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THE PROBLEM
Evaluate pr.productlon samples of surface-vessel bathythermograph u~nodek OC- 1 C, S
and OC.2C/S for compliance with specificat ions.

RESULTS
Tb. sample models do not meet the existing specification requirements. Rdqliired design

• changes could easily be made.

RECOMMENDATIONS
1 Amend the ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• ~~~1eaiatic conforrnance with th.p!rmin,~~d.s~gn.
2. Improv , the pressure elements to Increase the b.Ilow life and decrease th. materials
hysteresis and piston rod sticking.
3. ElimInate linear temperature error variation.
4. ElIminate Interference of sty lus and carriage
5. Make grid lines not more than 0.002 inch wide.

ADMINISTRATIVE INFORMATION
This report cOvers work from May 1957 to 27 December 1957 and was appro,ved for
publIcat ion 24 January 1958. The work was done by members of the Engineering
Division under BUSHIPS Problem ST-102 (NE 11-46) assIgned to the Navy Elecfronlt&
Laboratory by BUSHIPS letter 11-46. Ser 848b-187 dated 8 June 1955.
The equipments were manufactur ed by th . Triump h Manufacturing Company, Chicago
50, Illino is, under BUSHIPS Contract NObsr-6471 1, and were received at NFL on 27
December 1956. (Work loads then existing did not permit starting the evaluation until
May 1957.) Th, same models were previously manufactured by Wallace and Tieman,
Inc., under BUSHIPS Cont ract NObsr -52104 and NObsr-63349.
Th, eva luation was conducted In accordance with Contra ct Specification M1L.B- 1537B
of 26 November 1954 and Military Specification MIL..E-16400 (SHIPS) of 1 May 1953.
Th. author acknowledges the advice and assistance of L. F. Welnert, 1. G. Thompson,
H. G. Kln.r, and H. E. Sprecklsmeyer.
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a

-..~ dTRODUCT1ON Ililars did not support thE pelts when the BT’s were
This report covers testi ng of pr.product lon samples received . The pens were probably unsupported when

of bathythermograph (IT) Models OC-1C/S (200-fr) ~~~ 
from the factory and should definitely be

supported during transit.and OC-2C/S (450 ft). mode by the Triump h Manu-
facturing Company, Ch~~j~ 1lI1nols, under Contract WEIGHTS AND DIMENSIONS (3.3.1, 3.6.4, 3.6.5,
NObsr-6471 1. These two IT’s, as well as Model OC- 3.6.3.3, AND 3.6.8.1)

• 3C /S (900 ft ), previously have been mode by Wal-
lace and Tiernan. Inc., under Contracts NObsr .52 104 The weights and dimensions of the instruments
and NObsr.63349. conform to the specification.

The general features of IT’s are wel l known. The
FASTENERS• instrument is intended to make a permanent record

of ocean temperature as a function of depth below The samp les use more varieties of fasteners than
the surface . A detailed exp lanation of the instrument are needed. Both fi lliste r and round head No. 10-32
is given in the instruction book.’ screws are used on the body tube. The tail fins use

No. 8 screws. Screws of two different heads are also
used on the thermal and temp erature elements forEVALUATION RESULTS
no apparent reason. Screw varieties should be mini-

Th. applicable section or paragrap h number Of mized for simp lici ty of repair and smaller parts In-
the Contract Specification (MIL B 1537B of 26 No. ventory.
vember 1954) Is shown In parentheses after the title
of each test, unless oth,wise indicated. SWIVELS AND SHACKLES (3.6.4,

3.6.8.10, AND 3.6.8.11)
G.n.ral lnsp.ctlon The swivels and shackles conform to the spec ifica-

The equipments were Inspected to assess their tion except that the spare swivel jams under load
condition, as received , for comp liance with Contract and will not rotate. The jamming Is due to excess ive
Specification MIL-I-15237B of 26 November 1954 swagging of the swivel rivet. The production sw ivels
and the general provisions of Military Specification should be checked for free action.
MIL-E-16400 of 1 May 1953; and for similarity to the
description In the instruction boolc. The spmptes match NOSE SLEEVE (344.1)
the description in the instruction book except for the m. sleeve weights as measured were 5½ pounds
stylus points and the direction in which the capillary each, which Is the minimum allowed by the sp.clflca-
helix is wound. tlon. The sleeve weIght Is borderline and should be

watc hed on the production models. Heavier sleevesCONDITION AS RECEIVED f
wou ld have increased th . insuffic ient depths attained

