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SUBMERSIBLE SALVAGE UNIT AND METHOD OF 
OPERATION 

This is a division of application Ser. No. 765,897 filed 
Oct. 8, 1968. 

BACKGROUND AND BRIEF DESCRIPTION OF 
INVENTION 

This invention relates to the art of salvaging sunken 
vessels, or other objects, from a body of water, and in 
particular, the invention is concerned with improve 
ments in salvaging units and methods of operation for 
retrieving sunken vessels from deep water. 

It is known in the prior art to provide for various 
structures and devices which function to assist in the 
salvage of sunken vessels. Prior art arrangements have 
provided for an attachment of buoyancy tanks to 
sunken vessels, and various attempts have been made 
to design salvage rigs which can embrace and lift a 
sunken object. For example, Buell U.S. Pat. No. 
1,616,410 and Powell U.S. Pat. No. 1,691,738 each de 
scribe designs for rigs which are intended to be lowered 
into engagement with a sunken vessel for grasping and 
lifting the same. In the Buell arrangement, grasping 
arms are actuated by a number of lines which must be 
manipulated from the surface, and Powell discloses a 
design for actuating grasping arms by adjusting the 
buoyancy of tanks which are rigidly connected to the 
grasping arms. Other known prior art on this subject 
includes U. S. Pat. Nos. 1,415,533; 1,807,361; 
1,854,026; 1,851,892; and 2,280,547. 
Although various designs and assemblies have been 

attempted in the past, it has been our experience that 
prior designs and assemblies have not solved the special 
problems of salvaging relatively large sunken vessels 
from deep water. It can be appreciated that the grasp 
ing and floating of a sunken vessel can be quite danger 
ous, and extremely unstable conditions can arise while 
the vessel is being lifted from its sunken position to the 
surface of a body of water. Actual salvaging operations 
in the past have involved substantial dangers to all 
personnel involved, and much effort can be lost and 
wasted if a vessel is lost from a salvaging rig during the 
floating or surfacing operations. Accordingly, the pres 
ent invention is concerned with problems of a safe and 
controlled handling of relatively large objects which 
must be received and lifted to the surface of a body of 
water by a submersible salvage unit. ‘The improvements 
of the present invention provide for greater safety and 
control of the entire operation so that sunken vessels 
can be retrieved relatively safely and at costs which are 
acceptable to present day requirements. 
The salvaging unit of the present invention is of the 

type which can be floated to the location of a sunken 
vessel so as to be sunk over the vessel for grasping the 
same and lifting it to the surface ofa body of water. The 
salvage unit includes a support frame means which has 
sufficient length and width to position two rows of 
grasping arms over and around a vessel which is to be 
lifted. The support frame means provides rigidity and 
strength to the entire salvage unit, and buoyancy tanks 
are included in the structure of the support frame 
means for assisting in an adjustment of buoyancy con 
ditions for receiving, releasing and handling a load. A 
plurality of grasping arms are carried within the sup 
port frame means so as to define two rows of down 
wardly depending arm members having inwardly pro 
jecting end portions at their lowermost ends. The arm 
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2 
members are connected to the support frames so as to 
be actuatable from an inoperative position where the 
two rows of arms are spread away from each other to 
an operative, grasping position where the two rows of 
arms are moved towards each other and towards a cen 
tral space defined within the confines of the salvage 
unit. Thus, opposed arms can be moved away from 
each other for placing the salvage unit over a sunken 
vessel, and then, the arms can be moved towards each 
other to grasp and retain the vessel for a subsequent 
?oating of the combined unit and vessel to the surface 
of a body of water. The present invention provides for 
a unique actuation of the grasping arms by means of 
pontoons which are carefully controlled in their rela 
tionship to the operation of the grasping arms. Pontoon 
means, which may be in the form of a plurality of pon 
toons positioned along each side of the salvage unit, 
can be lifted and lowered on track structures associated 
with downwardly depending leg members of the sal 
vage unit support frame. Lifting and lowering move 
ments of the pontoons function to actuate the positions 
of the grasping arms, and the pontoons are linked to the 
grasping arms so as to transmit the controlled move 
ments of the pontoons to desired movements of the 
grasping arms. A pontoon means on one side of the sal 
vage unit controls grasping arms on an opposite side of 
the unit so that maximum leverage is obtained in the 
inward movements of the grasping arms towards the 
side walls of a vessel which is to be received and re 
tained by the arms. In addition to providing for a con 
trolled movement of the pontoon means along tracks 
associated with the support frame structure, there is 
provided a linkage connection between the pontoons 
and the grasping arms which permits movement of the 
pontoons relative to the support frame structure with 
out affecting the positions of the grasping arms. This 
arrangement is important because it permits an adjust 
ment of draft of the entire salvage unit and a retained 
vessel once it has reached the surface without any dan~ 
get of losing the vessel. 
The invention also provides for novel buoyancy com 

