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ABSTflACT

Expendabl.e battiythermOgraphs (BTs ) submitted by General ‘ñctcrs ,
Inc . and Francis Associates, Inc0 ~were tested to determine the .e~-
perature indication accuracie s attainable from thE ir thermistor-orid ge
temperature sensing circuits and the depth accuracy obtainable from
their procedure of utilizing a known BT sink rate to determine j r st ir-

taneous depth.
/

An expendable BT unit ~;j ~~ ~ ~L f lT~ temperaiure sensor End a
built in pressure transducer wa~ subrnft~~ by Basic L~ev~ces , Inc. • but
malfunctions within the unit limite d the extent of e valuation .

Laboratory and field ~~~ft::~ :rcvi~ ed i~ifo~ mation s~1ficie ri t for c .
evaluation of the technical f~a . sLiUt~ ~~ the e~~ e~it able BT conce~j L: r ?~d
also provided some indica~. ..~ r~ o~ o p erL . i o~1rJ C~~pa; 1~ L~ i-~~:. .
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FOR E WOR D

Expendable bathythermc graphs th~ts far evaluate d by this Office
were pre?roduCtiOn unit s ~~i .imi tte d b~ the Packard Electric Division of
(- -~ ieral Motors Corporat~cn and Francis As oc~iates , l rc  T~ie~-e :3Ts
r r e  ssen tiaily simila r .ii ccnze t . corisistiri -’ of com p a c t , strc a n m e d
t ist i  ume nt vehicle s desL~ ie~ oo ~ irik a’: a C u  ~~ant ra t~ ‘- - i j i l e r~~i n ou t
a fin~ electr~ca~ cable f i o :~ a b aj ~ Ic ci te~ . ‘- ‘i hin t~~- ins~rumeri  o-Iy

th rnxistor locate d at the nose of the i~ sfr n rna n ~ se~ s-~s the oc~ an
i~-mperature and re gu~ate t ~ a cor~.-espo d’~~g C . c. £v~:1al which is -r -~ns-

tt,-d -~ck ‘o re cor -d ir i : - , i r s  ~: tr oents -: - b- -~~ d ship via ~L~o depicyC d ~l~c —

