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This invention relates to a novel and improved under 
water towed vehicle particularly adapted to carry instru 
mentation for oceanographic research. 
The increase in oceanographic research has resulted in 

a distinct need for improved methods which will increase 
the speed at which oceanographic surveys and the like 
can be completed. In such surveys, it is a common prac 
tice to tow a submerged instrumented vehicle behind a 
research ship. The towed vehicle may, for example, 
carry a hydrophone and amplifier, the signals from which 
are transmitted to recording instruments on the towing 
vessel. One of the primary difficulties encountered in 
such an arrangement is that conventional underwater ve 
hicles of the type concerned cannot be towed satisfactorily 
at speeds in excess of four to five knots. This places an 
undesirably low limitation on the speed in which a given 
survey can be completed inasmuch as it limits the speed 
of the towing vessel over a given course. 

Accordingly, it is the primary object of this invention 
to provide a novel and improved underwater towed ve 
hicle which will permit oceanographic surveys to be con 
ducted at vessel speeds which are materially greater than 
are now possible. 

It is a further object of this invention to provide such 
a novel and improved vehicle which depends on hydro 
dynamic forces to depress the vehicle rather than mere 
weight, which will have a materially improved lift over 
drag ratio, which will have a low acoustic "noise' char 
acteristic, and in one aspect will be acoustically transpar 
ent, which will have improved stability about the yaw, 
roll and pitch axes, and which will be lightweight, com 
pact and of simple, yet rugged, construction. 

Other objects will be in part obvious, and in part point 
ed out more in detail hereinafter. 
The invention accordingly consists in the features of 

construction, combination of elements and arrangement of 
parts which will be exemplified in the construction here 
after set forth and the scope of the application of which 
will be indicated in the appended claims. 

In the drawings: 
FIG. 1 is a top plan view of an underwater towed ve 

hicle constructed in accordance with this invention; 
FIG. 2 is the air foil cross section of the wing of the 

vehicle of FIG. 1 as taken along the line 2-2 of FIG. 1; 
FIG. 3 is a side elevational view of the embodiment of 

FIG. 1; 
FIG. 4 is a front elevational view of the embodiment 

of FIG. 1; 
FIG. 5 is a side elevational view of a faired cable for 

towing the vehicle of this invention; 
FIG. 6 is a cross sectional view along the line 6-6 of 

FIG. 5; 
FIG. 7 is a side elevational view, partly in Section, of 

an alternative embodiment of this invention; and 
- FIG. 8 is a cross sectional view taken substantially 
along the line 8-8 of FIG. 7. 
With reference to the drawings, and particularly FIGS. 

1 to 4, an underwater towed vehicle constructed in ac 
cordance with the present invention comprises a body, 
generally indicated at 10. The body 10 is essentially a 
delta wing with an enlarged central portion 2. The 
center portion i2 is provided with a cavity 4, best shown 
in FIG. 3, in which may be disposed instruments such as 
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a preamplifier and battery power source, not shown. In 
the Specific embodiment disclosed in FIGS. 1 to 4, the 
instrumentation is intended for use with a hydrophone 16 
extending from the nose of the vehicle. A cover plate 
19 extends over the cavity 14. In the particular embodi 
ment shown, it is intended that the preamplifier and bat 
tery Will be potted to protect the components. In order 
to minimize drain on the battery, the vehicle is provided 
with a mercury Switch between the battery and amplifier 
So that the amplifier will not be energized by the battery 
except when the vehicle is in a generally horizontal posi 
tion corresponding to its attitude while being towed. While 
a specific instrumentation carried by the vehicle has been 
described, it will of course be understood that various 
other instrumentation for other purposes could be carried. 
As will be most clearly apparent from FIGS. 1 and 3, 

