder {Brush Mark 230 or eyunivalent)

On¢ hydrostatic pressure tank with electrical lead-in {or tests to
620 psig.

Orz electronic ccunter

Onz2 DC power supply

Farricated switch boies, BT rack and release mechanism,

Miscellaneous hardware

1 Absolute Tamperature
A test for system accuracy including expe ndable it, recorder,

3
“

nterconnecting cable will ke r




Purpose: To determine sysier accuracy and repeaiabilivy over ire
specified temperature range.

Syncopsis: Expendable uuits to pe tested shall be totally immersed )
t P :
in the Aminco controlled temperatire bath., Connection te the recorder
X shall 2 rade via the interccnrecting cable

Bach unit shall be subjected {0 three temperature cycles over the
range from 0° to 36°C. Temperature readings shall be taken at incra-
ments of 5°C with three readirgs at increasir g temperature and iaree
at decreasing temperature Reacings shall b2 recorded for comparisoa
with specifications

a. Equipment

Aminco Batih
0t ~‘£0°C thermomete
Digital DC voltmeier:
Switceh boxes

BT rack

“recision DC powe

£9C

. graduations

-

suboly
b. Procedure - (BTs are tc be numbered I to 10)

Five BTs of a single rmaawaciurer are to o¢ in bath at the
same time froom in bath 8 available, add.tional lots are to be plac-
ed in the bath at the same tirne B3Ts are to be separated by rack fo
allow free circulation of coola Thermormeter is to be fully immers
ed and 1o be read to 025°C itehing from one unit to another is to

1

be accomplished by a switch b ind readinge are to be taken as cloze
ly together as possivle Dependinyg upon the design of the BT readou:
will be either volls or resistance as indicated by current and voltage

Bath temperature at beginning and end of eacnh 1ot of 5 BTs is to be

recorded Readings of B ot at approxiiaiely .'>OC intarvals from
0 to af are tc be recorced. A total of six ruus are to be made with
each lot {or lots) three at incrcasin: and three at decreasing tempera-
tures in clternating cycle

I'ne readings of output will be as indicated by the recording or
indicatir -~ equipment as sup ( o1 recommended by the manufact:
er. Yu the even: that this is t sossible, readings will be of voltage

or resistance taken after all expendable wiring aad ¢irecitry,

The BT supoortin ack may be fabricated of heavy (1/2
squa '(‘5\ hardware ciotn wit appropriate open ge ¢utl in it to su \p‘)r‘
the ETs in a natural verti pPOsiti S ace y &8 {0 insure free cir

culatior




(e

"ba zyiteh box will be consiructed s0 as to allow corvenient
svitching of s gnal from, and if naeded, supply voltage to the entire
ependable unit, for each of the lot of 5 exoendable units,

30~
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ate Precenta’ ion:

‘he final data w~ill be displayzd s fcllows:

Sheet &

—tio

(Title ~ EXPENDABLE BT (MFGR. ) Taken By (Name]

Fheg= ABSOLUTE TEMPERATIRE Date !

N BT el e S Sl i i iE
J ;
I ath N 2 t 3 * 5
pERRE T SRR W TR ETL e i STt 9 =
J ire Lrror) =
= ea] Pt el S U SIS e T R TV S R
a !
hoch =i = N e |

'ha :atz will tten be reduced tc yield (in C°)

a Maximam error
b. Averzge error

e

[he reduced data summary will be taoulated as follows:

Sheet #

(Title) __EXPENDABLE BT Cale, By (Name)

‘hase: 1 SUMMAEFY OF AESOLUTE Date ( )
TEMPERATURE TEST

3
< Miaz ETE IR A
e g l
Srron Doy G | Francis] B [
Viax . maum [ P | S
| Averase e e R

s S~ ——— e e e et Sl e S < o S . s i, i

'; In addition to the above numerical data any personal cbserva-
\ ticne mede cur ng the test relative to stability, simplicity, reliability
enifor eny otter factor of possible use in the evaluation of any of the
tn te fested should be noted on a separate sheet of paper including the

wGle




1z te and narae of observar and sheould -e indexed to the particular date

io which i epslies and i3 fo be attached {0 the final dafa sheet

If anv of t1e data indicates a consisient error of greater than
« 0.2°C, ‘he test is to ke recun with the supplied or recommendzd re:
cording evuipment replaced by the precision iastruments as dzemned
7 by tae evperinenter to accurately evaluate the expercabiz
ooriions precision,

=
m
)
P
g

".«

[
3

ermal Hesponse

Purpose To determine the temperature time constant of “he

Svynops.s: Each unit shall be placed in a room temperatur: baib

alloved tc reach thermel stability, and then plunged into 30°C sath
A o ot of temperature versus time shail be made to egtablish a re-

3j onse curve. The theimistors shall reacs 63 percent of 30°0 with-
in 0.15 second {{ime constant).

