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FREE FALL BOTTOM SAMPLER

This is a division of application Ser. No. 711,792 filed
Mar. 8, 1968, now U.S. Pat. No. 3,572,129.

This invention relates generally to a bottom sampler
to obtain a sample of the bottom of a body of water,
and more particularly to such a sampler of the recover-
able free-fall type which does not require a retrieving
line between the sampler and the vessel from which it
is launched or dropped.

More specifically, the invention relates to a unique
free-fall sea bottom sampler having clam shell type jaws
which dig into and grab a sample of the bottom and the
sampler then returns to the surface of the water with
the sample. Although the sampler of this invention has
other uses, it is of particular utility for obtaining sam-
ples of an ocean bottom to detgrmine the presence of
manganese nodules in anticipation of sub-sea mining.

Among the features of the bottom sampler of this in-
vention are a pair of clam shell jaws adjacent the bot-
tom of an upright frame, floatation means in the form
of hollow glass or plastic spheres retained by the frame,
resilient means to close the jaws to obtain a sample of
the ocean bottom, and a latch assembly actuated in re-
sponse to impact of the bottom sampler with the ocean
bottom to release the jaws so they close under the influ-
ence of the resilient means. The jaws are so arranged
so that the weights which cause the sampler to sink to
the bottom, are merely supported on each of the jaws
and these weights create force moments which assist
the resilient means during initial closing of the jaws.
The weights fall off the jaws at an intermediate point
during closing and hence, the sampler is réturned to the
surface by the floatation devices. One of the spheres is
transparent and provides a housing for a flash bulb
equipped camera to photograph the portion of the
ocean bottom from which the sample is taken. The
camera is operated in a unique manner.

A significant advantage of the sampler of this inven-
tion over the previously known. coring type samplers is
that this sampler takes a significantly larger sample
than these prior known devices. In one embodiment,
the back of each jaw of the sampler is completely
closed and the entire'grabbed sample is retained. In an-
other embodiment, a mesh sack which allows washing
out of the fines, extends_across the back of each jaw
and clean samples of the modules are recovered at the
surface.

Additional features and advantages of the bottom
sampler includes a structure which sinks in the water in
a stable vertical position throughout its travel to the
bottom. Such vertical stability is attributable, at least in
part, to the location of the ballast weights adjacent the
bottom of the sampler and the location of the floatation
spheres above the weights. A distinct advantage of the
arrangement is that the sampler is actuated to allow the
jaws to close wholly by a mechanical system which is
completely fool proof. Hence, even if a malfunction oc-
curs the sampler will return to the surface where it can
be recovered. Even where the sampler encounters a
rough or uneven bottom with substantial slant, at least
a small sample is taken and the sampler returns to the
surface where it can be recovered. A known disadvan-
tage of the coring type samplers is loss of the sampler
where the coring device is driven into the bottom at an
angle. Since the sampler of this invention does not rely
on a coring tube or other similar device to take the
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sample its reliability is far better than the prior known
devices.

The signal and flare device, which forms a portion of
this invention, includes a unique mechanical blocking
mechanism to prevent its actuation until the bottom
sampler returns to the surface.

Numerous other features and advantages of the bot-
tom sampler of this invention will become apparent
with reference to the drawings which form a part of this
specification and wherein: '

FIG. 1.is a pictorial view of the sampler of this inven-
tion;

FIG. 2 is a partial enlarged side elevational view, with
portions in section, of the jaw release mechanism;

FIG. 3 is a sectional view taken along lines 3—3 of
FIG. 2;

FIG. 4 is a partial side elevational view, with portions
thereof broken away, of the upper portion of the bot-
tom sampler of this invention, and shows the mode of
mounting a camera in the transparent sphere, and the
fluid lens of the sphere;

FIG. 5 is a side elevational view showing a second
type of jaw of the sampler, and showing the position of
the various parts of the sampler immediately after the
jaws-are released; '

FIG. 6 is a view corresponding to FIG. 5 but showing
the jaws closed; :

FIG. 7 is a side elevational view of the flare and
smoke signal device of the bottom sampler;

FIG. 8 is a sectional view taken along lines 8—8 of
FIG. 7;

FIGS. 9-11 are side elevational views of the signal
device, with FIG. 9 showing forces acting on the device
during descent of the sampler, FIG. 10 showing forces
acting on the device during ascent of the sampler, and
FIG. 11 showing the signal device actuated; and

FIG. 12 is a wiring diagram of the camera shutter op-
erating circuit of the bottom sampler. ‘

Referring now to the drawings in detail and particu-
larly to FIG. 1, there is shown a sampler 1 constructed
in accordance with this invention having a frame 2 in-
cluding a base 3 and an upright portion or cage 4. Piv-
otally connected to base 3 are jaws 5 and 6 which are
movable from the open position of FIG. 1 to the closed
position of FIG. 6. '

‘Jaws 5 and 6 are normally urged to the closed posi-
tion by a plurality of resilient elements 7 which are ad-
vantageously formed from surgical tubing (of the type
used in underwater spear guns) because of its high
strength and elasticity. Jaw actuating mechanism 8 in-
terconnects the jaws when in the open position of FIG.
1 and maintains the jaws open until the bottom sampler
hits the bottom of the body of water from which the
sample is to be taken, whereupon the jaws are released;
and close in a manner which will subsequently be de-
scribed in detail.

Disposed within upright portion 4 are hollow spheri-
cal buoyant elements 9-11. '

Weights 12 and 13 are supported, respectively, on
jaws § and 6 and cause the bottom sampler to sink to
the bottom of the body of water in which it is dropped.
The weights fall off when the jaws close to take a sam-
ple of the bottom, and the sampler is buoyed upwardly
by spheres 9-11 and returns to the surface.

A combined flare and smoke producing device 14
connected to the top of upright portion 4 of the frame



3,750,547

3

is actuated when the sampler surfaces and provides a
signal to assist locating the sampler.