Two preproductlon sample IT’, and their occes- in the sea tr ials. The sleeves are secured by two set-
series were received. The IT’. consisted of one 

~~~ screws that are so short they do not tighten on the
IC/S (PP-i) and one OC-2C/S (PP.2). The accessories nose, but merely engage shallow, oversize, flat coun-
consisted of one mounted calibration grid for each terbores on the nose piece by only one turn . TheIt three swivels , on. slide viewar, and 24 slides In an loose sleeves promote vibration In the IT during shi p.
Improvised box. The instruments wer, each mounted meat and handling . Longer setscrews should be used
on eight Barry C1015.T4 shock mounts and some hair _i~~ the coun terbor es should be deeper.excels ior and sponge rubber. The mountin g was much
too stiff , since th. capacity of h. mounts was about NOUPIECE
100 pounds compared to 26 pounds for the IT. There
was no cushioning for endwlse motion, ~~ the ~~ 

The slotted screw that secures the swivel to the
struments had dented the boxes on the ends. ~~ ~~, towlng pin has a flush head the same diameter as
—__________________________________ that of the shank. Removal of the screw would be

difficult when It Is corroded. A fililsier head screwt IRIftWVI.I, loot 1ev loi*yf*evsisigr.pSu. CC 4C/S , OC.SC/ S,
•~~J OCJ ~/$ ~~~~~~~ $~ p ,  ~4~~$i.4p fl )37) ~4 ~~~~~~~~~~~~ 

should be us.d or $h. present screw should be longer
1P53. so that the ilott.d head will protrude.
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PORTS Yhis should be done by rotating the thermal element,
One or more additional ports are needed to drain not the pressure element carriage.

the space between the nose piece and the base. of 4. The bourdo n Is connected to the stern of the
tl~e pressure element , which was found to stay full of cap illary helix. The stern connection requires extra
water after the sea trials. The port in the stem of tubing which is poorly venti lated and Impairs the
the thermal element casti ng that permits flow of water transient response . The bourdon shou ld connect to
post the bourdon Is ½ inch in diameter in the samp les, the forward end of the helix. This matter is discussed
but should be enlarged in size or number to promote In connection with the transient response test.
circulation inside the instrument and reduce tempera- ~ , The helix has been wound toward the rear of
ture log, Its form, probably because the protect ive fin cage is

too small for the form at the forward end. Th, helix
MARKINGS should be wound toward she front in order to give

The temporary name and serial tags are aluminum better ventilation and allow a shorter windi ng form.
and unsuitable for service . The onl y other marks that The change will require relieving eocb fin at least
were found are on the sides of the pressure elements ½ inch each. The fins alread y rub on the cap illary
where they cannot be seen on the installed element, helix In the samples.
The Ii’s were mixed during the sea trials because of 6. The capillaries have some bends and mild kinksthe lack of markings. Marks givi ng the model and between the helices and bourdons that should b e •
serial numbers should be made on the thermal ele.

avoided in the production models.ments, pressure elements , and body tubes to prevent
mixing of parts and thus affecting the calibration. 7. In one samp le the capillary tube to the bourdon
Al l marks should be visible without removi ng the tube is not bent to lie in its slot between the body
thermal or depth elements, tube and thermal element casting. When the ST is

being assembled the tube can be nicked .if Is does
THERMAL ELEMENT (3.6.3.1) not lie in the slot.

I. The end of the sf~ylus protrudes beyond the 8. The bourdon axis does not hove slotted ends
scriber and interferes with the piston head ~~ both for easy adjustments. The yea slots for receiv ing the
samples before the pressure stop operates. The stylus rod are not shallow enough to insure repeated
should not extend beyond the point , and the carriage tightening.
should not protrude abovs the surface of the slide 9. The two rods that support the pen lifter are a
between 30°F and 90°F where the arc of the stylus force fit in the tall piece casting. Better quality con-
carries it near the piston head. tro l can be achieved by using threads, since they

2. The sty lus points consist of brass studs with cannot unscrew In this application.
conica l alloy poInts. The radii of curvature of the 10. The plug at the stern of the capillary cage
points are severa l thousandths of an inch. In the should be soldered In place to Improve durabili ty.
various tests the points gave traces about 0.002 lflch 11. The twelve riveted straps In the capilla ry cage
wide, which were sharp enoug h for 0.1 °F accuracy have been bent over a sharp edge. They should be