I - I ca - le. Wire is ~~~ ~ i~’~ c out f : - o :~ ~ecor d oi~ on boar t:~e

~~~ ~o ~ 1jw the w~re to re:~iaLn e~ sen jail’: atjc—~~;~ in the o\’a.er as
il p n-o~resses alohg i~ :; :o ~r:;e

~t ~eri.~ture signal reaiout u sir ~ e t~~t~~ i .on c: ~ rss t s of a strip
cnar .-ecord~r located ‘~ i U c ar d  the ship Si: ~ e t io  velocity of ‘ie sen-

c~ veh ic l~e t~ir ou~~ the -~vater is eEsentiafly -~~ sta ’:t . a relationship be-
:ee-i d c j . t h  and time is e ; t i ~ ~j s c d  j .r 1 thus  the t :~~ e ax.s of the record—

~ chart is directt y re lated ic~ 0k r , t c~. .\ 1-a t g~ scale ‘e’pe ratur~ -depth
Ii ~ n- the wa- :~ r s u i f a  ~ :- down to 1 ~OO ~~t i - - , r ’)~~iced in ~ss

~ n .wo rn iimte s fr-nr  t ~e ti u i u  if BT ~~ ~ h ng w~~i~ t~~ ship r n u ri s
•~~ e( ur E~’ a~:J maintains spe ~c(s - : ~~ to - We - t y  knots

~ prototype ex~ encIa~fl J3~ :~~~ ‘p . - r : .’ t .~ r r :~ ~~-r-: - t ran-;-~: ~er
z r ~ l iavir  ~ all. e lect— ~cal cTh ~e C - :  Oy€- l f~~: i: :h~~~ 1 )  ~ - s  de~ ci- J

cu~ ~ ubtc itte d y- Basic ) vi  ~ -s , Inc. , b , t i-~ tole - -  un the 1 - r pe ’ —

Lire s er sj r u ~ c ;r c i . i I  ne :-es; tatc d ret ni : L~~ u -  ft :c~ ~~~~~~ f~:r -

- eer  f~ rnodificat~cn Ihe n c -  . LILL CI i t _ i t s  v-crc L - t  1 ?t  n ned in t t - ~ ie

~T t  1 j c r ~ tory  anaI~~sr s .  i i’fl d te~~t n :  :-ro~~idc • n~~ : - c : - - — t  ~i a i  f )r
-b - - t i ;  at ~u of the Ba~~ic l)e v e c ~ d~- ~ l l f l r  op~~t : t t ing  c- 1:a :’: c  e i n —

~Io~ -?xpe ndable nati y h -~r n :  -~ra lo oval s Lion cond i te ct by t : is Cf—
I :c~. ía ~ concerne d pr in -a-iLr  ‘v :n ai ongine ring concept , rathe - ‘  than
~~ ü rat~~ n~- l  production de .‘ice Lahorator , tes~~~~ included s~ ici ies

te .\~~)-ath.~e accurac-> . th~x’mil response itue , t i e  effects of r e s—
t - rc.. ur u t~~- t emperature n o :s c r s , and un i f- u- m it - of sink rate Fie ld

.h~ expendable I at l iyth- ~r rno~ raphs •- ‘a s ~e 7~~ormod to p 7 0 - i d e
~i Or ‘—~a :  0 ’ -  ~n e at Lo~ a~ c ~n ra cteristic s.

~ i.
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~ Procodu;’e

Five u t T i S of each ~‘r type n ero utilized f•j r laboratory eva1i~~
tior of the e~~m~-labie bathy1herrao~~aiih cencept~ The unit ; on ginal. >
sub nitteci by Bagie DevLees, Inc., Idle-I to function properly and wete
r~ t rued to t h e  iianuiacture r for mcdi~bat icn of the temperature ser ~~

-

in g circuit; howi~~c:r , the modified uciii s we re not retur ned ~n suffic ie it
t i rn -~ for iabcru ’c ’ v  evaLuation prior tc- ~~ issuance of this report ‘!he

r-~r~ airiin g BT un i t s , five each of -:hc G~~eal Mo~ors tyl )e s ‘ A ’ and 3’
uni s arid five of e Francis Associntc-s uriiis , were su jec~ied to tes~ ng
o~ t ~eir temperature se-mors and a oc~r t d  circuitry to determine il
the ~ O 20°C temporal ure accuracy desi~ eci l)~Y th~ U. S Naval Jce~r-
gi-a ~hi c Of f i c e  had been achieved,

Recording instruments sipplied ai l h the expendable BTs were
rep aced with precision digital-readout ii~tr-urnents ;o provide a bett r

— indicatior- of actual BT -~rr~ors and to fac l tate data collection -

The f ifteen BT t n h t s  wor~ piacec j r 
~~. regulated temperature

bat and comp lcn~ei y sutneerged with tap .vator . A supporting rack -v~ s
fabuicate d of hardware ~~oth to pro~~d.~ ~rce circulation around the uoits
and h separ :- te the m from the tank oo:~r e r s , coolin g coils . hieating ee-
me tr , a~ d any othe r reg ion where ion- uniform temperat ure condit i~ ns
mi. , it have i r ’r caued tt’e apparent ~rro~’~ of the ET readings . Bat t
ten )eratures were determi, .ie d ~ use ol’ a t liermistcr t rierrnometer
fri ~l , B Siti~~-r ) •  The thermomete r , calibrated before and afte r the
Ierr: ‘erature ~~~~~ was accurate a n 3  re~ eutable to + 0 , 02°C, Two :i~~r
c~ r y - g lass thermometers , calibrate d and r&adah ie to ±0 . 025 °C , v e i e
inc~ tded in the bath to provide infor nat on on un~!ormity of ~emper-o --
tur distribution,

Bath temperatures and BT r-~adirigs were taken at 5°C incre-
n e t s  over the BT op ezati : g ran : e )f 0 to 30°C, wit~’. this cycle r~~’e it-
ed three times for increasing and three time s for decreasing temper
turc s to ~~~-;~ sufficient dat , . on BT temperature r eus ing accuracy and
unif ormity b&w~cn units The Iicth wa~ aLlowed to stabilize for at
leant fi fteen  mi . ute s at each ternpet ii tux -e :est pc int before any readit gs
w o r - take n - The bath temperature .vas continuously monitored as
rca i i ~ s were take n to insure that a l l  BT ~eadi u -~s vere take n unde r