Base 3 is generally rectangular and includes horizon-
tally elongated, upright rectangular side plates 15 and
16 in spaced apart parallel relation to each other and
connected together by tubular cross members 17-19
which extend perpendicularly between the side plates.
Tubular member 17 is welded at its ends to side plates
15 and 16 at alocation adjacent the top edge of the side
plates but centrally along their length. Tube 18 is
welded to the side plates so it extends slightly below the
bottom edge of the plates and is located adjacent one
end of the plates. Tube 19 is similarly welded to the
side plates adjacent the opposite end of the base. As is
seen from FIG. 1, the tubular cross members 17-19 are
each parallel with each other, and cross members 18
and 19 are disposed in the same horizontal plane. Tu-
bular members 18 and 19 cooperate with side plates 15
and 16 to provide a base 3 of generally rectangular con-
figuration as viewed in plan.

Welded to tubular cross member 18 and curving in-
wardly and then upwardly from the tubular member are
a pair of tubular connectors 20 and 21 which extend
approximately one fourth the height of upright portion
4 of the frame. Connectors 20 and 21 are fixed to tubu-
lar cross member 18 by welding and are in spaced apart
parallel relation to each other. A second pair of tubular
connectors 22 and 23 curve, first inwardly and then up-
wardly, in the same manner as connectors 20 and 21
and are welded to tubular cross member 19 so they ex-
tend upwardly in spaced parallel relation to connectors
20 and 21. The arrangement is such that the upper ends
of the connectors form a rectangular array.

Upright portion 4 of the frame includes elongated up-
right tubes 24-27, the lower ends of which extend re-
spectively into the upper ends of tubular connectors
20-23 and are secured against longitudinal movement
by lock pins or screws 28. Each screw 28 extends
through the wall of a tubular connector and through
the wall of an upright tube to key the tubes to the con-
nector.

The upper ends of upright tubes 24-27 extend
through sleeves 29 fixed to a clamping ring 30. Sleeves
29 are secured to the clamping ring with their axes ver-
tical and in the same rectangular array as that of con-
nector tubes 20-23 and are spaced vertically above the
connector tubes. It will be observed with reference to
FIG. 1 that upright tubes 25 and 26 terminate at the
clamp ring whereas tubes 24 and 27 extend a substan-
tial distance above the ring. As shown at FIG. 4, screws
31 threaded into sleeves 29 hold the clamp ring in posi-
tion on tubes 24-27.

With reference to FIG: 4, three retaining studs 32-34

are fixed to clamp ring 30 and project radially out-.

wardly from the ring in equally spaced circumferential
relation to each other. Each retaining stud has an en-
larged head 35 by which a clamp assembly 36 is con-
nected to clamp ring 30. Clamp assembly 36 has three
equally spaced arms 37-39 having upper ends secured
to a threaded boss 40 positioned above the vertical axis
of sphere 9. Each arm, generally follows the curvature
of sphere 9, has openings 41-43 serially located adja-
cent the ends of the arms, the several openings of the
respective arms each being spaced the same distance
from the ends of the arms. Openings 41-43 are each
slightly larger than the heads 35 of studs 34. Extending
through threaded boss 40 is a clamp bolt 44 which en-
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gages a bushing 45 on a resilient suction cup 46 pressed
against the upper end of sphere 9. Suction cup 46 acts
as a cushion between the sphere and clamp bolt 44 and
prevents slipping.

Sphere 9 is comprised of two identical hemispherical
shells, including an upper hemisphere 47 and a lower
hemisphere 48, which are tightly held together by
clamp assembly 36 and clamp ring 30. As shown at
FIG. 4, the hemispherical shells abut along a horizontal
joint 49. The surfaces of the halves at the joint are
smoothly polished. A seal is provided between the
abutting surfaces and may take the form of a thin metal
or plastic gasket or silicone grease. Clamp ring 30 has
an inside diameter slightly less than the diameter of
sphere 9 so that lower hemisphere 48 seats in the clamp
ring. Thus, when pressure is applied to upper half 47 of
sphere 9 by tightening clamp bolt 44 the hemispheres
47 and 48 will be tightly pressed together and sealed
against leakage of water into the sphere. By making
openings 41-43 slightly larger than the enlarged heads
35 of studs 32-34 it is merely necessary to unthread
clamp bolt 44 several turns so that heads 35 of the studs
can clear the openings whereupon the arms 37-39 may
be flexed outwardly and the clamp assembly 36 re-
moved. Then upper hemisphere 47 can be lifted to
open the sphere. Installation of clamp assembly 36 to
close the sphere can be accomplished with equal facil-
ity. Resilient pads 48' (FIG. 4) between arms 37-39
and hemisphere 48 provide cushions to prevent dam-
age when clamp assembly 36 is tightened. When the
sampler is used in deep water, the high pressures en-
countered cause sphere 9 to shrink with the result that
lower hemisphere 48 may then slip through clamp ring
30. This is prevented by retaining straps 49’ (shown at
FIG. 1 only) of which there are three, and which, are
welded to clamp ring 30 at equidistantly spaced loca-
tions, follow the curvature of lower hemisphere 47, and
are joined by welding adjacent the pole of the heml-
sphere.

Hemispheres 47 and 48 are advantageously formed
from relatively thick glass or transparent plastic such as
PLEXI-GLASS or LUCITE which have good compres-
sive strength. Mounted in the bottom of hemisphere 47
is a flat transparent plate 50 of circular outline which
is cemented to the inside of the hemisphere. g

‘A reinforcing strut 51 with a flat top edge and a
curved lower edge conforming to the ‘curvature of the
inside of hemisphere 47 extends across the center of
plate 50 between the plate and the hemisphere to brace
the plate against bending. Mounted on plate 30 is a
bracket including clamps 52 and-53 which engage. the
opposite ends of and hold a camera 54 securely to the
plate. Plate 50 is so mounted in hemisphere 48 that the
plate extends at an angle of 30° to horizontal when the
sampler is in its normal upright position. Lens 55 of
camera 54 is parallel with plate 50 and thus, the axis of
the lens extends at a 60° angle with horizontal. It will
be observed with reference to FIG. 4 that the camera
is located essentially mid-way between adjacent upright
tubes as well as between straps 49’ and thus, can photo-
graph a portion of the bottom of the body of water from
which a sample is taken. Camera 54 advantageously
has a self-contained flashbulb unit 56 synchronized
with the shutter of the camera to illuminate the portion
of the bottom which is photographed.

