
I A D—A05 3 I~33 NAVY ELECTRONICS LAB SAN DIEGO CALIF F/G 6/10- 

PREPRODUCTION MODELS or SURFAcE—VESSEL BATHYTHERMOGRAPHS . (U)
MAY 51 6 D SHIPWAY . H 6 MURRAY

UNCLASSIFIED NEL 23? NI.

~L U”D~IEME~!!‘ Iii I
p : 1

I

•~1
1~

I I



FO ~~~~
__________ 

315 11 112•2
—I~~~ 3.5

I 1112•O1•1 jJI~~

• 1111125 
~~~~~~

~~~~~—-~~~~ --~~- ----——- - - —-— _ _ _ _ _ _ _ _ _ _ _



r - — -—

~~~~~~~

-- —--

~~~~~~~

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

MOST Pr6J~ t’ 
-

I t~~~/ ’~-’ ST.39~~I,VEL~~~3?, ~~k.,t)E L ~~~~ WORK STATUS: 6 FEBRUARY 1951
_____ 

REPORT APPROVED: 3 MAY 1951

T~~~~ i7

.~~v’czTuT ~IEPRODUCTION J ODEL S OF

1 JUIFAC E.JESSEL J ATHTTHERIOGRAP ~~~J
(ERSDLEEIING LABORATORIE$, INC.)

Q 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_  
ff11 flI~
~~ ~~y ~

U ULM~~~U U L ~
V

A

_ _ _  4

* 1w APPISVS4 ~~ ts~sos~
£

U. $. NAVY IIPCNOIISC$ LUORAYCIT. IAN DIISO~ CM1~~~ UA

- ~~~ 3 ~~ 

- - -



—~~~~— - —
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~

BuShlps (problim ST-3 (NEt ~~~~Jondud engineering tests and syaluatlon of bathy.
th.rmo 1~~~~~~un. a~~~ obUhy for Naval use.

c ncluaions
Th. bathyihermograph in its present form, as manufactured by Engineering Laboratories,
Inc., does not meet military specifications.

~~comm.~dath~ s
Th. following Improvements or. recommended to correct the major deficiencies found
In the equipment:

1. Usi a more occu rot. method of measuring th. water temperatur e when calibrat ing
the Instrum ents.

2. Us. o stiffer pen orm and a short stylus point.
3. Usiasnug flt betw.en th. body tub.ond ttus locating icrews.
4. Uw a dens.r cootlng on the slides.

werk ,ummsry
The Instruments were Inspected, checked far colibration and speed of element response,
and given sea tr~ah to determine their compliance with the .qvlpmsnt spscLmions and
their wilubilisy for Naval use.

Acknowl.dgm.nt I. mode to the Photography Section far their suggestions and
assistance with th. response movies, and to J. S. Ilodi. who assisted on the sea tests.
Others who assisted with th, tests were L J. Polk, A. J. loronoff , M. H. Hamilton, and
W.L lenion.

This report cevers work Ia 4 Fabruary 1931.
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INTRODUCTION CALIBRATION

~,~~ThIs report covers the testing of six preproduc . The instruments were calibrated two at a time in
tion-model surface-vessel bathythermographs manu- the calibration tank , which was accurate to ±0.05° F
facture d by Engineering Laboratories , Inc., Garland , and to ±4 per cent in depth.
Texas, under contract NObsr 52002. Qualit y of con- A typ ical calibration cycle is shown in figure 3.
struct ion, operationa l performance, and ease of serv - A comparison of the manufac tu rer1s grids and the
icing in the field were evaluated. Suggestions have calibration slides is shown in figure 4 for the two
been Incorporated in the recommendations to im- extreme cases. All the other curves lie between she
prove the operationa l performance and serviceability two shown and have the some slop e. Temperature
of the instrument , based on consultations with ocea- scales of the grids ore inaccurate in span, the low
nographic and maintenance personnel , temp eratures reading high and the high temperatures

reading low. The variation of error between instru-
ments cou ld have been caused by their having been
disassembled. The fiat portion of the curves at the

DESCRIPTION OF EQUIPMENT low-temp erature end was probabl y due to hysteresis
as the lowest temp erature was marked going down

The bath ythermogr aph (fig. 1) is essentiall y a and all others were marked going up. The pressure
tube, weighted on the front end and containing a ca librations were satisfactory.
pressure element and a pressure and temp erature The change in calibration after exposure to
recor ding device in the center portion and a thermal 135° F and 125 per cent of pressure is shown in
element on the tail , protecte d by six sta bilizing fins. figure 5 for instruments number 5 and 6, which were
The function of the equipment is to obtain the rela- subjected to the comp lete cycle of conditions together.
tionship of temperature with depth . The small fluctuations of each curve could be due to

