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METHOD AND APPARATUS FOR BRANCHING
A SINGLE WIRE POWER DISTRIBUTION SYSTEM

BACKGROUND OF THE INVENTION
1. Field of the Invention.
[0001]

The present invention relates generally to improvements in long underwater power
distribution systems for sonar and other sensor systems, and more particularly pertains to a
new and improved method and apparatus for branching a single wire underwater power
distribution system.

2. Description of the Prior Art.

[0002]

A typical prior art single wire power distribution system 11 is shown in Figure 1
wherein power is supplied to a plurality of nodes 13, 15 and 17 located under the ocean 25
(saltwater). The nodes are typically sonar or other transducer or sensor systems which
require a source of power emanating from a shore or ship based power source 12. These
prior art power delivery systems which utilize underwater cable have been optimized for use
with a single wire 21 using the seawater 25 itself as a return 23. This approach minimizes
cable weight because only one power wire instead of two is needed. Moreover, the seawater
provides a lower resistance return path than an actual wire would for long runs. '

[0003]

In the prior art system illustrated in Figure 1, power flow is from a shore based power
source 12 through the conductive wire 21 in the cable, through each instrument and
associated electronics node 13, 15 and 17 until the end of the cable is reached. At the end of
the cable, a low impedance connection 19 is made to the seawater 25. This particular method
efficiently delivers power over any length of cable to any desired number of instruments or
electronic clusters (nodes). Typically, the power source on shore or ship is a constant current
source with voltages supplied as required by each series node.

[0004]

The disadvantage of this prior art series power delivery system is that it prevents the
power conductor 21 from branching at any location along its length. The power source 12
located on shore or on a ship is a constant current source. If a branch or wire connection

were to occur in the conductor 21, the current flow in each branch would be indeterminate.

1
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Both branches would be connected by low impedance 19 and 33, respectively, to the seawater
for return. As shown in Figure 2, branching the current path at point 27, for example,
causing a single conductor 31 branch having a single node 29 therein with a lower voltage
drop to receive all the current, while the other branch 21 with two nodes 13 and 15 therein,
with a higher voltage drop, would receive no current. Such a parallel path system would not
work.

[0005]

And yet in many cases, a series only connection of electronic nodes is not optimum.
For example, if an area of the ocean is to be populated with an evenly spaced grid of
instruments such as shown in Figure 3, a series only connection scheme would require the
cable to zigzag back and forth many times between the various nodes 13, 15, 17, 35 and 37,
increasing power loss and installation cost.

[0006)

A sAhorter total cable length would be obtained if series and parallel node connections
are allowed as shown in Figure 4. As can be seen from Figure 4, the parallel branching
connections provide for a minimum of cable length for any installation. However, a direct
implementation of a parallel path system will not work, as discussed above.

[0007]

Furthermore, cable installation is frequently required to be modified at some later date.
If all the nodes are in series, such modification becomes very difficult. New nodes may only
be added at the end of a cable. Adding new nodes in the middle, at the beginning or off to one
side of the cable is difficult to the point where it might be easier to redeploy an entirely new
cable. This procedure is very costly since the cable itself, and its deployment in the ocean are
the largest single system cost.

[0008]

The present invention method and apparatus of allowing parallel branches to be
effectively placed in series with any other branch while still maintaining the basic. power
delivery requirements permit more flexibility and better cable usage by allowing wide
branching to provide a treelike structure, more efficient coverage, i.e., less cable use over a
given area is provided. Moreover, the cable does not have to wind back and forth to cover a
certain shaped area. The cable length is minimized, thereby minimizing insulation costs.
Moreover, minimizing cable length minimizes power loss as the result of the cable resistance

which is proportional to the length.
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[0009]

The present invention also allows relatively easy modification of the original
installation. Simply cutting the cable at any location along the main branch, a parallel branch
may be introduced. If desired, provisions may be made at the time of installation of the main
branch to add parallel branches in the future, further simplifying the future modification of

the main branch while minimizing expenditures required for expansion.

SUMMARY OF THE INVENTION

[0010]

A method of creating parallel sub-branch connections to a single wire power
distribution system without changing the electrical characteristic of the main branch as a
seriés line is obtained by using a DC-DC converter to connect the sub-branch to the main
branch. The primary side of the DC-DC converter is connected in series with the main
branch. One side of the secondary connects to the new sub-branch. The other side of the

secondary is connected to seawater ground.

BRIEF DESCRIPTION OF THE DRAWINGS

[oo11]

The exact nature of this invention as well as its objects and advantages will be readily
appreciated upon consideration of the following detailed description when considered in,
conjunction with the accompanying drawings in which like reference numerals designate like
parts throughout the figures thereof and wherein:

[0012]

Figure 1 is a diagrammatic illustration of a prior art series power distribution system.