sta u le teinper at ur~ con dit ions .

Three-five position switch boxes- were fabricate d to facilitate
rapid selection of BTs for tes~i n - ,

—6 —

_ _  —--—-~~~~~~~-



The current output of the General Motors BT units was read as
a voltage drop across a precir-ion fifty ohm re sistor . A digital volt-
meter was utilized in determ ining the resultant BT voltage outp ut The
meter was checked before each test run with il-S internal calibration

• points and checked daily with a laboratory standard cell.

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

The laboratory instrumentation used in read in~- BT temperature
~:ignals was tested and found to provide a read :n ; aecuracy and re~ o1u—
t ion better than an e~ju ivalent +0. 02°C,
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B. Results

Temperature accuracy te3ts indicate that the General Motors
units  are within the sp~,cifie d error limits ( ±0. 20°C) over most of the ir
operating range, (0-30 C), and that the Francis Associates BTs can ac-
hi*’ve the specified accuracy if the manufacturer ’s cali~ration is mcdi-
f i € d .

Temperature errors f~ the General Motors type “A ” units were
wi th in  the allowable limits except at the extreme upper and lower ends of
th ’  operating range (0-30°C) From 5°C to 25°C the General Motors
ty ) es NA ” and ~~~ units gave t.~rnperat~re readings whI ch are acceptably
ci use to the specified allowable 0 20 C error if possible experimenta l
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-
aj e error limits .

General Motors supp lied a linear calibration factor to be ised
in converting the voltage output -s of the ir BT units to tempe rature read -
in ::s The application of this linear calibration factor to the inherentl y
non-linear output of the ir te nap~’rature sensing circui t  results in inc reas-
in~ errors as the extremes of the o3erating tempe rature ran e are ap-
pr oached

Temperature testing of tL e Frar~cis Associate s BT units reveal-
cc an average disagreement of about 0. 30 C between the calibration data
su pplied by the manufacturer arid the test data obtained during evaluat ion ~
A negative 0. 30°C shift of the endr e calibration curve would allow all ex-
po --imental test points to lie -~vi thin the acceptable ±0 20 °C error r~ nge
F ’ancis Associates believes that this difference was due to poor ca~ibra-
turn  on the part of the thermistor ~~anufacturer Therm istor calibration
had ~een corre cted on a second groLi p of BT unit s  submit ied at a lat~ r
da ’:e for use in field evaluation

Francis Associates compensate s for non-linear t iiermistc-r
c~aracteristics by ~alancing the the n dstor resistance against a rio~ -l ir .-
ea — resistance slidewire w ithin tlie .r record ing unit .  The resulting re-
cc rde r output is linear over ~he r ;pecified operating ;ange , but the inher-
ent error in the non -l&near slic leivire unit will increase the BT error as
s€ en from the output s ‘le of ‘the slidewire Tests conducte d on the
F- ancis recording un it showed t h i 5  increase of e”r or within  the lin€ ariz-
ing unit to be less than ~ O. 08°C .

Table I and Graphs 1, IT , and Ill pr esent  the reduced datr - from
tern perature accuracy test inh

~
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TABLE I
EXPENDABLE BATHYTHER MOGH A ~ H EVALUATION

1- hase: I. - Absolute Tern~erature Accuracy - Reduced Dat~

Taken by: W , Reid Date : 6 March 1964

Bath Temp. (°C) Av~~~~ e Absolute Temperature Error (°C)

General Motors Type ‘ A ’

ET No . A4 A? A8 A9 AlO

0 0, 15 0. 29 0 , 45 0 ,4 8 0 ,42
5 0. 15 0, 04 0.15 0,17 0 , 12
10 0. 02 0. 14 0. 03 0. 04 0 , 01
15 0.03 0, 1 1  0, 04 0, 04 0 , 02
20 0. 08 0, 05 0, 09 0, 05 0. 0-4

0, 02 0, 12 0. 03 0 , 03 0 . 04
30 0, 20 0, 3:3 0 S2 4  0,27 0 .24

F General Motors Type ‘ B ’

BT N0. Eli  B1~ E17 B19 B20

0 0, 04 0 , 13 0,06 0, 12 0, 03
5 0, 09 0 0 3  0 , 19 0, 10 0. 13
10 0, 10 0, 0-3 0, 16 0, 06 0.10
15 0 . 04 0. 00 0, 04 0, 02 0, 02
20 0, 17 0.23  0.13 0, 07 0.11
25 0, 08 0, 1 0.0 8 0, 03 0, 03
30 0.19 0, 2)  0,23  0,33 0 , 29

Francis t~ssociates~ I1I(~.

flT No. A23 A 2 -  h27 A28

0 0 ,37 0. 47 0,37 0 , 42 0 .31
5 0.32 O~ 4l 0 3 3  0,36 .0.28
10 0.28 0.3 3  0,31 0.30 0 .26
15 0. 16 0.23  0, 21 0, 16 0 , 16
20 0,23 0 2 7  0. 29 0, 20 0, 23
25 0, 28 0 .3 1. 0.36 0, 24 0, 30
30 0,28 0 3 3  0.39 0, 21 0.32

I-
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II. TI -IERMAL RF~S OI-’iS~

A Test 1-roced ure

The expendaol-e BTs were tested ~‘It ~ respect to thermal response
to check agreement w k t h iae specified ~3 ‘