pensator devices associated with the pontoons, or other 
buoyancy tanks, which permit a careful regulation of 
buoyancy conditions for the entire salvage unit. The 
buoyancy compensators comprise tubular members 
which provide a communication between a sealed inte 
rior of the pontoons, or of separate compartments 
within a given pontoon, with an outside environment 
(the sea) so that controlled amounts of water can be 
admitted into pontoons to adjust buoyancy. Means are 
provided for adjusting the distance at which the lower 
most end of each buoyancy compensator extends into 
the interior space of a pontoon, and the tubular mem 
bers of the compensators may include telescoping sec 
tions to permit such an adjustment. Also, means are 
provided for rapidly- venting buoyancy gas from the 
pontoons with the buoyancy compensators so that ex 
tremely unstable attitudes can be avoided during a sal 
vaging operation. Finally, a novel arrangement is pro 
vided by stabilizer valving means associated with the 
buoyancy compensators to balance opposed pontoons 
on opposite sides of the salvage unit. 
The method of operation provided by the present in 

vention includes steps of aligning a salvage unit with a 
sunken vessel and sinking the unit into an embracing 
position over the sunken vessel after adjusting positive 
buoyancy capabilities of the salvage unit to substan 
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tially match the calculated, or known, weight of the 
sunken vessel. In the context of the present invention, 
the capabilities of the pontoons are adjusted and set by 
the novel arrangement of compensators associated with 
the pontoons, and a careful matching of buoyancy of all 
pontoons with the weight of a sunken vessel permits a 
controlled lifting of the combined weights of the sal 
vage unit and the vessel by adjusting positive buoyancy 
of additional buoyancy tanks associated with a support 
frame structure of such a unit. 

The salvage unit of the present invention permits a 
safe and controlled handling of sunken vessels without 
unreasonable or uneconomical requirements for addi 
tional devices or impossible control functions to be car 
ried on by surface support personnel. These and other 
features and advantages of the present invention will 
become apparent in the more detailed discussion which 
follows, and in that discussion, reference will be made 
to accompanying drawings as described below. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an elevational schematic view of the salvage 
unit of this invention being ?oated into an aligned posi 
tion with a sunken vessel; 
FIG. 2 is an end elevational view of the salvage unit, 

showing its grasping arms in outwardly extended posi 
tions for receiving a sunken vessel; 
FIG. 3 is an end elevational view, similar to FIG. 2 

showing the grasping arms in closed positions for re 
taining and lifting a sunken vessel; 
FIG. 4 is a top plan view of the salvage unit; 
FIG. 5 is a partial perspective view, schematically il 

lustrating relationships of elements in the salvage unit 
assembly; 
FIG. 6 is a top plan view of a pontoon means associ 

ated with one side of the salvage unit; 
FIG. 7 is a detailed elevational view of a single grasp 

ing arm means associated with the salvage unit; 
FIG. 8 is a detailed elevational view, partially in cross 

section, of a jetting device associated with the arm 
means of the unit; 
FIG. 9 is an end elevational view of a leg member as 

sociated with the support frame structure of the unit; 
FIG. 10 is a detailed elevational view of a buoyancy 
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compensator associated with the pontoon means, par 
tially in cross section; 
FIG. 11 is a cross sectional view taken at lines 11 —— 

ll of the buoyancy compensator of FIG. 10; 
FIG. 12 is a top plan view of structure associated with 

a stabilizer valve means carried at a lowermost end of 
the buoyancy compensator of FIG. 10; 
FIG. 13 is a detailed top plan view of a valve means 

of the type shown in FIG. 12; 
FIG. 14 is a schematic view illustrating the relation 

ship between opposed buoyancy compensators, and 
their associated stabilizer valve means, for maintaining 
a balance between opposite sides of the salvage unit; 
FIG. 15 is a schematic elevational view of a ?exible 

pad means associated with the arm means, for engaging 
and holding a sunken vessel in place relative to the arm 
means; 
FIG. 16 is a view similar to FIG. 15, showing a varia 

tion in the arrangement of FIG. 15; 
FIG. 17 is an elevational side view of the ?exible pad 

means illustrated in FIG. 16; 
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FIG. 18 is a top plan view of a piping diagram for the 

salvage unit, showing a plan for controlling admission 
of air to various parts of the unit; and 
FIG. 19 is a view of a guiding system associated with 

the salvage unit for aligning the unit with buoys mark 
ing a sunken vessel or object. 

DETAILED DESCRIPTION OF INVENTION 

FIG. 1 illustrates the salvage unit of the present in 
vention in its environment of intended use. The salvage 
unit comprises a complete rig which can be ?oated and 
towed to the location of a sunken vessel, and then, the 
unit can be aligned and sunk into a position over the 
vessel for receiving and retaining the vessel within op 
posed grasping arms associated with the unit. The sal 
vage unit can be of any size and configuration, but it 
should be of sufficient dimensions to fully embrace and 
include whatever sunken vessel, or other object, is to 
be received within the grasp of its opposed arms. The 
particular constructional features and relationships 
which are offered by the present invention permit the 
use of such a very large salvage unit in operations 
which are controlled, safe and economical for many 
present day salvaging requirements. Also, the provi 
sions of this invention for careful control and balancing 
of buoyancy factors of the salvage unit permit the unit 
to be safely used in deep water operations where spe 
cial problems of pressure, ?oatation, and remote con 
trol arise. The operation and use of the salvage unit, as 
depicted in FIG. 1, will be discussed in greater detail 
later. 
FIGS. 2 through 6 show elevational and plan views of 