except when smoke would stick to the point , It is bent over a rounded edge to avoid nicks and increase
doubtful if alloy points will remain sharp enough In the bend radius.
service. The jeweled phonograph needles used In the
Wallace and Tierman models would be prefe~rable. PRESSURE ELEMENT

S 3. During the transient response test It was notIced 1. The temperat ure-reference pins on the carriages
that the PP- i stylus did not have plane motion, but are 14 Inch longer than needed and one of them is so
undulated toward and away from the graph paper. near th. edg. of th. carriage that the hole has
b urden tubes with such behavior should be either broken an of ,the edge and the protrudIng pin has
corrected or rejected, since such motion requires in- been filed down. The hales should be drilled at least
creased stylus point forc. which Increases the hys. 1/16 Inch from he edg. with slanted direction to
teresh and does not comply ~ith th. specfficaslon. prevent the pins from breaking out. A Util, nick con
Is Is also very important to be sure that the stylus be filed In .the pin ~to prevent the slide from climbing
moves In a mean planS that Is parallel to the slIde. up the sl ide.

C 3



a

2. The stock numbers are on th. side of the .r.. Calibration Tssts
meat, but should be on the base for vis ibil ity in the TEST PROCEDURE
a embled 

~~ The Si’, were seporately tested while suspended
3. ProtectIv, paint should be applied to the solder nose down with tail fins and nose removed. The water

joints of the bellows, the evacuation tube, and p in the calibratIon tank was heated by an immers ion
lifter adjustment to prevent corrosion of the solder . heater, coo led by a closed heat exchanger , and
There was noticeable corros ion during the tests. agitated by a pump, with all units inside the tank.

The pressure was controlled by needle valves from a
SLIDES (3.6.8.1) tank of compressed nitrogen.

The temperature was measured to 0.02°F by a
The slides conform to the specification. They are platinum resistance therm ometer and a calibrated

described more fully In the General Discussion. Mueller-type Wheai’iton. bridge.
Pressures below 100 psig were measured by a

mercury manometer to 0.2 psi. Pressures above 100GRIDS (3.6.8.2) 
psig were measured to 0.5 psi by a dead-weight

1. The layout of both the PP-i and PP.2 grIds is gage wish balance beam and motor-driven weighing
good. However , the PP-i (fIg. 1) must be considered piston. The manometer was corrected for temperature.
unacceptable because the lines, which vary in width The pressures corresponding to ocean depths ~t the
from 0.0025 to 0.0045 inch, ore much too wide for slide carrIage were calibrated for 29.92-inch barom-
reading to 0.1°F. The calIbration trace Is nearly eter, gravity at 45 degrees latitude, and sea water
hidden. Wide grid lines can be caused by wide harp at 35 per cent salinity and 55°F (0.4450 psI per foot
lass, shadows, or overexposure, of depth).

The PP.2 grId (fig. 2) Is satisfactory; Ut lines are thin 
PP-i TEST (3.5, 3.5.1, 3.6.3.3, AND 4.2.2)(0.002 Inch and less) as a result of underexposure. 

The two tests of the PP-i produced traces similarIn the interest of accuracy, it Is preferable to err
on the thin side rather than the thick , and under- to flgur~ 3. both tests were Interrupted by failures of
exposure is a means to this end. However, the grid, two successive Immersion heaters. FIgures 4 and 5
maWng apparatus should be Improved to make show that the temperature and depth errors exceed
thinner lines wIthout underexposure. The names of the specification limits of I per cent of full depth and
the grid units should be applied to both axes when 0.2°F between 34°F and 90°F. The average errors

for the two tests vary by 0.3°F and 1.5 feet of water.shire Is room. 
The stylus probably suffored a change of adjustment2. The PP-2 grid came loose during use, probably 
between tests The pen lifter operated at 60 feet asas a result of insufficient cement. It was recementid 
required by the specIfication.with very thin shellac, but came loose ogoin. Better 

Temperature hysteresis was measured by approach.
cements, such as epoxy resins, should be used, rather 

ing given temperatures from values 1°F lower andthan cement 
1°F higher at he same pressures. In nine of twelve

3. Th, screws for mounting th. grid holders to the cases the hysteresis was 0.09°F, and the maxImum
viewer are missing. They should accompony each 

value was 0.13°F, meeting the 0.1°F requIrement.
mounted grid. The countersunk holes on th. grid The temp erature hysteresIs was , largely caused by
holders require both fiathead and filllster head on th. sl ide and consequent stylus
screws. The countersinks should require only one type flexure. Pressure hysteresis , similarly measured , was
of head. satisfactory, being 1 per cent of full depth or less In

