Nov. 3, 1970 R. L STEWART ETAL 3,537,316
UNDERWAY WATER SAMPLER
Filed Jan. 25, 1968 T : 2 Sheets-Sheet 1

27
37

FIG. 2

INVENTORS

: ! RICHARD L. STEWART
| . KENNETH M, OLSON, JR
v LEONARD WALSH

( .
_ B BY-Dﬁ’W“/’ AGENT

ATTORNEY

I15



R. L. STEWART ETAL

3,537,316

Nov. 3, 1970

UNDERWAY WATER SAMPLER

' 2 Sheets-Sheet 2

Filed Jan. 25, 1968

£ 914

av @
SLINONID ONIQHO0D3Y T SLIND¥ID MOSN3S
HILYIANOD
39v110A-0L |_.
AON3ND3Y4 | 46 .
L I e 8 ines HOSN3S
« mm§o~z<m TIouINo? 39NSSInd
S5 Nnm ~_~
¥3L10Td 4y NIIIANY |
A=X ~u3IXIN |
tog (26
© WaLrn4 %%.h_.«m_mhwww MOSN3S
[ SSVJANVE it dW3L
¥3ILMIANOD | - lyg 7 Z
J9VLI0A-01 IS
—AON3N03Y4
o
~ LinowIo
HOLVHINIO 7 ONINIL
ez ¥OLSIS3Y
N_m B i

Gzo

INVENTORS

RICHARD L. STEWART

AGENT
ATTORNEY

KENNETH M. OLSON ,JR.
LEONARD WALSH |

‘BY Dﬁ



United States Patent Office

3,537,316

Patented Nov. 3, 1970

1

3,537,316

UNDERWAY WATER SAMPLER
Richard L. Stewart, Kailua, Oahu, Hawaii, and Kenneth
M. Olson, Jr. Cxon Hill, and Leonard Walsh, Forest-
ville, Md., assignors to the United States of America

as represented by the Secretary of the Navy

Filed Jan. 25, 1968, Ser. No. 700,554

Int. Cl. GO1k 13/12; GO11 14/08

U.S. Cl. 73—345 6 Claims

ABSTRACT OF THE DISCLOSURE

A liquid sampling apparatus having a chamber with
a valve closure system which can be selectively triggered
to capture a sample of liquid while the apparatus is being
towed from a ship. Electronic pressure and temperature
sensor systems are located within the submerged ap-
paratus and supply information to an X-Y plot located
above the surface aboard the towing ship so that a liquid
sample can be collected based upon the information
thus obtained,

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 pay-
ment of any royalties thereon or therefor.

BACKGROUND OF THE INVENTION

The present invention relates to a liquid sampling
apparatus and more particularly to an underway water
sampler which is designed to obtain seawater samples
when being towed from a ship while the ship is under-
way.

In the past it has been the general practice to employ
seawater sampling devices which could only be utilized
if the ship from which the sampler was to be lowered
was slowed or stopped dead in the water. In addition,
these prior art sampling devices had to be preset so that
the seawater sample obtained had to come from a depth
which was determined prior to the lowering of the de-
vice into the water. Although such devices have served
the purpose, they have not proved entirely satisfactory
under all conditions of service. The limitation in the use
of these prior art sampling devices which required the
ship to stop prior to the lowering of the device into the
water has been a very great restriction upon the utiliza-
tion of these devices and has precluded their use aboard
ships of opportunity (commercial vessels) since requir-
ing these ships to stop interfers with their normal opera-
tions and schedules.

SUMMARY OF THE INVENTION

The general purpose of this invention is to provide a
liquid sampling apparatus which embraces all the advan-
tages of similarly employed devices and possesses none
of the aforedescribed disadvantages. To obtain this the
present invention contemplates a unique water sampler
that is adapted to be towed behind a ship while the ship
is underway. The invention also contemplates the use of
a temperature and pressure sensor within the sampler,
which are electronically associated with an X-Y plotter
that is located aboard the towing ship so that when the
desired conditions of temperature and pressure are
sensed by the sampler a triggering system may be actu-
ated from the towing ship so as to trap a water sample
within the bottle portion of the sampler.

It is, therefore, an object of the present invention to
provide a water sampler that can be operated while the
ship from which it is being towed is underway and with-
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out requiring a reduction in speed of the towing ship.

Another object is to provide an underway water sam-
pler wherein a sample can be collected from any desired
depth based upon information obtained by observing an
X-Y plot of temperature vs. depth.

Other objects and features of the invention will be-
come apparent to those skilled in the art as the disclosure
is made in the following description of the preferred em-
bodiment of the invention as illustrated in the accom-
panying sheets of drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a sectional view, partly in block
diagram form, of a preferred embodiment of the housing
assembly of the invention;

FIG. 2 shows a sectional view of a preferred embodi-
ment of the bottle portion of the invention; and

FIG. 3 shows, in block diagram form, the pressure
and temperature sensing circuits and associated record-
ing and firing circuits of the underway water sampler.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, wherein like reference
characters designate like or corresponding parts through-
out the several views, there is shown in FIG. 1 the hous-
ing assembly of the underway water sampler. This as-
sembly 10 includes a forward portion that encloses a
cavity 11 within which are located sensor circuits 12 the
details of which are illustrated in FIG, 3. The housing as-
sembly 10 also includes a hollow after chamber 13, a
series of holes 14 and an open end 15 all of which are
adapted to permit water to flow through the after cham-
ber 13 when the housing assembly 10 is being towed
through the water.

