July 15, 1941. R. W. ATKINSON Re. 21,853

METHOD AND APPARATUS FOR MEASURING ECCENTRICITY IN TUBULAR CONDUGTORS

Original Filed March 10, 1934 3 Sheets-Sheet 1

LA

INVENTOR
Rury W. Rromwsoy

[E e

. OATTORNEYS




July 15, 1941. R W. ATKINSON Re. 21, 853
* METHOD AND APPARATUS FOR MEASURING 'ECCENTRICITY IN TUBULAR CONDUGTORS

Original Filed March 10, 1934 3 Sheets-Sheet 2

4 T

<_r§
y
A
1 21
;w
L

'nl ; . é"l” I——”-J T \
2 W I = 5 .
: K i B ‘
. ‘ i {
s ol =
oy . TR '
LI.D::-I' i — = : vﬁ}::.lf\'} :
B ‘: SR

"INVENTOR
KLy W Briinson

Iﬁ‘“}‘ﬁm &3 A1TORNEY5




July 15, 1941. R. W. ATKINSON Re. 21,853

METHOD AND APPARATUS FOR MEASURING ECCENTRICITY IN TUBULAR CONDUCTORS

Original Filed March 10, 1934 3 Sheets-Sheet 3

INVENTOR
Kaery W Aramwsow.

oo Byt




Reissued July 15, 1941

" Re. 21,833

UNITED STATES PATENT OFFICE

" 21,853

E
".Ralph W.

s .

METHOD AND APPARATUS FOR MEASURING
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This invention relates to a method and ap-

. paratus for measuring variation in the thickness
of tubular electrical conductors. More particu-

© larly, the invention is concerned with measuring
and recording the eccentricity of a tubular con-

.ductor such as the metal sheath enclosing one
r.more insulated conductors. It is an object

- of the invention to provide an improyed method

and apparatus for measuring and recording var- .

iation tn the ‘thickness of -tubular conductors.

Other- objects and advantages of the invention

will appear hereinafter. L
The Invention will be best um@rstood from the

-following description when readin the light of
the accompanying drawings. illustrating certain
specific embodiments of the invention. e

- In the drawings: S
~ .PFigure 1 is a diagrammatic representation of
"one embodiment of the invention; . i
ﬂigure 2 illustrates a modified electrical cir-
.. CUlG; .

. Pig. 3 illustrates ‘a' further modification of the

electrical circuit; v - ’

_ Pgure 4 is a side elevation of one suitable ap-
. paratus through which the conductor  passes in
_making the measurement; -

Pigure 5.i5 an elevation Jooking at the right-

hand end of the apparatus shown in Figure 4;

and - . -
Figure 6 is a vertical section through the ap-
paratus shown in Figure 4, substantially on the
‘lne®—8. - ' , : :
In metal sheathed cables the sheath usually
is in the form of a continuous lead tube extruded
about. the insulated conductor or conductors.
Desirably, the sheath thickness is-uniform both
circumferentially and longitudinally of the ca-
ble. Due to the variations in temperature the
volume of the insulating compound with which
the cable is filled changes from time to time.  On
account of the incompressible nature of the com-
‘pound, the effect of the sheath in restraining the
-expansion with increased temperature is negli-
gible, and consequently the sheath must expand
to atcommodate the increase in volume. - .
If the sheath wall is of uniform thickness cir-
‘cumferentially, this expansion is accomplished
- by a small, approximately uniform percentage of
- stretch around the complete circumference. If,
however, the sheath is eccentric, the greater part

_ of the stretch will occur at the thinnest part of

the circumference and the percentage stretch of
this portion will be much more than when the

_ elongation is distributed in the case of a uniform '

sheath. Where conditions are such that of] flows

10

longitudinally along the cable after the cable”
has cooled; - refilling the expanded sheath, a new
expansion' and stretching will occur in the case
of a new heating. Then with successive expan-
sions, this effect will tend to be cumulative and
may ultimately result in rupture of the thin sec-
tion. With a concentric sheath, the total stretch
being distributed uniformly around the circum-
ference results in greatly reducing the maximum
amount of stretch In any one section and the

- danger of sheath fallure from this cause.

Furthermore, if the thickness of the cable
sheath can be accurately controlled and kept uni-~

 form within narrow limits it may be possible in
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some cases to use somewhat thinner sheaths with
the same degree of safety now attalned. .

“Not only is it important to know whether or
not a cable sheath is egcentrlc, but the actual
amount. of eccentricity” should be accurately
known, and desirably the location of the eccen-~

tricity longitudinally of the cable should be

known. The importance of these measurements
will be apparent when it is realized that even
though the extruding die be accurately adjusted
at the beginning of the sheathing operation to
glve a concentric sheath, this adjustment may
vary as the sheathing operation proceeds. Here-

" tofore, no means have been available to-contin-

uously measure the thickness of the cable sheath -
as the sheath is applied. Desirably any variation
in the thickness of the sheath wall circumferen-
tially of the sheath is measured as the cable
comes from the extruding machine. If  this,
measurément provides a continuous indication
or record of any eccentricity in the cable sheath
it is a relatively simple matter to make the neces-
sary adjustment of the extruding die in well
known manner to restore the sheath to uniform
circumferential thickness. For this purpose it is
desirable not merely to know when the eccen-
tricity of the sheath exceeds a cerfain prede-
termined amount, but it is important to have a
continuous measurement of the actual amount
of eccentricity. ) :

According to the present invention a method
and apparatus are provided for continuously re-
cording variation In the thickness of a tubular
conductor circumferentially of the conductor,
whereby eccentricity not only is indicated, but
the actual variation in thickness of the sheath
wall is continuously recorded. While the Inven~
tion is described with particular reference to the -
measurement of cable sheaths, it will be obvious
that the invention is applicable to the measure-
ment of other tubular conductors. - - .




' contacts as the contacts are rotated

2 .
Figure 1 illustrates diagrammatically one par-
Ucular apparatus for measuring the thickness of
a tibular conductor and for making a permanent
record of any varlation in the thickness of the
conductor. Means are ‘provided for establishing
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a flow of current circumferentially in the tubular -

- conductor 11, and convenientiy this means com-
. prises & coll (2 through which the conductor
moves co-axially. The coll 12 is connected, as
by means of the leads {3, to a source of alter-
nating current. . Flow of current through the
coll 12 sets up a magnetic field surrounding the
coll.
Ually in the tubular conductor i1, o
Two. contacts 14 angd I8, desirably mounted
within the coil i2 substantially midway of its
length, engage the conductor {1 at circumferen-

~ tially spaced points lying in a plane perpendicu-

lar to the longitudinal axis of the conductor. In
the fllustrative embodiment of Figure 1 the con-
tacts {4 and I8 are spaced apart at an angle
of 80 degrees, .