4. The temperature reference eccentrics do not 
~~ ~~ r:..seat flush with the grid holder as they should, and

contact the slides on only about 0.02 Iøch of their PP-2 TEST (3.6.2.3)
thkkness~ This criticism also applies to ths groove The bourdon tube was adjusted before the Initial
under the depth reference edgi. The groove can be calibration check was mad. In order to put the 60°F
reduced frbm 0.02 to about 0.005 inch In thickness point In the middle of the smoked slide. The adjust-
ansi still relieve th, grid. . ment was an error because It changed the average

4 H:
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temperatur, error and also because 64°F or higher similar slhpes, indicating calibration error. The verticol
should be centered on the slide to comply with the line segments indicate isothermal traces on the tern-
28° to 100°F requIrement. peroture calibration plots. The isotherms read from

After the adjustment the calibration was checked 0.1 to 0.2 higher at full depth than at sea level in
fro m the trace of figure 3 ani another trace, and four out of seven cases for PP-i and six out of seven
plotted In fIgure 6. (The sll~l. and grid were not cases for PP.2. This was probably caused by stylus
properly alIgned when fIgure 3 was token.) Test No. 1 flexure. The slope of figure 5 suggests a linear call-
was conducted with increasing temperature and Test bration error. The systematic errors are more serious
No. 2 wIth decreasing temperature. The plot shows than the average errors because they change the
the average error after correcting for the 3°F adjust- shape of the traces and cannot easily be corrected.
mint. The original tempera ture calibration did not Th. scattering of points in figures 4, 5, and 6 Is
meet the specification because the error varied over due to calibration errors and var iable BT behavior
o span of 1.2°F between 30° and 90°F. The depth such as materials hysteresis , vibrat ion, fr iction , and
errors were 2 feet and less, meeting the 1 per cent comp liance , in figures 4 and 6, the spread of points
limit of 4.5 feet. Th. pen lifter operated at 60 feet. at any given temperature prevents 0.1°F accuracy
Hysteresis data were not obtained duri ng calibration ‘for the samp les regardless of the calibration.
because of the close test scheduli ng. The sea trials Bethyth.rmograph calibration performancs is sensi-
and pressure-element tests give some hysteresis In- two to the excellence of the grid ,. smoke coating,
formation, and the vertical spread of the points In stylus point , sty les motion , and carriage-stylus align -
figure 6 indicates the variation of temp erature error mint. The informa t ion gathered on these interrelating
for repeated measurements. factors during the various tests appears In the report

of Inspection of the components and in the General
ANALYSIS O~ CALIBRATION TESTS D,scussion.

The calibration errors In th. as-received condition
‘were caused by changes in transit, the factory call- S.. Trials (3.3, 3.3.2, and 3.6.1.2)
bratlon, and variable behavior of the ST’s. The errors The Ii’ s were towered by free-wheeling winches
can be grouped as “zero” (average) errors linear from booms 12 feet above th . water at 13 knots, the
errors, and random errors, highest avaIlable speed. The IT’s were require d to

Th. average temperature and depth errors for the tow and dive smoothly up to 20 knots and obtaIn a
PP-i were probab ly increased during transit, as was permanent visual record.
shown by the 0.6°F calibratIon shift caused by shock The depths reached were sImilar to those of table
and vibration tests in a previous evaluation.’ Such 1.1 of the instruction book.’ The PP-2 sample dived
simulated transit and handling tests were contain- as deep as 410 feet at 13 knots with 1100 feet of
plated for th. present samples, but were dropped to line out (fig. 2).
save time. The IT’. were Interchanged on the first two lower-

It is important so not, that the effective weight of ings because of a lack of Identification markIngs. The
the moving ports of the PP-i elsm.nt Is sufficient to PP-i dived to about 400 fast, receiving an over-
cause a 2.8-foot depth error merely by inverting the pressure test In excess of the 250 feet (125 per cent)
element. This fact suggests that the depth errors of specIfied, but not in excess of what It can be expected
fIgure 5 are greete, by 1.4 feet because the sample to receive In service. The stylus went off the bottom
Ifs were calibrated In the nose-down position Instead of the slide on this occasion. Although the PP-i passed
of the horizontal towing position. If this correction Is th. test at the time, troubles developed durlng.ihe
applied, the PP-i depth calibration in figure 5 meets pressure element tests. The PP.1 showed about 4°F
the 1 per cent requirement, difference between the up and down traces, which