The space between plate 50 and the inside surface of
hemisphere 48 is filled with a transparent fluid 53’ to
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provide a “fluid lens™ 54'. The fluid lens provides a
unique way to eliminate the distorting effect of imper-
fections in the inner surface of the hemisphere and also
avoids distortion of a picture taken by the camera due
- to the curvature of the- hemisphere. The refractive
index of fluid 53’ is so chosen as to eliminate, so far as
is possible, the adverse effects-of differences between
the refractive index of the hemisphere material and the
refractive index of sea water. It has been found that
water works quite well as fluid §3' and matches the re-
fractive indices mentioned above sufficiently well that
no extensive distortion of a photograph taken at the
“bottom occurs. The fluid lens 54’ has two significant
functions, first, it eliminates the effect of imperfections
of the inner surface of the hemisphere on light travel-
ling from the inside to the outside of the hemisphere,
and second, ‘it eliminates considerably distortions due
to the curvature of the hemisphere.

Where complete elimination of distortion is required,

aring 55’ of a diameter essentially the same as the di-
ameter of plate 50 is cemented to the outside of hemi-
sphere 47 with its axis aligned with the center of plate
50. Fitted into ring 55’ is an'outer plate 57 which is
spaced slightly from the outside surface of hemisphere
47. Thus, there is a second space between the outside
surface of the hemisphere and outer plate 57'. Where
the ring and outer plate are used, both the space be-
tween plate 50 and the inside of the hemisphere, and
plate 57’ and the outside of the heniisphere are filled
with a transparent fluid 53’ of the same index of refrac-
tion as the hemisphere material. When the spaces are
so filled with material of the same refractive index, the
hemisphere ‘material is eliminated optically from the
fluid lens. Thus, no distortion at all occurs because the
camera lens is parallel to both plates 50 and 57’ and
thus, the distorting effects.of refraction are completely
eliminated by the fluid lens 54’ Advantageously, no
high pressure seals are required since the lens does not
have parts that extend through the hemisphere 47, In
addition, since the space within ring 55' s filled with a
liquid (which is incompressible), high external pres-
sures will not damage the liquid lens.
-Strut 51 is advantageously painted completely black.
The absorbtive effect of a black color on light substan-
tially eliminates reverberation of light through the fluid
53’ from flash unit 56 to the lens of camera 54, when
the flash unit is fired. S

The shutter ‘of camera 54 is actuated in a unique
manner. As shown in'FIGS. 4 and 12, a solenoid 57 is
connected in series circuit relation with a switch 58 and

a battery 59, all contained within sphere 9. Solenoid §7

has a plunger 60 connected to the shutter of the camera
to operate’ the shutter when solenajd 57 is energized.
Switch 58 is a magnetically actuable glass enclosed
reed switch, of the normally open type, having a mov-
able magnetic contact 61 and a stationary contact 62.
Switch 58 is mounted-on the inside surface of hemi-
sphere 47. Engaging hemisphere 48 on the outside im-
mediately opposite switch 58 is an actuator. tube 63
formed of nonmagnetic material such as stainless steel,
which is readily weldable and has an open top end and
a bottom end with a small, centrally located opening
therein. Located within tube 63 is a cylindrical magnet
64 and a spring 65 disposed between the magnet and
the lower end of tube 63. A string 66 is'connected to
the bottom of the magnet and extends through the
opening in the bottom of the tube. String 66 is main-
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tained taut (before the jaws are released) to hold mag-
net 64 in a lowered position within tube 63, and spring
65 is under compression. Since magnet 64, in this posi-
tion, is substantially below switch 58, the switch con-
tacts remain open. However, when the string 66 is.re-
leased, spring 65 forces the magnet upwardly and
switch contacts 61 and 62 close as.magnet 64 passes by
switch .58. With string 66 released, magnet .64 ulti-
mately assumes an upper position above switch 58 and
adjacent switch 58’, the switch 58’ controlling a radio
or a flasher (not shown ) inside t'h‘e hemisphere to facili-
tate recovery, as will be explained later.

Jaw 5 is fabricated from a pair ‘of parallel side plates
67 and 68 spaced apart a distance slightly greater than
the distance between the outside surfaces of side plates

- 15 and 16 of base 3. Side plates 67 and 68 are each
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formed from heavy guage sheet metal and have rear
edges 69 and 70 respectively, which form the rear face
of jaw 5. Side plates 67 and 68 also have front edges 71

‘which form a front face of jaw 5, the front edges being

sharpened along a substantial portion of their length to
form a knife edge 72 which assists cutting or slicing a
sample when the jaws close. Side plates 67 and 68 each
have a first side edge 73 which extends at an acute
angle to front edge 71 and merges with both the front
edge and the rear edge of the respective plates at
smoothly rounded cornérs 74 and 75. At the opposite
ends of side plates 67 and' 68 is a side edge 76 which
extends generally perpendicularly to front edge71. Ad-
jacent corners 75 of side plates 67 and 68 'is a tubular
cross:member 77 which is welded to the inwardly fac-
ing surfaces of the side plates. Bolts 78 and 79 which
pass through openings.in the side plates adjacent cor-
ners 74,75 pivotally mount jaw 5 on the base. A
toothed cutter 80 extends between side plates 67 and
68: is secured to ‘the side plates’'and lies against side
edge- 76, cutter blade 80 is so mounted on the side
plates that it is tangent to a circle about the pivotal axis
of the jaw. el o

Rear edges 69 and 70 of side plates 67 and 68 each
slope first downwardly toward front edges 71 .of the
plates and then curve arcuately upwardly before merg-
ing with side edge 76 to form upwardly facing arcuate
cradles 82 and 83 in-the respective side plates.