It the sheath is uniform in thickness circum-
ferentially and centrally located in the coil 2,
the voltage drop in any portion of a circum-
ferential path in the sheath due to the current
flowing in the sheath will be exactly equal to
the voltage generated in that portion of the path
by the flux set up by the current in coll 12, and
no potential difference will exist between con-
tacts 14 and 8. If the thickness of any portion
of the path is different from the average thick-

‘10

which induces a current flow circumferen-

15

" erably twisted together,
 Instrument. If it is desired to merely have a

20

20"

ness for the whole circumference, the registance -

. drop;in this part per unit length will be corre-
spondingly different from that of the average for
circumference. The voltage set up per unit
- length by the flux within the sheath will, how-
-ever, remain the same so that the generated
voltage and the resistance drop will no longer -
- be equal, and a difference in potential will now
appear. This difference in potential is propor-
tional to the deviation of the sheath thickniess
between the contacts from the average thickness,
mlfl'the conductor is rotated relative to the con-
tween the contacts win be accompanied by s
change in the resistance, and therefore of the
voltage between the contacts. An allernating
current galvanometer or other sultable meas-
uring device may be connected to the contacts
. in the manner hereinafter set forth to indicate
- any variation in the potential between
‘tacts, and therefore any.variation in the con-
ductor thickness. o0 .
-Where a single pair of contacts are used it s
necessary to move the contacts relative to the
conductor in a circumferential as well as Ion-
gitudinal direction in order to obtaln & measure..
ment of the conductor eccentricily. Convenient-
ly the conductor moves longitudinally under the
about the
conductor. Since changes in eccentricity In a
cable sheath ordinarily are gradual longitudi-
nally of the cable, the rotation of the contacts
may be relatively slow. . . :
from the contacts 14

spectively, are the electrical leads 18 and 17, pref-
erably twisted together, which connect with the
slip rings {8 and (9. The slip rings I8 and (9
‘turn about the conductor—{{ with the contacts
18 and 5. The leads I$ and {7 He in the mag-
netic field surrounding the cofl {2, and conse-
. quently a voltage will be induced directly in these
‘leads in addition to the resistance drop in the.

and {8, re-

. tubular conductor between the contacts 14 and

any variation in the sheath thickness be-

e con~ |

co
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- done by connecting to the leads

Vl_zlsconnectedto

8. As will be more fully described hereinafter,
means desirably are provided to neutralize or
compensate for any voltage in the external cir-
cuit connected with the contacts 14 and 15 other

- than the resistance drop in the tubular con-

ductor. Conveniently, such ‘means introduces
into the circuit a voltage 180 degrees out of phase
with the induced voliage. As shown in Figure 1,

& compensating coll 20 located adjacent to the
‘tubular conductor and within the magnetic field

surrounding it, is connected in the head 11, and
thiscoﬂmaybeadjnstedtocpmpensateforthe ,
voliage other than that existing in the tubular
conductor between the contacts 14 and 8.
Engaging the slip rings I8 and (9 are brushes .
21 connected by means of the conductors 22, pref-
to a suitable measuring

visual indication of variation in conductor thick-
hess, the leads 22 may be connected directly to
& galvanometer. In-that case, any variation cir-"
cumferentially in the thickness of the tubular
conductor as it moves )
tacts 14

calibrate the galvanometer
scale to indicate directly the actual variation in
sheath thickness,
Where voltage In the tubular conductor be-
tween the contacts 14 and 185 is referred to, this
means the root mean square value of the alter-
nating voltage having the same frequency as
that of the exciting coll {2. It is the variation -
in the root mean square voltage during a revolu-
Ulon of the brushes around the tubular con-
ductor, and not the change in instantaneous
values during & cycle of the impressed voltage
which gives a measure of variation in the con- -
ductor thickness. : o
Ordinarily, it will be desirable to make a per-
manent record of variation in the thickness of
a cable sheath, and -conveniently this may be.
22 a graphic mil-
livoltmeter. The term “graphic millivoltmeter”
is used herein to denote broadly any means for
measuring and recording low voltages. Figure 1
shows diagrammatically such an instrument for

tﬂC&- wxlmnd-
lngtothepointatwhlchcontactlsmadeqnthe
slide wire, and since this variation will be pro-

ortion: thickness of the
hxbnlareonductor.themoordsomadeisanac-
curate representation of the conductor eccen-

tricity. . -
Referrlnga'nmtol"!gmel,oneorthe‘lends
ne one end 3{ of the slide wire
resistance 23. The other Jead 22 is connected
ﬂ:;mgh & variable resistance 24 and a galvanom-
eter. toneonttctzlengdgingthe slide wire -
23 and movable therealong in the manner here-:
inafter deacribed. The ends of the slide wire 23

~ -
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are connected as by means of the leada 28 to
a source of alternating current. Desirably, one
‘of the Jeads 28 includes a variable resistance 18

daphaseehanginseircultllwhichiniﬁally,

are adjustedsothatthereaistancedropmthe
slide wire 23 between the end 31 to which one
_of the leads 22 is connected and the contact 28
is 180 degrees out of phase with the resistance
drop in the tubular conductor between the con-
tacts 14 and: 18, and so that the voltage drop over
the whole slide wire is such as to give the desired

voltage sensitivity of the instrument. - The sen-
- sitivity adjustment is such that all desired meas-
urements are onthe instrument scale and yet
large enough for accurate Teading.

Desirably the coil 12 which induces a circum-

_terential current flow in the tubular conductor -

if, and the slide wire resistance 23 are con-
nected to the same source of alternating cur-.
rent 32, for example through separate windings
. on & common transformer, or by means of sep-
arate transformers. By deriving the induced

10

.15

3

contact 26 is recorded 11! the tubular conductor
Iliaeeeentrlc.asmayoecurmthecase of &
cable sheath,-this eccentricity will be recorded
on the chart 34 approxims.tely in the form of a
‘sine wave. "

Since the contacts 14 and I5 are in the ﬂeld
:set up by the coil 12 it is evident that unless it
is possible to establish a symmetrical condition

‘'with respect to the .effect of the field on the

leads - 18 and (7, there will be set up potentials
in these leads which may be very large in rela-
tion to the potentials which we wish to measure.
An idea of the magnitude of such extraneous
voltages may be gained by considering Figure 1.

If the leads 18 and IT could be carried in from -

the contacts radially to the ‘center of the con-

" ductor and carried from there twisted together,

20

voltage in the tubular conductor and the balanc- -

ing voltage in the slide wire from the same source,

any variation in the voltage of the alternating
_current’ source will'be ineffective to destroy the

balanced relation. If these voltages were de-

rived from different sources, any variation in the

voltage of either source might produce an in-

dication of ‘eccentricity in the tubular conductor
" when actually there was no such eccentricity, or
might produce an inaccurs.te indication. of ec-
centricity.