The factory calibration errors appear as systematic was found to be caq.ed by .an occidental bend in the
variation, over the grid range. FIgures 4 and 6 show stylus c~iring reassembly after the thermal response

____ ____ ______ 

tests, resulting In .x e.ske pressure on the slid. and
20. 0. $ki,.~~, Iv.tvet ~~ d M MI.i attsa *1.4.1 I. L -

Su,t..o .Vi..1 Sai*Ø*&a. r.p*, OC.tC/S, -IC/S .a4 -SC/S we.
(Welt... .04 Tt.r~~~, I.,), 5,y ~~ ~~ pp qf (N~~p ~~~~~. The traces of figure 2 hove about 0.3 p h).SsIslIs.
au.k. táwe1..y . S.,w~ 304) ii Apri )H2. Th. trace of decreasing depth Is marred by stylus

I



vibratlomi oxcit.d from the ship, cable, and currents helix. The xylene is therefore set in motion mare
of water around and through the BT. Figure 2 is rapidly when a beaker is placed over the after end
representat iv, of a IT In good working order. than when the helix is flooded forward to aft. The

sample construction d ,es well in the beaker test but
T.n,p.rater. Ilsm nt T•sts will not work as well In service becaus, the tempera-

ture change will hit the forward end of the helix
*~VEL (3.6.2 AND 3.6,2.3) fIrst. The bourdon should be connected to the forward

The specification requires the stylus to cover the end of the helix.
full slide length (1J5 Inches) from 28°F to 100°F.
The .c~~± elements cover only 1.3 Inches as corn- Pr•uur• EI.m.nt T sts
ps~~d from the calibration grids. It is desirable to The pressure elements were tested base down in
Increase the travel to at least 1.6 inches in order to a water-filled tank at room temperature. Pressures
reduce temperature errors by about 20 per cent . The were measured to 0.2 per cent of depth by the
travel can be increased by using 8 fees more capit. manometer. The slide-holder position was measured
lary tubing, by enlarging its inside diameter only 10 to 0.001 Inch by a traveling microscope through ports
per cent, or by using a more responsive bourdon tube, in the chamber.
The present capillary length Is 42 feet, which ,n.&ts
the specification. TRAVEL (3.6.1 1)

The travel was measured ‘from zero to full depth.
TRANSIENT RESPONSE (3.4.1) The PP-i moved 0.693 inch and the PP.2 moved 0.689

The tests were conducted with the element mounted Inch. The travel of bath elements Is w ithin the require-
between a movie camera and a piec. of graph ment of 0.67 to 0.73 inch.
paper. The camera recorded stylus position .o 0.005
inch at a synchronous speed of 24 frames per second. TRANSIENT RESPONSE (3.4.2)
The specification requires that the stylus shall move The transient rtsponse of both elements was
smoothly through two-thirds of the travel in less than checked by venting the gas in the system from full
14 second when shifted rapidly from. water at 8S F to zero depth through a solenoid valve. Full travel
to 40 F. occurred In less than 1 second, meeting the require-

The first test was designed to obtain rapid tern- mont of 2/3 travel in 5 seconds Later inspection con-
peroture chong. by stabilizing the capillary in a 40°F firmed that the piston rod bushings ore vented to the
bealier and then dropping the beaker and flooding bellows chamber to prevent transient pressure differ.
the element with a hose of water as 85°F. The order ences in the element.
was reversed according to Hi. specification because
a large supply of 40°F water wqs not available. PPi HYSTERESIS
Three triak of each element were mod., and the cx- The loop hysteresis, consisting of pls$on.rod friction
ponential plots were obtained. The best performance and materials hysteresis, was found by measuring the
for each element was 0.7 second at 3/3 travel. The positions of th. slide holders from a slight vacuum
lest was then re-run, using two beakers and the 85°F to full depth and back to sea level. The point
water first. The times at 2/3 travel ranged from 0.35 hysteresIs, consisting almost entirely of piston-rod
to 0.43 second for PP- i and 0.3$ to 0.50 second far friction, was found by approaching given pressures
PP-2. from depths both lesser and greater by one or two

The difference b.p.ean she ho.. and the beaker feet of water. The data also determined the linearity.
tests might be due to inadequat, flooding by she Figure 7 show. the loop plots, which give the do-
hose. The ho.. test was Intended to simulate service porturss of Hi. data from a straight line fit. Th. curves
usodltlois. closely, and when It I. perfected will give of increasing and decreasing pressure show few
• mare realisti c test than the two beakers, points where the element appears to have jummed.

The two tests also differed in the manner of apply- The element was also seen to jump about 0.01 inch
in, the ~

--,.catwe change in relation to the connec- (ii per cent of full travel) on Iwo occasions during
of Hi, beurden to the helix. The bowden on the Hi. test between 70” arid 40-foot depths. A jump of