errors in reading the slides , but the spread between
the curves , possi bly caused by flex ibili ty in the pen
arm, exceeds the requirements of reference 2, para.

INSPECTION grap h 3.3.3.5~
The pressure defiec t ions at 40° and 80° F were

One each of the 200- and 900-foot units was measured from the calibration sl ides. The variations
disassembled and inspected for comp liance with ref- were 1 per cent or less of full range in all cases.
erences 1 and 2. The discrepancies are as follows: The zero-pressure leng ths of number 2 and 6 pressure

1. Excessive clearance exists between the body elements (fIg. 6) were measured at 30° and 90° F;
tube and the locating screws , causing the calibration the length changed a maximum of 0.009 inch, or
to be destroyed when the instrument is disassembled . 1.3 per cent of full dep th.

2. No port is provided at the forward end of
the body tube to prevent the trapp ing of air inside
the 

slides furnished transm it 75 per cent of In- SPEED OF RESPONSE
cident light instead of the 10 to 20 per cent specified. th•nn~~ elunents

4. The grid lines on the slides are unnecessarily
heavy and con hide the stylus traces. The spacing Figure 7 shows the test situp used to measure
of the pressure lines is not unifor m, the speed of response of the thermal elements. The

5. The tweezers furnished (fig. 2) will not hold elements were lowered into water at approximately
the slides securel y. 850 F and stabilized at that temperature. They were

6. The sw ivel attached to the towing fins has I~en raised out of that water and lowered Into water
165 degrees of freedom In the plan, through itself at approximatel y 40° F as rap idly as possible. The
and the axis of the instrument but binds in the groove background was used to check the speed of im-
between the two towing fins. When subjected to a mersing th. elements. The film speed was measured
300-pound load, the swivel can be turned by hand and found to be 19 frames per second. Zero time was
onl y with dl~ culty. No damage to the swivel was taken as the frame before the first frame to show
noted with a 1000-pound load, movement of the pen.
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Figure 8 shows the temperature response curves anism with th. tail piece revolved to show the parts
for the fastest and the slowest elements. The lotter more dearly. The follower, part a, rides In the
moved the required two-thirds of its travel In 0.41 grooves on the arm, part b.
second and reached the end of its travel wIthin 3
seconds. Most of the variation between the curves CONCLUSIONS
was due to the difference in the speed of immersing me Engineering Laboratories preproduction
the various elements, models of the bathythsrmograph in their present

form do p~~ ~~~~~~~ ~~~~ y ~~~~~~~~~~~~~~~ The major
pr.,suze lm.nts discrepancies are:

Figure 9 shows the test setup which was used to 1 The .n.~~~ of temperature measurement is
check the speeds of response of the pressure elements.
The element was photographed throug h the two win-
dows of the pressure chamber , one of which had 2. MI showed excessive temperature and pros-
lines engraved on it. Pressure was applied through sure hysteresis.
a hand-operated globe valve, which introduced con- 

~ ~~~~~ excessive clearance around the
siderable variation in the speed of application of the locati ng screws.
pressure. The film speed of 20 frames per second was
measured by photograp hing a stop watc h for about 4. The slide coating Is of insufficient density to
15 seconds. Zero time was taken as the frame be- eliminate the specified amount of incident light.
fore the first frame to show movement of the element ,

Figure 10 shows the curves for the fastest and RECOMMEJIDATIONS
the slowest pressure elements. The average time for To correct the major deficiencies and enable thethe required two-thirds travel was 0,18 second and the instr t to meet th, specifications, the followingoverage time to finish travel was 0.6 second. The
speci fications , reference 2, paragraph 3.2A2., re- improvements are recommended.

quire two-thirds travel in 5 seconds and comp lete 1. Use a more accurate method of measuring
travel in 15 seconds water temperature when calibrating the Instrument. ¶ 1