~~~~~ ind ication of an i ristantane --
ous tc mperature charge (Thern:~ 1 Bes~ c-n s ? iin~e constant) vi ’hin 0, 15
sec on -Js -

The meth~’- of t~’r ting c - ~’in is~ d -~ ;~~ E nIi a l l~ of suddenlj changin -~
the t€-mperature - tbe f l : . id  surr OL u-3 - ~ U e ~~~L thermistor winie ob ser-,—
ing the -D~~put of ‘ ic BT -i ~i - oci ~n o -sc- ~ ccpe

i’be G I~ t”pe s ~ i~~ urnt s e~ e tested f c r  the rmal reLWonse ;)y

‘-ca ~tj  ~ U e BT t~ern i s L ~ .i~.nc &I l ~ v~ in — t to co~ne ~:o room ten-perature
o ~~ - LU n -m m an-i  then p~un ~in~ t~ ~T u i . t  ir~ o .a bath at appro~: reately
a -‘

: ~ ye roori t~ :no e rn ture , Th~ 0-; 
~ .r- -~~~ ~ nd f rom the Wi was re ’ord-

ei on -i ~;tOraL3 typ.~ Os ci1loE-cDp ~ ~r - p~ c cgraphed ~‘rom a re~’ular oscil 0—

3~~~(

Tj ti liz ng th -  sane ~.est r inth c , the Francis ’ u ’i ts  the ~raa1 re—
spc~-n~i! time ~orista s we -e fc-un~ to b-~ in excess of the allowable time
of 0. 15 sec . In ord; r to ;i;~ uI . :e  actna~ flo w ~om itions that t~ie Franc s
ET un it wot~id exper ience as Li de~ ceti~e-i through water at a ~;he rmal ye -
loc :.t~ of 21 fps , the coid )ath b ;o  which t ie BT was plunged ‘~as repla-
ed y a sL’~ aiv of ~J-d wate r force d past the  thermistor at ap~ roximate iy
25 ‘p ,  t ,as  increa~~ng Iii -~ heat transf~~’ rai~~. This method ~~~ not used
for t i -n (:, IJ , units ~ nce ‘he ir ru s~ ’ :5s. ~ r - L~e was w ithici spe c~1ication
eve r’ :~ F,tifl water 5

.-‘~ fast a u i 1~ so le no i d  ac tuate c “a ’~e was -used to provtde a sud -
der - ;‘ ge of cold ~ ~ wat c r thro tgil a ic- ~e iocate u directly ceneath th~
no~,e :i the Franc r - 3T u~ i~. By obse ;v n~ the h e g ht to vihicb a free
coLj n~ i of wate r v )U id r i s e  fro n ti-ic ~on z e , ‘~ie wate r presstr e was ac -
j r s e to provide ;. h o w  velocity of 25 fp - 3 ÷ I fps at the nozz le exit .

