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Attorney Docket No. 79517

UNDERWATER OPTICAL LOAD CELL SYSTEM

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and used
by or for the Government of the United States of America for
Governmental purposes without the payment of any royzities

thereon or therefor.

BACKGROUND OF TEE INVENTION

(1) Field of the Invention

The present invention relates generally to underwater load
cells, and more particularly to & optical load cell thzt dete:ﬁs
movement of a body underwater.
(2) Description of the Prior Art

Load cells or shear webs ere used in & variety c¢Z underwater
drag test applications. Briefly, these devices are tyoes of
strain gauges that measure movement of an object underwater due
tc & fluid flow moving thereover. While.these devices are
suitable for scme applicaticns, they are unreliable when used in
the presence of high electric currents.. Specifically, since the
strain gauges operate on very low current, the presence of high
current levels can electricelly interfere with the lcw current

strain gauges. For ezample, high current levels are present when
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underwater drag tests are performed on electrically-powered
exterior panels that make up part ¢f a magneto-hydredrive

propulsion system.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a load cell device that is insensitive to the presence of
high electric current levels.

Another object of the present invention is to provide load
cell device that can operate underwater.

Still another object of the present invention is to provide
& load cell device that can be adiusted from a remote location in
order to avoid unwanted disturbances in a surrounding fluid flow.

Other objects and advantages of the present invention will
become more obvious hereinafter in the specification and
drawings.

In a;cordance with the present invention, & system is
provided for detecting movement of an object underwater. A
hcusing positioned underwater defines a gas-filled cavity. Zn
cptical reflector is fixedly coupled to an object underwater. A
portion of the optical reflector is positioned in the cavity. At
least one optical sensor is provided with each optical sensor
heving a body portion coupled to ar optical sensing pcrtion. £En
adjustable positioning system positions the optical sensing

portion in the cavity & desired distance from the optical
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reflector. Movement of the object underwater causes movement of
the optical reflector that is detected by the optical sensing

portion.

BRIEF DESCRIPTION QF THE DRAWINGS

Other objects, features and advantages of the present
invention will beceme apparent upon reference to the fcllowing
description of the preferred embodiments and to the drawings,
wherein corresponding reference characters indicate corresponding
parts throughout the several views of the drawings and wherein:

FIG. 1 is a bottcm view of the underwater optical lcad cell
system according to ar embodiment of the present inventicn;

FIG. 2 is a cross-sectionzl view of the underwater opticel
lced cell system taken alonc 2-2 in FIG. 1; and

FIG. 3 is an end view cof one cf the clamps used ir the

crtical load cell system.

DESCRIPTION OF THE PREFEZRED EMEODIMENT (S)

Referring now to the drawings, and more particulzrliy to
FIGS. 1 and 2, an underwater opticel load cell system In
accordance with an emccdiment of the present invention is
illustrated in bottom and cross-sectional views, respectively. By
wazy of example, the present invention will be descriked for its
use in detecting movement of a test surface 10 (shown in portion)

supported in a test ked (not shown). Support of test surface 10
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is such that test surface 10 can move due to drag forces when a
fluid flows thereover. Acccrdingly, it will be assumed herein
that test surface 10 and the optical load cell system cf the
present invention are submerged underwater. Test beds for
supporting test surface 10 are well known in the art and do not
comprise a part of the presen% invention or limit the scope
thereof. 1Indeed, as will be apparent to one of ordinary skill in
the art, the present invention can be used to detect small
amounts of movement of any object underwater.

A rigid housing 20 serves as a base for supporting most of
the load cell systems components. Housing 20 is attached to &
fixed object (e.g., & test'bed ocr frame) 12 using, fcr example,
screw holes 21 in housing 20. Housing 20 is configured to define
& cavity 22 open at one end 24. When positioned underwater, open
end 24 faces downward as shown in FIG. 2. Cavity 22 can have a
cas supply port 23 ccupled thereto to provide for the
introduction of a gas into cavity 22 as will be explained further
below.

Attached to or integrated into (as shown) housing 27 are
spaced apart supports 26 and 28 for supporting the mein body
pcrtion 30A of one or moré cptical sensors 30 (e.g., twc optical
sensors 30 are shown in the illustrated embodiment) in & way that

cptical sensor 30 can move axially. The cptical sensing portion

30E of each optical sensor 20 is positioned inside of cavity 22.
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FZG. 3. Clamping aperture 32A receives body portion 0=

A sensor cable 30C passes through body portion 30B and is coupled
to optical sehsing portion 30B. Each sensor cable 30C is led to
remotely located measuring equipment (not shown). Although two
cptical sensors 30 are shown, it is to be understocd that one or
more than two optical sensors can be used without departing from
the scope of the present invention. Optical sensor 30 can be any
cne of a variety of commercially available optical senscrs such
as MTI 2000 Fotonic Sensors manufactured by Mechanical
Technology, Inc., Instrument Division, Latham, New York.