~~~~ elements ii connected so the after end of the 0.01 inch cwespessds to a 2.6-pound brs.k.. ,.~ ,

- - — -  ——~~~- ,—



force. A later enamination showed that the spiral OVERPRESSURE STOP
groove on the piston rod would catch on the edges The overpressure stop was checked after the PP-I
of the bushings if a small lateral force was exerted, sty lus left the slide duri ng the sea trials. The sl ide
such as might be expected from a sl ight eccentricity carriage positions were measured at fu ll depth and
of the spring. (It is almost impossible to make the at maximum trave l. Both elements overt rove led about
quing force concentric with the piston rod.) The 14 inch before hitting the stops. The over fr avel is ex-
snagging of the groove might have~~~,sed the peaks cesslve because the stylus can leave the slide (as it
of the curves. If the peaks ore ignored , the loop dId in the PP-i sea trials) If the calibration grid is
hysteresis assumes a regu lar shape wIth a maxImum located low on the slide. The ove rtrave l need not be
of 1.3 per cent. The loop hysteresis Is excessIve , large because the element is not likel y to shorte n

The point friction was measured at th. same pros- during its life.
sur.s as the loop hysteresIs and was less than 0.5
per cent , or 0.25 per cent each way, corresponding ACCELERATED LIFE AND OVERPRESSURE (4.2.3,
to a 0.4-pound drag. The bushing friction duri ng on 3.33, and 3.6.1.2)
ocean drop would be smaller because the pressure The specification reqUires the elements to withstand
would vary smoothl y instea d of stepwise, as it did in 100 full depth pressure cycles and 125 per cent of
the test. The point friction values were unaffected by full depth pressure wit hout permanent deflection or
snagging of the piston rod sp iral bec&use the ob- other damage. The PP.1 samp le was accidentall y
served friction values were smaller than the pressure dropped to 200 per cent of full depth pressure duri ng
change. that were used to produce thom, and there- the sea trials. The excessive pressure did not cause
fore the element was not snagging on the spiral. failure at the time. During the life test the bellows

cracked at the 23rd cycle , and the element filled
PPi LINEARITY with water. The element had received about 35 cycles

The standard IT calibration grid uses equally in previous tests, giving 60 cyc les at failure in ad-
spaced arcs of constant pressure. In order to calibrate dition to those received at the factory. The test was
the IT to 1 per cent of full depth , the pressure element continued to the 43rd cycle to make th cracks more
must be sufficiently linear to allow fitting a straight obvious. The cracks found were on the second and
line to th. data to 1 per cent or better. Nonline arity sixt h outer folds from the base, as shown in figure 9.
of the element Is th. result of materials hysteres is and The PP-2 failed the overpress ure test, which was
variable spring and bellows compliances. run before the life test. The pressure used was onl y

The curv es in figure 7 show that the hysteresis and 122 per cent of full depth. The element slowl y filled ~
compliance variation opposed each other during the wit h water through a fat igue crack on the third outer
trace of Increasing depth, causing It to be ~~~ 

fold from the base. The element had received about
straight (within 0.6 per cent and better) and the trace 35 cycles in previous tests. The leak was no doubt
of decreoslng depth to be noticeably curved (within incip ient before the test, and would have happened
1.3 per cent). Therefore, readings of either lncreas~ng duri ng the life test.
depth or of an average of increasing and decreasi ng ANALYSIS OF PRESSURE ELEMENT TEST Sdepths will best meet the 1 per cent requiremen t.

The PP-i element has more abnormal piston fric-
tion and hysteresis than the PP.2 element becausePP.2 HYSTERESIS
the stiffer spring of the latter overrides the defects.

A full-depth loop lest was made on the element If the ordinat, of figure 8 is multiplied by 450/200
but tft readings extended to only 44 per cent of to correct for the spring, Hi. value, for PP.2 are still
full depth, which was th, limit of the manometer. somewhat less than those for PP-i , The results m di-
The curves appear in figure 8 and are similar to case that mot of the loop hysteresis Is In the bellowsS
figure 7. The point friction was not measured. The The abnormal piston friction is appas~ntly caused
maximum loop hysteresis Is about 0.50 per cent. Ab- by the spiral groove catching on the bushing edges.
normal friction show. only on the curve of Increasing The groove appears to be intended for lubrication
depth and Is above 0,3’ p.r cent. The element was end Its need Is doubtful. Tb. snagging can be re-
~sat seen to jump during the test. duced by Increasing the pitch of the groove and

7



rounding the edges of the bushi ngs. The tatt er step of the finite stylus point curvatu re. If the sty lus is too
is desirable regard less of the ~r~ove. dull for the coating, the smoke will build up in front