a -e - was aU ’~’A I to f~uv ‘k r o~ :h ~~ i- i ie and n )zzle for ag-proximate —

~-n~ minute be~’- ”e each tesi i- -in to ~ i i Hie n-iet~ l surfa ces :ozr ing in
cor ta :t wit - the .v ate r do~,n fc f L - C  9°C t- .p ~va ’er temperature . Wate r
f b i ,  was :nome:-arily shunlc-d ftroug~ a - -

~~ — > a s s  j r  the soleno .d valve
w h i l e - ‘ranci~ BT -v i th  ~~- ~,et te cl ther o s - o r  at room temperature was
mow: :ed -~~out :-oe ~~; c-h ove t I i ~ nozzle The solenoid valve vas the o
actua~e.I to prc iuce a jet 1’ cok -‘~‘ate x p ast the thermistor anó the result-
in g tt-i~:rmal response was ob~ -e i-ied o- a t. ’ic c--storing oscitic-scope which
hac ;~en t L - ig  :re l simuit a ’iecu .~iy vr i r ~’i th~ soleno Id valve .
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Because tie :-~n - or i i n~ n n t  containing p~-rt  of the Francis i\ss-
ci~.tes -3T Brid ge cire-~it ‘~~ s . c- t i’.’aila~ie unti l ifte r labc-ra-tory testi~ g
la: e~ r. C-)mple te cl , ~i; ~‘i-~~ i-~ ~es~ ary to simula e the recorde r port c -
of the i ’:~a ic u; ’ ;r id ge ~u ~ro~ ~ a voltage out pu-:  from the BT . The
-1-cltage ulput corres~ o c i 1g ~ ti’ ~i-~nistor rc-sk tance w a ;  recorded o :
a ;tc;ra~ -e o3ciUosCop ’- h . ch  a-1 .- -~~~~ n ca . brate by repb acii : g the Ii ~x i. —

s or in th 13T unit ~‘i t b a c~e - -e i - ~n~ st~ ce ari observing : the -~~

o u r p n ~ -zoh age on the -~~~~~ c-~ s-pc ; -  ~-‘e i ns the -iecade ~~ ~n tn.i ce wa~-
ch~ nge ’~t to corres~ on’ - i i  t ~~~ i ~~~~ -s o i esi : ia n -: e~ at k n -  - ‘ . -~pe -a t i  g
i~e-nperatu ’es.,
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:~s~-i~~~~
Both t-y ‘~~; of Gerer al Motors E~:pendab 1e BT un i t s  den~onstrat-

~~~~~ t~~ - ;~ aI respor - -~n time constants be low the specified 0 15 seconds
-.-5-be~i k-:1ec~ in ~ni 1l  water Bespoose t in ~c- will be somewha t decreasec
ur .der a c tua l  ope rationa l r -onditi ons ~,in co the h i b h flow rate past the
Ui~-r r- .stor will increase the rate of thersCis~or temperature change -

In i t ia l  111 ~-ate r  tests on t h e  Francis BT u its indicate d a
~si!  re~ por~ ~ i i i  ~e r - r n - ~Lng from 0 sec. to 0 81 sec. , ( lepn ’tL d nl

u -un ftin~ u~. t  t n :  ted Tn~ ~ ion- n Lforn~- ~ of response time be twee r ~ 81
u ~~ ~~- i ~~~ cause ’ by i v~ c e var i a t i o~ ~~i ‘h- f t -iickness of the coat inb  rnu•

~~~~~ n~ ed ni i Ia e ti - ic -~e ’rn i stor3 . \~ h - n  the wate r jet method de -