the unit and of components making up the salvage unit 
of the present invention. The salvage unit includes a 
support frame structure 10 which functions to provide 
strength and support to the entire unit and to compo 
nents which are a working part of the unit. It is impor 
tant that a salvage unit, of the size contemplated by this 
invention, maintain its integrity while being ?oated and 
towed as well as during actual salvage operations; and 
the structural relationships offered by this invention 
provide for a strong unit that has a capability of em 
bracing a complete vessel and all its superstructure and 
which will hold together while being operated at sea. 
The support frame means 10 has an upper level struc 
ture 12 which is constructed in the form of compart 
mented tanks (as shown in FIG. 4) for providing a cer 
tain amount of buoyancy control to the entire unit, and 
it can be seen that the upper tank structures 12 are of 
a con?guration to receive a plurality of opposed arm 
means 14 which are connected to portions of the sup 
port frame structure for movement relative thereto. As 
shown in FIG. 4, the plurality of arm means 14 may 
comprise several sets of opposed pairs of arms which 
extend laterally outwardly from pivotal mounting con 
nections 16 on the support frame structure. Other 
mounting arrangements may be used for permitting 
movement of the arm means relative to the remainder 
of the salvage unit, but pivotal mounting means 16 are 
provided in the illustrated embodiment. The pivotal 
mounting means 16 may comprise any known mount 
ing pin carried by each arm means 14 and received into 
reinforced structure associated with the upper level 
structure of the support frame 10. As illustrated in FIG. 
4, the pivotal mounting points of opposed arm means, 
of each pair of arms, are offset from one another so as 
to provide a preferred alignment of lower portions of 
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the individual arms with side wall portions of a sunken 
vessel. Also, offset pivotal connections provide for a 
stronger mounting of all arms in the support frame 
structure of the unit. Thus, each arm has its own hinged 
mounting relative to the support frame, and this pro 
vides a stronger structure than would be possible with 
a single hinging means being common to more than one 
arm. Although the illustrated embodiment of FIG. 4 
shows a use of four pairs ofopposed arms, it is to be un 
derstood that other numbers of arms may be utilized in 
any given structure. 
The arm means 14 function as grasping arms for en 

gaging and retaining a sunken 'vessel within the con 
fines of a space de?ned between two rows of depending 
lower portions of such arms. Each arm has a general 
con?guration as shown in FIG. 7, and each arm in 
cludes a downwardly depending portion 18, a lower 
most projection 20 for placement beneath a sunken 
vessel, and an upper level portion 22 which functions 
as a lever for rocking the entire arm about its pivotal 
connection at 16. Considering a single pair of opposed 
arms, it can be seen that the depending portions 18 of 
each arm extend downwardly on opposite sides of the 
salvage unit, and the upper portions 22 of the opposed 
arms extend past each other from opposite sides of the 
salvage unit so that each arm is actuated from a side of 
the unit which is opposite to the position of its depend 
ing portion 18. This arrangement provides for maxi 
mum leverage and for a better control of the rocking 
movements of individual arms about their pivotal con 
nections 16. Furthermore, this arrangement provides 
for a positive control of arm movements by adjusting 
buoyancy conditions for the entire unit, and without a 
necessary requirement for collateral driving mecha 
nisms. An end view of opposite pairs of arms having 
upper level portions 22 bypassing each other can be 
seen in FIGS. 2 and 3, and a top plan view of the same 
relationship is shown in FIG. 4. FIG. 5 illustrates a con 
figuration for the upper support frame 10 so that op 
posed pairs of arms can be rocked about their pivotal 
connections to the compartmented tank structure of 
the upper support frame. 
One of the difficulties in prior art designs for salvage 

units of the type which are intended to grasp and retain 
sunken vessels has been a lack of control in effecting 
actual movements of grasping arms, or other grappling 
devices, and this problem has been compounded by a 
lack of control in maintaining a stable attitude of a 
sunken vessel once it is received into a salvage rig. Fur 
thermore, prior designs have not provided for an easy 
release of a vessel once the vessel is surfaced or if un 
stable conditions are encountered during a lifting oper 
ation. The present invention provides for improve 
ments in controlling the movement of the grasping 
arms 14, discussed above, and in addition, a better con 
trol is provided for maintaining a stable and upright at 
titude of the combined salvage unit and a retained ves 
sel once the vessel is being lifted towards the surface of 
a body of water. As shown in FIGS. 3 and 4 the outer 
most ends of the upper portions 22 of each arm means 
14 are linked _to pontoon means 24. The linking con 
nection is indicated generally at 26, and, in one em 
bodiment, the linkage may comprise a hydraulically ac 
tuated ram, of known construction, for effecting an ad 
justment of the length of the linkage between the pon 
toon means 24 and their associated grasping arms 22. 
Alternatively, the linking means 26 may comprise ?exi 
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6 
ble or telescoping elements, and known jacking devices 
may be connected to the pontoon means 24 to provide 
movement of the pontoon means relative to the support 
frame 10. The pontoon means 24 may comprise one or 
more sealed tanks or pontoons (which may be com 
partmented) positioned on opposite sides of the salvage 
unit and carried on depending leg members 28 associ 
ated with the support frame structure 10. By carrying 
the pontoon means 24 on ?xed structure associated 
with the support frame means 10, it is possible to obtain 
a carefully controlled and guided movement of the 
pontoon means 24 relative to the support frame 10 and 
relative to any sunken vessel retained within the con 
fines of the salvage unit. FIG. 4 illustrates a top plan 
view of two pontoon means placed on opposite sides of 
the salvage unit, And each pontoon means is con 
structed as a compartmented tank which is sufficiently 
air tight between adjoining compartments to permit a 
control of buoyancy of each compartment of each pon 
toon means. Alternatively, separate pontoons can be 
associated with each of the arm means 14, but the pre 
ferred arrangement is shown in FIG. 4. FIG. 6 further 
illustrates the pontoon means 24 for one side only of a 
salvage unit. Each pontoon means 24 includes rigidly 
affixed support structures 30 for carrying the pontoon 
means 24 on a plurality of depending legs 28 associated 
with the support frame 10. Each structure 30 may be 
in the form of a sleeve or collar which completely en 
closes whatever cross sectional con?guration is pro 
vided for a depending leg 28, and each leg 28 may be 
provided with tracks or rails for permitting a sliding en 
gagement of the structure 30 therewith. Additional 
structures and devices, as are well known for jacking 
drilling platforms and other seagoing structures on col~ 
umns, may be included to provide a smooth movement 
of each pontoon means 24 up and down a plurality of 
depending legs 28, and rollers or other bearing means 
may be used to obtain a smooth movement between the 
pontoon and the support frame. 
When all of the structures which have been discussed 