[0013]

Figure 2 is a diagrammatic illustration of a prior art parallel power distribution system.

f0014]

Fig. 3 is a conceptual drawing of a prior art series power distribution system.

[0015]

Fig. 4 is a conceptual drawing of a combination series and parallel power distribution
system which is achievable by the present invention.

[0016]

Fig. 5 is a diagrammatic illustration of a preferred embodiment of a branching single

wire power distribution system according to the present invention.
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[0017]
Fig. 6 is a block diagram of a multiple branch single wire power distribution system

according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0018]

The conceptual layout of sensors as shown by the nodes 13, 15, 17, 39 and 41 of

Figure 4 is readily achievable by utilizing the concepts of the present invention as illustrated
in Figure S.

[0019]

An active power circuit 53 is inserted into the main branch 21 in series with main
branch 21 by connecting to points 49, 51 between nodes 15 and 17, for example. The active
power circuit 53 effectively converts a parallel branch connection to what appears to be a
series connection to the main power source 12 which may be located on land-or on a ship.
The active power circuit 53 is essentially a theoretically ideal power transformer wherein the
number of turns times the current flow in the primary equals the number of turns timeé the
current flow in the secondary, operating down to DC. Since the currents and voltages are DC,
a real transformer which has a limited bandwidth cannot be used. Instead, a DC-DC
converter is used which simulates very closely the action of an ideal transformer operating
down to DC: Although the following discussion may be in terms of an ideal transformer, it
should be understood that a DC-DC converter is being used without any loss of functionality.
“The two primary leads on the inputs to the DC-DC converter, and the two secondary leads are
the outputs.

[0020]

The primary side of the DC-DC converter 53 is connected into the main branch 21 in
series with the nodes 13, 15, 17 and 45 by connecting one end of the primary 55 to insertion
point 49 and the other end 57 of the primary to insertion point 51.

[0021] .

The secondary of the DC-DC converter 53 creates a new sub-branch series path 69. by
having one end of the secondary 61 connected to a plurality of nodes 65 and 67 in series. The
end of this sub-branch 69 is connected to seawater ground 71. The other end 59 of the
secondary of transformer 53 is connected to seawater ground 63, thereby creating a new local

seawater return path 73 between these two new seawater grounds 71 and 63 for the sub-
branch 69.
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[0022]

The main power source 12 is also connected to seawater ground 43 which, together
with the seawater ground 47 on the main branch 21, creates the main seawater return path 75
for the entire system.

{0023]

The use of a DC-DC converter as shown in Figure S to create a parallel branch can be
multiplied and stacked, as desired, to create any number of branches off of the main branch or
off sub-branches, the result of which is that each branch appears as a series connection in the
original branch single conductor cable 21.

[0024]

The branch and DC-DC converter 53 must be capable of handling the total voltage
drop of the new branch and any sub-branches within the new branch as well as the series
current of the original branch. The transformer does not have to regulate voltage or current.
This simplifies the design of the transformer. Because it operates at a fixed duty cycle, it
becomes easy to implement a zero voltage and/or zero current switching. These techniques
are well-known and are advantageously used to minimize the 'size of the device and the noise
and ripple of its operation, thereby increasing its overall efficiency. At higher voltages over
95% efficiency is obtainable.

[0025] .

Typical input and output voltages for the branching DC-DC converter would be'in the
range of several hundred voltages. Typical power levels would be in the multiple hundred
watts. Off-the-shelf existing DC-DC converter devices could easily be used to perform
within these parameters. These devices are very small relative to the size of the electronic
sensors or nodes in the system. Moreover, the costs of such converters are very low
compared to overall system cost, making the addition of these branching DC-DC converters
to a main branch insignificant from the cost standpoint when considered in comparison to the
advantages and savings derived as the result.

[0026]

A typical two sub-branch multi-node distribution system is illustrated in Figure 6. A
ship or shore based power source 12 typically generates a constant current of 0.2 amp at a
maximum voltage output of 450 volts. The main branch 21 connects to a series of nodes 15,
17, 81 and 83, each node requiring about 10 watts of power and a 50-volt drop. Besides the
main branch 21, two sub-branches 22 and 24 are contemplated. Sub-branch 22 has an
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additional three nodes 65, 67 and 77, each of which requires 10 watts power at a 50-volt drop.

Second sub-branch 24 has two nodes 87 and 89, each node having a requirement of 10 watts
of power at a 50-volt drop. All three branches, the main branch, the first sub-branch 22 and
the second sub-branch 24, are each connected respectively to low impedance sea-ground 85,
71 and 91. Main branch sea-ground 85 interacts with the ship or shore based power source
12, sea-ground 43. The sub-branch sea-ground 71 interacts with the sea ground established
by branch DC-DC converter 53. Sea-ground 91 interacts with the sea ground established by
branch DC-DC converter 79.