In addition, the underway water sampler of FIG. 1 in-
cludes a line 17 which is coupled to the housing assembly
10 at point 18. This line 17 is used to tow the sampler
in a submerged position behind a ship, and is also utilized
to pass electrical signals from the towing ship to the
circuits located within the housing assembly 10 as well
as to pass electrical signals from the sensor circuits 12
to the recording circuits 42 aboard ship. A temperature
sensor 19 extends through the housing 10 and is coupled
to the sensor circuits 12, as is shown in more detail in
FIG. 3. Similarly, a pressure sensor 21 is exposed to the
exterior of the housing 10 and is also coupled to sensor
circuits 12. Also included within the forward chamber
11 of the housing assembly 10 are electrical terminals
22 which are electrically coupled to the sensor circuits
12 and to the line 17, again as is shown in more detail
in FIG. 3.

Referring now to FIG. 2 there is shown the removable
bottle portion. of the underway sampler which includes
an exterior housing 26 that is connected to a frontal plate
27 by means of a plurality of struts 28 that are circular-
ly spaced apart from one another. A supporting rod 29 is
connected to the housing 26 at the after end of the hous-
ing and includes an anchoring point 31 to which a spring
32 is connected. This spring 32 is connected to a valve
closure 33, which in turn, is connected to valve closure
34 by rod 35. A pair of electrical terminals 37 are lo-
cated on the exterior side of the frontal plate 27 and
are electrically coupled to triggering resistor 38 and to
return lead 39. The resistor and return lead are also
electically connected by means of a metallic plate 41
located on the forward side of valve closure 34.

In the operation of the underway water sampler the
bottle portion of the sampler, as shown in FIG. 2, is
first inserted into the after cavity 13 of the housing as-
sembly of FIG. 1. This bottle portion is locked in place
within the cavity 13 by means of a locking mechanism



3,537,316

(not shown) which causes the electrical terminals 37 to
contact the terminals 22. The sampler is then lowered
into the water from the towing ship by means of the line
17 according to conventional or loop-drop launching tech-
niques. The sampler is then towed behind the towing ship
and during this time water continually passes through
holes 14 and between supporting struts 28 into the in-
terior of the bottle which is secured within the cavity
13. The water then flows through the interior of the bot-
tle and around the valve closure 33 out the after end of
the bottle and of the housing assembly at 15. Thus, a
continuous valume of sea water passes through the bot-
tle and out its after end as the sampler is being towed.

Referring now to FIG. 3, there is shown, in block
diagram form, the sensor circuits 12 which are located
within the forward cavity 11 of the underway water
sampler, and the recording circuits 42 which are located
aboard the towing ship. The temperature sensor 19, in
response to the water temperature, determines the fea-
quency output of a voltage-controlled oscillator 51, which
in turn, is coupled to a mixer amplifier 52. Similarly,
the pressure sensor 21 continuously senses the pressure of
the water, which is directly related to depth, and deter-
mines the frequency output of a voltage-controlled oscil-
lator 53 that is coupled to the same mixer amplifier 52.
The resulting signal at the output of mixer amplifier 52
is transmitted via line 17 up to the towing ship and to
the recording circuits 42 located thereon. Upon reaching
the recording circuits 42, the output signal from mixer
amplifier 52 is divided and introduced to the inputs of
filters 54 and 55. Because the frequency range for each
of the voltage-controlled oscillators 51 and 53 is known,
and because these ranges are different, filter 54 is set so
as to pass the frequencies generated by voltage-controlled
oscillator 51 while filter 55 is set so as to pass the fre-
quencies of voltage-controlled oscillator 53. In this way
the temperature information is separated from the pres-
sure information.

The signals, after having passed through filters 54 and
55, are fed into respective frequency-to-voltage con-
verters 56 and 57, which convert the frequencies original-
ly generated by oscillators 51 and 53 to voltages that are
proportional to the temperature sensed by the temperature
sensor 19 and to the pressure sensed by sensor 21, respec-
tively. The outputs of these frequency-to-voltage con-
verters, in turn, are then fed into X-Y plotter 58.

