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To all whom 16 may conceriy.

Be it known that I, HHAROLD I°. BROWN, &
citizen of the United States, residing at New
York, in the county of New York and State
of New York, haveinvented a new and useful
Improvement in Methods of Preventing Hlec-
trolysis of Underground Pipes, of which the
following is a specification. |

My invention relates to mieans for prevent-
ingelectrolytic decomposition of underground
pipes.

In the present method of operation, the mo-
tors upon electrie railway cars arve driven by
current received from a bare trolley wire and
returned through the rails to the generating
dynamosatthe power house. Inc¢ities having
water and gas pipes and other metal pipes for
underground conduits, the return current di-
vides between the rails and the pipes, since
the moist earth forms a conducting path be-
tween them. Asthe pipesoften form a com-
nlete net work of underground conductors
while the lines of rails are less numerous, it
often happensthat the pipes carry a large por-
tion of the current. This portion is increased
by the corroding or mechanical breaking of
the wire conductors or bonds joining the ends
of the rails. Wherever the current leaves the
pipes to complete the cireunit, electrolytic ac-
tion takes place, seriously decomposing and
injuring the metal of the pipes. When an
clectric current is passed from one metal ter-
minal to another through a conducting fluid
like acidulated water, the fluid is decomposed,
the oxvgen in the fluid being set free at the
outgoing or positive pole and the hydrogen at
the negative pole. The oxygen at once cor-
rodes the metal of the positive pole if capable
of oxidation. Aside from this effect the cur-
rent also tends to carry with it a portion of
the metal of the positive pole, and, if the so-
lution be one which will digsolve that metal,
to deposit it upon the negative pole. 'T'he
amount of metal oxidized or of metal carried
away by the eurrent itself is directly propor-
tional to the amount of current flow and as
this flow in cities may be measured by hun-
dreds or even thousands of amperes, the in-
jury inflicted upon iron and lead pipesis very
extensive. Itistruethatitrequirestime for
its effects to be felt but they are none the less

‘-

having the electric railways in operation for
three or four years. At first the traffic 1s com-
naratively light, and the bonds between rails
are in good condition. The track is often bal-
lasted with broken stone and it therefore re-
quires considerabletime to establish sufficient
conductivity between rails and pipes to cause
series trouble. Gradually however the moist
earth snrrounding the rails becomes perme-
ated with gas leaking from the pipes below
and with ammonia and animal salts from the
surface. This increases the conductivity of
the moist earth and the oxidizing process 18
set up. This by adding a solution of the oxi-
dized metal to the moisture, still farther in-
creases its conducting power. Then the rust-
ing of the rails at the points where the copper
bond wires are connected,orthe partial break-
ing of the bond wires themselves by the move-
ment of the rails as cars pass over them, 1n-
creases the resistance of the path through the
rails and therefore diverts more current to the
pipes. The corrosion ultimately produces
deep holes in the iron pipesorin thelead calk-
ing of the joints in thesame. Iftheout-going
or positive current is carried to the rails this
effect is produced near the ends of the railway
lines. If the positive current is taken tothe
trolley wire, this effect is produced within a
radius of twothousand to three thousand feet
from the power house.

In orderto clearly explain the nature of my

invention, I have in the accompanying draw-

ings, which form a part of this specification,
illustrated at Figures 1, 2, 3, and 4 various
methods which have heretofore been tried or
snggested for overcoming the difficulty, and
at Fig. 5 the system or method that I have
discovered may be used with success.

The nature and difficulties of the problem,
and the means or system which I have dis-
covered as a practical solaticn will be readily
understood by those skilled in the art from a
brief explanation of the several diagrams,
[Figs. 1 tod.

In Fig. 1, A represents the dynaios whose
positive poles ¢ are connected to the rail b.
The current thus finds two paths, one through
the rails B to the motor car D, and the
other through the moist earth at ¢ to the
pipe C, and through the earth again at ¢’ back
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severe as many cities are now realizing after | to the rail 3. Iere the two currents unite
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and pass through the motor-and trolley pole
tothe trolley wire E and back to the dynamos
A, completing the circuit. In this case at ¢
the rails will be positive, and the pipe nega-
tive, the rails therefore suffering from elee-
trolytic decomposition, but since they are
very heavy theeffect doesnot seriouly weaken
them. At ¢/, however, the pipe is positive
and the rail negativeand the action is.at the
expense of the pipe and its lead ecalking.
These are thin compared with the rails, and

are also under pressure from water or gas ;

whose leakage means serious loss in either
case and is a source of danger in the case of
gas. When the direction of the current is re-
versed as shown in Fig. 2, the rail is positive
to the pipe at ¢” while the pipe is positive to
the rail at e. This direction of the current is
the preferable one as it concentrates the area
in which the pipes are injured within a short
radius of the power house, while with the
other arrangement there is a corresponding

