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This invention relates generally to a control system 
and method and more particularly to a control system 
and method for automatically providing cathodic protec 
tion for various types of structures, vessels and the like 
which are normally submerged in water or some solution 
which acts as an electrolyte. 
As is well known, the current requirement to provide 

satisfactory protection is dependent upon many factors, 
as for example, the speed of movement of the hull through 
the water, temperature, and ionic content of the water 
through which the hull‘ is moving, etc. Attempts to pro 
vide automatic control to take care of these variations 
have heretofore not been completely satisfactory. This, 
in large part, has been due to the fact that apparatus of 
this type must function for long periods of time without 
maintenance because a ship carrying the system may not 
return to its home port for months and even years. 
Automatic control is also complicated by the fact that the 
system must operate over a wide range of impressed 
currents. It must respond to very small control currents 
and must provide magni?cation of a very high order. 
There is a need for an automatic control system which 
will be suitable for use on large vessels and which will 
require very little, if any, maintenance. 

In general, it is an object of the present invention to 
provide an improved control system and method which 
will automatically control the current impressed on the 
structure to be protected to maintain the structure at a 
predetermined polarization. 

Another object of the invention is to provide a system 
of the above character in which the reference cell is 
periodically rejuvenated to its standard reference level. 
Another object of the invention is to provide a system 

of the above character in which the reference current is 
utilized for operating a meter movement. 

Another object of the invention is to provide a system 
of the above character in which the meter movement con 
trols the flow of light to a light sensitive cell. 

Another object of the invention is to provide a system 
of the above character in which the output of the light 
sensitive cell serves to control the means for impressing 
the current on the structure to be protected. 

Another object of the invention is to provide a system 
of the above character in which the reference cells are 
provided in banks. 

Another object of the invention is to provide a system 
of the above character wherein a reference cell of the 
bank is utilized for controlling the monitoring circuit, 
another is utilized for driving a visual indicating voltmeter 
and another is utilized for driving a recording type 
instrument. 

Another object of the invention is to provide a system 
of the above character in which the reference cells are 
periodically rejuvenated in sequence. 

Another object of the invention is to provide a system 
of the above character in which one reference cell of a 
plurality of reference cells is always connected to the 
monitoring circuit. 
Another object of the invention is to provide a system 

of the above character in which the means for impressing 
current on the structure includes saturable core reactors. 
Another object of the invention is to provide a system 
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of the above character in which the saturable core reac 
tors can be paralleled to increase the impressed current 
?ow. 

Another object of the invention is to provide a system 
of the above character which has practically no moving 
parts and which requires. very little, if any maintenance. 

Another object of the invention is to provide a system 
and method of the above character which utilizes a high 
order of magni?cation. 

Another object of the invention is to provide a system 
and method of the above character with wide ranges of 
impressed current flow. 

Another object of the invention is to provide a system 
of the above character in which the response is almost 
instantaneous and closely follows the demand. 

Additional objects of the invention will appear from the 
following description in which the preferred embodiments 
have been set forth in detail in conjunction with the 
accompanying drawing. 

Referring to the drawing: 
FIGURE 1 is a circuit diagram incorporating the pres 

ent invention with certain parts illustrated schematically; 
FIGURE 2 is a portion of a circuit diagram for a 

system with a higher power output than that shown in 
FIGURE 1; 

In general, the present invention comprises a control 
system and method for automatically providing cathodic 
portection for various types of structures such as the hulls 
of vessels and barges and like normally immersed or sub 
merged in fresh or salt water or other electrolyte, A 
current is impressed on the structure to cause the struc 
ture to serve as a cathode. A monitoring circuit is pro 
vided in which a reference current is generated and this 
reference current is utilized for controlling the amount 
of current impressed on the structure to maintain the 
structure at a relatively constant predetermined polari 
zation to prevent corrosion of the structure. 
As shown in FIGURE 1 of the drawing, my control 

system comprises generally an impressed current power 
supply 11, monitoring means which includes a reference 
current supply and control 12 and means 13 for rejuvenat 
ing the reference current supply. The impressed current 
supply 11 is connected between an anode assembly 114 and 
a structure 16 to be protected which is represented as 
ground. The anode assembly 14 and the structure 16 
are shown submerged or immersed in an electrolyte 17 
which, for example, can be sea water. The structure to 
be protected can be the hull of a ship as shown and the 
‘anode assembly 14 can be of any suitable type such as 
that disclosed in my copending application entitled “Elec 
trolytic System,” Serial No. 715,440, ?led February 14, 
1958. 
The monitoring means 12 includes one or more ref 