the delta wing of the vehicle consists essentially of two 
30-60-90 triangles joined along the longer legs of the 
triangle. The wing is provided, as shown most clearly in 
FIG. 4, with negative dihedral. The included angle be 
tween the wing section is approximately 120. The delta 
wing is provided with an air foil section, as shown in 
FIG. 2. In the specific embodiment shown, the air foil 
is essentially a Clark-Y air foil with the flat face side of 
the air foil facing generally upwardly and the camber 
side facing downwardly. Accordingly, it will be apparent 
that when the vehicle is flown through the water, a nega 
tive lift is developed which tends to depress the vehicle. 
In accordance with the object of providing a high lift 
over drag ratio, the air foil section is maintained quite 
thin. For example, in the specific embodiment of FIGS. 
1 to 4, the air foil section has a chord to thickness ratio 
of approximately 16:1. In any event, the chord to thick 
ness ratio should not be less than approximately 15:1 for 
high speed operation. 
While the negative dihedral of the delta wing provides 

lateral stability during flight through the water, we have 
found that at high speeds it is essential to provide an addi 
tional vertical stabilizing surface in the form of a vertical 
stabilizer 18 which extends upwardly from the after sec 
tion of the body. The stabilizer 8 as disclosed is a tri 
angular shaped flat plate. In order to provide for adjust 
ment of lateral tracking, the stabilizer is mounted on the 
body by a pivot rod 20 and a bracket 22 spaced longitudi 
nally of the stabilizer from the pivot 20. As shown in 
FIG. 2, the bracket 22 is provided with a pair of flanges 
extending laterally from the sides of the stabilizer 18. 
Each of the flanges has an arcuate elongated slot 24 
through which extend clamping screws 26 for locking the 
stabilizer in adjusted position. The vertical stabilizer 
tends to balance the lateral area, as viewed in FIG. 3, 
of the delta wing below the tow point so that in high 
speed turns better roll stability characteristics are ob 
tained. 

In accordance with another aspect of the invention, the 
dela wing body, as well as the stabilizer 18, are fabricated 
by fiberglass reenforced resin laminate procedure to pro 
vide a very smooth external surface while at the same 
time providing high impact strength and ruggedness. The 
body 0 is preferably fabricated in two sections with one 
section corresponding generally to the top surface of the 
body and the other section corresponding to the bottom 
surface. The two sections are laid up separately and then 
joined by a suitable resin to provide a hollow structure, 
as shown generally in FIG. 2. The material from which 
the body is fabricated, as well as the instrumentation car 
ried in the body, have a specific gravity greater than one 
when the vehicle is out of the water. It has been found 
that in order to achive stability at high speeds, it is essen 
tial that the specific gravity of the vehicle be greater than 
one and a specific gravity of about 1.5 is satisfactory. 
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Prior underwater vehicles of this general type have had 
neutral, or substantially neutral buoyancy, with the result 
that very poor stability was provided. Too great a specific 
gravity, such as in conventional weighted fish, makes for 
too much drag causing the fish to tend to rise at moderate 
tow speeds and placing an undesirably high stress on the 
tow cable. In order to assure the desired specific gravity 
when the vehicle is in the water the body of the vehicle 
is provided with small apertures, not shown, whereby the 
interior hollow sections of the body will be free flooding, 
thus eliminating any buoyancy which might be provided 
by these hollow sections. Further, it has been found that 
in order to achieve stabilization in roll at high speeds, it is: 
necessary to provide ballast in the vehicle. Accordingly, 
in the specific embodiment shown, ballast 28 is molded 
into the nose or forward portion of the vehicle. This 
ballast senses gravitational acceleration and thus the ver 
tical so that it maintains the vehicle in level flight. With 
out this ballast, the vehicle will tend to react as if it were 
flying in a gravity free field and will not tend to fly in any 
particular attitude, any attitude being equivalent to any 
other as far as the vehicle is concerned. . . 

10. 