-~ i n ’u , i - -ev~n - i - -i i~ as -
~ ed in ih erma ~ rt ’sp onse testing, the avcr igc ’

o e  u ~~~ ru i ’L r the u n i t E -  -
~~ t b  ;j  ~re r insulation co . i t in- :s  was

t o 5) 1 ~~~ ç

c l i  , h~ ~ ;i i  a ions in th~ ~- r - n .L  response t ime we re ~oteni for
f h # ~v ye u~s ow~ to aL out  10 fps , -u - helow that velocity the respo~-~ e

i~ r euses  i l a r ) l y  .~-~ th dec rca 3e d f l c w  veloci~y

f h e ftn - :i~~n to r ’s in a ~roup of ten additiona l Francis BT ~i i t s
~ ;L i t .  .u.n- ~ for  I - I d  t~ sr~~ ~ had ~e~~i-i modified f rom the ori~ ina~ desm ~ n

~~~ i -  in  .or at o -y t e s ted uni t s ,  The ~ -od ified un it s  had more u - -Jorrn
- r - ,  ~~~ )r coa n -~s and th e rmis tor  mount  ii gs had been mod ified ~ el

- .n- ~tc nn -~ch of -he  I n 5 u h t i n g  mate r ial -.-- i i - i c h  appeare d to c rcsp ‘ - ‘si ic
- :  t~~~~ . e la t Lv e ly  l o g  therma l res~ ouse Ume of the ori g inally sr~ - a - o t t - d
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III  . -~~ I E .  ‘1’ ~
‘ :‘l ~.‘g) J i— ~ ~ (h -C ‘r J -IE. C ~i -STCRS

ro .-u o’e

- em - e np  r a lure  readings could r esu l t  Iron. .~t i  n~~ -.~s i r

c~ - cc tl er ~~ n o ’- r  :~~a te ‘ials at the hy drostat ic  p r e s n L r e s to - - u i c h  ‘hs
c-~~ ~~ ‘i. ~ -

~ 
- 

~ - i -o~ aph will d9 u i  ‘j~~-iec 1 in operat iona l us~ T~’
d C t  - , n :~~~r I ~‘ r- L ; l j c ’  )f l e n p e r u t l l - c  er~ or due to pressui-e e i f u c i ’

c t— C )-  ii i ‘
~~.

- - r C  ;~~d Fr -G icis An —o ’- ~~ s ex penda~el e 13T u . - i t s
i~, 

~
‘-‘

~ 
• n i rc - ~~

- . : -  re 3 3  p si ~ o r i- D i -  — g to ic ir ~~~ in .  U L  - . .n~ - - -

~
‘ j~~ - 

‘ The ~r :er i - ~~ e ~ i a l  o n p it s  we re mOri t V) r~’d ~- n i
- ~ v c ~— - l  ~‘~r j er:0~ r -  r d ’n ( In :- ‘ b i r i  ed o~ a pres - r e — iu o i o t c ~- ten -

i : -  ., C3 ~r, -i ~ i t tH ~ ~3 Singe r - c -~r n - s - o r - ~hcr~~cni - e t e r ~ -
~~

was C -o a1 .h  t i - o l d  11w Ge a- —~ ~Iot ;rs and Fran c ’i3
F ~~~. ; r . ; ~c t h O ~ 1 i -j r  re~~p ’- Ctn ’n te~n : c :a~u re sensors - V O ’ l ( I  be ~~,I ~m - -

~~~ ‘

~ c ; . . ~~~~~ i n ’  h ~~~~ t -e Si i ,- - r t1~( r - C ~~~-t~~r ,

a I ~e r ~t arc ’ sensors - -i c - r e  located - .‘iii h in  a a ~
-i - i

-i’ .~ 
- uri u or a t~ ~‘{ t. mperatures e~ 

, t h i n  the lest In ih could ~e -—

‘ I~ -~
- C ’ ~~— ° -~ ~r seas tive Singe r thor ~ ome ter e t i mt ~ n t e d  the ‘c-ed

t~re1 u a t -C e a t  to  ~ in dete r n-i iou ar; the actual is -h an - e oI~ ~a
cue- ; - ~ o’c s~~ r ;  a l i on ,

f -  r )e ui ’ur c-  r- e d - u ~ u were lakc’ n f ront  the fT u ~t -;  an .
- -. r i~ ~ -,~-‘ .-a lu re  nc~~ s c r at. a tm osph er i t  pr essur e . T i e t a n ! — I t  u~- r e
:;-;; n c -  t t . . t - n - ’ a . n e d  i s  35( psi and U c  ‘e rno~ rature r e a d i t .  re pc~ , :c