As shown at FIG. 1, weight 12 has a cylindrical body
84 with enlarged cylindrical ends 85 and 86. Body 84
is slightly longer than the. distance between plates 67
and 68 and thus, the inwardly facing transverse sur-
faces 87’ of ends 85 and 86 extend beside the outer sur-
faces of side plates 67 and 68. . .. . T

Jaw 6 is identical to jaw 5 and in the position shown
at FIG. 1, jaw 6 is merely jaw 5 rotated 180° in a hori-
zontal plane. Thus, jaw 6 includes spaced apart side
plates. 87 and 88, a cross-member 89 extending be-
tween secured side plates, and-a sample slicing or cut-
ting. blade 90 secured to and extending between the
side plates. The side plates 87 and 88 have front edges
91 with sharpened knife edges 92, and rear edges 93
each having a weight receiving cradle 94 which faces
upwardly when the jaws are in the open position of
FIG. 1. Jaw 6 is pivotally mounted on base 3 with bolts
94'. Weight 13 is identical to.weight 12:and has a body
95 with enlarged ends 96 and 97. Ends 96 and 97 ex-
tend on each side of side plates 87 and 88 in the same
manner as described for weight 12; when weight 13 is
placed in cradles 94, :
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As shown in FIG. 1, jaws § and 6 have both an open
front and an open back. The open back of jaw 6 is
closed by a sample retaining sack or bag 98 which ex-
tends across the side plates and is secured to them at
the rear edges 93. Sack 98 also extends to and is se-
cured to rear edge 99 of cutter blade 90. A series of
spaced apart openings formed adjacent the rear edges
of the side plates and cutter blade 90 provide for sew-
ing or tying the sack to the jaw with cord 100 by thread-
ing the cord through the openings. Sack 98 is formed
from a flexible imperforate web or can also be net or
other mesh material sewn and dimensioned to bulge
outwardly when the jaws are closed, as shown at FIG.
6. Advantageously, sack 98 is formed from a flexible
non-elastic material such as canvas or fine mesh fish
net. An identical sack 101 extends across the rear face
of jaw 5 and is similarly secured to the jaw.

FIGS. 5 and 6 show jaws 5’ and 6’ in modified form
as well as base 3’ in modified form. Here, side plates
15" have bottom edges 17’ and 18’ which slope down-
wardly to meet at an apex 19'. Jaw 5', while essentially
the same as jaw §, shown at FIG. 1, has a side plate 67/
with a front edge 71’ comprised of edges 72’ and 73’
which slope toward each othér and meet at a point 74"
In addition, edge 72’ extends to the front edge of cutter
blade 80, edge 72’ being sharpened to facilitate slicing
a sample when the jaws are closed. Jaw 6 is identical
to jaw 5’ and includes a modified side plate 87’ with a
bottom edge 88’ comprised of edges 89’ and 90’ which
extend at an angle to each other and meet at a point
91'. Edge 90’ extends to the front edge of cutter blade
90. Except for these modifications of jaws 5', 6', and
base 15, the sampler of FIGS. 5 and 6 is identical to
that of FIG. 1.

The jaws are moved from the open position of FIGS.
I and 5 to the closed position of FIG. 6 by resilient ele-
ments 7. As shown in FIG. 1, there are three resilient
elements which take the form of lengths of surgical tub-
ing with their ends interconnected by separable fasten-
ers 102 to form closed bands 103-105. As shown with
reference to band 105, each band has an end 106 which
is looped over cross tube 77 and extends downwardly
under cross tube 18, a second end 107 which is looped
over cross tube 89 and extends downwardly across tube
19 and legs 108 and 109, which extend respectively be-

tween cross tubes 18 and 19, with leg 109 extending.

over cross tube 17. Since the pivotal connections for

jaws 'S and 6 as provided respectively by bolts 78, 79'

and 94’ are inwardly of cross tubes 18 and 19 around

which the bands 103-105 extend, a substantial lever.

arm is provided to assure good closing of the jaws,
when released.

Jaws 5 and 6 are held in the open position against the
biasing action of resilient element 7 by jaw actuating
mechanism 8 located vertically above the horizontal
center of these three. ‘

The jaw actuating mechanism includes a horizontal
connector 111 (FIG. 2) to which arms 112 and 113 are
connected adjacent their upper ends for pivotal move-
ment about horizontal axis by pins 114 and 115. As
shown at FIG. 3, connector 111 is H-shaped as viewed
in plan and arms 112 and 113 extend into the vertical
slots of the connector. Arm 112 has a notch 116 adja-
cent its upper end, the notch being defined in part by
an inwardly extending cable retaining finger 117. Simi-
larly, arm 113 has a downwardly facing notch 118
which is defined in part by an inwardly extending cable
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retaining finger 119. Arm 112 has an elongated down-
wardly extending tapered leg 120 and arm 113 has an
elongated downwardly extending tapered leg 121. The
lower ends of legs 120 and 121 extend into an upwardly
facing recess 122 of a retaining cup 123. An elongated
rod 124 is fixed to the center of the cup and extends up-
wardly through an-opening centrally located in connec-
tor 111, the rod having its upper end threaded to per-
mit threading the rod into a nut 125 imbedded in the
bottom of a suction cup 126. As shown at FIGS. 1 and
2, suction cup 126 is adhered to the bottom of sphere
11 with its center along the vertical axis of the sphere.

Fixed to the center of cross-tube 77 of jaw 5 is a re-
taining cable 127 having a loop 128 at its inner end. A
cable 129 is fixed to the center of cross-tube 89 of jaw
6 and also has a loop 130 at its inner end. Cables 127
and 129 hold jaws 5 and 6 in the open position with
loop 128 extending into notch 116 and loop 130 cx-
tending into notch 118. The inwardly extending por-
tions of fingers 117 and 119 prevent the cables from
slipping downwardly off the fingers, so long as arms
120 and 121 are held by cup 123. The resilient ele-
ments 7 which normally tend to close jaws 5 and 6,
maintain cables 127 and 129 taut and in position in the
notches. It will be noted, with reference to FIG. 2, that

- theline of action of cables 127 and 129 is slightly below
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" thereby releasing

