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10 Clalms

. Among the ob_]ects of my 1nvcnt10n are to pro--

- vide new e.nd nnproved epperatus and a.corre-
| spondlng method for reducing the interference
in telephone lines due to currents in neighboring
power circuits.

Is to provide apparatus and method for increas-
~ing the effectiveness of a shielding ground-mre |
- to reduce interference in a telephone circuit near
a power line.-

Anothcr object of my invention

and elternetely dlsposed eerth connections in the

- taken with the appended claims and' the draw--
‘It will be understood that the following
- dlsclosure rela,tes principally. to these particular
. '111ustret1ve exemples of practlce acoordlng to

the 1nvent1on and .that-the scope of the inven-.

AL

associated - ground-wire. Al these obJects end

other obJects and advantaees of ‘my invention:
‘will: become epperent on consideration of a lim- -
 ited. number of ‘specific: embodlmenus of the 1n-<_‘-'ference in:the ne1ghbor1ng telephone 11nes
vention which I have chosen for disclosure by

way of ‘example in the followmg specification -

ing.

tion will be 1nd1cated in the eppended clalms
Referring to the drawing, o

I’lg 3.1is & dlegrammetlo side elevation

- my. invention.
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- In Figs. 1 and '2 the three conductors 1 2 and-

'3 are the several conductors of a three-phase

in condensers such as C, in the ground-wire, alter-
nating with the intermediate ground connec-
“tions: when such are present, and giving the
proper values to the C’s, a much greater propor-

tion- of the return current can be caused to flow

POWEr tre,nsm1ssron line. As is well known,

such- a -system  the ideal condition is to: ‘keep
the Vector values of the currents in the three

~conductors of the same ebsolute magnitude and
-.120° apart:
vector sum of the three currents will be zero, -
- and no additional return conductor need be pro- . proportmn in the earth. Thus, the inductive
vided, and the inductive effect on a: nﬂlghbormg
conductor: will be small if its distance is con-
‘siderable compa.red to. the dlstance apart of thei'
-threc conductors 1, 2 and 3. S -

In practlce there frequently a.rc earth con-i

If thls condltlon is' realized the

- trensmlssmn systems

"-eurrent
‘my 1nventlon to- make the . ground wire - con-

- ductively contmuous ‘'with shunt connectlons to

(Cl 17 1—97)
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nectlons at the neutral pmnts of three phese

Even s0o, .there would be
no earth return current if the 1dea1 cond1t1ons
mentloned a.bove were . memtamed However,

:these ccndltlons cannot be 1eahzed in pre,c--_ |
“tice, and therefore there will-be an earth re- .

turn- current for the sysrem Wthh ma,y be. VE:IY

In the absence of ground wires, the vc....tor surn
of the currents in the three conductors 1, 2 and 3

Such currents a.re par-_
tlculerly serious. in- producmg mductlve mter-

It is. the  common plactlce to. place one or

‘with

ground return wire, wh1ch is 1nd1ceted by the

" numeral 7 and it is earthed at its ends and at

Figure-1 is a dlagrannnatlc 31de elevatlon of &-'-_:'V&I'IOHS mtermedmte points,’ ene such point be- = .

.'set of three-phase power wires and associated
ground return wire adapted for the practlce of
“Imy. invention, Fig. 2 is a. correupondlng CIross-
- section:
of a power line and a telephone line protected
by a ground wire-according to my invention; Fig.
4 1s a, correspondmg cross-section: and Fig. 5

is a. set of- vector diagrams-showing- the im--
a provement that may be ette.lned by thc use of

ing indicated as A in Fig. 1. It carries part of

the return current, the rernammg part thereof
flowing in the earth. Since this ground-wire 7
is placed comparatively ‘near the three-phase.
it neutre.hzes the in- -
“ductive eﬁect of the resuiuel current to the ex~

conductors 1, .2 and- 3,

tent :that it carries a part of the earth return
It has been a known prect1ce prior to

ground at intervals. -

neighboring tele-

large at times where one or two of the power

Still another: obJect is to reducef' conductors become eccldentslly grounded

~the 1nte1Ierence effect from a pewer line to a -

telephone line by interposing series condensers_ | L
~will be equal and opposite to this return current in

‘the earth. This vector sum current is called
the “resnlual current”

60

more so-called ground-wires on the same pole

~ line with the. thrce-phese conductors 1, 2 and
3. Such ground-wire or wires give protectlon to
the power line from. 11gntn1ng and tend to reduce
inductive 1nterference |
phone lines. In Figs. 1 and 2, there is one such =

0

-75.1 -

85 .