so far are assembled, it can be seen that there is pro 
vided a relatively rigid support frame 10 having two 
parallel rows of depending legs 28. Pontoon means 24 
are carried for sliding movements up and down the two 
parallel rows of depending legs 28, and the movements 
of the pontoon means 24 (or of the support frame rela 
tive to the pontoons) are transmitted-to corresponding 
movements of upper arm portions 22 which are linked 
to the pontoon means. Each upper arm portion 22 
transmits its movements to a downwardly depending 
arm portion 18 by rocking the entire arm about its piv 
otal connection to the support frame 10, and this move 
ment is used to effect an opening and closing of op 
posed rows of depending arms carried within the con 
fines of the support frame 10. Thus, opposite rows of 
arm means 14 can be spread away from each other to 
receive a sunken vessel (or to discharge the same once 
it is ?oated), and the opposite rows of arms can be 
moved towards each other by adjusting the buoyancy 
of the pontoon means 24 or of the frame 10 so as to 
move the pontoon means relative to the support frame 
10 from which they are carried. 
FIG. 8 illustrates additional features and details of 

structures associated with the arm means 14. At the 
lowermost end of each arm means (or of selected arms 
ofa given unit), devices may be provided to assist in the 
insertion of the lowermost end 20 underneath a sunken 
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vessel. Generally, the submersible salvage unit of this 
invention will operate in areas where the sea bottom is 
relatively soft, for example, as found on most of the 
Continental Shelf of the United States, but collateral 
devices may be used to assist in the insertion of the 
lower end of the arm means underneath a vessel. One 
such assistance device may be in the form of a jetting 
system for supplying a water jet through a conduit 32 
so as to assist in the movement of the arm through mud 
or other soft bottom conditions. Also, the use of a 
water jet assists in eliminating a vacuum which usually 
is created by an initial lifting of a large vessel away from 
a soft bottom upon which it has been resting. In addi 
tion to a jetting system, there may also be provided vi 
brator devices 34 which may be in the form of eccen 
tric fly wheels operated by remote control to set up a 
frequency of vibration at the lowermost ends of the 
arms 14. The jetting devices 32 and vibrators 34 may 
be used separately or in combination with one another, 
depending upon the bottom conditions encountered 
during a salvaging operation. Electric motors, hydra 
zine turbines, or other devices may be carried in the 
legs to operate pumping functions for the water jet sys 
tem and vibrating functions for the vibrating systems. 
FIG. 9 illustrates a detail of a depending leg member 

28 connected to the upper structure 12 of the support 
frame means 10. Each leg member 28 is rigidly affixed 
to the support frame structure and is reinforced to sup 
port and carry a pontoon means 24 associated with a 
plurality of such leg members along one side of the sup 
port frame structure. In addition, each leg member may 
be provided with track elements 36 for receiving the 
structures 30 carried by the pontoon means 24. In the 
illustrated embodiment, four depending leg members 
are provided on each side of the support frame struc 
ture 10 so as to define two parallel rows of legs which 
can receive and carry the two separate pontoon means 
24 on each side of the salvage unit. The leg members 
28 may be of a hollow construction so that they can 
contribute to additional buoyancy for the support 
frame, and each leg may include an interior space 
which communicates with at least one compartment of 
the upper support frame structure. Also, conventional 
jacking mechanisms may be included in the leg struc 
tures for jacking the pontoons up and down the legs. 
Such jacking devices are of a well-known construction 
and are typically used for offshore drilling platform 
structures. 