Where & record is made of variation in the
thickness of the tubular conductor, as illustrated
in Figure 1, the galvanometer 28 serves as &
control instrument for causing operation of the
voltage balancing means automatically in re-
sponse to variation in the circumferential re-
sistance of the tubular conductor between- the
contacts 14 and 5. If this resistance in the
tubular conductor varies as the conductor moves
under the contacts, the needle of the galvanom-
eter 2B is moved from its zero position an amount
proportional to the chiange in resistance.

At regular intervals, for example every second,
a device not shown in Figure 1 is operated, and
if ‘the galvanometer needle has moved from its

30
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_ conductor in opp,(yf

zero reading, means. are sutomatically set into

operation to move the contact 28 along the
slide wire resistance 23 a distance proportional

to the reading of the galvanometer needle to '

50

restore the voltage balance and return the gal- .

vanometer needle to zero. The actual mecha-
nism for moving the contact 28 in response to
movement of the galvanometer needle is not illus-
trated in the drawings for the reason that this

- completely ‘compensate for the lack of symm

55

 mechanism itself does not form & part of the '

present invention, and for the further reason
that instruments-of ‘this type are known in the

rup Company “Micromax.” 4
From the foregoing description it will be seen

60 /
art. .One such instrument is the Leeds & Nort.h-

N

that it the circumferential resistance of- the -
tubular conductor varies, this variation -causes 65

a voltage unbalance in-the external clrcult. This
voltage unbalance operates aut.omatlcally to in-

crease or decrease the balancing /voltagfe £ as to

- restore the balance.- .

Conveniently the permanent record of varia- T

tion in the circumferential resistance of the tubu-
lar conductor Ii may bemede by attaching to the
‘movable contact, },ﬁ’ a recording device such as
- the pen 33, ,Movl/ under the pen 33 is a chart
34, upon which movtment of the pen 33 and the

such symmetrical arrangement would be estab-
lished.

This is manifestly an- impracticable arrange-:
ment, and it will be seen that if the lead from/

one contact is carried along the surface of the
conductor to s point adjacent the other contact,
and the leads be twisted together from that ‘polnt
the voltage between the two leads at the pgint
of meeting will be different from that in"the
first arrangement by an amount equal to the
voltage which would be induced in & coil gf one
turn having an area of approximately one fourth
the area within the conductor.  This relatively
large voltage imposed on the much smaller volt-
age to be measured would result in greatly shift-
ing the galvanometer zero and would require

greatly reducing the sensitivity of the instru- -

ment in order to keep the reading on the scale.

In Figures 1, 2 and '3, three methods of taking
care of this effect are fllustrated. In Flgure 1,
the contacts are 90 degrees apart and the coil

- 20 iIs introduced ‘into the circuit and this coil’

may be. adjusted to compensate for the voltage
induced in the leads.

are also 90 degrees ap and the- leads are

brought out in such a . way to provide for ad- '

justment. to approximate symmetry by means of
a potentiometer connection B3 between two leads
from contact 42 ch are carried around the
directions. In Figure 3,

the contacts are 180 degrees apart and symmetry

is .obtained by, brlnglng two leads at opposite

sides .of the cable from one contact to & point
adjacent the otff!er of each pair.

Any lack. of perfect symmetry or failure{

will result In some shifting of the galvanométer

zero. If & single pair of contacts engage the.

abolit the conductor, it ms
impossible, t6 determine the'z rrect zero on the
‘galvanometer. Hﬁwever. th; tubular conduc-
tor is rotated relatively to themntac «the zero
is obtalned very easily as the mean\réading of

cond}{ctor and these contacts are not rotatexﬂ

the galvanometer, assuming “that the roltages :

generated in the external circﬁit remain con-
stant in value and phase relation. A similar

" result -can be obtained by the use of several

7.:

pairs of non-rotating contacts symmetrically.

disposed sbout the tubular conductor. :
‘The sensitivity of the galvanometer 28§ may be

adjusted. to the most desirable condition for

different sized conductors or for thé conductors

of different thickriesses or resistances and the
damping maintained constant by simultaneously"
adjustlng reslstance M in series with the gai

i

difficult, if not-

In Figure 2, the contacts




4

vanometer .and resistance 27 shunted across the
leads from -contacts 14 and 1§,

Conveniently, the resistances 24 and 21 may
be adjusted by means of a single control ar-
ranged to maintain the correct relative setting.

" Means may be provided |
' vanometer fleld to maximum sensitivity, and as
shown in Figure 1 the galvanometer field coil 38
18" connected to a source of alternating current
by means of the leads 3¢ which include g suitable
variab.le resistance 37 and phase changing cir-
cuit 38. : ’ :

 With the means illustrated in Figure 1, 2 con-.

. tinuous record is made of the actual amount of

cable comes from the extruding machine, the
operator can know definitély at an times
whether or not the cable sheath is eccentrie, and
* If the sheath is eccentric the actual amount of
eccentricity. If the variation in sheath thick-
Dess exceeds a permissible limit at any time it is
& comparalively simple matter for the operator
to- stop the extruding. machine and make" the
necessary ‘adjustment in the die position, or
means might be provided to make this adjust-

ment automatically in response to variation be-,

yond permissible limits,

It has been found that even though the ‘die

opening for extruding a metal sheath on an elec-
tric cable be accurately adjusted at the begin-
ning of the extruding operation, the sheath may
gradually become eccentric as the extruding op-
eration continues. 'This eccentricity may con-
:Hnue to increase, or in time may correct itself.
- If the chart 34 moves under the recording pen
33 only while the cable passes through the ex-
‘truding press, then it is possible by an examina-

. tlon of the chart to locate definitely the longi- .

tudinal position on the .cable of any eccentric
portion shown on the chart.

. If the chart 34 moves at 8 uniform rateof speed
without regard.to' movement of cable through
the extruding press, it may be desirable to pro-
‘vide means for making & separate record on the
.same chart of the operation of the press. For

. éxample, means may be connected with the ex- .
ng press,cylinder or ram, whichever moves,

to actuate recording mechanism to show on the

chart the movement of the press member. With:
such records side by side it is possible to locate -

. any eccentricity longitudinally of the cable. .
- While ordinarily it is not important to record
whether the thin portion of an eccentric sheath
is on the top, bottom or one side of the cable as
the cable emerges from the press, a record of this

' condition may be made conveniently on the
_same chart 34. " For example, a pen or other re-
cording device might be actuated by an electric

contactor adjusted to operate when the rotating - 60

contacts 14
axis, - _ .
Referring to Figure 2, there s 1llustrated a
slighily different electrical -circuit from that of
Figiire 1 for connecting the contacts 41 and 42
- to the méasuring instrument. In this embodi-

ment'a single pair of contacts are spaced, for ex-
ample at an angle of 90 degrees, around the
tubular conductor, and in operation will be ro-
tated about the conductor. The contact &1 is
connected by means of a lead 43 to slip ring 44.
The contact 42 is connected by means of two
leads 48 and 48 to the slip rings 47 and 48 re-
spectively. It will be noted that the leads 48 and

and (¥ are directly over the cable

46 extend in opposite directions around the tub- 75
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to adjust the gal-

10 slip rings 41 and 48 are
" the'leads 81 and §2 to opposite ends of the re-

35 terminals of 16 and

15 voltage. The difference

ular conductor il to a point adjacent the con-
tact 41, and that the leads 43, 45 and 48 are
twisted together from this boint on. Engaging
thesllpnng“isabrushconnegtedbythelud

5 48 to one terminal of a suitable indicating or

recording instrument 88. This instrument 50 .
might be simply a galvanometer or i1t might be a
graphic millivoltmeter, for example of the type
Hlustrated in Figure 1. Brushes engaging the
connected by means of

sistance 83. - Movable along the resistance §3 is
~'a contact 54 which 1s connected to the other ter-
minal of the measuring instrument §8.