the axis of pivot pins 114 and 115 and thus, if retaining
cup 123 is moved downwardly, legs 120.and 121 will
each pivot outwardly away from rod 124, the cables
will be released, and the jaws will-close under the ac-
tion of resilient elements 7. ‘ ‘
As shown at FIG. 1, sphere 10 is connected to sphere
11 by a double ended suction cup which lies along the
vertical axes of the spheres. Spheres 10 and 11 are each
formed from glass or plastic and are hollow but have
considerable mass. Thus, when the sampler 1 is in the
water, with the jaws open, spheres 10 and 11 exert an
upward pull of the cup to retain the lower ends of legs
120 and 121 in recess 122 of the cup. The sampler de-
scends quite rapidly through the water because of bal-
last weights 12 and 13 and when base 3 of the sampler
strikes the bottom, spheres 10 and 11 momentarily
continue to move downwardly because of their inertia,-
as shown at FIG. 5. Retaining cup 123 is.thus pushed
downwardly relative to the arms (downward movement
of the arms being prevented by the cables) so the legs
are released .and arms are free to pivot outwardly
the cables ‘and allowing jaws 5-and 6
to close. . . : [ R :
As shown at FIGS. 1 and 8, flare and signal assembly.
14 is secured to the upper end of upright tube 24. The
upper end of flare assembly 14 extends above the upper
end of sphere 9. As shown at FIG. 8, the lower end 140
of flare assembly 14 has a diameter slightly less than the
inside diameter of the tube 24 and has self cutting
threads 141 to permit threading the flare assembly into
the tube. End 140 merges with a cylindrical body 142
at a shoulder 143 which acts as a stop to limit the
amount the flare can be threaded into tube 24. Body
142 is cylindrical and has a reduced diameter portion
144 that merges with body 142:at transverse upwardly
facing shoulder 145 which provides a seat for the lower
end of a closure sleeve 146. Projecting from the upper
end of portion 144 is an integral tube 147 which is in-
ternally threaded to receive the threaded tip of a
primer assembly 148 of a flare and smoke cartridge
149.
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The upper end of sleeve 146 is closed.by a bushing
150 having a plug portion 151 that extends into the
sleeve. A transverse shoulder 152 of the bushing abuts
the end of the sleeve. The bushing is permanently and
hermetically fixed to the sleeve by an epoxy cement
152’ solidified in opposed annular grooves around the
bushing and the upper end of the sleeve, as shown at
FIG. 8. Bushing 150 has a central opening 153 that is
closed by a plug 154 which is friction fit in the opening.
A retaining string or wire 154’ is connected between
plug 154 and bushing 150 to retain the plug against loss
when the flare is fired. Suitable O-ring seals are pro-
vided between the head of plug 154 and the top fact of
bushing 150 as well as around the stem of plug 154 to
prevent leakage of water through bore 153. A suitable
O-ring is also provided between body 142 and the
lower end of sleeve 146 to prevent leakage of water
into the flare assembly at the joint between the body
142 and the sleeve.

Body 142 has a bore 155 which terminates a short
distance from the bottom of lower end 140. A firing pin
156 is slideable in-bore 155 and a helically wound
spring 157 -extends between the bottom of-firing pin
156 and the lower end of bore 155. Firing pin 156 has
an - upwardly facing tapered’ shoulder 158 and a
rounded tip 159 projecting upwardly up from the
shoulder. . .

A transverse bore 160 is formed:in body 142 and has
its axis tangent to the circumferential surface of bore
155. A sear pin.161 extends-into and is journalled for
rotation in bore 160. Sear pin 161 has a flat 162 formed
therein, as by milling, the flat being aligned with a sur-
face of bore 155. Opposite flat 162 is a rounded portion
163 of the sear pin which, in the position shown; ex-

“tends radially into bore 155 and engages shoulder 158
of firing pin 156 to maintain the pin in a depressed or
loaded position in which spring 157 is compressed.

Sear pin 161 has an enlarged head 164 by which the
sear pin is connected to an operating assembly 1685.
Operating assembly 165 includes a straight arm 166 to
which head 164 is connected intermediate the ends of
the arm. Fixed to the lower end of arm 166 is a flexible
vane ‘167 which extends upwardly andcurves out:
wardly away from the arm. A float 168 is secured to the

upper e¢nd of arm 166 and extends beside sleeve. 146

when operating assembly. 165 is in the position of FIGS.

10
ing descent of the sampler the water through which the
sampler passes exerts a force, asishown by the ‘arrows
174, on the underside of vane 169 thereby bowing the
vane outwardly and exerting a counter-clockwise mo-
ment of force on operating assembly 165. This counter-

. clockwise moment of force merely urges pin 170
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against the side of sleeve 146 and thus, float 168 re-
mains upright and the operating assembly does not ro-
tate. During descent, vane 167 is pressed-inwardly to-
ward arm 166 by the water through which the sampler
passes and thus, varie 167 creates only a minimal clock-
wise moment of force on operating assembly 165.
Thus, operating assembly 165 prevents firing flare 14
while the sampler is descending.

A shallow water seal arrangement is provided be-
tween bore 160 and shear pin-161. This seal arrange-
ment includes an annular groove 173" in which an O-
ring 174’ is seated. At shallow depths, O-ring 173’ pre-
vents leakage of water between shear pin 161 and bore
160. - o . ‘

In addition, a high pressure seal arrangement is also
provided. With reference to FIG. 7 a seal ring 175 is
disposed between the inside surface of head 164 of sear
pin:161 and the outer surface of body 142 of the lower
end of the flare. In addition, it will'be -noted that sear
pin 161 is stightly shorter than bore 160 so that the sear
pin can move axially in the bore. Since the area within
seal ring 175 is substantially less than'the area of head
164 exposed to water pressure, the pressure of the
water exerts a substantial force tending to'push sear pin

~ 161 further into bore 160 when the sampler reaches a

35
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substantial depth in the water. As a result of the pres-
sure and movement of the sear pin; seal 175 is forced
tightly against the surface of body 142 to provide a high
pressure seal and there is sufficient friction between
seal 175 and body 142 to prevent rotation of the sear
pin 161 or operating assembly 165 after the sampler
reaches a substantial depth. . o :
After a sample is taken and the sampler ascends, as
shown at FIG. 10, the water pressure gradually de-
creases as the sampler approaches the surface and the
friction between seal 175 and body 142 is no longer

- sufficient to prevent rotation of operating -assembly

45

165. However,.as the -sampler ascends vane 167 is

bowed putwardly by the water as shown ‘by arrows:176,

© FIG. 10, whereas vane 169 is collapsed against the side

7-10 in which the firing pin is cocked.. It will be noted .

that arm.166 is connected to float 168 at a position off-

set to one side of the center of the float. Connected to
and extending downwardly from the opposite side of
float 168 is a vane 169, vane 169 curving cutwardly. A
stop pin 170 is secured to float 168 and prevents coun-
ter-clockwise movement of operating assembly 165 (as
shown at FIG. 9) relative to flare 14 by engagement of
the pin with sleeve 146 of the flare. o

Cartridge -149 includes an elongated cylinder of
smoke-producing compound 171 which extends up-
wardly within sleeve 146 from primer 148 to bushing
150. Smoke-producing compound 171 has a central
opening the upper end of which is closed by a flare car-
tridge 172. Thus, when firing pin 156 is released it
strikes primer 173 at the base of primer tube 148 and
ignites the primer, which in turn ignites smoke produc-
ing compound 171 and flare cartridge 172.