2 -

2. Use a stiffer pen arm than was furnished and
SEA TRIALS a stylus point as short as possible, to reduce the tem-

perature hysteresis.Sea tr ials were made to test the towi ng qualities
and to check for hysteresis. Th, towing tests were 3 Use a snug fit between the body tube and the
made at speeds up to 10 knots and showed no dls- locating screws In the pressure element and the tail
crepancies. The tr ials with the deep-diving attachment piece.
showed that the solder shear pin (fig. 1) wo uld break
with the slightest tension in the cables, usually upon 4. Use a denier coating on the slides. Slides
first hitting the water . that tra nsmit about 35 per cern of incid ent light were

The instruments were lowered with the ship at vied for these tests with good results.
rest, for the hysteresis tests. The instruments hod ~ 5. Provide a better type of tweezer f*r holdingmaximum pressure hysteresis of about 2 per cent of the slid es, such as shown In figure 13.
full dept h, in .. cess of the permissible maximum of
1 per cent. The temperature hysteresis was as much 6. Place an additional small pos~t near the far.
as 0.2° F In some cases , also in excess of specifica- ward end of the bel ows to prevent the trapping of
tions. This latter was possibl y due to flexibility in aj~ and I. facilitate drain ing the body tube.
the pen arm.

Three of the sty lus points corroded severely; she 7. Make the groove between the towing fins
others were unaffected (fig. 11). The corroded points deeper to eliminate the binding of the swivel,
were apparently steel instead of Monel. The spr Ings 8. lmprov. the plating on the 900-foot-rang.
on the 900-foot pressure elements rusted at the ends. pressure spring to minimize casrasion.

The automatic pen-lifter mechanism Is a new
and simple design. Figure 12 Is a view of the mach- 9. Use Monel for all stylus points.

3
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lased on the experience of men who have serv-
iced and extensively used bathythermographs, the
following additional improvements are recommended
to obtain an instrument more suitable for naval use.

1. Replace the swivel anchor pin with a ¼-20
flll ister .head brass machine screw to facilitate swivel
replacement.

2. Provide a tapped hole in the forward end
of the pressure element to facilitate removal when
corroded.

3. Strengthen the tail-fin ioints by brazing In-
stead of solderi ng with soft solder.

4. Use as close a fit as practical between the
nose piece and body tube to reduce the load on
the holding screws.

5. Prov ide an adjustable reference edge for the
slide in the grid holder to permit matching the pres-
sure lines of grid and calibration slide.

6. Cut off the low-p ressure, low-temperature cor-
ner of the slides for easier orientation when handling.

7. Provide 1/32-inch-wide shoulders on the
viewing side of the grid holder to support all edges
of the grid.

8. Write the gild nameplate data (serial number
and date) on transparent material (fig. 14) so that
the grid lines will show through when photograp hed.

9. Make the lines on the grids narrower and
more evenly spaced.

10. Pack the grids In small wooden boxes in-
stead of wrapp ing them in tissue paper.

11. Pack the viewer with the grids in the instru-
ment box, since they are normall y used together.

12. Supp ly the lacquer In a can with a wide
mouth suitable for dipp ing the slIdes.

REFERENCES
1. Iureau of Ships Specification, Electronic Equip-
ment, Naval Ship and Shore: General Specification
16E4($HIPS), 1 August 1949.

2. MilItary Specification, 8athythermographs, Surface
Vessel , MIL4-15237(SHIPS), 15 March 1950. Amend-
ment 1, 15 May 1950, Amendment 2, 15 NG~mmb4r
1950.
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TEMPERATURE - °F (CAL I BRATION SLIDES)

Figure 4. T..sp.ratur. callbraflop, curyli.
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Figure 11. Stylus points. corrodsd and uncorrod.d.
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RE CO t~O .IE NDED ME THOD PRESENT METHOD
- Figur. 74. Grid I,old.n . thawing pr~s.nt and r.conin,.nd.d m.thod of pr.oonti,,g nom.plnt. data.
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