erence cells 21 which are utilized for generating a ref 
erence current. As shown, the reference cells are also 
submerged in the electrolyte 17 and are generally mount 
ed relatively close to the structure 16 to be protected. 
The reference cells can be of any suitable type such as 
the silver-silver chloride reference half cells well known 
to those skilled in the art. Such reference half cells have 
a potential in the electrolyte 17 which differs from the 
potential of the structure 16 when it is submerged in the 
electrolyte so that there is a current ?ow between the 
reference cells and the structure 16 to be protected. When 
reference cells of the silver-silver chloride type are uti 
lized, the reference cells have a relatively uniform po 
tential which is approximately 630 millivolts lower than 
that of a steel hull of a ship, if for example, that is the 
structure to be cathodically protected. 
When the reference cell is connected by a conductor to 

the hull of the ship, current will flow through the electro 
lyte 17, from the hull of the ship to the reference half 
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cell. By current flow, I am referring to the ?ow of elec 
trons from negative to positive or rather a lower negative 
than the conventional designation of current flow from 
positive to negative. 
As is well known to those skilled in the art, the silver 

silver chloride reference half cells have a relatively con 
stant potential when immersed in an electrolyte and for 
that reason the current ?ow from the hull of the ship to 
the reference half cells will be dependent upon the polari 
zation level on the hull of the ship or the structure being 
cathodically protected. When the polarization level of 
the ship is rising, the current ?ow between the hull of the 
ship and the reference half cells will increase, and con 
versely when the polarization level of the hull of the 
ship begins to fall, the current flow between the hull of 
the ship and the reference half cells will decrease. 
The reference cells 21, as shown in the drawing, are 

connected to a timing device 23 for a purpose hereinafter 
described. As shown, and as hereinafter described, one 
of the reference half cells is normally connected by a con 
ductor 24 to the positive terminal of a meter 26, the nega 
tive terminal of the meter being connected to ground as 
shown. As pointed out previously, all points designated 
as ground, are actually connected to the structure 16 to 
be protected as, for example, the ship’s ground when the 
hull of a ship is being protected. The meter 26 is of a 
suitable type such as a sensitive D.C. millivoltmeter. The 
meter 26 has a relatively high resistance in the order of 
100,000 ohms per volt or more which prevents any appre 
ciable reference current ?ow. This serves to prevent rapid 
polarization of the reference half cells which would other 
wise occur if there were appreciable reference current 
?ow. The silver-silver chloride reference half cells there 
fore serve as reliable references and only require depolari 
zation as hereinafter described at periodic intervals. 
The reference half cells 21 ‘as shown in the drawing 

are designated as positive. This has been done because 
even though the reference cells are actually negative, they 
are less negative than a steel hull and thus are positive 
with respect to the steel hull or structure 16. The ref 
erence cells have been designated in this manner to facili 
tate understanding of the direction of current flow. 
The meter 26, as shown schematically, includes a 

needle-like pointer or hand 27 which has a spade-like tip 
28. The dial 29 of the meter is provided with a hole 31 
which is adapted to be covered by the spade-like tip 28 
of the pointer when the meter is indicating a midpoint 
position as shown in the drawing. A stop 32 is provided 
on the dial face to prevent the pointer from advancing 
‘beyond the midpoint of the dial. Since the meter 26 is 
connected in series between the reference half cells and 
the structure to be protected, it is apparent that the meter 
26 will register the reference current flow between the 
structure 16 and the reference half cell 21 to which it is 
connected. 
A suitable light source such as a lamp 34 is positioned 

on one side of the dial face 29, for example, as shown it 
is positioned in front of the dial face. The lamp 34 is 
connected to a suitable source of power such as 110 volts, 
60 cycle single phase A.C. as designated by the terminals 
L1 and L2. As shown, the lamp is connected across the 
terminals L1 and L2 through a variable series resistor 36. 
The ‘lamp 34 is preferably of a type with a very long 
life such as 10 years. The resistor 36 is provided to vary 
the intensity of the light from the lamp. 

Suitable light sensitive means 37 is mounted on the 
other side of the dial face opposite the opening or hole 
31. For example, a polycrystalline photoconductive cell 
can be utilized. Particularly, a cadmium-selenide photo— 
cell has been found to be especially satisfactory. The 
light sensitive means 37 is preferably mounted relatively 
close to the hole 31 and, for example, may be mounted 
within the meter housing itself if desired. 
As shown, the output of the light sensitive means 37 

is connected to a power reactor 39 in series with an am 
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4 
meter 41. The ammeter 41 is of any suitable type such 
as a very sensitive D.C. microammeter. The power re 
actor 39 is of the saturable core type with duplex wind 
ings wound on a pair of toroidal cores. As shown, the 
reactor 39 comprises a pair of toroidal cores 42, a DC. 
saturating winding 43, a pair of A.C. or output windings 
44, a DC bias winding 46, and a DC. shorted wind 
ing 47. 
The shorted winding 47 is provided to prevent break 