~area around the outer terminus of each line
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of rails, However a break in the rail bonds
as at b may render the pipes positive to the
rail at any point, but such breaks are easily
detected and repaired. As the destruction of
the pipes may notonly occasion large expendi-
ture in replacing them but may, by erippling
the water supply at the time of a fire, be the
cause of heavy losses, there have been many
attempts to prevent electrolytic action. It
was at first thought that by connecting the
trolley wire to the positive pole, as in Fig. 2,
the rail would present so good a return path
that littie current would reach the pipes.
This was found a failure as the combined
cross section of the pipes made so good a con-

ductor that they carried a large portion of the

current. Then a series of insulated feeder
wires from one pole of the dynamos were run
Lo various sections of the rails to add to their
conduetivity; buteven thisdid not properlydi-
minish the share of the current carried by the
pipes. Then in many instances the rails and
pipes were connected together at intervals.
T'his made the pipes carry even a greater por-
tion of the current, and as the contacts rusted
between rails joints the current would flow
from pipe to rail as each car passed, making it
difficult to determine with electrical instru-
ments upon the surface of the ground the elec-
trical condition of the pipes. The amount of
injuryin any one section was thereby reduced
buttheareaofinjury wasscattered all over the
railway system. Then it was suggested that
the current be run in one direction for a while
and then reversed fora similar period. This
was done on the supposition that the exaect
amount of metal carried off in one.run would
be replaced when the current was flowing in
the opposite direction. This was absurd for

three reasons, first, the greatest loss of metal
is incurred by oxidation as above stated and
this oxide cannot be electroplated upon an-
other metal surface; second, to electrically
deposit any metal, the fluid used must be a
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solvent of that metal, (such a solution is not
encountered at random under city streets but
only when especially made,) and, third, even
if the same amount of metal taken off in one
run was really earried back by the current in
the next run in opposite direction, the metal
would not be brought back to its position of
departure. For instance in Fig. 1 the metal
of the rail B for more than half its length
would be carried over to the adjacent pipe;
and within about two thousand feet from the
end of the line the current would flow from
the pipes to the rail at ¢’ following the pro-
gress of each car. When [the current was
reversed, as in Fig. 2, only a small portion of
it would flow to the pipes at ¢’ where the

greatest amount of metal was taken from the

pipes in the previous case, since through the
greater portion of the line the current would
be flowing to the pipe. When withina short
distance from the power house, as at ¢, the
current would leave the pipes. The net re-
sult would be holes in pipes at ¢ and ¢’ and
heavier pipes and rails in center of line.
This is
the potential between rails and pipes and is
not mere theory. o |

Another attempt to remedy the trouble is
shown in Fig. 3. With conditions similar to
those shown in Iig, 2, a feeder wire F is ran
from the negative pole of the dynamosto the
point e on the pipes which showed the high-
est positive. potential upon the pipe. It is
evident that this wire to really protect the
pipe, must offer a path of less resistance from
e to fthan the two rails B, or, in case there is
a Ydouble track, than the four rails B; and
even though it were of the same resistance as
the rails, a heavy demand for current be-
tween e and f would make the pipe again
positive. Thecorroding of the joint between
the pipe and the wire F will have the same
effect, and there will be no way of detect-
ing at the power house the condition of this
joint. | -

It is extremely difficult in the present state
of the art, to maintain a low resistance joint
between an iron rail or pipe and a copper
wire as the two, in presence of moisture,

' form a galvanic eouple which corrodes the

1ron, iron oxide being a bad conductor. "The
running of two overhead trolley wires would
certainly protect the pipes, but as thissystem
requires twice as many overhead wires as the
other system, as it is mnuch more difficult and
expensive to maintain, and as it greatly in-
creases the danger of fire by using two bare

| wires over each track with five hundred volts

pressure between them, city authorities have
generally refused to permit its use. It can-
not therefore be regarded as a solution of the
problem. | | |

Another impractical suggestion has been
made which is to use what is called in elec-

proved by actual measurements of
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three wire system. The modification for this
purpose would divide the dynamos at the
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power house into two groups. The positive | tive to the rails in spite of any variation of

poles of the first group would be connected
to the trolley wires over the “down” traeks
and its newative to the rails and to the posi-
tiveof thesecond group whose negative would
ootothetrolley wiresoverthe“up” tracks. 1t
isthus supposed that theload could be equally
divided Dhetween the two groups and that
therefore there would be little current car-
ried by the rails to be shared with the pipes;
but in practice it is impossible to divide the
load evenly asin the morning the heavy traf-
fic is alldown town, and up town in the even-
ing, and loads in different directions in dif-
ferent parts of the city conld not be satisfae-
torily balanced against each other; but the
chief objection would be that this system
would require the use of two bare trolley
wires with one thousand volts difference of
potential between them. The dropping of a
stray wire across the two would mean sufli-
cient current flow to melt all three wiresand
drop them into the street. -