16 With the arrangetnent llustrated in Figure 2,

any voltage induced by the coil 2 in the circuit
connections other than. the resistance drop in
the circumferential portion of the tubular con-
‘ductor between the contacts 41 and 42 may be

20 approximately balanced out in the circuit with-

out the necessity of introducing a compensating
coil 20 as in Figure 1. o S
" In the dlscus.s!onofl"lgureslandzlthas
been Indicated that with a concentric tube there

25 Is zero voltage between the contacts (4 and 1§

or the contacts 41 and 42. ‘While this viewpoint
is fundamentally correct, an alternate explana-
tion-may be used to define the conditions. - -
- Referring to Pigure 1, if the leads I8 and 17

30 are taken to the measuring instrument, in the

absence of coil 20, there will be found a voltage

between the terminals of these leads even with -

concentric tubing. From the standpoint of this
alternate explanation, this voltage: between the.
{7 may be considered to be
the voltage between the contacts 14 and 1§, be-
cause ag a practical matter this 18 where the
. voltage between contacts 14 and IS5 would be
measured.

40 Carrying through this same thought, the ad.

- Justment of the voltage in cofl 20 will be such as
. neutralize or compensate for the voltage bé-
tween contacts-(4 and 15 on g concentric “tube,
that is, it 1s made equal and opposite to that
les wholly in the ex-
pression or viewpoint: the physical performance
iz the same, namely the adjustment of compen-
sation to give zero voltage at the measuring in-
strument in the case of a uniform concentric

50 tube. Pora non-uniform tube, deflection on the

Instrument will theh be proportional to the de-
“parture from uniformity, - -
. second explanation may now be applied
_ to Plgure 2. In this case the function of com-

55 pensation supplied by coil 20 of Figure 1 is sup-

plied by the single turn “eofl 45, 48 which sur-
rounds the tubular conductor {1. Here the
voltage which would be obtained by the use of
leads 45 and 41 alone or 46 and 41 alone is com-
pensated by the use of the complete turn or cofl
which comprises the leads 4% and 48 and ‘with
the aid of the potentfometer §3. With this
means the voltage between the terminals §1 -and

65 34 1s adjusted to be zero for a uniform tube.

Unléss precautions are taken efther to mount
the slip rings shown in Figures 1 and 2, at &
considerable distance from the exciting cofl 12,
"Or fo shield the rings from the magnetic field

70 surrounding the coil voltages will be induced by

the magnetic field directly in the alip rings. Or-
dinarily, it will be desirable to mount. the slip-
rings adjacent the coll, and it will be difficult, if
not impossible, to shield the slip rings electro-
magnetically. According to this invention the




alip rings are made and located relative to-the
¢oll ag hereinafter described so that voltages in-
duced in the slip rings by the coil are substan-
tially without effect on the operation of the
measuring instrument. o

Desirably, the slip rings are relatively small
in cross section and are made of a conducting
material having a relatively high electrical re-

_a cross section approximately equal to that of a
#10 conductor, and a resistance of about fifty
times that of copper. o

The slip rings desirably are located so that the
siurface bounded by the loci of the centers of
gravity of sections through adjacent rings is sub-
stantially parallel to the magnetic .flux sur-
rounding the coil. It will be apparent that the
relative ‘positions of the slip rings will depend
upon their location with respect to the mag-
netic field surrounding the coil. If the slip rings
are mounied adjacent one end of the inducing
coil this surface will lie in a plane perpendicular
to the longitudinal axis of the coil. .
- Alternatively, one of the rings may be so
shaped and positioned, as shown in the upper
_righthand portion of Figure 4, as partly to sur-
round another ring in such a manner that the
centers of gravity of sections through the rings
are substantially coincident. The amﬁngeme_nts
described permit the location of the slip rings
adjacent the inducing coil without resorting to
. magnetic shielding. : .

The difficulties involved.in the use of slip rings
.and brushes which are required where the con-
tacts are rotated about the. conductor, can be
_eliminated by using a plurality of pairs of con-
tacts arranged so that relative rotation between

necessary. , g _ . :

Such an arrangement is illustrated in Figure 3,
contacts 55—58 and 51-—58, the contacts of each
pair beirig spaced 180 degrees circumferentially

rality of pairs of contacts are employed, the con-
tacts of each pair desirably have the same rela-
tion to each other and to the connecting leads.

A lead 59 connects the contact 8§ to one ter-
- minal of the measuring instrument, and a lead

site directions about the tubular conductor i1 to
‘s, point adjacent the contact 83 connects the con-
tact 56 to the other terminal of the measuring
instrument. Similar leads 63 and 84 connect
with the.contacts 8T and 68.

~ With two peirs of contacts as {llustrated in
.. Figure 3, two separate measuring instruments
" might be employed, one
", each pair of contacts.

§6 for connecting the instrument first’to one
pair of contacts and then to the other. pair of
contacts. - . ) ) N
More than two pairs of non-rotating contacts
may be used to obtain more nearly the
given by rotating contacts. In this case the sim-
_ ple two pole double-throw switch in Figure 3
may conveniently be replaced by a multiple point
rotary switeh. This arrangement has the very
material advantage of . elin
of slip rings and rotating parts in that part of the
device through which the cable passes as it comes
from the press.
Figures 4,5 and

about the tubular conductor il. Where a plu-

60 having branches 61 and 82 extending in oppo- 4

instrument connected to:
However, satisfactory re-
sults can be obtained by employing a single.
measuring instrument 65 and a suitable switch.

results
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sistance. For example, each slip ring might have - '

10

15

20

" bearing 7.

25

30

- secured to the spindle,

, . 8
ratus for inducing circumferential flow of cur- -
rent in a tubular conductor, and means for ro-
tating a pair of contacts about the conductor as
the conductor moves longitudinally through the
apparatus. A horizontal base 1 has projecting
upwardly therefrom adjacent its ends the stand-
ards 12 and 18, - ) :

_ Desirably the base member 11 and the stand-
ards 72 and 13 are made of insulating material.