The accelerated life and overpressu re tests dis- of the sty lus , hindering it and frequentl y producing
closed cracks on the outer folds of the bellows near- a very wide trace. The smeared traces of figure 3
est th. bases of the elements. The outer folds have show w hat cars happen , althoug h this case was og-
a much sharper bend radius than the inner ones and gravated by the antifreeze in the calibration water.
therefore fail first. The roug h and grainy appear . A thi ck coating requires more skunk oil , w hich makes
once of the outer folds shows that the metal has been buildup more like ly. Also, a thick coating tends to
excessive ly deformed and is metallurgicall y ~nsatis- flake like a thick coat of paint. A thin coating has the
factory. The bellows appear to have been hydro ul- advantages of a sharp er trace, less hysteresis be-
ically form.d, resulting in crimped outer folds. The cause of less friction , and less buildup. The thin coat-
base bellows might hove failed because they were ing reduces the contrast for photography. However,
heat treated more severe ly than the ethers duri ng ‘it is much better to get a fair photo of a good record
soldering of the base, than to get a good photo of a poor record. The best

coating is the thinnest that meets minimum require-
GENERAL DISCUSSION ments for reading and photograp hing .

The equi pment specification (section 3.5) requires The evaluation eng ineer usua lly finds room for im-
greater temperature accuracy than the present ST provements that cannot be included in the procure-
design can give. The required temperature acc uracy ment. For examp le, the samp le temperature elements
is one part in 600 (0.1 °F equals 0.0017 inch on slide), passed the transient response test but had insuffi-
while the pressure accuracy is only one part in 100 cient travel and showed time lag in the sea trials.
(0.007 inch on slide). The ST desi gn is so primitive Increase d travel and decreased time lag con be ob-
and environmentall y sensitive that the pressure ~~~~. twin ed by using 50 feet or more tubing instead of 42,
curacy can barely be obtained and the tem perature and by winding the cap illary so that both ends ore
accuracy is not practica l. Such accuracy is not iseces- connecte d to the bourdo.i’ tube . The hysteresis which
sary for sonar applications and is required only for Is common in BT’s can be much reduced mere ly by
researc h work. However , it Is not practica l to require shap ing t he stylus to make it more rigid in its control
high accuracy of all the IT’s so that a few con be of the stylus point without stiffening it for the pen
used for research , lifter.

The equipment speci fication (sections 3.3.3, 3.6.1.2, The sliding sleeve can be modified to make the
3.6.2.4) requires overpre ss ure tests at 125 per cent BT more reliable by cutt ing a hole iii it to provide
of full depth, but the requirement does not app ly automatic re lieving of the pen lifter port. In the pros.
equall y well to all three models. The 200-foot model est method * the sleeve Is shoved aft , covering the pen
is readIly lowered deeper than 250 feet when towed, lifter port , coc king the lifter and dropp ing the stylus.
and can be confused with the 450-foot model, as Then the sleeve is pulled forward 2 inches to expose’
happened during the sea trials of this problem . The the lifter port and allow the lifter to operate . If a
requirement is about right for the 450-foot model 

* 
hole is cut in the sleeve , the pen lifter will be cocked

because it Is not easily lowered below 570 feat whe n as the sleeve is pushed and the port will then be
towed, and is not readily confused with the 900-foot relieved automatically as the hole appears at the
model. The requirement Is too severe for the 900. end of the sleeve trav el.
foot model becaus, few wi nches have enoug h cable Future bathythermograph evaluations will be aided

• to meet it and full depth is unlike ly duri ng towi ng, by receipt of the slides from which the facto ry grids
The tests should be approximately as follow .: 200- ore made.
foot model, 500 feet; 450-foot model, 600 feet; 900-
foot model, 1000 feet. The temperature elements CONCLUSIONS
should all be tested to 1000 feet of water. Tb, poor bellows endurance, abnormal frIction,

There are good reasons for o lighter slide coatIng and larg , hysteresis of the pressure elements are the
than the 10 to 20 per cent light transmission thickness most serious faults of the samp les, and must be cot-
recommended by section 3.6.8.1. A thick coatIng re- rected before the IT’s can be considered acceptable.
qvires a sharper sty lus to obtain a thin trace because • S.. ret. I. p. o. 7.
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The son4iies also do not meet the specificat ions on 3. Conts ect the bourdon tube to the forward end
a number of less vital paints which should be cor- of the capillary .
rected before acceptance. The samples will meet the 4. Relieve each protective fin ~

.i inch or more to
requirements of specifications MIL-B- 1537B and MIL- avoid rubbi ng on cap illary tubing. Wind the cap il-
1-16400 after adoption of the required changes listed lary as far forward as the protective fins allow.
in the Recommendations section following. 5. Use a rounded edge for bending the twelve

stra ps in the protective fin cage to increase the bend
radius and avoid scoring the surface.RECOMMENDATIONS 6. Increase the travel between 28~F and 100°F

R.quired Chang.s to at least 1.6 inches , as required by section 3.6.2.3
of the specification.