down of the insulation within the power reactor 39 and 
to prevent damage to other components in the circuit 
hereinafter described. In the event the A.C. power to 
the A.C. ouput windings 44 should be suddenly inter 
rupted, the sudden collapse of the lines of force in these 
coils would normally induce several thousand volts into 
the D.C. windings of the reactor and, therefore, would 
have a tendency to cause the damage hereinbefore de 
scribed. However, the shorted coil which has a very low 
impedance prevents such an occurrence by shorting out 
the induced current and thereby preventing the build-up 
of dangerous voltages within the other windings of the 
reactor. 
The bias winding 46 is wound in the opposite direc 

tion to that of the main saturating winding 43 and its 
purpose is to bias the output of the A.C. windings 44 to 
cut off when saturating current is not applied to the 
saturating windings. The bias winding 46 is supplied 
from the A.C. power supply designated by the lines L1 
and L2 through a transformer 49 which has its output 
connected to a pair of suitable recti?ers 51. The recti 
?ers 51 are connected to one side of the bias winding 
46 and the other side of the bias winding is connected 
to the centertap 52 of the secondary winding of the trans 
former 49 through a serially connected shunt resistance 
53 and a variable resistance 54. An amrneter 56 of a 
suitable type, such as a DC microammeter, is connected 
across the shunt resistance 53. The variable resistance 
54 is provided to adjust the flow of current in the bias 
winding 46. As is well known to those skilled in the 
art, the current How in the bias winding must be carefully 
adjusted so that the load from the output windings 44 is 
zero when the input to the DC. saturating winding is 
at zero. 
As shown, one side of the output of the light sensitive 

means 37 is connected to one side of the DC. saturat 
ing winding 43 and the other side of the DC. saturat 
ing winding is connected to the center tap 52 of the 
secondary of the transformer 49. The other side of the 
output of the light sensitive means is connected to the 
side of the bias winding 46 which is connected to the 
recti?ers 51. 
The output of the A.C. windings 44 of the reactor 

39 is connected across a full wave bridge 59 comprising 
four recti?ers 61. The center tap 62 between the A.C. 
windings 44 is connected to the A.C. line L2 by a con 
ductor 63. The other side of the recti?er bridge is con 
nected to the A.C. line L1 by conductor 65. 
The output from the full wave bridge 59 is supplied 

to the power reactor 64. The power reactor 64 com 
prises a pair of closed C~type cores 66, a pair of DC. 
saturating windings 67, four A.C. windings 68, a variable 
resistance 69 and a ?xed resistance 71. The power re 
actor 64 is wound in such a manner that magnetic oppo 
sition is provided under all operating conditions and for 
that reason a bias winding of the type provided in the 
power reactor 39 is not required. A bias is also not 
used because the winding arrangement utilized in the 
power reactor 64 is not of a type which lends itself to 
the use of a bias winding. The windings and the core 
material have been chosen so that the output of the A.C. 
windings 68 is zero or substantially zero when there is no 
input to the DO. saturating windings 67. 
The output of the full wave bridge 59 is connected 

across the serially connected D.C. saturating windings 
67 of the power reactor 64 by conductors 73 and 74. 
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An ammeter 76 is connected in a series with the con 
ductor 74 and can be of any suitable type such as a 
DC. milliammeter. 

It will be noted that the resistances 69 and 71 are 
serially connected across the conductors 73 and 74 and 
in parallel with the DC. saturating windings 67. These 
resistances 69 and 71 have been inserted in the power 
reactor because it was found that the normal sinusoidal 
full wave D.C. output from the full wave bridge 59 
would not cause proper operation of the DC. saturating 
windings 67. In fact, it was found that the saturating 
windings 67 were actually acting as a choke coil because 
of the back induced by the rapidly ?uctuating 
sinusoidal full wave D.C. By utilizing the resistances 63 
and 71 in parallel with the DC. windings, the resistances 
serve to bypass or cut oif the peaks of the sinusoidal out 
put from the full wave bridge. Thus, the DC. peaks 
pass through the resistances and not through the DC. 
saturating windings. The rapid ?uctuations of the DC. 
in the windings 67 and the generation of back are 
eliminated. it is apparent that capacitors could be uti 
lized for the same purpose of smoothing out the DC. 
However, resistors have been chosen because they have 
much longer life. A pi type ?lter can also be used for 
such a purpose and can consist of iron core inductance 
and a pair of dry plate type capacitors. 
The output of the power reactor 64 is fed into an 

A.C.-DC. recti?er section 78. As shown, the four A.C. 
windings of the power reactor are connected in series 
opposition and have one end connected to the A.C. or 
conductor 65 and the other end connected to the primary 
winding of an isolation transformer 79. The other side 
of the primary is connected to the line L2 of the A.C. 
‘supply. The secondary of the isolation transformer is 
connected across a full wave bridge 81 comprising four 
recti?ers 82. The positive terminal of the output of the 
full wave bridge 81 is connected to the anode assembly 
14 by a conductor 33, and the negative or ground ter 
minal of the bridge is connected to the structure 16 by 
conductor 84. A DC. ammeter 86 is connected in 
series with the conductor 63. A DC. voltmeter 87 is 
connected across the output of the full wave bridge 81. 