As mentioned above, another problem with prior de 
signs for salvage units resides in a lack of control to 
maintain a stable attitude of the unit and of a contained 
vessel once the vessel is initially lifted away from the 
bottom of a body of water. Buoyancy must be carefully 
controlled to avoid an extremely rapid rate of lift of the 
vessel to the surface, and there is always a danger of the 
entire system overturning if buoyancies cannot be care 
fully set and balanced on all sides of the salvage unit 
and its retained vessel. The present invention over 
comes the problems of buoyancy and balance by pro 
viding a novel buoyancy compensator means. The 
buoyancy compensators may be provided in the sup 
port frame tanks and in each of the pontoon means 24. 
FIGS. 10 through 13 illustrate details of a buoyancy 
compensator 40 in accordance with this invention, and 
FIG. 6 illustrates placement positions for a plurality of 
such buoyancy compensators in each pontoon means 
24 so that each compartment a through c of a single 
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8 
pontoon means can be controlled as to its positive or 
negative buoyancy. As shown in FIG. 10, each buoy 
ancy compensator 40 comprises a tubular member 
which communicates between an outside environment 
(the sea) and the sealed interior space of a pontoon 
means (or of a single compartment within a compart 
mented pontoon or tank). The lowermost end 42 of the 
buoyancy compensator 40 is adjusted in its vertical 
level within the compartment space which is to be con 
trolled, and water can be received through the hollow 
tubular structure of the buoyancy compensator. When 
air, or other buoyancy gas, is introduced into the same 
compartment space, water will be displaced outwardly 
through the buoyancy compensator once the pressure 
of the air or gas has equalized with the water pressure 
within the compartment. However, when the water 
level reaches the lowermost end 42 of the buoyancy 
compensator, the air or gas will be allowed to escape 
through the exposed open end 42 and no further water 
will be displaced from the compartment irrespective of 
the pressure of the compressed air or gas. Thus, the 
level at which the lowermost end 42 is extended into 
the compartment which is to be controlled determines 
the amount of water which will be left in the compart 
ment when air or gas is introduced into the compart 
ment. This provides for an automatic regulation of 
buoyancy conditions for each compartment by com 
puting the amount of positive buoyancy which is re 
quired and by setting the buoyancy compensator to 
provide for that amount of positive buoyancy when air 
or gas is introduced. The buoyancy ofa given compart 
ment or pontoon is adjusted by lifting or lowering the 
open end 42 of the compensator to a level which corre 
sponds to the desired relationship of water volume and 
gas volume required for a particular buoyancy. To pro 
vide for such a lifting and lowering adjustment of the 
buoyancy compensator 40, a single tubular member 
may extend downwardly into a compartment, and 
means may be provided for lifting and lowering the sin~ 
gle tubular member. However, a preferred arrange 
ment is illustrated in FIG. 10 wherein the buoyancy 
compensator is made up of telescoping tubular ele 
ments which can be extended and retracted relative to 
one another to provide the desired adjustment. As illus 
trated, a smaller diameter tubular member 44 can be 
retracted into a larger diameter member 46, and a 
sealed relationship is provided between the two tubular 
members. Thus, a lifting or lowering of the element 44 
results in an adjustment of position for the open end 42 
of element 44. A power operated means 48 may be pro 
vided for lifting and lowering the tubular element 44, 
and FIG. 10 illustrates a hydraulically controlled sys 
tem for effecting rapid vertical movements of the buoy 
ancy compensator. As illustrated, the system provides 
for an admisslon of hydraulic ?uid under pressure to 
one side or the other ofa piston 50 fitted within a cylin 
der 52. Known and conventional control and pumping 
devices may be provided for pumping hydraulic fluid 
from surface support vessels into either conduit 54 or 
56 to effect a lifting or lowering, respectively, of the tu 
bular duct element 44. Alternatively, it may be desir 
able to utilize divers to manually adjust the positions of 
the compensators at underwater levels. Movements of 
the piston 50 are transmitted by a rod 58 to a bracket 
60 affixed to the tubular duct element 44. Another ad 
vantage in providing a power system 48 to adjust the 
buoyancy compensator 40 is that the compensator can 
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be moved very rapidly upwardly with a power system 
to quickly vent a compartment or tank, if required. For 
example, if extremely unstable conditions are develop 
ing during the lifting of a sunken vessel towards the sur 
face, such as an extreme tendency for the entire salvage 
unit and its contained vessel to overturn, it is possible 
to rapidly vent pontoons or tanks on one side (or to 
vent all tanks simultaneously) by rapidly lifting the 
buoyancy compensators to vent compressed air from 
the tanks and to admit water into them. In the illus 
trated embodiment, the tubular buoyancy compensator 
40 extends upwardly through an upper deck of a pon 
toon 24, and a screen 62 may be provided to prevent 
the admission of foreign matter into the pontoon. Of 
course, it will be appreciated that the described buoy 
ancy compensator can be of any desired cross sectional 
con?guration, and the compensator can be used for 
any tank, pontoon, or compartment for which a buoy 
ancy control is desired. 
By using a plurality of buoyancy compensators 40 in 

combination with separate compartments of the two 
pontoon means 24, it is possible to carefully control the 
buoyancy of the salvage unit to match the weight curve 
of a sunken vessel, and previously calculated positive 
buoyancies can be set for all of the pontoons and com 
partments so that the admission of gas into the com 
partment automatically provides a desired buoyancy 
effect for the particular job at hand. In practice, the 
total buoyancy of the two pontoon means 24 is set to 
substantially match the load weight and distribution of 
weight of the sunken vessel which is to be lifted. How 
ever, this buoyancy is not sufficient to lift the combined 
weight of both the sunken vessel and the salvage unit 
itself, and therefore, actual lifting of the vessel does not 
begin until buoyancy tanks associated with the support 
frame at 12 are adjusted in their buoyancies. In this 
sense the buoyancy of the support frame 10 is used to 
control the sinking and lifting of the entire unit, while 
the buoyancies of the pontoons is used to match the 
system to the load which is to be lifted. Thus, the pon 
toon means 24 can be ?lled with compressed gas to dis 
place known quantities of liquid as soon as the grasping 
arms 14 are in position, and there is no danger of a pre 
mature lifting or ?oating of the sunken vessel. 
Although each buoyancy compensator 40 may be 