Thus, as the underway water sampler is towed through
the water by the ship, a continuous X-Y plot of tem-
perture vs. pressure is obtained on the plotter 58. By
observing this X-Y plot an accurate determination of
the temperature of the water and of the depth of the
sampler can be maintained until the desired conditions
are present to capture a sample of water. When the de-
sired conditions occur a signal generator 61, also located
aboard the towing ship, is activated so as to transmit a
triggering signal down through line 17 and through lines
23 into resistor firing circuit 62. This firing circuit could
be of many configurations, but for the purpose of illus-
tration it is herein described as including a firing resistor
38 which normally holds the valve closures 33 and 34 in
an open condition. When the generator 61 is activated,
the resistor firing circuit 62 is energized and an extremely
large voltage is impressed across the firing resistor 38
so that it is completely burned up, thus allowing the
spring 32 to contract and to pull the valve closures 33
and 34 so as to close on their respective valve seats, 64
and 65, This closing of the valve closures 33 and 34
traps the desired water sample within the bottle and re-
tains it. In order to remove the water sample from the
bottle the sampler must first be taken aboard the towing
ship and the bottle removed from the cavity 13 of the
housing assembly. At this point, a petcock (not shown)
located on the bottle allows the water sample to be
drained off in desired amounts for test purposes.
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This invention provides for a water sampler that can
be utilized in conjunction with a ship that is underway
and does not require that the ship reduce its speed or
stop in order for the water sampler to be operative. Thus,
this device can be used aboard commercial vessels with-
out interfering with their normal operations or schedules,
and as a result, will greatly expand the number of ships
that can aid in the taking of ocean samples all over the
world. This underway water sampler also is provided
with sensing circuits which accurately determine the tem-
perature and depth at which the sampler is located so that
the desired conditions are present when the sample is
taken.

1t should be understood, of course, that the foregoing

disclosure relates to only a preferred embodiment of
the invention and that numerous modifications or altera-
tions may be made therein without departing from the
spirit and the scope of the invention.

What is claimed and desired to be secured by Letters

Patent of the United States is:

1. A water sampler adapted to be towed behind a ship

underway, comprising:

a housing assembly having first and second axially
aligned cavities formed therein and having opening
formed in said housing adjacent both ends of said
first cavity;

a bottle having exterior dimensions substantially the
same as the interior dimensions of said first cavity
and removably fittable within said first cavity and
having openings at both ends;

means within said second cavity for sensing predeter-
mined characteristics of water adjacent to the sampler
as the sampler is being towed through the water;

means mounted upon said ship and operatively asso-
ciated with said sensing means for recording said
predetermined characteristics; and

means associated with said bottle for selectively closing
the openings therein by remote control from said
ship so as to trap a sample of water therein from
any depth of the water while the ship is underway.

2. The water sampler of claim 1 wherein said sensing

means includes:

at least one temperature sensor extending through said
housing assembly;

at least one pressure sensor integral with said housing
assembly;

at least two voltage-controlled oscillators, one each as-
sociated with a respective one of said temperature
and pressure sensors; and

a mixer-amplifier associated with each of said voltage~
controlled oscillators.

3. A water sampler adapted to be towed behind a ship

underway, comprising:

a housing assembly having a forward cavity, and an
after cavity, with at least one opening in said housing
adjacent to the forward end of said after cavity and
at least one opening in said housing adjacent to the
after end of said after cavity to enable water to flow
therethrough when the sampler is being towed;

a collecting bottle having an exterior shape generally
similar to the inside dimensions of said after cavity
so as to be insertable therein and having openings at
opposite ends;

means within said forward cavity for sensing predeter-
mined characteristics of water adjacent to the sam-
pler; and means operatively associated with said.bot-
tle for selectively closing the openings of said bottle
by remote control from said ship so as to trap water
therein when desired water characteristics are sensed
by said sensing means.

4, The sampler of claim 3 further including:

means mounted upon said ship and operatively asso-
ciated with said sensing means for recording said
predetermined characteristics,



3,537,316

5. The sampler of claim 4 wherein said closing means

includes:

a generator;

a firing circuit within said bottle and in circuit rela-
tionship with said generator;

a first valve closure normally fixedly attached to said
firing circuit and oriented so as to close a first one
of said bottle openings only upon the activation of
said firing circuit;

a second valve closure mechanically coupled to said
first walve closure and oriented so as to close the
second one of said openings in said bottle only upon
the activation of said firing circuit; and

resilient means fixed between an end of said bottle
and said second valve closure for forcing said valve
closures to close said bottle openings upon the acti-
wvation of said firing circuit.

6. A water sampler adapted to be towed behind a ship

underway, comprising:

a housing assembly having at least one cavity therein
with openings in said housing adjacent both ends of
said cavity;

a bottle fittable within said one cavity and having open-
ings at either end;

means associated with said bottle for selectively clos-
ing the openings therein by remote control from said
ship so as to trap a sample of water therein from
any depth of the water while said ship is underway;
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said means including a generator mounted upon said
ship; and

a firing circuit within said bottle and in electrical cir-
cuit relationship with said generator;

a first valve closure normally fixably attached to said
firing circuit and oriented so as to close a first one
of said openings in said bottle only upon the acti-
vation of said firing circuit;

a second valve closure mechanically coupled to said
first valve closure and oriented so as to close the
second one of said openings in said bottle only upon
the activation of said firing circuit; and

resilient means fixed between an end of said bottle and
said second valve closure for forcing said valve clos-
ures to close said bottle openings upon the activa~
tion of said firing circuit.
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