I heve determmed that by mterposmg serres ':. :

in- the ground w1re and a. correspondmgly less |

‘effect of the residual current in the three-phase
conductors 1, 2 and 3 will be neutralized in
greater part, and the interference effect on neigh-
 boring telephone 11nes Wlll be correspondlngly |
'reduced S

80
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- '_where Z'i"r is tne self—lmpedenee ef the ground-f?:."_”
“'wire with earth return and Ziv is the mean mutual

o 20 impedance between such gfound-wne and the'.---“

S -_;Whele Zn end Z'z'z heve the meenlnge cerresnend-:_""-.

- ing to those stated for Equation' (2); and Zws is

7 the meen mutuel Impedence between the ground-— .
s 'Wnes | | |

o ..40_""
o Equatlene (1)
o E_ﬁj-"_fm tWO ground—mres 1s

o 'and for the eese of three ground-mres FI I
o | (7) L
s |
S -'-and then from -Equation (8) to Equation (7),
it can readily be seen that 1ncrea51ng the num-

 ber of- ground-wires reduces the earth return o
'This- is' because, for the system. con- . ;I
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Consztder the grounded pemt A ef the eonduc-
According to Kirchhoff’s law,
‘the sum of the three currents ﬂomng toward the
‘point A must be zero, taking the direction toward
“the point as positive for each such current. That -

s, let Ir. represent the total residual curr ent as .
. above defined; and let I. represent the current
= - that flows in the ‘earth and Igw- represent the".
R current tha,t ﬂows 1n tne gronnd wne

tor 7 n Flg 1.

) _'current
“sidered, the absolute value of Z17 is: considerably .
. less than that of Zwr, whereas the ebselute values.
© _ of Zirand Zns are nearly equal.
- from Equa tion (5) to Equatmn (8,
~ Equation (6) 'to Equation (1), |
fraction after the minus sign within the paren- -
o .-_theses by adding: nearly the same qnentlty to its
- numerator and denominator, thus -causing the
B '---_'--'_'-.fractlen to increase ‘and. epmeeeh unity- and
© thereby making the entire. eepreselon mthln the_ S

Usmg tlne ve,lue for-the cempute,tlen ef thef
;greund Wn*e end eerth current these beeeme

Tlnen
IF—]—Ie T Igw-——o

Inw = Z77 IF L

severel thr ee—phase wires.

| 2Z” .
Z?7+273 bl

3ZIT
?n‘l‘ 23?3

For the cese of a, emgle greund ere
ZI?

Smnlerly to the derwetlen ef Equetlon (5) fer'.-. .
a single ground-w:tre it-may be dedueed frem B
the,t the ee,rth {3111‘1 en b

and - (3)"

2Z1? ) I
Z?? + Z78 .

SZI’? )I
Z?7+22?e T

Compamng f1"0m Eqnatwn (5) to Eqna,tlon (5) -"l_'culrent from (2) and (5) respectively, the re-

perentheses smaller and smaller.-

- Accordingly, the conclusion is thet the: desn'-
ERREN able. end of decreasing the earth current is at-
“tained in a degree by increasing the number of = .
- ground-wires.

~current can be reduced by reduelng the gelf- =
SN '1mpedence VAYE of eeeh greund—mre and meklng‘r,

- Zw approach Zi7 in value.
| ~ (B) the earth current. would be zero- if Zi—Z,
; _'__Such equehty of Zw end Zw lel not be possﬂole '

e (1")‘-;' B

T '_ff“f_'_-The current in-a single grm_md—wne with lew-'.__-"'
L _eerthlng reezetence is glven by the fermule :

o 5 o _;Let the expreesmn 1n (10) be wrltten
. a,ncl fOl a, syetem hevmg three ground-wnes, R | o

'I - 0 " 0 b - " ' N L b - - -
L . - . - - b . . . - _. - ) . - - -
.1 r. - ' - ' . e . - . : o e - =, . . -t . .
. .- . L - . . i . .
. - . . .
. . PR I N - B . - i i . -
- - . '
. . '
. - . . L]
e, . - . . .
. B " " " - . = a -
- - L} - .
- (I ! " A > H -

o w‘le.te A is. gwen by Equetlen (10)
I;, -gw“““(1'—"‘§%) IF ) .'
two or more ground wires can be found.. o
| The ferego:tng principles wﬂl be 111uetreted byﬁ
g few ‘specific examples. Consider a certain **9
132-kv. three-phase line havmg a s1ng1e ground
| ‘The numerical values of the impedances
Z. end Zrz in. ehme per nnle are gwen by the.-_:_.:--. .
S ied _Iollomng eqnetmne o R -

