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This invention relates to measuring devices and
in particular to a new and improved measuring
device for measuring the deflection of a. movable
wall within g sealed container and more particu-
larly for indicating the volume of oil within 0il
cells located within a sealed container.

Paper insulated power cable generally com-
prises copper, paper, impregnating oil and lead
sheath. Of these materials the oil has the high-

has a much lower expansion coefficient, and is
relatively inelastic. Under load, the total effect
of thermal expansion of the materials in the solid
type cable is to stretch the lead sheath. A re-
duction in temperature causes all the material to
contract to their original dimensions, except the
lead sheath, which remains exXpanded. Voids
thus tend to form under the sheath or between
layers of the insulation wall. These voids ionize
at relatively low voltage stress, and ionization
may lead to deterioration of the cable insulation
and eventually to cable failure, |

In oil filled cable, a low viscosity impregnating
oil is used, and continuous longitudinal oil pas-
Sages are provided so that the oil may easily
penetrate all parts of the cable. Oil reservoirs
are installed at suitable intervals. These Serve
automatically the dual function of maintaining a
positive internal pressure at all temperatures and
of permitting thermal exXpbansion of the oil with-
out straining the lead sheath. The reservoirs are
designed to provide complete separation of the oil
from any moisture, gas or air. Reservoirs are of
proper size to satisfy completely the varying oil
requirements in the cable from possible no-load

on the cable in the winter up to full load in the

summer. S

~The reservoirs which maintain the pressure of
the oil comprise a plurality of diaphragms ar-
ranged In series within g container. The dia-
bPhragms conventionally are circular in shape and
substantially comprise a pair of cylindrical flexi-
ble disks sealed at their peripheral edges so that
the disks will expand and contract in response to
the differential pressure exerted between the oil
and the atmosphere within the cylinder.  The
cylinder, in one type reservoir is sealed and filled
with a gas under pressure which constantly plays
against the diahpragm walls to exert 8, pressure

on the oil tending to force it into the cable to

which the reservoir is connected.

‘The problem, then, is to measure, every few
months, the guantity of oil in one of the series
diaphragms located within g sealed container to
determine the amount of oil in it. Accordingly,

4 Claims. (CL 33—125)
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1t is an object of this invention to provide g hew
device for measuring oil within an oil reservoir
of the type described. o .
It is a further object of this invention to pro-
vide a very simple device for measuring oil within
an oil reservoir. | L
- It is a still further object of this invention to
brovide a simple yet unique device for determin-
Ing the postion of g flexible diaphrasm or mova-
ble wall positioned within a sealed container,
- Briefly, this invention comprises the position-
Ing of a magnet and supporting rod to one wall
of a flexible diaphragm or movable wall so that
the rod extends perpendicularly from the dia-
bhragm through the wall of the_diaphragm__'en_-
closing container to lie within a hollow exten-
sion aflixed to the container wall. A megsuring
device is positioned telescopically to engage the
hollow extension and to measure the position of
the enclosed magnet thereby recording the ex-
pansion and contraction of the flexible dia-
phragm, | D
In the drawing, Fig. 1 is a schematic view of
an oil-filled cable and an oil reservoir-positioned
to supply oil under pressure to the cable; Fig. 2
is a side elevation, partly in section, of the im- |

proved measuring device for determining the

quantity of oil within the diaphragm shown in
Fig. 1; while Fig. 3 is an end elevation partly in
section of the indicating device shown in Fig, 2.

In the drawing, an oil-filled cable | is shown
having a joint 2 where oil under pressure is ad-
mitted through pipe 3 from a reservoir 4. o

An -oil-filled cable generally is supplied with
perforated walled tubes which extend the length
of the cable and through which oil may pass to
permeate through the insulation within the cable
and within a lead sheath 5 which encases the ele-

~ments of the cable. The oil receiving joint 2 sur-
rounds two adjacent ends of the cable sheath 5

and 1t is desighed to conduct oil to perforated
wall passageways within the cable I. The oil
Pipe 3 is schematically indicated as merely con-
necting the oil reservoir 4 with the joint 2.

Oil reservoir 4 comprises a sealed container
6, usually of cylindrica] form. The sealed con-
tainer, which in one embodiment, is maintained
Tull of a gas under pressure, has positioned there=

in a plurality of diaphragms T interconnected by -

tubes 8 and 9, for a series connection. Tubes 8.

'8 in turn are connected to the oil pipe 3. 0Oil

Pipe 3 extends through a pressure-tight seal {0
In one wall of container §. It Is to be understood,
Of course, that the sealed contsiner has been se-
lected merely as an example to explain the opera-
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tion of this invention, and it is not intended as
a limitation on the scope of this invention.

Each of the diaphragms T comprises & pair of
flexible walls 1, 12 joined at their peripheral
edges to form an expansible sealed oil containing
unit. The peripheral edges of the diaphragms
agre positioned in blocks I3 or other devices fo
provide for their alignment within the con-
tainer 6. | |

The walls 11 and 12 of diaphragm 1 flex out-
wardly and inwardly in response to the guantity
of oil contained or restored to them and accord-
ingly the tubes 8, 9 which interconnect the dia-
phragm walls should be ﬂemble te expand and
contract with the walls.