Operating assembly 165 prevents rotation of sear pin
161 to the position in which firing pin 156 is released,
until the sampler has surfaced. As shown at FIG. 9, dur-

of float 168. .Thus, a counter-clockwise ' moment of

 force again acts on operating assembly 165 and float
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_ with the side of the flare. - :

168 remains upright because of engagement.of pin'170-

When the sampler surfaces flare 14 .extends above

the 'surface of the water. Thus; there are-ho external -

forces acting ‘on operating assembly 165. However,
since float 168 is'mounted at a position offset to one
side of arm 166, the float exerts a clockwise: moment
of force which causes operating assembly 165 to begin
rotating in a clockwise direction as shown at FIG. 11.
As soon as flat 162 of sear pin 161 begins to engage
shoulder 158 of firing pin 156, a torque is exerted on
the.sear pin by the firing pin and correspondingly the
operating assembly is rapidly rotated to the position of
FIG. 11 in which firing pin 158 is free to strike primer
173. When flat 162 is aligned with the side of bore 1585,
firing pin 156 is released to strike the primer and ignite -
smoke cartridge 171 and flare 173. As flare 172 is pro-
jected from the flare assembly it provides an illumi-
nated signal to personnel on the ship from which the
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sampler was dropped. In addition, smoke producing
compound 171 produces smoke for a considerable
length of time after the flare is fixed.

Flare assembly 14, in some instances, is quite desir-
able as where a number of samplers are dropped in the
same area and where ocean currents do not cause con-
siderable drift of the samplers. However, a radio hom-
ing device can also be used to advantage. Such a hom-
ing device may take the form of a small transistor lo-
cated within sphere 9, the transmitter being arranged
to either provide a signal from the time the sampler is
dropped, or to be set into operation when camera 54
is triggered or as magnet 64 reaches a position opposite
switch 58'. Where such a radio transmitter is used di-
rection finding equipment is provided on the mother
ship from which the sampler is dropped, and since sev-
eral ships are frequently used to obtain representative
samples of a certain area of the ocean floor, a second
direction finder on another ship facilitates locating the
surfaced sampler.

The homing device of course can take the form of a
radio transmitter in a sealed package mounted on the
frame of the sampler. For nighttime recovery of the
sampler after it has surfaced, a flashing light may be lo-
cated either inside sphere 9 and arranged to operate in
the same manner described for the radio homing de-
vice, or can be located in a pressure type case and
mounted on one of legs 24-27,

To facilitate retrieving the sampler after it has re-
turned to the surface of the body of water in which it
is dropped, a retrieving line 180’ is advantageously pro-
vided between the ends of legs 25 and 27, as shown at
FIG. 1. This retrieving line facilitates catching the sam-
pler with a boat hook.

OPERATION AND USE

Prior to dropping the sampler into the water where
the bottom is to be sampled, camera 54 is loaded and
positioned in lower hemisphere 48. The lower hemi-
sphere is then positioned in clamp ring 30, upper hemi-
sphere 47 is placed on the lower hemisphere, the clamp
assembly 36 is fitted on the clamp ring, and clamp bolt
44 is tightened to seal upper hemisphere 47 to lower
hemisphere 48.

‘Next, jaws 5 and 6 are moved to the open position of
FIG. 1 using a suitable jaw-loading tool to open the
jaws against the bias of resilient element 7, and the jaws
are latched in position by connecting cables 127 and
129 to jaw actuating mechanism 8. Since the weight of
spheres 10 and 11 tends to normally release jaw actuat-
ing mechanism 8 when the sampler is out of the water,
the jaw:actuating mechanism is temporarily locked in
the latched position of FIG. 2 with rubber bands that
- extend under cup 123, and are cut after the sampler is
lowered into the water but before it is released.

Weights 12 and 13 are placed in the cradles of the re-
spective jaws and sampler 1 is then ready to be used.

In use the sampler is merely lowered into the water
at the desired location where a sample of the bottom is
to be taken, in the upright position of FIG. 1, and is
then released. With weights 12 and 13.in position, the
sampler has a negative buoyancy sufficient to cause the
sampler to sink at a rate of 100 ft./min. to 300 ft./min.,
depending of course on the density of the water in
which the sampler is dropped, and the mass of the
weights. As soon as spheres 10 and 11 are in the water,
an upward pull is exerted on rod 124 and cup 123 re-
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mains engaged with the arms 112 and 113 of the oper-
ating assembly. Thus, the jaws are held in the open po-
sition after the rubber bands are cut and throughout de-
scent of the sampler.

As shown at FIG. §, the instant sampler 1 hits bottom
177 of the body of water in which the sampler is
dropped, the inertia of spheres 10 and 11 causes the
spheres to continue to move downwardly. Such down-
ward movement of spheres 10 and 11 pushes cup 123
downwardly which releases arms 112 and 113 allowing
cables 127 and 129 to release, thereby freeing jaws 5
and 6 to close under the influence of resilient elements
7.

As shown at FIG. 1, string 66 is connected to cross
member 89 of jaw 6. When the connection'is made be-
tween the string and the jaw, the string is made taut so
magnet 64 is pulled to the position of FIG. 4 wherein
the magnet is below reed switch 58 and spring 65 is
compressed. The string is preferably made of a thin
thread which readily breaks as jaws 5 and 6 close. As
soon as the string 66 breaks, the magnet is free to move
upwardly under the influence of spring 65. When mag-
net 64 is immediately opposite reed switch 58, contacts
61 and 62 are magnetically attracted to. each other,
causing the contacts to close whereupon shutter 55 is
operated by solenoid 57 and flashbulb 56 is simulta-
neously actuated to obtain a photograph of the bottom
of the body of water from which the sample is taken.
Continued upward movement of the magnet actuates
switch 58’, as previously explained to actuate the auxil-
iary signal devices. o 7 L