15“ﬁeure

i I_ : “

~Hence, in passing - I
and from -
we ch nge the

“But these same Formulee (5), (6)
and (7) -also- meke ‘it apparent that ‘the ea,lth',-._;_; T I

Indeed n- Equetlen_

1 938 732

on eccount of the reeletance cempenent of Zw

in series in-the. ground-wire.

(RT?—‘RW +J (Xn““xfe—“xw)

R Roti (Xn—Xo) T

(Rw “-er)z + (X?? — X — Xn)2
R (xf?? — 30)2

leferentlatmg (9) with respect to (err—Xc) o

‘But as will be shown presently, the condition of -
‘equality can be approached to a substantial
‘degree by the use of a condeneer or condensers-, R
The capacity of euel'l condensers can be de- R
_termmed_ as follows:: < b
- Equation (5) efter tne msertwn ef a condeneer o
_can be ertten P o e
o '_:,_f}85n,fj
_-(8):“_-_ o

. The ebeelute megnltude for unlt remdua,l cur__
-__f__;j,élent is expreeeed by: ) R

' .' © -

it is found that, to make Ie & minimum, the fol-

'jlowmg rﬂletmn 8110111(21 emet

~_For a system having- more then one e'reund— . —:X'
-~ wire, the formula will be different from the: fore-;__;. ol

- _-..gelng If tnere are two gr eund-mres then

Rz o
2X17[ 17+X217 2R?:R1?+

Xw-——-Xc.—_A

and s'anc'ei ==
5 _ mC

L W(XW—A)

| -tbe 1equ1red ::uze of the cendeneer 1n farads wﬂl-“f---'”“ '

In a sum-"

(lo)lini.-“

,‘[(Rz”_{_ X'zﬂ — ZRT?RN)z + 4R2 ?X217:| _:: _]: -

(11) fzf f5}:

lar manner the optimum capacity. to use. wu-,h-;"___:. -

Z'i’ R‘i"i' ?X'n—-o 808—]—?1 41
Zm-—Rr?—f-?Xﬂ—-»O 09—[—.]0 55

S 0 OQ—I—JO 55
L _“'__ 0 80817141

I 0 343/20 SEIF
(} 718—-JO 861-

_-—-- — G
- 0.808-F71.41" 0 69f 10 IF

Z*r'r-—O 809-{-?0 97

,_Im 0 00—}—3{} 55

o O 808+0.97 -
0 718—{—10 419-
0. 808—}—10 7.

I = —0 44/30 SDIF

g

'*('14)'-_ : ‘
ay
Computmg the ground wire and the ea.rthv"_.-_"'."}_.-'_. g
125
sult, when no- cendeneel is used in eerles mth the'_ ]
-ground ere 1e o S e | |

(15) :
(17)i einf:;.

New frmn (10) and. (13) eolve for the requned-'j-_-i;

--eepeclty to make Ie a- minimum.. ThlS is found 135
to_be 6,000 microfarads per ‘mile, and the self-]'.
-1n1pedanee ef the gwund Wll‘e rednees te =

(19)_; .-
L — —o 66 /19 SDIF (20) us

| The ebeve exemple shews a reductmn 1n the_“;_
: peruentage earth current of 3.9 per cent.

“Continuing to deel with the specific example L

'-'?mentlened ebeve eseume tha.t the ground ere,':"1"50 )
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-current mthout condenser are

1, 938 739

is- of- stranded copper havmg a cross-sectlon of

.211 600- cn'cular mils for which the self imped--
ance: Zmr is’ 0361—|-71 41

Then from FEquations
(2) and (5) the ground-w1re current and earth

0 09—!—_;0 55

: I - I - 332 s 1°r
o 0361—i—11 41 0 / F

0.361-

_;1 41

C’ 3470 n:ncrofarad per rnlle

o ance per m11e reduces to:.