Rotatably supported between the standards is
a horizontal coil unit for inducing circumfer-
ential flow of current in the tubular conduetor -
{1, for example a cable sheath, as the cable
passes through the coll. Desirably the coll unit
is axially aligned with the sheathed cable as
the cable emerges from the lead press, not shown.
In Figure 4, the cable or other tubular conductor
11 moves from left to right. L o

Mounted in the standard T2 adjacent its upper

.corners and exbrgxdlng‘ inwardly are the spindles
()

18, upon each which is rotatably mounted a

Mounted in the standard 13 and aligned with-
the spindles 15 are the inwardly extending spin- .
dles 1T and 18. Rotatably mounted on the spin-
dle 11 is a gear 19 and a bearing 80. Mourted on
the spindle 718 is & similar gear and & similar
bearing.. The gear on the spindie 18 is rigidly
and the spindle-is con-
nected, for example, through a worm gear speed
reducer 83 with an electric motor $4. Desirably
the bearings and gears mounted on the spindles

‘ 18, 11 and 718 are made of insulating material.
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the tubular conductor and the contacts is un- -
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there being in this embodiment two pairs of -

" The coil unit is supported with its cylindrical -
end rings 85 and 86 resting on the bearings on
the spindles 15, 71 and 18, whereby the coil
unit may be readily rotated about its longitu~
dina] axis. Secured on the end ring 86 is a gear
87 which engages the gears mounted on the spin-
dles 11 and 18, whereby the coil unit may be
rotated through the driving conmnection with
the motor 84. Desirably the end rings 85 and 8§

.~ and the gear 81 are made of insulating materlal.

Movement of the coil unit longitudinally be-
tween the standards 12 and 13 is prevented, for
example, by means of the bearings 88 rotatably

. mounted on spindles 89 secured.-in the standards
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13, and the bearing 88 rotatably mounted on the
spindle 81 secured in the upper end of the stand-

-ard 712. In prior art devices it was customary and

consldered essential to rotate the contacts once
for every inch of length of the cable sheath; in
one satisfactory operating embodiment of the
present invention the contacts made one rotation
for every ten feet of length of the cable sheath.
This is about 1% of the rotational.speed former-
ly required. E ) L

The upper end of the standard 13 desirably is
provided with a guide 92 which alds in centering

" the .conductor in the coil unit as the conductor

moves longitudinally through the coil. Conven-
iently the guide 92 is easily removable from the

. standard 18 so that it may be replaced with other’
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eliminating the necessity -

guides for different sized conductors. As shown .
in Figure 4, additional gulding means such as
the-sheave 83 may be employed for directing the
path of the conductor after it leaves the guide 92,
" The end rings 8§ and 88 .of the coil unit are -
rigldly secured to each other in spaced relation,-
as-by means of three metal struts $4, which form
with the end rings a cage. In the ‘illustrative

‘embodiment, the coil for inducing circumferen-

tial current flow-in the tubular conductor is divid- '
od into two sections 95 and 8. Each section of

8 ﬂlustraté onevstnta;la'le appa- 75 the coll is wound on & cylindrical tube, one end
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of which projects beyond the end of the coll
winding and is'secured in the central opening
through the adjacent end ring. The two sections
of the coil may be connected electrically in series
or in parallel, and the coil {erminals ‘are con-
nected to the slip rings 9T mounted, for example,
on the outer face of the end ring 85. Current is
supplied to the coil through the slip rings 97 and
brushes 88 mounted in the standard 12, = - .
As may be seen' more clearly in Figure 8, inter-
mediate the coil sections 85 and 96 is a plate 99,
secured along its edge to the struts 84. Desirably
this plate 89 is made of {nsulating material. The
plate has a central opening 188 of substantially
the same diameter as the inside diameter of the
- cylindrical tubes upon which the coil {5 wound.
The plate 98 serves as a mounting for the con-
tacts engaging.the tubular conductor, and con-
veniently serves also as a support for means for
centering the conductor axially within the -coil
Mounted in the plate 99, and extending from
both faces thereof, are four pivot pins 181, Piv-
- otally mounted on these ping 181, are the rockers
102, 103, 104 and 105. Similar rockers are
mounted on both faces of the plate 99, and cor-
responding rockers on opposite sides of the plate
are rigidly secured to turn together as by means
of spacing blocks 108 securéd to the rockers with
screws. | - : S s
The outer ends of the rockers are connected
by means of links {87, 108 and 189 so that the
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rockers all turn about their several ‘Pplvots to- -

gether. The inner ends of the rockers define an.

opening through which the tubular conductor §1

passes, and the size of this opening may be ad-

a5

justed readily for different sized conductors. -

Conveniently, this adjustment i1s controlled by .

means of a screw 110 which may pass through
openings in the rockers 102 and through an arcu-
ate slot 111 in the upper end of the plate 99.
Desirably, means are provided such as the spring
120 tending to turn the rockers so as to maintain
the inner ends of the rockers in guiding engage-
ment with the conductor. o .

Conveniently the contacts 14 and 8. which én-
gage the tubular conductor are mounted in the
forked ends of a flat member of insulating ma-
terial 112, which in turn ‘may slide in a radial
slot 113 In the plate 89.  Conveniently, means are
provided to move the contact carrying member
112 in the slot 113 automatically as the conductor
guiding rockers turn about their pivots, -

In Figure 6, the outer end of the member 112
has secured therein a pin 14 projecting from
both faces of the member through a slot {15 in &
plate 99 and engaging the upper surfaces of the
rockers 182, BSecured in the upper edge ‘of the
rocker 102 are screws 11§ carrying a ‘spring
pressed plate 117 which serves to keep the pin
{14 In engagement with the upper edge of the
rocker (02, It will be apparent that as the rock-

er 102 is turned about its pivot (81, the contact

bearing member 12 will be moved radially to-

ward and away from the conductor 1. The com-

Densating coil 20 which s shown in Figure 1 is

not shown in Figure 6, but conveniently this coll,

comprising only a turn or two of wire,

mounted within the member 112. )

The slip rings by which connections are made

to the contacts 14 and 18 desirably are located.-on

the outer face of the gear 81, as shown in Fig-

‘ures 4 and 5. In the illustrative embodiient

there are two of these slip rings {18 and (19, and

would be-
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desirably they are mounted directly over the end
of the coil winding, as shown in Figure 4. _

. The slip ring 118 is shaped so as to partly sur-
round the slip ring 119 in such a manner that
the centers of gravity of sections through the
rings are substantially coincident. ‘The advan-
tages of this arrangement have been set forth in
the preceding description. The slip ring (I8 is

-generally a shallow U-shape. Connection from

the contact engaging the tubular conductor to
the slip ring (19 conveniently will be made
through an opening in the bottom of the U-
shape. Bubstantially the same result may be ac-
complished if the slip ring 118 i3 made in the
form of two separate rings, one on either side of
the ring 119, having jumper connections at inter-
vals circumferentially of the rings. ,

. Conveniently, the brushes engaging the rings
J18 and 118 are mounted in the standard 13.
Desirably these brushes are small in Cross sec-
tion, are located near together, and are mounted
on the same radius of the coil all to reduce the
voltage induced by the coil.