{0027}

With a total of nine nodes, each at 10 watts, a ;minimum of 90 watts of power is
required.

[0028]

Branch converter 53 which facilitates the creation of the first sub-branch 22 that has
three 10-watt series nodes 65, 67 and 77, is required at minimum to handle 30 watts of power
and a fotal of 150 volts. Branch DC-DC converter 53, because it is operating at near ideal
conditions with one-to-one turns ratio and one-to-one voltage and current ratio, has very little
power loss, is minimal in size and low in noise.

[0029]

The second branch DC-DC converter 79, which facilities a second branch 24 having ‘
two series nodes 87 and 89 of 10 watts each with 50-volt drops, is required to handle a
maximum of 20 watts and 100 volts. This can be ‘easily accomplished by a converter having
a one-to-one turns ratio and a one-to-one voltage current ratio with isolated input-to-output
coils providing minimal size, high efficiency and low noise operation.

[0030] '

The general rating for each branching DC-DC converter must be equal to or greater
than the total branch power required by the nodes and the total branch voltage required by the
nodes.

[0031]

The voltage conversion ratio of the branching DC-DC converter may be adjusted or
set to minimize the power consumption of the total cable system with the new sub-branch
cable added. Changing the voltage ratio of the branch transformer changes the reflected
impedance of the added sub-branch. The voltage ratio of the transformer may then be set to
optimize the efficiency of the added sub-branch.
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[0032]

Another advantage of the present invention is that it provides the ability to add fault
tolerance features to the cable system. Fault tolerance is important because cutting the main
branch at any location will result in the failure of the entire line. The prior art has no way of
dealing with such failures. Moreover, failure location and repair are time consuming and
expensive.

[0033]

The branching DC-DC converter of the present invention can be utilized to isolate a
sub-branch from the main branch in case of a breach in the sub-branch. The branching
DC-DC converters can detect the zero current resulting from a break in the sub-branch. In
response, the primary side of the converter can be shorted, allowing the main branch to
continue to operate. In a system with a large number of sub-branches, this kind of fault
detection and protection feature provides a high degree of fault tolerance. In a system having
a number of sub-branches, a single failure may take out any single sub-branch but leave the
remainder of the system functioning,.

[0034]

In the prior art system, the current delivered by the' shore power supply has an
optimum value that minimizes the total system power loss. This 6ptimum value depends on
the cable resistance, which is a function of its length. In a similar fashion, the voltage
conversion ratio of the branching converter may be set to minimize the power consumption of‘
the total cable system with the new cable added. Changing the voltage ratio of the branching
DC-DC converter effectively changes the reflected impedance of the added branch system.
By setting the voltage ratio correctly, the efficiency of the added branch may be optimized.

[0035]

The voltage rating of the cable is a primary limiting factor in the power distribution
system. The higher the source shore voltage compliance, the lower the current for the same
total power level. The lower the current, the smaller the losses due to the cable resistance.
Cable resistance may be hundreds to thousands of ohms over the length of the cable, and is
fixed by the available cable.

[0036]

The maximum voltage is limited by the breakdown voltage rating of the cable (to the
seawater). At the shore the cable is subjected to the maximum voltage. The drops, due to the

node power supplies and cable resistance, lower the voltage along the length of the cable until
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the end of the cable is at zero voltage near the end at the sea anchor ground. The below table

illustrates this concept.

0 0
1 50
2 100
3 150
4 200
5 250
6 300
7 350
8 400
9 450
10 500
11 550
12 600
13 650
14 700
15 750
16 800
17 850
18 900
19 950
20 1000
Tnode  voliage
" Shore End

[0037]

At a given maximum voltage, and a given cable resistance, there is a maximum power
that can be delivered to the electronics. The optimum power delivery is when half the power
is delivered to the loads, and half is lost in the cable. For a normal cable power system,
efficiency is thus at a maximum of 50%.

[0038] '

Assume that a branch line is to be installed half way dowﬁ an existing cable. The
available voltage at this point is approximately half the maximum shore voltage. The
branching DC-DC converter step up ratio may be set to deliver the maximum voltage (as

limited by the cable) to the new branch. Effectively, the new branch may be operated with a
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starting voltage equal to the shore voltage. This maximizes the efficiency of the new branch
by maximizing the voltage.

[0039]

The branching DC-DC converter may also be used to improve the overall efficiency

of the system past 50% and extend the maximum line length. An example is shown below.