Another pronosed solutionis shown in Fig.
4, in which at the point ¢ where the pipe is

positive to therail, as in Fig. 2, a transformer
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G is placed with its primary cireuit energized

from the trolley wire to the rail throngh the

wire I 1/, and its secondary leading from the
rail to the pipe through the wire g ¢’. The
secondary is supposed to deliver suflicient

current to cancel the effeet produced by the

leakage through the earth at ¢’ from the rail
to the pipe; but as this current on the pipes
is frequently one-fourth to one-third of the
total eurrent the transformer G would have

to represent a corresponding proportion to

the dynamo plant A,and this in turn as well
as the wire E, and section of rail I3 would
have to be correspondingly inereased. With-
out sueh increase the scheme would be 1nop-
erative since if the rail return in Fig. 2 1sin-
sufficient to operate the cars without sending
a quarter of its current back on the pipes, 1t

‘would be nnable to convey the additional cur-

rent to drive the transformer G when the
pipes were prevented from doing their share
of the work if such prevention should be pos-
sible.

Fig. 5 shows my improved method of check-
ing electrolysis of the pipes. Asin Fig. 2, the
positive poles of the dynamos are connected
to the trolley wire so as to bring the point [on
the pipe, where the positive potential is high-
est, within a short distance from the power
house.
fore 1o the rails by the wire f leading to their
negative poles, and the pressure between the
trolley wire and the rails is maintained con-
stantly at say five hundred and fifty volts.
The dynamo BB, however, has its negative pode
connected by an insulated feeder wire K to the
pipes atl their point of highest potential, and
the pressure between the trolley wire and the
wire I is constantly maintained at say five
hundred and sixty-five volts. The effect of
this device is to always keep the

the load.

The dynamos A are connected as be-

For instance if the pipes at [, the
pointof highest potential, were in I7ig. 2, seven
volts positive to the rails and the fall of press-

ure in the wire K were three volts with maxi-

mum current when connected asin Fig. 5, then
seven plus three or ten volts of the filteen dif-
ference between rails and IX would be used up
in reaching the point/, and that point would
therefore, be five volts negative to the rail at
highest load and correspondingly more nega-
tive with a lichter load upon dynamos. The
pipes C can never be of higher potential than
the rail and thereforeall chance of electrolytic
decomposition of the pipes would be avoided.
An ammeter m inserted at the power house in
each pipe feeder wire IL and & voltmetler n
connected between pipes and rails would al-
ways indicate the electrical condition of the
pipes and of theapparatus connected with the
pipes. In case the wire K should be broken
or contact at I corroded the ammeter m would
show a decrease or stoppage of current and

the voltmeter n would show a reversal of po-

tential and a return to the conditions indi-
cated in Kig. 2.

This invention not only protects the pipes
from corrosion but actually results in a sav-
ing of motive power, for, as from a quarter to
a third of the return eurrent flows upon the
pipes it must, in Fig. 2, pass through the re-
sistance of the ground at ¢, and the passage
of a eurrent of hundreds of amperes through
even a low resistance means a heavy loss.

In myinvention,asshownat Fig. 5, not only
is the low resistance wire provided for the
passage of the current but a higher pressure
is maintained at its end to induce the fow

through it.

To give the results actually obtained In
practice, at one power house when the total
Joad was twelve hundred amperes average at

fivehundred and fifty volts when connected as

in Fig. 2, it dropped to one thousand amperes
when the connection was made, as shown 1n
Fig. 5, when a current of four hundred am-
péres passed through the wire I{, A saving was
therefore effected of two hundred amperes at
five hundred and fifty volts pressure or 147.4
horse power. When running, as shown in
Fig. 2, the pipes at ] were seven volts positive
to the rail. During the run,asshownin Fig.
5, the pressure of dynamo B was kept at five
hundred and sixty-two volts and the point/
was then one and one-half volts negative.
Evidently deducting the seven plus one and
one-half or eight and one-halt volts from
twelve, the pressure between pipes and rail
at power house, the remainder or three and
one-half volts represents the loss due to the
passage of four hundred amperes through the
wire K. This was verified by calculating the
loss in wire KK and by the fact that with a less
number of ampéres through wire IS the nega-
tive voltage on the pipes at [ was correspond-
ingly increased. Itisevidentthattheamount

pipes nega- | of current flowing throughthe pipes can bere-
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duced by carrying to the rails near the outer | A’ being connected with said underground

ends of the lines where they are ten or more
volts positive to the pipes, a feeder wire from
tbe negative terminal of dynamo B, with a
greater negative potential than the rails have
near the power house. IR

To make this system a permanent one a
non-corrosive contact between water pipes

and feed wires or between rails and feed

wires must be provided, and this subject mat-
ter I reserve for another patent application.