It will be observed with reference to FIG. 1, that front
edges 71 and 91 of the respective jaws extend at an
acute angle to the surface of bottom 177 upon initial
impact of the sampler with the bottom. As soon as jaw
actuating mechanism 8 is released, the resilient ele-
ments initiate closing of the jaws, and weights 12 and
13 exert downwardly acting forces which assist the ini-
tial closing of the jaws into bottom 177. As the jaws dig
into the bottom, sacks 98 and 101 begin to fill and are
forced outwardly beyond the rear faces of the jaws
thereby unseating weights 12 and 13 which merely roll
out of the cradles in the respective jaws. As soon as
weights 12 and 13 are displaced’ from the jaws, the
buoyant force of spheres9-11 tends to lift the sampler.
Thus, as jaws 5 and 6 close under the forces from resil-
ient elements 7, a substantial pull is applied to the sam-
pler which pulls the sample between the jaws free from
the'bottom and then returns the sampler to the surface.
Cutters 80 and 90 engage each other when the jaws are
closed, and front'edges 71 and 91 oppose each other.
When sampler 1 reaches the surface, flare 14 fires in
the manner previously described to indicate that the
sampler is surfaced. The sampler is then recovered and
the bottom sample in the jaws can be examined.

With reference to the modified embodiment of the
sampler shown at FIGS. 5 and 6, when the sampler en-
gages the bottom, the points 74’ and 91" of the jaws §'
and 6’ sink slightly into bottom 177 as does point 19’
of base plate 15’. In addition, the sloping edges 87 and
91’ of jaw 6’ and the slopong edges 72’ and 73’ of jaw
5’ cooperate with the sloping edges 17’ and 19’ of the
base to provide an inherently stable base which virtu-
ally eliminates any possibility of tipping of the sampler
even where bottom 177 slopes substantially, As shown
at FIG. 6, when jaws §' and 6’ close edges 72’ and 89’
are in abutting relationship to each other and corre-
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spondingly oppose each other in addition, the cutters
80 and 90 engage each other so that a substantial area
within the jaws is closed against lost of the sample
taken when the jaws close. As jaws 5’ and 6’ were mov-
ing to the position of FIG. 6 the portion of bottom 177
sliced by the jaws cause bulging of bags 98 and 101
with the result that weights 12 and 13 were forced out
of the cradles and rolled to one side of the opening 178
formed by the jaws. ‘

To rouse the sampler, it is merely necessary to pro-
vide new weiglits 12 and 13, reload camera 54, and
provide a new flare assembly 14. Then, the jaws are re-
opened, held in position by operating assembly 8 as
previously described, and the sampler is again dropped
into the water where it performs the same bottom sam-
pling operation just described. '

While a preferred embodiment of the sampler of this
invention has been shown and described, it is to be un-
derstood that numerous changes and modifications are
contemplated. For example, while the backs of the jaws
are shown closed with a flexible member or web which
may be either imperforate or of meshed material, a
sheet metal plate suitably formed to permit accommo-
dating the weights 12 and 13 in their respective cradles
may also be used to close the backs of the jaws. In addi-
tion, itis contemplated that flotation devices other than
hollow spheres 10 and 11 for example, solid spheres or

blocks can be used to provide buoyancy for the sam-

pler. In addition, plastics impregnated with gases or
having air cells therein may be used to provide the de-
sired buoyancy. Also, suitable bracing can be provided
within hollow spheres 10 and 11 or these spheres can
be filled with a low density liquid to prevent implosion.

Thus, while some of the contemplated changes that
can be made in the preferred embodiment without de-
parting from the scope of the invention as herein con-
templated have been listed above, itis intended that the
scope of the invention shall be as defined herein and in
the appended claims. ‘

What is claimed is:

1. A free fall recoverable device for obtaining a pic-
ture of the bottom of a body of water comprising, in
combination ‘ ST

a frame; o .

buoyant means carried by said frame;

. releasable ballast means carried by said frame;

said device, with said ballast means; exhibiting nega-
tive buoyancy, whereby said device will sink to the
bottom of the body:of wa;terijhen released from
the surface; S

said device, without ballast means, exhibiting positive
buoyance, whereby said device will return to the
surface of the body of water when the ballast
means is released; :

a sealed housing carried by said frame, said housing
having ‘
a transparent wall portion, and
a wall portion of non-magnetic material;

a camera within said housing and positioned to ob-
tain a picture through said transparent wall por-
tion;

camera operating means within said housing and in-
cluding a magnetically responsive actuating ele-

o

ment adjacent the inside of said wall portion of:

non-magnetic material, :
means outside said housing to operate said actuating
element, said means comprising
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a magnet at the outside of said wall portion of non-
magnetic material and positioned adjacent said
actuating element;

magnet operating means responsive to impact of said
re-coverable device with the bottom of the body of
water to cause said magnet to operate said actuat-
ing element; and

means for releasing said ballast means in response to
impact of the recoverable device with the bottom
of the body of water;

whereby, the device returns to the surface of the
body of water by virtue of its positive bouyancy
after a picture is taken and the ballast means is re-
leased.

2. A device according to claim 1 wherein

said sealed housing is fixed to said frame, and said
camera is fixed in said housing;

a flash unit is secured in said housing; and

said camera operating means operates said flash unit
in synchronism with the camera.

3. A device according to'claim 2 wherein

said magnetically responsive actuating element is
a magnetically operable switch;. ‘

said camera operating means includes -

said magnetically operable switch,

a solenoid operably associated with said camera
and electrically connected to said switch, and

electrical energy storing means to operate said so-
lenoid in response to operation of said switch.

4. A device according to claim 3 wherein

said magnet is a permanent magnet;

said switch is normally open; and

said magnet operating means, in response to impact
of said recoverable device with the bottom of the
body of water, moves said magnet to a position to
close said normally open switch.