CALIBRATION
1. Improve the temp erature calibration to elim inate PRESSURE ELEMENT

the var iat ion of temperature error with temperature 1. Use ‘temperature-re ference pins on the car-
shown by figures 4 and 6. ring . that scarcel y protru de above the t$ides. Avoid

2. Make the calibration gr id from an average of breaking -out of the carriage edge w hen drilling the
pips of both increasing and decreasing temperature holes for the pins.
and depth, in order to minimize hysteresis errors. 2. Apply protective paint to the solder joints of
It would be much better to make a grid from an aver - the bellows , evacuation tube, and pen lifter plunger
age of two calibration slides , one of increasing tern- adjustment to prevent solder corrosion.
perature and depth and the other of decreasing 3. Eliminate the abnormal piston rod friction foun d
temperature and depth, than to calibrate from onl y in the hysteresis test s . This can be done by increasi ng
one slide and check with a second slide , as prescr ibed the pitch of the spiral groove or eliminati ng the
by section 4.2.2 of the specification , groove, and rounding the bushing edges.

4. Reduce the overpres sure travel to about 0.05
MISCELLANEOUS inch.

1. Inspect swive ls to eliminate those that do not 5. Study and eliminate the causes of bellows
operate freely under load , failure.

2. Weigh nose sleeves and reject any weighing 6. Reduce the nonlineari ty of the pressure elements
less than 5!4 pounds. to 1 per cent or less on the traces of decreasing

3. Use longer setscrews for the nose sleeve and depth, and reduce the loop hysteresis to 1 per cent
deeper counterb ores for the nos.piec.s to eliminate or less.
loose ly secured sleeves.

GRIDS
4. Place permanent identifi cation marks on nose-

1. Make grid lines 0.0015 inch wide or less , exceptpieces, forward face of pressure element , thermal 
for the periodic heavier lines , which should not ox-element, and body tube. Marks should indicate
ceed 0.003 inch in width. Improve the grid-makingmodel number , depth rang. , and manufacturer. All

marks should be visible witho ut removi ng indicating apparatus to give the thin lines witho ut extreme
underexposure.elements.

2. Cement the grids in the holders more s.curely.
THERMAL ELEMENT Use a better cement than shellac.

C

1. Eliminate projection of sty lus beyond the stylus 3. Countersink the grid holders for only one type
point to prevent interference with carriage, of screwheod.

2. Inspect sty lus motion to eliminate elements 4. Supply screws with each grid holder.
whose motion Is so nonp lanar that sty lus-point force ‘5. Seat the temperature eccentrics not farther than
cannot be kept within established limits between 0.01 inch from the grid holder.
28’F and 90 F. Inspect parallelism of stylus motion 6. Relieve the edge of the grid holder that over-
and slide surface. Adjust them by rotati ng the riser- hangs the shallow side, of the grid not more than
mo l element , not the pressure-element carr iage. 

- 

0.01 Inch.
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D.slrabl. Changes ~~. Avoid kinks and extra beJids in the cap illary

The following modifications are ~ot r squlred by tubing. Bend the capillary to lie in its slot in the body

the specificat ions but ore recommended for consider- cast ing.
3. Put screwdriver s lots in the ends of the bourdonatlon in present and futuie procurements. 
-axis rod. Make the journals for the rod shallow

MISCELLANEOUS enoug h to permit repeated tightening.
1. Use fewer sizes of screw threads and only one 4. Use threaded rods for mounting the pen lifter

head type for each thread size. assembly on the body casting.
2. Use towing fin screw with slotted head that 5. Connect both ends of the cap illary tube to the

stic ks out of the fin. bour don.
3. Drill at least two po rts on body tube between

nosepiece and forwa rd end of pressure element. In- Pressure Element
crease porti ng in aft end of thermal element casting 1. Remove meta l from the carriage between 30~ Fto increase circulation past bourdon tube, and 90°F where the arc of the sty lus carries it near

~~. Put a hole in the sliding sleeve to automaticall y t he carriage at zero depth .
expos. the pen lifter catch port when the sleeve is 2. Administer overpressure tests according to the
pusised aft . e recommendations in the General Discussion.
THERMAL ELEMENT

Slides1. Use a stylus point made of a toug h, hard ,
corrosion-resistant materia l that con be fractured or Use as light a smoke coating on the slides as con
finel y groun d to produce a point of lasti ng shurpness. be photographed by the standard piocedures. Avo id
Materia ls such as tungsten carbide ore pfomisi flg . excessivel y greasy smo ke and excess skunk oil.
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Figure 9. PP—i Bellows crack.