. .

I claim— .
I. The system orimprovement in the art of
preventing electrolytic decomposition of un-
derground metal pipes by the operation of

electric motor street railways, consisting in
the combination with the trolley wire, electric -

motor car, rails and underground pipes, of a
dynamo plant having all of the positive poles
connected with the trolley wire and some of

the negative poles connected with the rails,
sald plant having one or more dynamos of
higher potential with their negative poles
connected with the underground pipes at or
near the points on said pipes where there
would otherwise be the highest positive po-
tential, thus maintaining the underground
pipes in a negative condition in respect to
the rails and thereby preventing electrolytic

?& an ammeter m inserted in the connection be-

decomposition of the
specified. |
2. Thesystemor method of preventing elec-

pipes, substantially as

trolytic decomposition of underground pipes, |

consisting in maintaining said pipes in a

negative condition in respect to the rails by
connecting to the point on said pipes where
there would otherwise be a positive potential, |

~a feeder wire or conductor leading to the
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negative pole of a dynamo or other source of
electrical energy, said pole having a greater
negative potential than the rails, substantially
as specified. - |
9. The system or method of preventing elec-
trolytic decomposition of underground pipes,
consisting in maintaining said pipes in a
negative condition in respect to the rails by
connecting said pipes to the negative pole of a
dynamo of higher potential than the dynamo
to which the rails are connected, substantially
as specified. o
4. The combination with a trolley wire con-
nected with the positive pole of a dynamo
plant, of rails B connected with the negative
pole, and underground metal pipes connected
with the negative pole of a dynamo of higher
potential than that to which said rails are con-

- nected, substantially as specified.

(.o

». The combination with trolley wire E of
rails I3, underground. pipes C, electric motor
D and dynamos A and A’, the latter of higher
potential than the former, the negative pole

of said dynamo A being connected with said
rails B, and the negative pole of said dynamo |

/

pipes C,and an ammeter m inserted in the con-
nection between said pipe and dynamo A’,
substantially as specified. =~ ==

6. The combination with a trolley wire con-
nected with the positive pole of a dvnamo A,
of rails BB connected with the negative pole,
and underground metal pipes connected with
the negative pole of a dynamo A’ of higher
potential than that to which said rails are con-
nected, said dynamo A’ having its negative

pole also connected with said rails B at points

distant from the
as specified. .

7. The combination with a trolley wire con-
nected with the positive pole of a dynamo A,
of rails B connected with the negative pole,

power house, substantially

and underground metal pipes eonnected with

the negative pole of a dynamo A’ of higher
potential than thattowhich said rails are con-
nected, and a voltmeter n inserted in the con-
nection between said pipes C and the rails B,
substantially as specified. |

8. The combination with a trolley wire con-
nected to the positive pole of a dynamo A, of
rails B connected to the negative pole, and un-
derground metal pipes C connected to the
negative pole of a dynamo A’ of higher po-
tential than dynamo A, a voltmeter #» in-
serted between said pipes C and rails B, and

tween said pipes C and dynamo A’, substan-
tially as specified.

J. The combination with a trolley wire con-
nected to the positive pole of a dynamo A,
whose negative pole is connected to the rails
B of a dynamo A’ of higher potential than
dynamo A of underground metal pipes Cand
a conductor K leading from said pipes C to
the negative pole of dynamo A’ substantially
as specified, - * |
- 10. The combination with a trolley wire con-
nected to the positive pole of a dynamo A,
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whose negative pole is connected to the rails

B of a higher potential dynamo A’, whose

negative pole is connected to pipe C and to -

rails B, the latter connection being made at a
point distant from said dynamos, substan-
tially as specified. |

11. The system or method of preventing-

electrolytic decomposition of underground
metal pipes or other conductors, consisting
in connecting the points where the railsare of
positive potential to the pipes and the points
where the pipes are of positive potential to
the rails, with the negative pole of a dynamo,
sald pole having a greater negative potential
than the other dynamos of the plant, sab-
stantially as specified.

| HAROLD P. BROWN.

Wilnesses: - =
~A. VON BARBER,

MARTHA I. BROWN,
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