B

_- 3 | .The required size of the condenser for thls casel
- '_'would be - | R |

R three above rnentloned srzes of ground mres

.l50

- b5

o Tt wﬂl be seen from the above table that for the

~ highest conductivity ground wire assumed it is
possible to reduce the percentage of earth cur-
- rent 69 per cent, while for the lowest conductiv-

Z'ﬂ--O 361+?0 647

And the. ground wire current and earth current I
'become o | __ B
Ty 009—-10 55 A o
= Ir ——-—0 741 19 8 1, 25)
T 0.361F50.647 ¢ / I A ).

0 271—!—10 097:
- 0. 361—!—10 647

y E::

G "'Whlch is a gain of 35 per cent in sh1eld1ng on
~gg - the basis of the same residual current. . --

"~ If the ground wire were of a still larger size,

~ say - 500,000 c1rcular rn1ls

| 'would be:

Z'r?--O 204—|—?’1 41 (2'7)

C 3150 mlcrofarad per nnle |

Tgw percent"o_f Ir | I percent_ of Ir
- Blzeofwires - |yyithout| With | Without | With
| | | eonden- | conden- | conden- | conden-
- ser o ser | ser | ser
136,000 cir. mils..__.__.__| . 343] 440 = 69.0 66.3
211,600 cir. mils___.____.__| . 38.21 7471 6.9 . 39.0
.500,000 cir.mils..__....__..| . 3910  92.0| 60.8| = 19.1-

ity ground wire, which has a resistance compo-

~  nent comparable in magnitude with the reactance_.
.. - component of the mutual 1mpedance there s only
- 80~ a 4 per cent gain in shielding. g |
above table are shown in Fig. 5 of the drawmg -
‘Diagrams (a) and (b) are for a ground wire of
- 136,000 c1rcular mils, reSpectlvely Wlthout and
with condenser; (¢) and. (d) are for 216,000 cir-
~ cular mils, respectively without and with con-
- denser; and (e) and (f) are for 500,000 circular
e -mlls respectively without and with condenser

70

telephone-line or lines.

The vector dlagrams of the quant1t1es in the

‘Referring to Figs. 3 and 4, these show a three-
“ phase power line having no ground wire and a.
Supposing the telephone
~ line is subject: to troublesome induction from the
- power line, a grounded shield wire may be 1nter-_;
_posed as shown. Its beneficial effect may be en--
hanced by 1nterposed condensers accordmg to the- |

("-'2’1--)_;7 .
0271450 SGIF-—-— -—-o 619/—3 IGIF (22)*

‘The requlred size. of the condenser for thlsf
.~ case would. be as computed from Equatlons (10) |
a,nd (13) | L | o o -

(24) |

Iy ——-——o 390/ 41. 3""IF (26)7?

1ts self -nnpedance' )

But thls is the same form of expressmn as Equa-
“tion (8) for ground wires, and therefore, the same =~ -
110 .

- pacity as was used in the case of ground wirescan
. be applied. ’

(23) ”
The followmg table shows the: results for the |

. However

-grounded return conductor

and condensers in series and alternate

‘with, UL
40

grounds along said - conductor to increase the
'- proportlon of the return current flowing therein.

pr1nc1ples dlSCI‘OSEd ini the: foregoing and more '. ' .'

5pec1flcally demonstrated below.

It can be proved that the shleldmg factor for
ash1eld wn'e 1s LT | R

;l :1 Eatjzu_:}" hj

- Zy1-Z

1n absence of shield wire.

Zsszself-lmpedance of shleld W1re
The eXpresswn 1n (29) can also be wntten

- method of deternnmng the optimum value of ca-

IIWBOH.T;T;p. f
(29)’-: -

e where = ratlc of 1nduced voltage in telephone S

- line in presence of shield: w1re to 1nduced voltage‘-'
- Zst==mutual 1rnpedance between the shleld andﬁ o |

| telephone line.- = - e

" Zps=mutual- nnpedance between the power andE

| | j.'-'sh1eld wire. o :

(23)-..

-. Then connectmg the condenser or- condensers o
in series with the ground w1re the self-nnped-'_ S

| :{?(SOE{ITT'

95

ey

i(3$)_ IR |

105 .

- em1g
where B s o _
B B:Bl By (32)
therefore: S
o :.'____B—-A (B1 A1)'*f(32“'442)3' |
IR - T Bi+jB; -
Equatlon (33) after 1nsert1ng a condenser can
- be ertten - | .
-

As 1nd1cated in the examples mted heretofore o

the size of the condensers will be of the orderof - -
116

- tical standpoint it would be somewhat difficult =

~and expensive to supply and install condensersof .