Operation of that portion of the system hereinbefore 
described may now be brie?y described as follows: Let 
it be assumed that the millivoltmeter 26 has been ad 
justed by adjustment of its external resistance (not 
shown) so that at the desired polarization on the struc 
ture 16, the needlelike pointer 27 of the meter is at its 
midpoint position and the spade-like tip of the needle is 
covering the hole 31 in the dial face. The spade-like 
tip 28 in this position prevents the entrance of light rays 
through the hole 31 and therefore prevents activation of 
the light sensitive means 37. The pointer 27 in this posi 
tion is against the needle stop 32 so that at increased 
polarization levels of the structure 16 above the desired 
polarization, no light can pass through the opening 31. 
Now let it be assumed that the structure 16 has dropped 

below the desired level of polarization which is required 
for cathodic protection. When this occurs, the potential 
difference between the reference cells 21 and the struc 
ture 16 decreases, which in turn causes a decrease in the 
reference current flow in direct proportion to the decrease 
in the potential difference. The difference in the decrease 
in the current flow is registered by the meter 26 and the 
pointer 27 begins to move towards a decreased current 
position. As soon as the pointer 27 has moved ‘from its 
midpoint position, the spade-like tip 28 exposes the hole 
31 and permits light from the lamp 34 to enter the hole 
and activate the light sensitive means or cell 37. 

Activation of the light sensitive cell 37 reduces its re- 
sistance so ‘that it permits substantial current ?ow in the 
D.C. saturating windings 43 of the power reactor 39. 
Current ?ow is from the center tap 52 through the DC. 
saturating winding 43, through the resistance of the light 
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6 
sensitive cell 37, through the microammeter 41 and to 
the positive side of the recti?ers 51. 
The flow of current through the DC. winding 43 satu 

rates the toroidal cores 42 to permit ?ow of A.C. current 
in the output windings 44, by eliminating the impedance 
in the output windings 44. The A.C. output from the 
windings 44 is recti?ed by the full wave bridge 5? and the 
DC. from the bridge is supplied to the DC. saturating 
windings 67 of the power reactor 64. The flow of DC. 
current in the saturating windings 67 saturates the cores 
66 which reduces the impedance in the A.C. windings 68 
to permit A.C. to pass through these power windings and 
to energize the isolation transformer 79. The A.C. output 
from the isolation transformer is recti?ed by the main full 
wave bridge 81 to deliver a positive DC. current to the 
anode array 14-. The negative terminal of the bridge 81 
is connected to the structure 16 to be protected. 
The increased potential difference between the structure 

16-and the anode assembly 14- will cause increased cur 
rent to flow from the structure 16 to the anode array by 
electrochemical exchange through the electrolyte 17. As 
the current flow increases, the polarization level of the 
structure 16 will increase. As the polarization of the 
structure 16 increases, the potential difference between the 
reference cells 21 and the structure 16 also increases. As 
this potential difference increases, the reference current 
?owing from the structure 16 to the reference half cells 
will also increase causing the millivoltmeter 26 to register 
an increase. This will continue until the spade-like tip 
28 of the pointer 27 again covers the hole 31 in the dial 
29‘. 
From the foregoing description, it is apparent that as 

soon as the polarization level of the structure 16 drops 
below the predetermined desired level, the spade-like tip 
23 will uncover the opening 31 to cause a sequence of 
operation which will increase the current ?ow between the 
structure 16 and the anode 14 until the increase is suffi 
cient to raise the polarization level of the structure 16 
to the desired level. Thus, the polarization level of the 
structure 16 is maintained relatively constant. If there 
are no changes in the polarization level, the spade-like 
tip 28 will cover the opening 31 and a relatively constant 
flow of current will occur between the structure 16 and 
the anode 14., When there are changes in the polariza 
tion level, the response of the system is almost instan 
taneous'and the polarization is rapidly built up to the 
desired level. 

'As hereinbefore described, my system includes means 
12 for continuously monitoring the polarization on the 
structure being cathodically protected. This monitoring 
means ‘which has also been referred to as the reference 
and current supply has been previously described as in 
cluding reference cells 21. It has been found that these 
reference half cells do not maintain an absolutely constant 
level of polarization, but that when they are subjected 
to various environments and are employed in a cathode 
anode couple they gradually become negatively polarized. 
When this occurs, the reference cells fail to serve the 
function of a constant reference. 