Applicant has provided ‘an improved method
and an improved apparatus for measuring ac-
curately variation in the thickness of a tubular
conductor, and for making a record of any vari-
ation in thickness. '

It will be understood that the present invention
may be variously modified and embodied within
the scope of the subjoined claims. .

Iclaim: T
1. Apparatus for measuring variation in the
thickness of & tubular conductor comprising, in
combination, means for causing an electric cur-
rent to flow circumferentially in the conductor,
two contacts for engaging the conductor at

- points spaced circumferentially about the con-
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ductor, an external cireuit including means for
balancing the voltage between the spaced con-
tacts on the conductor surface with g voltage
180 degrees out of phase, means for causing rel-
ative movement between the conductor and the
spaced contacts, and means operating automati-
cally in response to any voltage unbalance in
the external circuit caused -by variation in the

.Tesistance of the conductor between the contacts

as the contacts move over the conductof surface
to adjust the voltage balancing means :ignd re-
store the voltage balance in the external cir-
cuit. :

-2, Apparatus for measuring variation in the
thickness of a tubular conductor comprising, in
combination, means for causing an electric cur-
rent to flow circumferentially in the conductor,

. two contacts for engaging the conductor at points -
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spaced circumferentially about the conductor, .
an external circuit including means for balanc-
ing the voltage between the spaced contacts on
the conductor surface with a voltage 180 degrees’
out of phase, means for causing relative move-
ment between the conductor and the spaced con-
tacts, means operating automatically in response
to any voltage unbalance in the external circuit
caused by variation in the resistance of the con-

- ductor between the contacts as the contacts move
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over the conductor surface to adjust the voltage
balancing ‘means and restore the voltage bal-
ance in the external circuit, and means for re-
cording contmuou.sly any variation In the con-
ductor thickness as evidenced by the adjustment
of the voltage balancing means.

3. Apparatus for measuring variation - in the
thickness of a tubular conductor comprising, in
combination, means for causing an electric cur~




rent to flow circumferentially in the conductor,
contacts for engaging the conductdr at points
spaced circumferentially about the conductor, an
external cireuit for balancing the voltage between
the spaced contacts on the conductor surface
with a voltage 180 degrees out of phase, means
for causing relative movement between the con-
. ductor andithe spaced contacts, and means for
mesasuring continuously any voltage unbalance in
_the ‘external circuit. caused by variation in the
. resistance of the conductor between the contacts
‘as the contacts move over the conductor surface.

4. Apparatus according to the preceding claim
wherein the current flowing in the tubular con-
ductor and the balancing voltage in the exter-
nal circuit are derived from the same source,
-whereby variations in the voltage of the source
are ineffectusal to destroy the voltage balance in
the external. circuit. ) :

. 5. An eccentricity detector for tubular con_dué- ‘

tors comprising, In combination, means for in-
ducing an electric current flow circumferentially
in the conductor, two contacts for engaging the
‘conductor at circumferentially spaced points,
_means for causing relative movement of the con-
tacts longitudinally of the conductor, means for
causing relatively slow relative rotation between
the conductor and the contacts, a graphic milli-
voltmeter, .and means connecting the contacts
and the millivoltmeter to make a continuous rec-
ord of the amount of variatl »
of the conductor between the contacts as the
contacts move over the. conductor surface, said
~ last mentioned means. including means compen-
sating for voltages other than the resistance
drop in the conductor between the contacts.
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in the resistance -
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- 6. Apparatus for measuring variation in the

thickness of a tubular conductor comprising, in
combination, & coll through which the conductor’
I for inducing an electric current flow: cir-
cumferentially in the conductor, contacts for en-
gaging the conductor at circumferentially spaced
points substantially midway of the colil ends,
means for rotating the cbntacts about the con-
ductor, a graphic millivoltmeter, and means con-
necting the contacts and the millivoltmeter, said
Jast mentioned means including means for neu-
tralizing any voltage induced directly therein by
the coll. - i )
© | n. Apparatus for measuring variation in the
thickness of a tubular conductor comprising, in
combination, a coil through which the conductor
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cumferentially of the conductor, and means in-
cluded In the connections between the contacts
and the external circuit compensating for voltage
other than the resistance drop in the sheath,

"9, Apparatus for measuring variation in the

_ thickness of a tubular conductor comprising, in

combination, means for establishing an electric
current flow circumferentially in the conductor,
a pair of contacts for engaging the conductor at
circumferentially spaced points, means for caus-

‘ing relative longitudinal movement and much

slower relative circumferential movement be-

tween the conductor and the contacts, a milli-

voltmeter, and electrical connections between the
contacts and the millivoltmeter, and means in

addition to said connections for maintaining sub- -
stantial electrical symmetry in said connections

to compensate for voltage other than the re-

sistance drop in the sheath. - s

» 10. Apparatus for measuring variation in the

thickness of a tubular conductor. comprising,

in combination, means for establishing an elec-

‘tric current flow circumferentially in the con-

ductor, & pair of contacts for engaging the con-

ductor at circumferentially spaced points, means

for causing relative movement between the con-

ductor and the contacts, a millivoltmeter, and.
electrical connections between the contacts and

"the millivoltmeter, the connection from one of

the contacts including a compensating coil to
make this connection substantially electrically -
symmetrical with the connection from the other
contact. ) . )

11. Apparatus for measuring variation in the
thickness of a tubular conductor comprising, in
combination, a coil through which the conductor

‘passes for inducing an electric current flow cir-

cumferentially in -the conductor, contacts for
engaging the conductor at circumferentially

. spaced points, means for rotating the contacts

about the conductor, a graphic millivoltmeter,
and means connecting the contacts and mili-
voltmeter, including a plurality of slip rings and
brushes, said slip rings being so located that the
surface bounded by the loci of the -centers of
gravity of sections through adjacent rings is sub-
stantially parallel to the magnetic flux around

_the coil.
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passes for Inducing an electric current flow cir- -
cumferentially in the conductor, contacts for -

engaging the - conductor - at circumferentially
- spaced -points, means for causing relative move-
ment longitudinally of the conductor between
the conductor on the oné hand and the coil
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and the contacts on the other hand; and means -

for causing much slower relative movement, cir-
cumferentially of the conductor between the con-

ductor on the one hand’and the coil and the

contacts on the other hand, means -connected
to said contacts for measuring continuously the
. amount of variation In the circumferential re-
' sistance of the conductor between the contacts,
and means for compensating for voltages other

12. Apparatus for measuring variation in the
thickness of a tubular conductor comprising, in
combination, a coil through which the conductor
passes for inducing an electric current flow cir-
cumferentially in the conductor, contacts for -
engaging the conductor at circumferentially -
spaced points, means for rotating the contacts
about ‘the conductor, & graphic millivoltmeter,
and means connecting the contacts and the milli- .