1 , . - ~- 5 t - n - ’~ in ~e r, ,e -J ’ctu r e i ;— d ie ated v the ~~~i er - a -- i’ -a’ -~

~ - i i  ed ~n l t C  t~~r~~- , .ra ur - e  ian ~c’s i: ! icar€- d by t I ~ L I  n i - u t -  i n
. ‘ i~~~~~~~~~~~t - i  as ! ) t h c  JI~~ t o of pre ssur e  on 1l~~ BT tb-n i i 5 P o ~- f-

21~~
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i~j .. 1 C ’ ~~EU Lt ~,3

}l ycrostat ic pressu res to 3~~~~O psi produ it ne Z 1i~ nc te m per a ’  ir e

-~nr c -r s in the expe rtdabl- ~ 3Ts

Ir e c a s t n -  - the ua~h pr es u c  to @50 p si r esis t t ed  in  a wa~ex w m —

o i t u n c ~ crease of 0 17°C . an ~sd~c~ ted by . -o i t the S~n er the rmos ~1er
tue  -

~~ M Expendable BT u it Any effects f  pr ‘s~ ure  on the
I ‘ . - - t  s - i  of the (3 i~i hT un i t  ~r :ust the refore e less than the pon~ t ) l €

- X~ ~~~~~~~~ ~t u l  e rror Iappro xim ate ly  0 02°C) invc tved in t e n t i n g

r -~- i - r n - m is E X p e - n - I - I  - e B T ~mn t tn d~-sa ed a tern -e ra~ u m a ’  t h i r .
(T i 1~5e rence -~f 0 0 1 ’ f :~~ n the te a -c ’r at lr ( i -i c :ited .~

~en  ~ ~- a . . n - •i er  .d dt F t ;  C’ . m n r  i i d i i a ~e I l -y  ic ~‘i a n c~~ 
85F t u

1 , : -  c - , -~- r m .  .~~- n a l  e 0z r e n U~~t n  in a oa~~ir f l , l : f l  P( S S I J l @  ) : t ~~~~~ ~~~

(~~~ . t (  f r m t - ~t e  e r r o r  -)• 0 ~ C , An erro of I i i .~ :-~~;u ~~ ie c;~ -

-~ - r , ~~~i. r ed  -~~~ l t - ib te ~v i i c-fl c - )n ~~.~~- e- i  to the * 0. ~O°C B~ -~~c u s ~ v r1! .:~- t r c ’

-r r n i .- tes in the tr ’ ra ei a u ne  circ  ~i t ( -f I-i c- P-as ~ Dp~i , in

u ! r ee ’ 1ciC - ~ n m y  -~e t n r n c & r i a t i cn of i t : ;  p Y E ’ n S U ( sen -~~l V ~y
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ba se was set to sta i-t . eou nting on the tri ggering impulse provided as t ie
BT left the launch mechanism and to stop counting upon receipt of -ic
ny droph one sig i a l .

By this method an accurate indic ation of the t ime re- ju ir ed for
t h e  13T to fall throug l- i a known distance was achie ved , Syste m re sC-o ’ - sc
tests indicate d an accuracy greater than :0 , 006 sec~ , equiva ic  i i  t - . s a
I’.’r depth measurement error of less than two inches.

To det - ’r mtr ie  the terminal velocity of’ the BT un its  and t t ~~ ’ ~; rI-
at -~-n of t e rr a i n  i t  ve 1oci t -~’ uetween units , three of each of the i3T t y c e s
S t , c s a n t t u J  for C v a i n  i t t u  - were dropped five t imes each thro -c-~i w , 5 Ie r
:bt pth~ of 25 . 

5 ) ,. 75 , an-i 100 feet The t imes  require d to rc ’ae I t i n  en -

- - - ac tive t e s t  d p th s  . .er- ~ recorded and used to prov ide ve loc l l) - at a
-n ’u U - l i  n u n  I v . ~ s of Ihe  t i m e  intervals b etween subsequent dep th  I- ’  i s e l s

.~ o w i r c -  was deploye d from the BT units d u r L u : the f i r t - ’ n~ r :us
Cf a ~ta m n c a t a ~- - t i t ~ l* . t : ~~)OSe of the tests was to r cr par e t e r r n i r - .~
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.: ‘1’.- .
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