It has however been found that by periodically rejuve 
nating or depolarizing the reference half cells by revers 
ing the cathode-anode couple arrangement at periodic 
intervals, the reference half cells are maintained at a 
relatively constant polarization level so that they can ef 
fectively monitor the polarization level of the structure 
to be protected. To that end, the means 13 has been 
provided for periodically rejuvenating the reference half 
cells and consists of a timing device 23, a transformer 91 
and a recti?er assembly 32. 
The timing device, as shown, consists of four collector 

rings 93 and a commutator 94. The collector rings 93 
and the commutator 94 are mounted on the same shaft 
and are all driven at the same speed by the motor 96. 
The collector rings and commutator can be driven at any 
suitable speed as, for example, six revolutions per hour. 
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The motor 96 is connected to a suitable source of power 
such as the lines L1 and L2 which as hereinbefore de 
scribed are connected to an A.C. supply. 
As shown in the drawing, each of the reference half 

cells 21 is connected to one of the collector rings 93 by 
a brush 97. The brush 97 and the collector rings 93 are 
preferably formed of materials which have a relatively 
long life. For example, the collector rings can be made 
of silver and the brushes 97 can be of the silver-carbon 
type. The collector rings 93 are connected to a commu 
tator 94. As shown, the commutator 94 is divided into 
four segments 94a, 94b, 94c and 94d, each of which is 
connected to one of the collector rings 93. 

Three brushes 98, 99 and 101 are provided which en 
gage the commutator 94. Brush 98 is connected to the 
conductor 24 which is connected to the meter 26. Brush 
99 is connected to the positive side of a recti?er assembly 
92 and brush 101 is connected to a suitable recording 
instrument 103 by a conductor 104. 
The recti?er assembly 92 consists of a pair of recti?ers 

106 which are connected to the secondary of the trans 
former 91. A variable resistance 107 is connected be 
tween a tap on the secondary of the transformer 91 and 
ground. The primary of the transformer 91 is connected 
to a suitable source of AC. power such as the lines L1 
and L2 as shown. 

‘Operation of the rejuvenating means 13 may now be 
brie?y described as follows: Let it be assumed that to 
cathodically protect the structure 16 that it is necessary 
to maintain the structure 16 at a predetermined polariza 
tion level with respect to the reference cells 21, as for 
example, 1000 millivolts. If such is the case, the re 
sistance 107 of the recti?er assembly 92 is adjusted so 
that the recti?er assembly 92 will deliver 1000 millivolts 
on the conductor 13 through the timing device 23. 
With the timing device 23, one of the reference cells 

21 is always connected to the millivoltmeter 26 by the 
brush 98. As explained previously, when the reference 
cells 21 ‘are connected to the structure being protected 
through the millivoltmeter 26, there is an electron flow 
from the structure being protected to the reference cells. 
After a cell has been utilized as a reference cell by being 
connected to the millivoltmeter 26, it is rejuvenated when 
it comes in contact with the brush 99. As hereinbefore 
explained, the brush 99 is connected to the positive side 
of the recti?er assembly 92. When the reference cell is 
connected to the positive voltage, the electron ?ow be 
tween the reference cell and the structure 16 being pro 
tected is reversed to restore the reference half cell to its 
original anodic state with respect to the structure being 
protected. By thus periodically applying a positive volt 
age to the reference half cells, the reference half cells 
are maintained in an anodic state and do not have an 
opportunity to become partially cathodic with respect to 
the structure being protected, as for example, the steel 
hull of a ship. 

It should be pointed out that a positive voltage is ap 
plied to the reference half cell which is equal to the 
polarization level of the structure to be protected. This 
is done to prevent an over-voltage from being applied to 
the millivoltmeter 26. As pointed out previously, the 
millivoltmeter 26 has a mechanical stop 32 which pre 
vents the indicating needle 27 from passing beyond or 
past the hole 31. 
With the timing device 23 as shown in the drawing, 

each of the reference cells will be under the rejuvenating 
in?uence of the positive voltage from the recti?er assem 
bly 92 for approximately 25% of the total elapsed time. 
After the rejuvenation is completed, the circuit to the ref 
erence half cell is broken and it is not used for approxi 
mately 25% of the elapsed time since only three brushes 
are provided in the timing device 23. During the time in 
which the reference cell is idle, the reference cell has an 
opportunity to stabilize itself. After this period of time, 
the reference cell is again engaged by the brush 98 and 
is connected to the millivoltmeter 26. 
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In large installations of my system, it may be desirable 

to provide means for continuously recording the polariza 
tion level of the structure being protected. To this end, 
I have provided a recorder 103 which is connected to the 
brush 101. The brush 101 is always in engagement with 
one of the segments of the commutator 94 and, therefore, 
provides a continuous signal to the recorder 103. The 
recorder 103 can be of any suitable type such ‘as those 
which utilize a moving pen to give a written indication 
on a continuously moving strip chart. 
With the system hereinbefore described, one of the 

reference half cells 21 is always connected to the milli 
voltmeter 26 to provide continuous monitoring for the 
system. However, if it is desired to simplify the system 
to reduce the cost, or for other reasons, it is possible 
to use only one reference cell 21 for operation of the 
millivoltmeter 26. ‘With such a system, the reference 
half cell could be periodically disconnected from the 
meter for a sufficient period of time and connected to the 
positive voltage of the recti?er assembly 92 by a simple 
timing device to rejuvenate the half cell. After rejuvena 
tion is completed, the reference cell could again be con 
nected to the meter 26. During the short period of time 
the reference half cell is being rejuvenated, the polariza 
tion of the ship would be allowed to decrease. This is not 
objectionable because of the short period of time required 
for rejuvenation of the half cell, as for example, one min 
ute out of every hour. 
By way of example, one embodiment of my system 

utilized components having the following designations, 
values and characteristics. 