provided with an open end 42 with no Additional struc 
tures or devices, a stabilizer valve means 70 may be uti 
lized for purposes of providing additional features of 
balance and control. It has been found that the two 
pontoon means (or whatever numbers are being used 
in a given structure) on opposite sides ofa salvage unit 
can be regulated relative to one another to maintain a 
balance which will assist in keeping the salvage unit and 
its retained vessel in a preferred upright attitude. Each 
stabilizer valve means (FIGS. 10, 12 and 13) comprises 
a valve plate member 72 (a butter?y valve type of 
known construction is suitable) which isv actuated 
about a pivotal axis 74 by ?oats 76. The ?oats 76 are 
rigidly connected to the valve plate 74 through a 
bracket structure 78 in such a way that movements of 
the bracket will directly rock the valve plate 72 about 
its axis 74 on a pin 80. The valve plate 74 may include 
a slot through its central portion for receiving a project 
ing portion of the bracket 78, and the projecting por 
tion of the bracket may be pinned in place relative to 
the valve plate, so as to be easily disassembled or re 
paired. The valve plate 72 is set at an angle relative to 
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the open end of the buoyancy compensator, as shown 
in FIG. 10, so that the stabilizer valve means 70 will 
have no effect upon the compensator when the ?oats 
76 are riding in a substantially horizontal plane. How 
ever, when the ?oats are tilted, the angle of the plate 
72 will be adjusted to provide additional compensation 
to the buoyancy of the system. The valve plate 72 can 
be tilted in a clockwise direction about the axis 74 (of 
FIG. 10) for a sufficient distance to seal the open end 
42 of the compensator. The valve plate 72 seals the 
open end when its peripheral surfaces engage upper 
and lower valve seats 82 and 84, respectively. With the 
stabilizer valve means 70 which has been just de 
scribed, it is possible to relate buoyancy compensators 
on opposite sides of the salvage unit so that a tilting of 
the entire unit in one direction about the central longi 
tudinal axis of a retained vessel will automatically pro 
vide an adjustment in opposed pontoon means to over 
come the unstable condition. FIG. 14 illustrates the re 
lationship which can be provided by the stabilizer valve 
means 70 when such valve means are situated in buoy 
ancy compensators on opposite sides of the salvage 
unit. Considering the relationship shown in FIG. 14, 
the stabilizer valve means 70 of the lefthand pontoon 
means 24 will seal the open end of the buoyancy com 
pensator 40 if the left pontoon means 24 tilts down 
wardly relative to the right pontoon means 24 along the 
line X - X. This prevents the escape of any air from 
the lefthand compartment 24, thereby maintaining its 
buoyancy. On the other hand, the stabilizer valve 
means 70 of the righthand pontoon means 24 permits 
an escape of air from the pontoon during such a tilting 
movement, and this changes the buoyancy of the right 
hand pontoon to increase its negative buoyancy. Such 
a change in buoyancy has the effect of righting the en 
tire system to a more stable condition wherein the two 
pontoons are related to one another along a substan 
tially horizontal plane. Without a provision for a bal 
ancing between opposite sides of the salvage unit, there 
would be a possibility of a lowermost pontoon losing 
more and more of its positive buoyancy during the tilt 
ing movement just described, and this could lead to an 
uncontrollable situation which would capsize the entire 
system. 
Although the grasping arm means 14 may be of any 

suitable shape or configuration, it is possible to provide 
?exible pad structures on the inner surfaces of the sep 
arate arm means 14 so as to provide a frictional engage 
ment of the arm means with the side walls of a vessel 
being engaged by the opposite rows of arms. FIGS. 15 
through 17 illustrate examples of ?exible pad struc 
tures which may be provided to conform the inner con 
figurations of the arm means to whatever shape of ves 
sel is being encountered. Alternatively, bulkheads can 
be constructed and installed on the arm means to fit 
whatever special configuration is encountered in a sal 
vage operation. The ?exible pads 90 which are illus 
trated include a friction pad 92 for actually contacting 
a vessel. The friction pad 92 is carried and supported 
by spring means 94 which are interconnected to pro 
vide a uniform pressure distribution over the entire 
contact area of the pad 90. Pivotal connections 96 are 
provided for attaching the spring means to the arm l4 
and to remaining elements of the spring. 
FIG. 18 illustrates a piping diagram for compressed 

air controls for the salvage unit. A bundle of air supply 
hoses 100 connects the salvage unit to surface support 
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vessels, and the separate hoses communicate with sepa 
rate parts of the salvage unit through a distribution sys 
tem made up of pipes 102. The pipes 102 are supported 
on the upper deck of the support frame 10, and from 
there a number of the pipes extend, through ?exible or 
telescoping connections 104, to the pontoons 24. In ad 
dition, conduits are provided for supplying hydraulic 
fluid to rams connected between the pontoons and the 
arms of the unit, and manually operated venting valves 
106 are provided for the compartments making up the 
buoyancy system of the salvage unit. 
The operation of the described salvage unit may be 