£ i quiniaent

Faccerder ‘Bruch Mark 280 or equiva ent)
Precizion DC power supplyD
(h = 40”C thermometer .1 C div. (RQD)

b Frocedure:

mach 3T of each manufacturer will be allowed to stabilize at
rcon feraperaure. Thae unit under test will be wetted in a rcom
te ape~ature sath, remcved and 30 seconds later plunged into the
amineco bath at approximately 20°C., The readout shall be via ite re-
cording e uiprient supplied or recomrniendad by the manufacturer, II
th.s is 10t posaible, readout will be via the Brush recorder. The
fime consgtant shall be taken to be the ‘irae necessary to respond io
5:% of the tamperature differential beiwzen the air temperatire and
the bath t:mpe ~ature, Care should be taker to insure that the record-
ir 2 2quipmen: or necesrary amplifiers go not degrade the time con
gtart

The dota sha!l he recorded as follows:

. .62-




Sheet #

Title) EAPENDABLE BT Taken By ( |}

Frase THERMAL RESPONSE Date ( )
ST A e —""T"'-“'_—"V——""'°"—T' L 1 S v oy
i N T 3 |4 5 ;
ot S S SR N NSRS (S R . S E ! N
| {Time constant in 32conds) i
i . A L o I i
‘ i , 1
. - - - _;. - 1 1 _— - — -
< el = i 1 R
L : cates a time constaat of over 0. 15 sec., ad-
d.ti ! ( be necessary to determine whetic » or
not 1 uted to the recording egtvipment. To check this
the supplied omn ended recording devices will be replacad by
tre Brush eqgi oment and the test will be rerun.

tn adition, any personal observations as outlined in the cbsolue

ter peratur: ' section will be handled according to the procedures

Siaiec aorel
3 rressure Effects:

Furrose: To determine the effacts of pressure on temperature.

Syneps Lo One each of the expendable portion of a particular maau-
30 3hall be suzjected to this test. Each unit shall ba placac

——
-
v
m oo
i
V)

i1¢ prezsure ank at & pressure of 550 psi and temperatures raonitored,
Aftar the t »rature las stabilized, pressuare shall be relieved in in-

lonitor readout tnit fcr temperature to detern.ine 3

~
"W

)
- =
-

) psi.

T

ressure bom
hermometer calibrating tanik

). Frocedure:
Ona 1.7 of each maanufacturer is to b2 placed in the pressure

borpio indvidu ily, Pressure is to Le raised to 650 psi and me ntain:d.
s . . & ¥ ( 1 . .
Tank temperz ure is to be maintained at 20 ’C for 1 hour at which tire

n63e




_F_,-,,ﬁﬁ—,«.,

30F wat is tc e recorded f irdiczted temperature is mor:
1 . T om bato emperature, the pressure shall be relievec in
100 pgl reserients and a temperature stebhilization time of 1 hour shall
o beiore indicated temperature s reccorded, The signal wir-

»of connectors
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The data is to

AR b i i A e AR e

error
£50 g

In add.tion, a
ures ttated therein,

4 trpact Shoeck:

urpose: To datar
the drooping of the exy«

£ress. :S. _G. M.

be r:corded as follows:

Francis ! Etc
- - — - ;_.__ - -
]

1y personal chservations
solute femperature '’ geiion will be handled accc

riiine fthe efiect on the ope

ndable anit over the s

Syaopsis: One zach of the expendable po
rmanufacturer's uni’ shall e suojected to this
Nava! Ordaance Lasoratory shall e used for

ffach unit shill be

visually for effects of i
with tests 1 and 2. If f:
1}

test shall te mrade on a

& Byu'pment

NOL test tank
Miscellaneous
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& as ou nea |
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~tion of a particu

test. The ie owel

thls tect

droppad ia free fall from
Thres drops sha'l be made. After test, the t

npact and shell be ret

.ilure occurs in the in
wther unit

l1arcware
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ted for con anc
ial unit zelec
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Jne ¢
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o Ut

Slact
iydr
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18 L€

ach, of the expendable nortion, of each manufzciurer's

opped from a 30 foot height into the water. Tre unit

‘2d to prevent complete fall to tank bottom (and ccusing

thermisior}, Three drops cer unit are to be made an:
~h angle and attitude should be performed., Care is ic

. handling of the urits suct that no damage should re-

that 28 a possible result ¢f the drop testing.

nspeciion and observat on, and retesting in accordasee
2 shall be performed.

i s iz 10
.ccordaace with the preocedure as outlired in step | (L. e

srature section)

retest data is 1o be presanted as desecribed in the respaet

To dete ~mine the rate of descent and depth accuracy of
BT.

Two expendable BTs of a particular manufacturer shall
> this tes The test tower af Naval Ordnance Lzhorzfory

cr this tast

n2ll be dropoed into the water and allowed to stk the
tower (100 feet), An electronic timer shall be switca

re time the BT is droppad. As the unit sinks, readinis
taken whan the unit strikes the platform. A toial of

I be mzce with each unit and the times of descernt re-

mes shell be averagad to give the sink rate anc accur-

ndable wire is then o be remcoved and the tesi oru

nent:

test tank

‘onic Counter
phone ard amplifier
se mechenism and hardware
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freu
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Coe!
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be released at the waler surface by the relezse
furn, triggers the counter which couris irs

wney., Upon impect with the bottom platiorm

re3)

itehied off by the hydropiione. The platform is then

25, 50, 75, and 1C0 foot depths) and th: fest

each manufacture =) will he dropped {ive times

es averaged. Thi: procedure is then to be re-
1ble wire removec from the unit.

iil be made of the laieral distance each ET
nt.

s

be dzployed durin: this test,

will be presented us follows:
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