2nd BRANCH
1st BRANCH
T 0 0
1 44
0 2 150
1 3 256
2 4 363
3 5 469
MAIN SHORELINE 4 6 575
5 7 681
6 8 788
0 7 0 9 894
RS O 8 500 | Branch T 10 100
L2 9 563 | 2:1stepup | node = voltage
3 10 625 © Mid:Gable-
4 11 688
5 12 750
6. 13 813
ey 14 875
8 15 938
9 0 ‘Branch T 16 1000
10 500 |2:1stepup | node . voltage
11 550 Mid Cable
12 600
13 650
14 700
15 750
16 800
17 850
18 900
19 950
20 1000
node ~ voltage
Shore End
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[0040]

The main shoreline cable originally has 20 nodes, after which the source voltage is
zero. At the 50% point, a 2:1 step up branching DC-DC converter is used to change the 500
volts back to the original source 1000 volts at the start of the first branch. The first branch
could have 15 nodes, allowing a total of 26 notes, or 6 nodes more than the original capability.

[0041]

Adding another branch at the 50% point of the first sub-branch (again doubling the
voltage) allows a total of 28 nodes.

[0042]

Each additional branch extends the total number of nodes by a smaller and smaller
amount. If carried to an extreme with each node having a step up branching transformer, the
node count and efficiency (which are directly related) could be increased by a maximum of
50%. By only using one branch, as shown above, the total number of allowable nodes was
increased by 30%. The efficiency of the step DC-DC converter must be considered. In the

voltage and power levels typically used, efficiencies of over 95% may be obtained.

10
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CLAIMS
What Is Claimed Is:

1. A single wire underwater power delivery system, comprising:

a power source;

a plurality of nodes in the water requiring power;

a single conductive wire with a first and a second end connecting the power
source at its first end in series with the plurality of nodes in a main branch, with the
second end connected to the water; and

a DC-DC converter connected to the main branch single conductive wire at a
selected location between the first and second end and connected to a sub-branch,

single conductive wire connected to at least one node.

2. The power delivery system of claim 1 further comprising the sub-branch

single conductive wire connecting the node to the water.

3. The power delivery system of claim 1 wherein the DC-DC converter primary

is connected in series with the main branch single conductive wire.

4. The power delivery system of claim 3 further comprising one side of the
DC-DC converter secondary connected to water and the other side of the DC-DC converter.

secondary connected to the sub-branch single conductive wire.

5. A single wire underwater proven delivery system, comprising:

a shore based power source connected to water as a ground,

a plurality of nodes under the water requiring power;

a single conductive wire with a first and second end connected to the power
source at the first end and connected in series with the plurality of nodes in a main
branch, the second end of the single conductive wire connected to the water; and

a first DC-DC converter connected to the main branch single conductive wire
at a selected location between the first and second end with the converter primary
connected in series with the nodes, and the converter secondary connected to the
water at one side of the secondary and to a first sub-branch single conductive wire

having a first and second end at the other side of the secondary, the sub-branch wire

connected to a node.

11
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6. The power delivery system of claim 5
further comprising a plurality of nodes connected in series by the first sub-
branch wire between the first and second end, the second end of the first sub-branch

wire connected to the water.

7. The power delivery system of claim 6 further comprising;

a second DC-DC converter connected to the main branch single conductive
wire at a selected location between the first and second end with the converter
primary connected in series with the nodes and primary of the first converter, and the
converter secondary connected to the water at one side of the secondary end to a
second sub-branch single conductive wire having a first and second end at the other

side of the secondary, the second sub-branch wire connected to a node.

8. The power delivery system of Claim 7 further comprising a plurality of nodes
connected in series by the second sub-branch wire between the first and second ends, the

second end of the second sub-branch wire connected to the wire.

9. A method for branching a single wire underwater power distribution system
having a power source, a plurality of nodes in the water requiring power, and a single
conductive wire, with a first and second end, connected to the power sources of the first end,
and connected in series with the plurality of nodes, the second end connected to the water, the
steps of the method comprising:

connecting a DC-DC converter primary at a selected location between the first

and second end.

10. The method of claim 9, further comprising the steps of:
connecting the DC-DC converter secondary with one side to the water and the

other side to a sub-branch single conductive wire.

11.  The method of claim 9 wherein the DC-DC converter primary is connected in

series with the nodes.

12, The method of claim 11, further comprising the steps of:
connecting the DC-DC converter secondary with one side to the water and the

other side to one end of a sub-branch single conductive wire connecting a plurality of

nodes in series.

12
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13. The method of claim 12 wherein the sub-branch single conductive wire is

connected to water at another end.

14.  The method of claim 13 further comprising the steps of:
connecting a second DC-DC converter primary at a selected location between

the first and second end.

15. The method of claim 14, further comprising the step of:
connecting the second DC-DC converter secondary with one side to the water

and the other side to a second sub-branch single conductive wire.

16.  The method of claim 14 wherein the second DC-DC converter primary is

connected in series with the nodes.

17. The method of claim 16 further comprising the steps of:
connecting the DC-DC converter secondary with one side to the water and the
other side to one end of a second sub-branch single conductive wire connecting a

plurality of nodes in series.

18, The method of claim 17 wherein the second sub-branch single conductive wire

is connected to water at another end.

13
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