15 

The vehicle is towed by a cable 30 having a clevis 32 
at one end. The clevis is pivotally mounted on a shaft 34. 
pivotally supported at its ends by a pair of bearings 36 
mounted on the body 10. The pivotal axis of the clevis 
extends at right angles to the longitudinal center line of 
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duction in drag permits the use of a lighter cable. Th 
cable is molded from a suitable plastic which is flexible. 
and which will stand the abuse of oceanographic applica 
tions. Each of the fairings has an aperture extending 
longitudinally therethrough. The aperture is sufficiently 
larger than the outside diameter of the cable that each of 
the fairings is freely movable about the axis of the cable. 
In a specific embodiment, the fairings were approximately 
6 inches long, 1% inches wide and 4 inch thick with a 
cable hole size of /$ inch for use with a nominal cable 
diameter of Ao inch. Each pair of next adjacent fairings 
are separated by bearing means, which in the specific em 
bodiment shown, are a pair of nylon washers 42 freely 
mounted on the cable. The freedom of movement of the . fairings permits the fairings. to "swim” freely thereby 
eliminating acoustic interference. In the specific embodi 
ment described, cable noise, towing at 12 knots, was re 
duced more than 50%. . . 
While the cable 30 is normally 

connector 34 on the body, it may be desirable in certain 
instances to use an elastic shock cord at the surface end 
of the cable. For example, when the towing vessel en 
counters moderate seas, and is pitching, the shock cord 
Would isolate the towed vehicle to eliminate any trans 
mission of the pitching motion to the vehicle. 

attached directly to the 

. The vehicle of this invention has much improved stabil 

the body while the pivotal axis of the shaft 34 extends 
parallel to and is in vertical alignment with the longi 
tudinal axis of the body. Accordingly, there is provided 
a universal connection between the cable 30 and the body 
20. As most clearly shown in FIG. 1, the cover plate 19 
is provided with a pair of parallel rows of threaded aper 

30 
generate a correcting moment when the vehicle deviates. 

tures 37. The bearings 36 mounting the shaft 34 are: 
mounted on the cover plate 9 by means of screws ex 
tending into the apertures 37. As will be apparent from 

35. 

FIG. 1, the tow point of the vehicle may be adjusted along 
the longitudinal axis of the vehicle by adjusting the mount 
ing of the bearings 36 in the apertures 37. Depending 
upon the instrumentation carried by the vehicle, and par 
'ticularly the distribution of weight of this instrumentation, 
the tow point of the vehicle should be adjusted relative to 

izing particularly at high speeds. A test vehicle similar 

dihedral delta wing presents a sufficient lateral area to 
from a straight course about the yaw axis. A further 

to the vehicle of FIGS. 1 to 4 has been successfully towed 
up to 20 knots with excellent stability about the roll, pitch 
and yaw axes. With respect to yaw stability, the negative 

1. - 

particular advantage and characteristic feature of a vehicle 
Sunes relative to the vertical. For example, in the test 
vehicle mentioned above towed at a depth on the order 
measured from the vertical was only about 10°. This is 

40. 

the center of pressure CP of the delta wing in order to: 
achieve the desired flight characteristics of the vehicle. 
In this connection, it has been found that the tow point 
should be at or forward of the center of pressure in 
vertical and horizontal planes in order to achieve stability. 
and satisfactory performance, particularly at high speeds. 

In order to achieve hydrodynamic trim of the vehicle, 
a pair of wedges or trim members 38 are mounted on the 
trailing edge of the wing on the camber side thereof. The 
wedges are fixed or in other words are not adjustable. 
The trim members are configured specifically for each 
particular installation of instrumentation. The non-adjust 
ability of the trim members assures that the vehicle will 
not inadvertently or otherwise go out of trim during 
service. 

In the use of the vehicle, the cable 30, is of course at 
tached to a towing vehicle. The cable 30 is preferably 
a coaxial cable serving both as a strength member for 
towing and also as a means for transmitting signals from 
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speed, which is contrary 

contrasted to prior devices where the tow angle, at much 

of this invention is the low angle that the tow cable as-... 

of 15 feet and at a tow speed of 15 knots, the tow angle as 

lower speeds, would be as much as 30. The obvious-ad 
vantage is that the vehicle may be towed closer to the 
towing vessel and with materially less length of cable. A 
further advantage and characteristic of the vehicle of this 
invention and particularly of the embodiment of FIGS. 1 
to 4 is that the tow angle will remain constant with the 

to the case with conventionally 
weighted fish and the like... 
The vehicle is of light weight construction and is for . 