Diodes: 
51 _______________________ _. 1N1084. 

61 _______________________ _. 1N1092. 

82 _______________________ _, 1N1167and1N1181. 

106 ______________________ _. 1N1084. 

Photocell 37 ___________________ __Clairex type CL-3. 

Transformers : 
49 _______________ .._ 110 volts to 25 volts. 

v91 _______________ w 110 volts to 25 volts. 
79 _______________ __ 1:1 ratio, 1000 watt capacity. 

Saturable core reactors: 
39 ________________ __ Output of 500 milliamperes. 
~64 ________________ __ 1000 watt capacity. 

Meters: 
26 ________ __ 0-300 maximum millivolts adjustable. 
41 ________ __ 0-500 microamperes. 

>56 ________ __ 0-1 milliampere, shunted to obtain 
desired milliampere range. 

76 ________ __ 0-500 microamperes. 

87 ________ .._ 0—100 volts. 

86 ________ __ 0-100 amperes. 

Resistances: 
36 ___________________ _. Wire wound, 125 ohms. 
54 ___________________ _. Wire wound, 1000 ohms. 
69 ___________________ __ Wire wound, 500 ohms. 
71 ___________________ ... Wire wound, 25 ohms. 
107 __________________ __ Wire wound, 1 megohm. 

It has been found that a system having the above com 
ponents has ample capacity to provide complete cathodic 
protection for a ship 150 feet in length with a steel hull, 
and having approximately 5000-6000 square feet of 
wetted surface. vWith the 1000 watts available from such 
a system, the ‘ampere voltage ratio is automatically de 
termined by the ratio of the surface of the anode assem 
bly 14 utilized and the wetted surface of the structure 
to be protected, and the resistivity of the water or elec 
trolyte. Thus, if \a 1:1 isolation transformer 79 is uti 
lized and the isolation transformer is driven from a 115 
volt, 60 cycle, single phase A.C. supply and the power 
reactor 64 is being driven at its full 1000 watts output, 
the DC. voltage on the output read by the meter 87 
would be approximately 20 volts and the amperes read 
by the meter 86 would be approximately 50 amperes, as— 
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suming that the proper amount of anode surface was 
utilized to obtain the proper anode-cathode ratio, and also 
assuming that the structure is in water having a rela 
tively high resistance. If the structure were a vessel op 
erating in the equatorial zones in warm water with low 
resistivity, the DO. voltage might be as low as 10 volts 
with 100 amperes D.C. 

With a system of the above type having an output of 
1000 watts, an ampli?cation of two ‘hundred million to 
one is achieved by only two stages of ampli?cation as 
represented by the reactors 39 and 64. The reference 
cells have an output of approximately 10 microwatts. 
Only one-half of the output, 5 microwatts, is utilized for 
driving the meter 26. These 5 microwatts are ampli?ed 
into the 1000 watts in the output to give the two hundred 
million to one power ampli?cation. 

Since the current ?ow from the structure being pro 
tected such as the hull of a ship to the anodes l4 deter 
mines the polarization level of the structure being pro 
tected, it is important that a wide range of current flow 
be obtainable from any satisfactory system. Generally, 
it is desirable to obtain a 50 to 1 variation in current ?ow. 
With my system, it has been found possible to obtain a 
100 to 1 variation in the current ?ow. 

I have found by utilizing the light sensitive cell 37, pre 
cise control can be obtained on the polarization level of 
the structure being protected. If the polarization level 
of the structure being protected should drop only a very 
slight amount below the desired level, the system imme 
diately determines this condition and responds practical 
ly instantaneously to increase the current ?ow from the 
impressed current means. The system is instantly cog~ 
nizant of any changing conditions which may require in 
creased or decreased current ?ow, as for example, in the 
case of a vessel which is passing through water which 
has different resistance characteristics than that previous 
ly passed through. 

In the event additional power output is required in 
a system for cathodic protection, my system can be easily 
modi?ed to make more power available. For example, as 
shown in FIGURE 2 of the drawing, the output of the 
power reactor 64 can be utilized for supplying the DC. 
saturating current for additional reactors. For example, 
as shown, the output of the reactor 64 can be passed 
through a full wave bridge 111 consisting of four recti 
?ers 112 connected in a conventional manner. The output 
of the bridge 111 is connected to the DC. saturating coils 
67 of a pair of power reactors 64 identical to the power 
reactor hereinbefore described. The power reactors are 
connected in parallel as shown and have their outputs 
connected to an A.C.-D.C. recti?er section 1% similar 
to section 78, but of a larger size. 
The remainder of the system would be identical to 

that shown in FIGURE 1 and for that reason it has not 
been shown in FIGURE 2. 