‘voltmeter including a plurality of slip rings and

brushes, said slip rings being pogitioned adjacent
one end of the coil with the loci of the centers
of gravity of sections through the rings in a com-.
mon plane perpendicular to the longitudinal axis

. of the coll. -

than the resistance drop in therconductbrbbe-"

tween the contacts. . S , ;
4 8. Apparatus for -measuring variation in the

thickness of & tubular conductor comprising, in
-combination, a coil for inducing flow of electric
-eurrent circumferentially in the conductor, con-
tacts engaging the conductor and c bed with
‘an external circuit for measuring the voltage ¢ir-

0
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13. Apparatus for measuring variation in the
thickness of & tubular conductor comprising, in
combination, & coil through which the conductor
passes for inducing an electric current flow cir-
cumferentially in the conductor, contacts for en-
gaging the conductor at circumferentially spaced
points, means for, rotating the contacts about the
conductor, & graphkic milllvoltmeter, and means
connecting the contacts of the millivoltmeter, in-
cluding & plurality of slip rings and brushies, said
slip rings being made of & high resistance con-
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ducting material and being positioned in the conductor, balancing the voltage between two cfr- '

magnetic field surrounding the coil, ‘ cumferentially spaced -points on the conductor
14. Apparatus for measuring variation in the . with a voltage 180 degrees out of phase, and con-

thickness of a tubular conductor comprising, in tinuously messuring any unbalance between the

combination, & coil through which the conductor 5 last mentioned voltage and the voltage between

basses for inducing an electric current flow cir- similarly

) in the conductor, contacts for en-
8aging the conductor at circumfes tially spaced
points, means for rotating the contacts about the
conductor, a graphic millivoltmeter, means con-
necling the contacts and the millivoltmeter in-
cluding a plurality of slip rings and brushes, said
slip rings being positioned in the magnetic fleld
surrounding’ the coil, one of said rings being so
shapedandpositionedasparﬂytosmround
anotherrin’ginsuchammnerthatthecenters
of gravity of sections through the rings are
substantially coincident, )

15. Apparatus for measuring variation in the

thickness of a tubular conductor comprising, in’

combination, means for establishing an electric
current flow circumferentially in the conductor,
, of contacts for engaging the
conductor at circumferentially spaced points, the
contacts of each pair, having the-same relation
to each other and to the connecting leads as the
contacts of every other pair, means for causing
relative longitudinal movement between the con-
ductor and the contacts, and means connected to
sald contacts for measuring circumferential vari-
ation in the resistance of the conductor along its

length, .
16. Apparatus for measuring variation in the
thickness of a tub conductor comprising, in
' combination, means for establishing an électric
current flow ‘circum.ferentially in the conductor,
8 pair of contacts for engaging the conductor at
points spaced 180 degrees circumferentially of
the conductor, means for causing relative move-
ment between the conductor and the contacts,
and means connected to sald contacts for meas~
uring circumferential variation in the resistance
of the conductor along its length.

17. Apparatus for measuring variation in the

thickness of a tubular conductor -comprising, in
combination, means for establishing an, elettric

- Points spaced 180 degrees circumferentially of -

" the conductor, means for causing relative move-
ment between the conductor and the contacts, a
millivoltmeter, and 1ections between the: con-
tacts and the millivoltmeter which balance the
potential impressed on the millivoltmeter sub-

' stantially to zero when ‘the circumferential re-
sistance of the conductor is uniform.

* 18. Apparatus for measuring variation in the

" thickness of a tubular conductor comprising, in
combination, means for establishing an electric
current flow circumferentially in the conductor, a
pair of contacts for engaging the conductor at
boints spaced circumferentiaily of the conductor,
Ineans for causing relative movement between the
conductor and the contacts, a millivolimeter, a
lead from one of the contacts extending out-
wardly from the conductor substantially in a
radial direction, two leads from the other con-
tact extending around the conductor in opposite
directions to a point adjacent the first contact
and then outwardly from the conductor with the
first lead,
voltmeter. . -

19. The method of determining variation in the
thickness of a tubular conductor
causing a current to flow

which comprises
chfcumtem_nﬂn.uy In the
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spaced points elsewhere on the con-
ductor. - : . :
20. The method of determining variation in
the thickness'of a tubular conductor which com-
prises causing a current to flow circumferentially
in.the conductor, balancing the voltage between
two circumferentially spaced points on the con-
ductor with a voltage 180 degrees out of phase,
and automatically restoring this voltage balance
in response to any -unbalance resulting from
variation in the conductor: resistance as the
spaced points are moved over the conductor
surface | |

21. The method of determining variation in the
thickness of a-tubular conductor which com-
prises causing a current to flow circumferentially
in the conductor, balancing the voltage between
two circumferentially spaced points on the con- -
ductor with a voltage 180 degrees out of phase,
automatically restoring this voltage balance in
response to any unbalance resulting from va-

- ristion in the conductor resistance a8 the spaced

boints are moved over the conductor surface,
and continuously recording any variation in the
conductor thickness as evidenced by variation in

. the balancing voltage.

. of contacts for measuring
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22. Apparatus for measuring variation in the
thickness of a tubular conductor comprising, in
combination, means for establishing an electric
current flow circumferéntially in the conductor,
& plurality of pairs of contacts mounted for:
slight movement relative to said first named
means, for engaging the conductor at diametri-
cally obposed ' circumferentially spaced points,
mneans for causing relative longitudinal move-
ment between the conductor and the contacts,
and means consecutively connected to said pairs
. circumferential varia-
tion in the resistance of the conductor along its”
length. : :

" 23. Apparatus for measuring variation in the
thickness of a tubular conductor comprising, in
combination, means for establishing an electric
current flow circumferentially in the conductor,
a plurality of pairs of contacts for engaging the
conductor at circumferentially spaced points, the
contacts of each pair having the sanmie relation
to each other and to the connecting leads as the
contacts of every other pair, means for causing
relative Jongitudinal movement between the con-
ductor and the contacts, and Ineans  consecu-

- tively connected to said pairs of contacts for
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said leads connecting with the mili- -

%

measuring circumferential variation in the re-

‘sistance of the conductor along its length.

24. The method of measuring eccentricity in a
tubular conductor which comprises causing a
current to flow circumferentially in the conduc-
tor, and continuously recording variation in the
voltage between & plurality of pairs of circum-
ferentlally spaced contact points at a definite
angular separation on the conductor surface
while maintaining the same relation between the
contacts of each pair to each other and fo their
connecting leads as o the contacts of every other
pair and causing the conductor to move solely
in a longitudinal direction relative to said con.
tacts.