example about Ao the weight of conventional fish. As 
noted above, the noise level of the faired cable is par 
ticularly low. In addition, the smooth surface provided 
on the fiberglass body results in very low noise from the 
vehicle itself. Also, where fiberglass reenforced resin is 
utilized in fabricating the vehicle, it will be acoustically 
transparent which improves performance, for example, 
where the vehicle carries hydrophone installations. Also, 

... the vehicle has a materially improved lift over drag ratio; 
60 

the instrumentation in the vehicle to the towing vessel. . 
In this connection, the internal conductors of the cable 30 
are connected at one end to the instrumentation of the 
vehicle and at the other end to the instrumentation of the 
towing vessel. One of the problems encountered in tow 
ing submerged vehicles for oceanographic research has 
been that of cable noise and fatigue. Accordingly, and 
as shown in FIG. 5, the cable 30 is provided with fairings 
40 disposed longitudinally along the cable 30. Each of 
the fairings as shown in FIG. 6 has a symmetrically stream 
lined cross section to minimize drag and cable vibration 
during towing. The reduction in cable vibration improves 
fatigue life of the cable components and improves acoustic 
receiving efficiency of the overall system. Also, the re 
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from 0-20 knots. Accordingly, a miniature version of 
the vehicle may be mounted on the end of a strain rod 
or the like whereby the strain on the rod is proportional - 75 

for example, at 0-20 knots the ratio is approximately 

the vehicle permits the vehicle to fly freely without having 
imposed on it any forces by the cable which will tend 
to cause it to mistrack. An additional characteristic fea 
ture and advantage of this invention is that the lift to 

5:1. Therefore, it would be apparent that the vehicle 
in effect "flies” through the water utilizing hydrodynamic 
forces rather than weight. As a result, the vehicle will . . . 
not rise as speed increases within the operating range of 
the vehicle. This is contrary to the performance of a 
Weighted fish of the same weight which tends to rise to . 
the surface of the water if the speed exceeds 5 to 6 knots. 
The connection between the end of a tow cable and 

drag ratio of the vehicle is substantially linear between 
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to negative lift and thus sipeed of the vehicle. This strain 
is measured by a strain gage connected to appropriate 
instrumentation to provide an accurate speedometer. It 
will be apparent that the application of the vehicle to 
speedometers could utilize other mounting means such 
as a resiliently restrained mount, etc. Also, inasmuch 
as negative lift is proportional to speed, the cable ten 
sion is an accurate indication of speed and this effect 
can be used to provide a speedometer. Another use 
which has been made of the vehicle is the attachment of 
one or more of such vehicles to the tow line for an in 
strumented vehicle to aid materially in straightening the 
hooked catenary shape of the tow line and thus provide 
a higher performance system. Further, two similar ve 
hicles have been connected together with the upper one 
inverted to provide a device for towing such as by heli 
copter. In this arrangement the upper inverted vehicle 
acts as a surface vehicle and counteracts the negative 
lift of the lower vehicle so that the lower vehicle is main 
tained at a constant depth while being towed, and at 
the same time, the cable tension is materially reduced. 
In this combination, the upper inverted vehicle had its 
tow point at the nose and the iower vehicle was suspended 
about 24 of the way aft from the nose of the upper 
vehicle with the point of attachment to the lower vehicle 
being approximately at the tow point shown in FIG. 1. 
A further use contemplated for the vehicle of this in 

vention is in controlling and depressing fishing trawls 
whereby a plurality of vehicles attached to the net would 
operate to maintain the mouth of the net open and at the 
same time depress the trawl. It is intended that in such 
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a use only mid-water trawling would be attempted. Fur 
ther, it is contemplated that a vehicle utilized both to open 
the mouth of the net and depress the trawl would be flown 
at about a 45° angle about the roll axis. This roll atti 
tude is maintained by weighting one side only of the 
delta wing with ballast and providing buoyancy, such as 
by a sealed air chamber, along the center line of the ve 
hicle. The ballast provides the necessary unbalance to 
maintain the vehicle in the desired roll attitude and the 
buoyancy provides a reference for the vehicle for this 
purpose. 
An alternative embodiment of the invention is shown 