- such values in the ground wires of power lines. | |

protected .

3000 to 6000 microfarads per mile. From g prac-

electrolytic condensers
agamst hghtnmg could be used W1th telephone

- shield wires.

I clann

1.In combrnatmn a power 11ne & groundedr: o

return ‘conductor therefor, and a plurality of .

like condensers in series- along said conductor,

" said condensers having the proper capacity value
- to effect a substantial reduction in the propor- -
__tlon of the return current flowing in the earth. -

‘2. In the operation of a power line and a

.fgrounded return conductor, the method of in-
creasing the prOportmn of the return current
-flowing in the said conductor which involves the

130 -

development of a substantial capacity reactance

‘at points along said conductor, and shunting the -~
~current along sa1d conductor between ‘1t and
_ground R _

3. In comblnatlon a pclyphase power 11ne a:- o

4. 1In comblnatlon a power line, a return con-

pacity values to substantially increase the pro-

‘portion -of the return current flowmg in sard

conductor.

5. In combmatmn a polyphase power hne ]

associated there-

ductor associated therewith and grounded at in- -
“tervals along its length, and series condensers in
said conductor alternating with the ground: con- 145

nections, said condensers having the proper ca-



-',"j"”-sub;lect tc a substantlal degree of remduel cur- :
ST Urent, a grcunded return ccnduetor assccmted_

. _therewith: and alterna.tmg series condensers and

- shunt; ground ccnnectlcns along said cenducter

- .5 toincrease the prcpcrtlcn cf return current ﬂcw-.f
SRR '-;"_lng in said conductor.: - | |

Lol subject to a residual current therein, a plurality
-+ of return: ccnductcrs assccmted therewith, said
o conductors being  grounded at intervals alcng-_'__'

'_thelr length, and condensers in series in said con-

- ductors and in alternation with said grounds to.

"~ ‘increase the prcpcrtlcn ef return current ﬂcwmg I
R o - shunting the return current between the said con~

10

6.-In ccmbmatlcn a pclyphase power 11ne

o '::_therem

15

7. In ecmbmatmn a pcwer lmc a grcunded re-f
turn ccnductcr therefor, an electrelytlc condenser

' in series in said conductor, and protective means
- to: safeguard said condenser aga,mst 11ghtn1ng
o _.a,nd accidental high voltages. - |

RS
- ::_-'lme sub;ect tc mductmn therefrcm a. shleldmg

8. In cembma,hcn a pcwer lme, a telephcne

%5
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wzrc tc prctect the telephcne 11ne frcm such 1n-f'-:f-"" -

_ductmn grounds at intervals along said shielding L

wire; and condensers mterpcsed in ser1es in a.lter--_._-_.-_f_ o

ne,tlen with said grcunds

9. In ccmbmatwn a pcwer lme a nelgh‘r:u:}rmgj
" telephcne line subject tc 1nduct1en therefrcm an.
- interposed shielding wire, said shielding wire be-

ing grounded at intervals, and condensers in se-_'--';ﬁ--‘

~ries in said wire: e,lterna,tmg ‘with the grcunds

‘10, In- the -operation of a ‘polyphase power lme'_-'-'SS__:

-"and a gr cunded return conductor, the method of

mcleasmg the plopcrbmn of the 1etu1n currentﬁ B
flowing in the said conductor, which involves

ductor and ground atpoints distr ibuted along the
length of said ccnductor and at alternately dis-

‘posed points along its length developing -a sub-

stantial capaclty 1eectance in serles in sald ccn-a:'_---_'-?' :

ductcr
o EMIL F VAAGE

' . - I - - .
) - - . . L} -
. . . - _ ) : . L
- = " . ..- .
- - = ) i
' - - . .
' L. . . A
- . 0 . . L I
. . . . . .
- LI - - R
r - . . .
' - . -
g - . LI .
L] . ' . L]
' .

L] - . .- . . . o ; .
= T b . P . A
[ - . o . . . - L 3
- = . - - - - - -_.' .
- ot R N . "
- . .
- - ' - r N A
- - . L. i
- LR ., -
P - - .
- .
' 1
. .ot [
! -
-

" L - 1+ .I ’ .‘ . . . . ) . ]
L} | 1 - = . ._ . -
' ’ , -._ i ' ) B . .
- 1 A

mmmmm

s

o 0

..........

- S ":f.__f 150




	Drawings
	Front Page
	Specification
	Claims