Thus, it is apparent that any range of power require 
ments can be obtained with my system with the use 
of many standardized parts. For example, the system as 
shown in FIGURE 2, with the power reactor 64 con 
nected in parallel, would have a D0. power output of 
42,500 watts which would be controlled by the 5 micro 
watts’ output from the reference cells 21. Thus, with such 
a system, an ampli?cation of eighty-?ve billion to one 
can be obtained with three stages of ampli?cation without 
any sacri?ce in the quality of control. . 

‘It is apparent from the foregoing that I have provided 
a completely automatic control system and method for 
maintaining a desired polarization level on a structure to 
be cathodically protected. There are no moving parts in 
the system except for the slowly moving parts in the 
timing device 23 and in the meter movements which have 
an extremely long life. Thus, in contrast to other systems, 
my system has no mechanical relays, contact points, servo 
mechanisms, variacs or other moving parts which would 
require extensive and continued maintenance. By utilizing 
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saturable core reactors, magni?cations of a high order 
are obtained by devices which have a relatively long life 
and require no maintenance. By utilization of the light 
sensitive means, a particularly precise control is ob 
tained which has an ‘almost instantaneous response and 
which closely follows the demand on the system. Such 
performance coupled with the lack of maintenance is 
particularly important in systems of this type which are 
often installed in large ships which may not return to 
their home ports for long periods of time. If this were not 
the case, a breakdown of the system while the ship was 
out ‘of port could permit severe damage to occur to the 
hull of the ship before the system could again be placed 
in operation. 

It is also apparent that in addition to being useful for 
the cathodic protection of the hulls of ships, barges and 
other ?oating vessels my system can be used for cathodi 
cally protecting other structures such as underwater 
foundations, pipelines, storage reservoirs, and the like. 
While the form of embodiment herein shown and de-. 

scribed constitutes a preferred form, it is to be understood 
that other forms may be adopted falling within the scope 
of the claims that follow. 

I claim: 
1. In a control system for cathodically protecting a 

structure immersed in an electrolyte, ‘an anode immersed 
in the electrolyte, saturable core reactor ampli?cation 
means connected to said anode and said structure to im 
press a current ?ow between the anode and the structure 
to cause the structure to serve as a cathode, and reference 
means immersed in the electrolyte, the reference means 
having a relatively constant potential in the electrolyte 
which differs from the potential of said structure to be 
cathodically protected so that there is a reference cur 
rent flow between the structure and the reference means, 
a meter having a pointer and an opening adapted to be 
closed by the pointer, said meter being responsive to the 
reference current ?ow between the structure and the refer 
ence means, a light source adapted to shine through the 
opening of said meter and being in a position on one side 
of said pointer, light sensitive means positioned on the 
other side of said pointer ‘and being adapted to receive 
light passing through said opening, said meter being cali 
brated and said opening in the meter being positioned so 
that at a predetermined ?ow of reference cunrent said 
pointer overlies said opening and prevents the passage 
of light through said opening, and means connected to 
said light sensitive means for regulating said means for 
impressing current flow between the anode and the struc 
ture. 

2. In a control system for cathodically protecting a 
structure immersed in an electrolyte, an anode immersed 
in the electrolyte, means connected to said anode and said 
structure to impress a current flow between the anode 
and the structure to cause the structure to serve as a 
cathode, said means including a pair of saturable core 
reactors, reference means immersed in the electrolyte, the 
reference means having a relatively constant potential in 
the electrolyte which differs from the potential of said 
structure to be cathodically protected so that there is a 
reference current flow between the structure and the ref 
erence means, and means responsive to the reference cur 
rent flow between the reference means and said structure 
to regulate said means for impressing current flow between 
the anode and the structure to maintain a relatively con 
stant predetermined polarization potential on said struc~ 
ture. 

3. In a control system for cathodically protecting a 
structure immersed in an electrolyte, an anode immersed 
in ‘the electrolyte, means connected to said anode and 
said structure including a saturable core reactor ampli? 
cation means to impress a current ?ow between the anode 
‘and the structure to thereby cause the structure to serve 
as a cathode, reference means disposed in the electrolyte, 
the reference means having a relatively constant poten 
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tial in the electrolyte which differs from the potential of 
said structure to be cathodically protected so that there 
is areference current ?ow between the structure and the 
reference means, and means responsive to the reference 
current ?ow between the reference means and said struc 
ture and connected to said means for impressing current 
?ow between the anode and the structure to regulate the 
means for impressing current ?ow to maintain a rela 
tively constant predetermined polarization potential on 
said structure, said last named means including light sen 
sitive means having a relatively high resistance when no 
light is being received and a relatively low resistance when 
light is being received. 