in FGS. 7 and 8. In this embodiment, the vehicle is 
basically identical with the vehicle of FIG. 1, in the con 
struction and configuration of the body is and tail 18. 
However, in the embodiment of FIG. 7, the vehicle is 
provided with an automatically compensating tow point. 
The clevis connection of the cable 38 is pivotally mounted 
to a slide 44 slidably and pivotally mounted on a bar ex 
tending fore and aft along the center line of the vehicle. 
The slide 44 is thus movable fore and aft and is also 
movable about the axis of the bar. A coil spring 46 
biases the slide 44 toward the stern of the vehicle. As 
will be apparent from the above and FIG. 7, as the drag 
of the vehicle increases the tow point will move forward. 
This will compensate for a forward movement of the 
center of pressure as the speed of the vehicle is increased. 
This improves the stability of the vehicle, particularly 
where it is operated over a wide range of speeds. The en 
bodiment of FIG. 7 further includes a faired member 48 
depending from the center of the underside of the body. 
The faired member 48 substantially improves high speed 
stability of the vehicle. As shown in FIG. 8, the faired 
member 48 has a symmetrically streamlined cross Sec 
tion. While not necessary, in the embodiment of FIGS. 7 
and 8, the faired member 48 is hollow and is adapted to 
carry instrumentation such as an electromagnetic log. As 
can be seen from FIG. 7, the center of the faired member 
48 is located aft of the tow point. The drag created by 
the faired member will, with respect to the tow point, 
provide a moment opposite to that provided with respect 
to the tow point and center of lift. In one aspect of 
this embodiment the faired member 4S is dimensioned 
so that this counter balancing moment Substantially bal 
ances out the moment created with respect to the tow 
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point and center of lift thus tending to maintain a con 
stant angle of attack throughout the normal range of 
speed of the vehicle. Without this faired member, it 
has been found that as the towing speed increases, the 
angle of attack tends to decrease. While this might not 
be important in most applications, there are applications 
wherein it is desirable, if not essential, to assure that 
the vehicle maintains a constant attitude about the pitch 
axis or in other words a constant angle of attack. 

inasmuch as many changes could be made in the above 
construction and many apparently widely different em 
bodiments of this invention could be made without de 
parting from the scope thereof, it is intended that all 
matter contained in the above description or shown in 
the accompanying drawings shall be interpreted as illus 
trative and not in a limiting sense. 

it is also to be understood that the language in the 
following claims is intended to cover all of the generic 
and specific features of the invention herein described 
and all statements of the scope of the invention which, as 
a matter of language, might be said to fall therebetween. 

Having described our invention, we claim: 
1. An underwater towed vehicle for towing behind a 

towing vehicle by means of a cable extending generally 
vertically from the towing vehicle, said towed vehicle 
having a body in the form of a delta shaped wing hav 
ing a negative dihedral, said body having an airfoil sec 
tion with a chord to thickness ratio of at least 15:1, 
and a tow point on said body, said tow point being posi 
tioned forward of the lateral center of pressure of said 
body when said vehicle is under tow and said tow point 
being positioned no further aft on said body than the 
longitudinal center of pressure thereof. 

2. An underwater towed vehicle for towing behind a 
towing vehicle by means of a cable extending generally 
vertically from the towing vehicle, said towed vehicle 
having a body in the form of a delta shaped wing, said 
wing being defined by a pair of 30-60-90° triangles joined 
at a straight line of intersection along the legs thereof 
opposite the 60° angles thereof respectively, said body in 
the form of a delta shaped wing having a negative di 
hedral and relatively thin airfoil section with a chord 
to thickness ratio of at least 15:1, the tips of said wing 
being free of planar surfaces having upward lift char 
acteristics, and a tow point on said body, said tow point 
eing forward of the lateral center of pressure of said body 
when said vehicle is under tow and being positioned no 
further aft on said body than the longitudinal center of 
pressure thereof. 

3. An underwater towed vehicle as defined in claim 
1 further including a vertical stabilizer on said body ex 
tending from the aft portion thereof and trim members 
mounted on the trailing edge of said wing. 
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