in accordance with any known practices for aligning, 
sinking, and ?oating submersible devices. As an exam 
ple of operation, reference is made to FIG. 1 wherein 
the salvage unit is shown in a ?oating condition adja 
cent to the location of a sunken vessel 200. Before sal 
vage operations are started, a survey crew, using stan 
dard Navy procedures, determines any‘intact buoyancy 
of the sunken vessel 200, and the known weight and 
load of the vessel is determined from records. The 
sunken vessel is marked by a mooring system compris 
ing a number of buoys 202 positioned to mark the loca 
tion of the vessel. The buoys are connected to anchors 
204 around the vessel by a first set of cables 206 which 
extendbetween the anchors 204 and the buoys 202. 
Preferably, the buoys 202 are connected to the cables 
206 so as to be quickly releasable therefrom. One 
method of aligning the salvage unit with the sunken 
vessel includes the steps of running slack lines 210 from 
the buoy positions to the salvage unit ?oating nearby. 
This can be accomplished with tugs or other vessels, 
and then, the salvage unit can be drawn into an aligned 
position over the sunken vessel by tightening the lines 
210. Alternatively, the salvage unit can be towed by an 
air supply vessel over the mooring system to receive the 
buoys 202 into a cage by guide runners 208 provided 
in the salvage unit (see FIGS. 5, 6 and 19). The guide 
runners 208 function to guide the buoys Into a cage 
209 so that the lines 206 and 208 can be connected to 
gether. Once the cables and buoys are guided into the 
cage 209, the buoys 202 are released from the cables 
206, and the cables 206 are attached with pelican 
hooks to a second set of cables 210 which lead up 
through the salvage unit through guides to another set 
of buoys 212 positioned on the upper deck of the sup 
port frame 10. Once the two sets of cables are con 
nected to one another, there is provided a system of 
continuous cables from the anchors 204 to winches 214 
and buoys positioned on the upper deck of the salvage 
unit. A book means 211 may be carried on a portion of 
the pontoon 24 for temporarily receiving an end of a 
cable 206 while the buoy 202 is being disconnected. 
The cage 209 may be of any suitable construction to 
receive and hold a buoy, and preferably the cage 209 
is releasably secured to a pontoon so that it can be 
lifted by cables when it is not needed. 
Next, all buoyancy compensators of the pontoon 

means 24 are adjusted by the power systems 48 to 
match the buoyancy of the pontoon means 241 with the 
calculated effective weight for the sunken vessel 200. 
Flexible pads 90, or bulkheads, are adjusted to ?t the 
particular vessel, and the salvage unit is in condition for 
sinking. During the sinking procedure, the cables 206 
and 210 are maintained taut by winches 214 carried on 
the salvage unit. Instead 0F winches, tugs may be used 
for hauling the cables 207 to maintain them taut. The 
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next step of the procedure requires the placement of a 
crew aboard the salvage unit, and the crew floods the 
end tanks on each of the pontoon means 24. Catwalks 
may be provided above the deck of the pontoon means 
so that a crew can find easy access to the pontoons of 

the ?oating salvage unit. Initially, the upper deck of the 
support frame 10 may be 80 feet or more above the sur 
face of the water, but a ?ooding of the end tanks of the 
pontoons will bring the upper decks of the pontoons 
down to the level of the surface of the water. During 
towing and initial sinking operations, the pontoon 
means 24 will be locked in their highest positionS, and 
the arms 14 will be locked against the legs 28 in their 
most open positions. In order to place the pontoon 
means 24 in their uppermost positions while, at the 
same time, malntaining the opposed arms 14 com 
pletely open, it is necessary to fully retract the hydrau 
lic rams 26 associated with the linking members be 
tween the arms and the pontoon means. In an alterna 
tive arrangement, jacking devices associated with the 
legs of the support frame can adjust the position of the 
pontoons, and telescoping members can be substituted 
for the hydraulic rams 26. Once the end compartments 
of the pontoon means 24 are ?ooded, the hydraulic 
rams 26 are extended so as to place the pontoon means 
24 at their lowermost positions on the legs 28. Initial 
placement of the pontoon means 24 at their uppermost 
positions is done only to strengthen the entire salvage 
unit while it is being towed to a work site and aligned 
for sinking. 
Once the pontoon means are ?ooded and moved 

down to the surface of the water, the crew climbs to the ' 
upper deck of the support structure 10 where valves 
are operated to complete the ?ooding of all compart 
ments of the pontoon means 24. Then, the tanks of the 
support frame 10 are ?ooded as far as sea conditions 
will permit, and the crew is removed from the salvage 
unit 10. Final ?ooding and sinking of the salvage unit 
10 is accomplished by venting the tanks of the support 
frame structure. Venting can be accomplished by the 
use of compensators 40 in the support frame tanks, 
such compensators being of the same general construc 
tion as discussed above. The compensators may be pr0~ 
vided wlth valves, if desired, for operation from a re 
mote location. 
Once the unit is on the bottom, all air in the support 