5. A device according to claim 4 wherein

said electrical energy storing mean
is a battery. : :

6. A device according to claim 1 wherein

said magnet is-a permanent magnet;

guide means are carried by said frame at a location

_adjacent said wall portion of non-magnetic mate-

 rial: to_guide said magnet along a predetermined

path; and Co o i

said magnet operating means, responsive to impact of
the device with/the bottom of: the body of water,
moves said magnet along said guide means. = =

7. A’ device according to claim 1 wheréin: .

said frame:is vertically elongated; .- - :

said buoyant means carried' by said.frame includes

a hollow sphere adjacent the upper end.of the

frame; and : i
said releasable ballast means includes a weight adja-
cent the lower.end of the frame.
8. A free fall recoverable device for obtaining a pic-

ture of the bottom of a body of water at substantial un-
derwater depths comprising, in combination

a frame; .

means defining a sealed high pressure resistant hous-
ing carried by said frame, said housing having a
transparent wall portion;

a camera within said housing, said camera having a

shutter, and a lens within the housing;

means for mounting the camera in the housing to

take an underwater photograph through said trans-
parent wall portion;
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circuit means within said housing to operate the shut-
ter of said camera, said circuit means including
switch means within said housing
said switch being operable to a first condition in
which the circuit means is in an energized condi-
tion and the shutter is operated, and

a second condition in which the circuit means is in
an unenergized condition,
switch operating means outside said housing and
completely isolated from said circuit means, both
electrically and mechanically to operate said
switch means to said first position in response to
engagement of said recoverable device with the
bottom of the body of water,
said switch operating means including
a switch operating element adjacent the outside of
the housing and moveable along a predetermined
path in response to engage-ment of the recover-
able device with the bottom of the body of water;

said switch means including

means mounted on the inside of the housing along
the path of travel of the switch operating element
and responsive to a physical characteristic of the
switch operating element so that movement of
the switch operating element along its path oper-
ates the switch means from one of its conditions
to the other; whereby, said recoverable device is
particularly characterized by the absence of me-
chanical and electrical connections from the out-
side of the housing to the inside of the housing,
to operate the shutter of the camera.

9. A device according to claim 8 wherein

said operating means includes
resilient means, and
means normally restraining said resilient means

and releasable in response to engagement of the
device with the bottom of the body of water.

10. A device according to claim 9 wherein said resil-

ient means includes at least one elastic band.

11. An underwater camera arrangement for obtain-

.ing an undistorted underwater picture and capable of
use in deep water at substantial pressures comprlsmg,
in combination,
a sealed housing havmg a curved transparent wall
and resistant to substantial external pressure;
a chamber inside the housing and defined in part by
an inside surface of the curved wall, the chamber
comprising
a flat transparent plate extending across an msnde
~ surface of the curved wall,
means securing the plate to the inside surface of
the curved wall in sealed relation to the wall, and

a transparent liquid within the chamber and con-
tacting substantial portions of the surfaces of the
curved wall and plate defining the chamber, the
liquid having an index of refraction approxi-
mately the same as the index of refraction of wa-
ter,

a camera within the enclosure and outside the cham-
ber defined by the flat plate and curved wall;

means mounting the camera with its lens axis gener-
ally perpendicular to the flat wall to obtain a photo-
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curved wall;
whereby a photograph taken by the camera when the
housing is underwater, is essentially undistorted.
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12. An underwater camera arrangement according to
claim 11 wherein

a light source is positioned within the enclosure in
spaced relation to the camera lens to illuminate the
region to be photographed by the camera;

light emitted by the light source passes through a re-
gion of the plate, transparent liquid, and curved
wall which is spaced from the lens axis; and

an optically black strut extends between the transpar-
ent plate and the curved wall to isolate the portion
of the chamber through which light from the
source passes from the portion of the chamber
through which the lens axis of the camera passes.

13. A free fall recoverable device for obtaining a pic-
ture of the bottom of a body of water comprising, in
combination
- a frame;

buoyant means carried by said frame;

releasable ballast means carried by said frame;

said device, with said ballast means, exhibiting nega-
tive buoyancy, whereby said device will return to
the surface of the body of water after release of the
ballast means;

a sealed housing carried by said frame, said housing
having
a transparent wall portion, and
a wall portion of non-magnetic material;

a camera within said housing and positioned to ob-
tain a picture through said transparent wall por-
tion;

camera operating means within said housing and in-
cluding a magnetically responsive actuating ele-
ment adjacent the inside of said wall portion of
non-magnetic material;

means outside said housing to operate sald actuating
element, said means comprising
a permanent magnet at the outside of said wall por-

tion of non-magnetic material and positioned ad-
jacent said actuating element, and ‘ :
guide means carried by the frame at a location ad-
-jacent the non-magnetic material wall portion to
guide the magnet along a predetermined path;
magnet operating means responsive to impact of said
recoverable device with the bottom of the body of
water to move said magnet along the guide means
to operate said actuating element, said magnet op-
erating means mcludmg
resilient means urgmg the magnet operatmg means
toward a position in' which sald maghet is oper-
ated, and
latch means responsive to |mpact with the bottom
of the body of water to release said operating
means.

14. A free fall recoverable device accordmg to claim
1 wherein

said means for releasing the ballast means and said
magnet operating means include a common latch
responsive to impact of the free fall device with the
bottom of the body of water to actuate both said
means.

15. An underwater camera arrangement for obtain-
ing an undistorted underwater picture and capable of
use in deep water at substantial pressures comprising,
in combination,

a sealed housing having a curved transparent wall

and resistant to substantial external pressure;
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a chamber inside the housing and defined in part by
an inside surface of the curved wall, the chamber
comprising »

a flat transparent plate extending across an-inside
surface of the curved wall,

means securing the plate to the inside surface of
the curved wall in sealed relation to the wall, and

a transparent liquid within the chamber and con--

tacting substantial portions of the surfaces of the
curved wall and plate defining the chamber, the
liquid having an index of refraction-approximat-
ing the index of refraction of the curved portion
of the transparent wall;
a camera within the enclosure and outside the cham-
ber defined by the flat plate and curved wall;
means mounting the camera with its. lens axis gener-
ally perpendicular to the flat wall to obtain a photo-
graph through the flat wall, transparent liquid, and
curved wall;
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asecond chamber is defined in part by an outside sur-
face of the curved wall of the housing, the second
chamber comprising
a second flat transparent plate extending across an
outside surface of the curved wall in parallel op-
posed relation to the first mentioned flat plate,
means securing the second plate to the outside of
the curved wall to define the second sealed
chamber, and _ ~
a transparent liquid within the second chamber and
completely filling the second chamber, the trans-
parent liquid having an index of refraction ap-
proximating the index of refraction of the mate-
rial of the curved transparent wall;
whereby a photograph taken by the camera, when
the housing is underwater, is essentially. undis-

torted.
* * * i * *