Clamped to each body portion 30B is a clamp 32 having a

clamping aperture 32A and & threaded aperture 32B &s Lest seen in

therethrough and is tichtened thereagainst as a tightesning screw
32C reduces the diameter of clamping aperture 32A. Such clamping
arrangements are well known in the art. Threaded aperture 32B

trnreadably receives an exizl position adjustment screw Z4.

o
R
fu
l_n.
o
m
Q
fu

Screw 34 is rotetionally supported but axially res
either end thereﬁf at supports 26 and 28. For example, & diste
tip 34A can be rotaticnally supported but axially restrzined in a
pilot hole 262 formed in support 26. Head end 34B of screw 34 is
rctationally supported but axially restrained in suppcr: 28.

4 at its head end 34B is & control

(€%

Coupled to each screw
cezle 36 that terminates at & remote location in a knchk 28.
Ccntrol cable 36 functions to rotate screw 34 when kncb 22 is

rcrtated. Such contrcl cables are known in the art and zre
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commercially available flex shafts from Stockdrive Cocmponents,
2101 Jericho Turnpike, New Hyde Park, New Yo;k.

Positioned in cavity 22 opposite optical sensing portion(s)
30B is an optical reflector 40. Optical reflector 40 is rigidly
coupled to test surface 10 by, for example, screws 42.

In operation, optical reflector 40 is coupled to test
surface 10 and housing 20 is placed underwater such that a
portion of optical reflector 40 resides in cavity 22 opposite
optical sensing portion(s) 30B. That is, housing 20 is
positioned in the water such that open end 24 faces dcwnward as
described above. By doing this, & gaseous air bubble may

naturally form in cavity 22 so that optical reflector 40 and

n

optical sensing portion(s) 30B rsmzin in a dry, gasecu
environment. However, if some water fills cavity 22 or to ensure

the maintenance of & gaseous environment in cavity 22, z gas
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supply (not shown) can be coupled to gas supply port 2

e

provide for the introducticn of gas into cavity 22. caseous
environment is desirable for opticzl measurements when the
environmental water is murky.

Each knob 38 is turned to move the correspcending cptical
sensor 30 axially. Thet is, as knob 38 is turned, control cable
3% causes rotation of screw 34. Since screw 34 is threadably

erngaged in clamp 32 while being azially restrained, rctation of

screw 34 causes axial movement of clamp 32 and cpticeal sensor 20.
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In this way, optical sensing portion 30B is moved closer or
further from optical reflector 40 for purposes of calibration or
for specific measurement requirements. Thus, each optical sensor
30 can be independently and adjustably positioned sc that each
crtical sensing:-portion 30B is a desired distance away from
cotical reflector 40. The desired distance could be the same or
cdifferent depending on the application. For example, the same
distance could be used when a redundant measurement system is
cesired. In the case where different distances are used, the
cptical sensor associated with the greater distance will be
sensitive to larger amounts of movement while the opticzl sensor
eassociated with the smeller distance will be sensitive tc smeller
amounts of movement.

The advantages c¢f the present invention are numercus.  Once
tnhe load cell system is calibrated and the desired distznces
tetween optical sensing portion(s) 30B are set, movement cof
cctical reflector 40 (caused by mcvement of test surfzce 10) is
cetected by optical sensing porticn(s) 30B. The opticel sensors

egre not affected by high electric current levels. Further, the
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d cell system can cperate underwater and can be
calibrated/adjﬁsted from a remote location.

It will be understood that meny additional changes in the
cetzils, materials, steps and arrangement of parts, which have
Eeen herein described and illustrated in order to explzin the

réture of the inventicn, may be made by those skilled in the art




1 within the principle and scope of the invention.
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Attorney Docket No. 7235317

UNDERWATER OPTICAL LOAD CELL SYSTEM

ABSTRACT OF THE DISCLOSURE

A system is provided for detecting movement of an object
underwater. A housing positioned underwater defines & gas-filled
cavity receiving an optical reflector that is fixedly coupled to
an‘object underwater. At least one optical sensor is adjustably
pcesitioned with its optical sensing portion located in the cavity
& desired distance from the optical reflector. Movement of the
cbject underwater causes movement of the copticel reflector that

is detected by the optical sensing porticn.
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