25. An ecpentrlcity indicator for tubing com-
posed of electrically conducting material, said in-
dicator comprising in combination an exciting
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coil adapted to surround tubing to be tested, a
compensating coil adapted to surround the tub-
ing, a pair of contacts adapted to touch points
on a circumference of the tubing, said compen-
sating coil being arranged to constitute part of
the connecting lead from one of said contacts,
and current responsive apparatus operatively con-
nected in series relation with said ‘contacts and
said compensating coil, the connections being
such that voltage induced in said compensating

9

. indicator comprising in combination an ekciting

10

coil acts in opposition to voltage induced circum-~ .

ferentially in the tubing. .

26. An eccentricity indicator for tubing com-
posed of electrically conducting material, said in-
dicator comprising in' combination, an exciting
coil adapted to surround the tubing to be tested, a
pair of contacts adapted to touch points on.the
circumference of the tubing, a compensating coil
disposed in the field of the exciting coil adapted
to adjust the voltage measured between contacts,
and current responsive apparatus operatively con-

nected In series relation with said contacts and

said compensating coil.

27. An eccentricity indicator
posed of electrically conducting material, said in-
dicator comprising in combination an exciting
coil adapted to surround tubing to be tested, a
compensating coil adapted to surround the tub-
ing, a pair of contacts adapted to touch points on
g cireumference of the tubing, and current re-
‘sponsive apparatus operatively connected in series
relation with sald contacts and said compensat-
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" plurality of pairs of contacts adapted to touch

for tubing com-~ .
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ing coil, the connections being such that voltage

induced In said compensating coil acts in oppo-
sition to voltage induced circumferentially in the
tubing. e :

28. An eccehtricity indicator for tubing com-
posed of electrically conducting material, said-

indicator comprising in combination an exciting
coil adapted to be connected to a source of al-
ternating current and adapted to surround tubing
to be tested, a compensating coil also adapted to
- surround the tubing, a pair of contacts adapted
to touch points on a circumference of the tub-
ing, sald compensating coil being arranged to
constitute part of the connecting lead from one
of said contacts, and directionally responsive al-
ternating current-responsive apparatus opera-
tively connected in series relation with said con-
- tacts and said compensating coil, the connections
being such that voltage induced in said com-
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coil adapted to be connected to a source of alter-
nating current and adapted to surround. tubing
to be tested, a compensating coil also adapted to
surround the tubing, a pair of contacts adapted
to touch points on & circumference of the tubing,
and directionally responsive alternating current-
responsive apparatus operatively connected in se-
ries-relation with said contacts and said compen-
sdting coil, the connections being such that volt-
Jage induced in said compensating coil acts in
opposition to voltage induced circumferentially
in the tubing, and the electrical dimensions being
'such that the opposing voltages are balanced in
case the contacts are against a portion of the
tubing of average thickness.

31. An eccentricity indicator for tubing com-
posed of electrically conducting material, said
,indicator comprising in combination, an exciting
coil adapted to surround tubing to be tested, a

points on the circumference of the tubing, a com-
pensating coil for each pair of confacts adapted
to adjust the voltage measured between contacts,
said compensating coil being adapted to surround
the. tubing and to constitute part of the con-
riecting lead from one of the contacts of a pair,
current responsive apparatus, and means for op-
eratively connecting said current responsive ap-
paratus in series relation with said compensating
coils and different ones of said pairs of contacts
successively. ‘

32. An eccentricity indicator for tubing com- -

posed of electrically - conducting material, said
indicator comprising in combination, an exciting
.coil adapted to surround tubing to be tested, a

_ plurality of .pairs of contacts adapted to touch
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pensating coil acts in opposition to voltage in- .

duced circumferentially in the tubing, and the’

- electrical dimensions being such that the op-
posing voltages are balanced in case the con-
tacts are against a portion of the tubing of aver-
‘age thickness. .

29. An eccentricity indicator for tubing com-
posed of electrically conducting material, sald

-indicator comprising in combination, an exciting
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coil adapted to be connected to a source of alter- '

nating current and adapted to surround tubing
to be tested, a pair of contacts adapted to'touch
points on the circumference of the tubing, a com-
_ pensating ¢oil disposed in the fleld of the exciting.
" coil adapted to adjust the voltage measured be-
tween contacts, and directionally responsive al-
ternating current-responsive apparatus oper-
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points on the circumference of the tubing, s com-
pensating coil disposed in the field of the exciting
coil adapted to adjust the voltage measured be-
tween contacts, current responsive apparatus, and
means for operatively connecting said current-
responsive apparatus in series relation with dif-
ferent ones of said pairs of contacts successively.

33.  An eccentricity indicator for tubing com-
posed of electrically conducting materlal, said
indicator comprising in combination an exciting
‘coil adapted to surround tubing to be tested, a

- compensating coil also adapted to surround the

tubing, a plurality of pairs of contacts adapted
to touch points on the circumference of the tub-
ing, current-responsive apparatus, and means for

operatively connecting said current-responsive

apparatus in series relstion with sald compen-

sating coil and different ones of sald pairs of

contacts successively, the connections being such
that voltage induced in said compensating coil
opposes that induced circumferentially in-the
tubing. . )

34. The method of measuring the eccentricity
in a tubular conductor which comprises causing
a circumferential flow of current in the con-
ductor from a surrounding exciting coil, and
making electrical connection to sald sheath by a
pair of circumferentially spaced coniacts, con-

“necting these contacts to a voltage measuring

" atively connected in series relation with sald con- -

tacts and said compensating coil, the electrical
dimensions being such that the opposing voltages
are balanced in case the contacts are against a
portion of the tubing of average thickness.

. 30. An eccentricity indicator for tubing com-
posed of electrically conducting material, said
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device, and compensating for the voltage due to
the loop connection between the contacts for
average conductor thickness or concentricity by
placing a compensating- coll in series with one
of said contacts and in the field of sald exciting
coil. . :

35. The method of measuring the eccentricity
in & tubular conductor which comprises causing
a circumferential flow of current in the conductor
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from a surrounding exciting coil, and making
electrical connection to said sheath by a pair
of circumferentially spaced contacts, connecting
these contacts to a voltage measuring device, and
compensating for the voltage due to the loop
connection between the contacts for average con-
ductor thickness or concentricity by placing a
compensating coil in series with one of said con-
tacts and in the field of said exciting coil, said
compensating coil surrounding said conductor.,
36. The method of measuring the eccentricity
in a tubular conductor which comprises causing
& circumferential flow of current in the con-
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ductor from a surrounding exciting coil, and mak-

ing electrical connection to said sheath by a palr
of circumferentially spaced contacts, connecting
these contacts to.a voltage measuring device, and
compensating for:.the voltage due to the loop con-
nection between the contacts for average con-
ductor thickness or concentricity by placing a
compensating coil in serles with one of said con-

" tacts and in the fleld of said exciting coll, said

compensating coil’ surrounding said conductor
and being connected to said contact mtermediate
its ends.

RALPH W. ATKINSON.