4. In a control system for cathodically protecting a 
structure immersed in an electrolyte, an anode immersed 
in the electrolyte, means connected to said anode and 
said structure including saturable core reactor ampli?ca 
tion means to impress a current ?ow between the anode 
and the structure to thereby cause the structure to serve 
as a cathode, reference means disposed in the electrolyte, 
the reference means having a relatively constant poten 
tial in the electrolyte which differs from the potential of 
said structure to be cathodically protected so that there 
is a reference current flow between the structure and 
the reference means, and means responsive to the refer 
ence current ?ow between the reference means and said 
structure and connected to said means for impressing cur 
rent ?ow between the anode and the structure to regulate 
the means for impressing current ?ow to maintain a rela 
tively constant predetermined polarization potential on 
said structure, said reference means comprising a plu 
rality of reference cells together with means for continu 
ously connecting one of said cells to said means respon 
sive to reference current flow, and means for periodically 
depolarizing each of said cells when it is not connected 
to said means responsive to reference current flow. 

5. A control system ‘as in claim 2 wherein one of said 
saturable reactors utilizes a pair of toroidal shaped cores 
and the other of said reactors utilizes a pair of C-type 
cores. 

6. A control system as in claim 5 wherein the other 
of said reactors is provided with a DO saturating wind 
ing and ?ltering means in parallel with the saturating 
winding. 

7. In a control system for cathodically protecting a 
structure immersed in an electrolyte, an anode immersed 
in the electrolyte, means connected to said anode and said 
structure to impress a current ?ow between the anode 
and the structure to cause the structure to serve as a 
cathode, a plurality of reference cells, the reference cells 
having a relatively constant potential in the electrolyte 
which differs from the potential of said strcture to be 
cathodically protected so that there is a reference current 
flow between the structure and each of the reference cells 
when a circuit is established between each of the reference 
‘cells and the structure, a light source, light sensitive 
means positioned adjacent said light source, means re 
sponsive to the reference current flow for interrupting the 
passage of the light beam from the light source to the light 
sensitive means, means responsive to said light sensitive 
means for regulating said means for impressing current 
?ow between the anode and the structure to maintain a 
relatively constant predetermined polarization potential 
on said structure, and a timing device for periodically 
and sequentially connecting said reference cells of said 
means responsive to reference current ?ow. 

8. A control system as in claim 7 wherein said timing 
device includes a plurality of slip rings, each of said ref 
erence cells being connected to one of said slip rings, a 
commutator formed of a. plurality of segments, each of 
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said collector rings being connected to one of said seg 
ments, and brush means for engaging said segments one 
at a time to supply reference current to said means respon 
sive to reference current ?ow, and means for driving said 
collector rings and said commutator in synchronization. 

9. A control system as in claim 8 together with addi 
tional brush means spaced from said ?rst named brush 
means and ‘adapted to engage the segments of said com 
mutator, and a source of positive DC. voltage connected 
to said vadditional brush means to depolarize the reference 
cells as they come into electrical contact with said addi 
tional brush means. 

10. In a control system for cathodically protecting a 
structure immersed in an electrolyte, an anode immersed 
in the electrolyte, means connected to said anode and 
said structure to impress a current ?ow between the an 
ode and the structure to cause the structure to serve as 
a cathode, reference means immersed in the electrolyte 
and connected to the structure, the reference means hav 
ing a relatively constant potential in the electrolyte which 
differs from the potential of said structure to be cathodi 
cally protected so that there is a reference current flow 
between the structure and the reference means through 
the electrolyte and means responsive to the reference 
current ?ow between the reference means and said struc 
ture to regulate said means for impressing current ?ow 
between the anode and the structure to maintain a rela 
tively constant predetermined polarization potential on 
the structure, the reference means comprising a plurality 
of reference cells together with means for continuously 
connecting one of said cells to said structure and means 
for periodically depolarizing each of said cells when it is 
not connected to said means responsive to reference cur 
rent flow. 

11. In a control system for cathodically protecting a 
structure immersed in an electrolyte, an anode immersed 
in the electrolyte, means connected to said anode and 
said structure to impress a current ?ow between the an 
ode and the structure to cause the structure to serve as 
a cathode, reference means continuously immersed in the 
electrolyte and constantly connected to the structure, the 
reference means having a relatively constant potential in 
the electrolyte which differs from the potential of said 
structure to be cathodically protected so that there is a 
reference current ?ow between the structure and the ref 
erence means through the electrolyte, and means respon 
sive to the reference current ?ow between the reference 
means and said structure to regulate said means for im 
pressing current flow between the anode and the structure 
to maintain a relatively constant predetermined polariza 
tion potential on said structure, the reference means com 
prising a plurality of reference cells, means for sequen 
tially connecting ‘and disconnecting said cells to said 
structure and means for sequentially depolarizing said 
cells when not connected to said structure. 
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