frame is vented so that the weight of the entire unit can 
be used to sink the unit into a grasping position. When 
the unit is in a proper position for grasping the sunken 
vessel, the water jets are operated to assist in a place 
ment of the arms under the vessel. Then, air is pumped 
into the pontoon means 24, causing them to lift on their 
associated legs 28, thereby causing the arms 14 to 
move into grasping positions around the sunken vessel. 
Since the buoyancy compensators for the pontoon 
means have been set to match the weight of the vessel, 
but not combined weight of the vessel and the salvage 
unit, addition of air into the pontoon functions to move 
the arms 14 into grasping positions without any danger 
of a premature lifting or ?oating of the complete sys 
tem. If necessary, vibrators and the water jets can be 
used to assist in the movement of the arm means 14 
into engagement with the sunken vessel. 
Once the sunken vessel is fully retained by the two 

rows of arms 14, the support frame structure is filled 
with sufficient air or gas to adjust its buoyancy to lift 
both the salvage unit and the retained vessel. If suffi 
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‘ clent buoyancy cannot be obtained this way, the buoy 
ancy compensators of the pontoon means can be fur~ 
ther adjusted (by remote control, by submersibles, or 
by divers) to provide additional buoyancy. As the sal 
vage unit begins to lift the vessel, buoyancy on opposite 
sides of the salvage unit will be adjusted by the stabi 
lizer valving means 70 discussed above if an off-center 
load is encountered. However, should the salvage unit 
begin to slip off from the vessel, or if any other compli 
cation arises, buoyancy can be quickly relieved by ac 
tuating an emergency release switch which causes a si 
multaneous operation of all compensators to vent air 
from the pontoon means 24. 
Once the salvage unit and vessel have surfaced, air 

lines or hydraulic lines are connected to the hydraulic 
rams 26 to force the pontoon means 24 downwardly on 
their legs 28. Alternatively, jacking means can be used 
for moving the pontoons relative to the support frame. 
The pontoon means 24 are moved downwardly for a 
sufficient distance to lift the freeboard deck, or other 
structure, of the vessel above the surface of the water. 
Then, the vessel can be made seaworthy by the use of 
?oatation bags, foam, or any known method or combi 
nation of methods for adding buoyancY to a vessel. 
Thus, it can be seen that this invention provides for 

substantially improved features of performance and 
safety. A sunken vessel can be grasped and lifted to the 
surface in a controlled operation, and once near the 
surface, it can be ?oated and released from the salvage 
unit, if desired. The salvage unit can continue opera 
tions in a given area to lift additional vessels or objects, 
or it can be ?oated to another location with a raised 
vessel retained within its grasp. Of course, the salvage 
unit can be used in various depths 0F water even 
though it is especially useful In deep water operations. 
The salvage unit which has been described is manufac 
tured and assembled in accordance with known ship 
building techniques. It may be manufactured from 
metal plate of suitable thickness, and various parts may 
be welded, or otherwise secured together, to produce 
an integral, complete assembly. If desired, the salvage 
unit can be provided with propulsion devices to make 
it self-propelling. 
Although the invention has been described with ref 

erence to a particular embodiment, it will be under 
stood that variations in the described embodiment will 
become obvious to those skilled in this art. Also, cer 
tain modifications or additions can be made to the de 
scribed structure. All obvious variations and modi?ca 
tions are intended to be included within the scope of 
this invention. 
What is claimed is: 
1. A buoyancy compensator means for stabilizing 
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buoyancy of a tank or chamber, comprising 
a hollow member having an upper end which com 
municates with an environment surrounding the 
tank or chamber and a lower end which communi 
cates with an interior space of said tank or cham 
ber, and 

valving means carried at said lower end of the hollow 
member for automatically controlling ?ow of ?uids 
through the hollow member, said valving means in 
cluding means responsive to angular deviation of 
said tank or chamber from a desired orientation in 
said surrounding environment, said means respon 
sive to angular deviation being operatively associ 
ated with said valving means for adjusting the valv 
ing means so as to regulate ?uid flow through said 
hollow member. 

2. The buoyancy compensator of claim 1 wherein 
said means responsive to angular deviation comprises 
means responsive to attitude of a water/air interface 
within said tank or chamber. 

3. The buoyancy compensator of claim 2 wherein 
said means responsive to attitude of a water/air inter 
face comprises a pair of ?oat means carried in spaced 
relationship to each other by a bracket assembly. 

4. The buoyancy compensator of claim 3 wherein 
said valving means includes a plate member which can 
be rocked about a fixed pivot axis relative to an internal 
cross-section of said hollow member so as to regulate 
?uid ?ow through the hollow member. 

5. The buoyancy compensator of claim 4 wherein 
said plate member is connected to said bracket assem 
bly so as to be rocked by changes in attitude of the ?oat 
means carried by the bracket assembly. 

6. The buoyancy compensator of claim 1 and includ 
ing 
means for adjusting the vertical distance at which 

said lower end of said hollow member can extend 
into said tank or chamber so as to establish an in 

terface between two separate ?uids, having two dif 
ferent densities, contained within said tank or 
chamber. 

7. The buoyancy compensator of claim 6 wherein 
said hollow member comprises a tubular member. 

8. The buoyancy compensator of claim 7 wherein 
said tubular member is made up of at least two tele 
scoping sections. 

9. The buoyancy compensator of claim 6 wherein 
said means for adjusting vertical distance of said hollow 
member comprises power operated means operatively 
connected to said lower end of the hollow member for 
extending and retracting the hollow member. 

* * * * * 