When the oil reservoir is first built and ﬁlled-

with oil, the walls {{ and {2 are furthest apari.
Then, when gas pressure is built up in container
6 the walls {1 and {2 come together under the

influence of the gas pressure within the con-

tainer 6 to squeeze the oil into the cable. Then,
when the cable heats up under load the .oil is

forced back through pipe 3 into. the dlaphragm_

T causing the walls {1 and. 12 to separate again
as the oil centents mthm diaphragm T is in-
creased.

The problem is to measure. the defiection of
the walls 1{ and 12 while they remain within
the se&led container 5 so that the quanuty of . 0il
within one diaphragm may be checked.

.The obgeetwes of this. invention are achieved
in one Illustra.ted embodiment by attaching a
hollow tube or protrusmn i4 to_one end of the
contamer 6 to be interconnected with the con-
tainer proper through an aperture. {d4a. The
-tube 14 is of non-maghetic. madterial, is closed
at its outer end and is brazed or otherwise sealed
to the contamer wall sa that the pressure within
the container and tube (4 is uniform.

‘Before the tube {4 is secured in place, a rod {5
is brezed or ethermse secured to. wall {1 of one
of the diaphragms 7 at a point {6. The rod may
be positioned and guided within the tube [4.by
bushmg Tike ﬂ‘uldes 11. Rod {5 is then free to
move axxally within the guides 17 and Wl’bhm
tube ‘14 in response. o the expansion and. con-
tractwn of the wall 11 ef diaphragm T.

To provzde % refelenee point for. meaeullng
| the expansion and contraction of the wall. ({, a

'permenent magnet. i8, having a narrow bpole ;

face 19, is atteehed rigldly to the . rod {5 so that
the movement of the magnet I8 will simulate
the expansion and contraction ‘of the wall 1.
Accordingly, if the position of the magnet {8 is
determined when the oil reservoir is filled and
again when the reservoir is in use, the difference
between.: the two positions can. serve. fo indicate
the qauntlty of oil missing. from the diaphragm.
- A simple maethod of determining the. pasition
of magnet (8 is to align a second magnet outside
tubie 14 with the magnet {8 within the tube. This
is. possxble since tube {4 .is raade of nen—magnetle
material whereby the magnetic lines emanating
from magnet {8 pass through tube ¥ fer align-
ment with a second magnet.

For the accurate positioning of a second mag-
net, a measurmg device 28 1s prmrlded It com-
pnses a tubular body member 2§ which tele-
scopes over a sleave 22 and is adjustable axially
relatlvely to sleeve 22. Sleeve 22 is of a size 1o
ﬁt over tube 14 end to be. leeated on tube 14 in
a definite pesﬂ:zon Carrled by body member 21
is a magnet 24 ‘'which is p:wotally mounted on
body member 2f by a pivol pin 25. Magnet 24
has a pole face 26 a da,pted to be allgned with

10
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pole face {9 of magnet 18 and connected to the
magnet is a needle-like element 2T which moves
over a stationary scale 28 carried by a tubular
body member 21 and positioned within an indi-
cating chamber 29.

Scale 28 has a reference mark so that all read-
ines of the micrometer 23 may be made at the

same relative position of alignment hefween pole

faces 28 and 19 as indicated by needle 27.
The construction of the indicating instrument

is such that body member 21, having any desired

~contour, is drilled. or ethermee provided with a

tO
o b

- scope into body member 21.
of tube 22 is slotted as at 38 and a pin 31 is passed

bore fer housing tube 22 so that tube 22 may tele-
The upper suriace

through body member 21 into the slot 30 and thus
limits the telescoping movement of the body
member and tube 22 relatively to each ofher. In
the position shown in Fig. 2, tube 22 is in iis
longitudinally furthest outward position with
pin 31 against one.end of slot 30. At -its longl-
tudma,lly innermost poe1tlen shoulder 32 of slot
30 is agemst the opposite side of pin. 31.
The-movement of body member:2{ -on tube 22
is- measured by a micrometer 23 which may bhe

 of known construction and is shown only in out-

o)

O3
n

40

60

15

line, The sleeve or barrel 33 of the. micrometer
is fixedly supported in the end wall of body mem-
ber 2. -The thimble of the micrometer is indi-
cated at.34, the rod or screw.at-35, the scale on
sleeve. 33 at 36, the vernier-af 37, and the ratchet
handle at 28. As is well understood the thimble
34 and the rod or screw .35 are connected to-
cether and have :threaded engagement with
sleeve or barrel 33 whereby when the thimble
is turned,. it and the rod or screw .38 are moved
axially with respect to barrel 33. When microm-
eter 23 is retracted or turned in a counterclock-
wise direciion as shown by the arrow.in Fig. 2,
rod 35 backs off from the-end.of tube 22 and

body member.2{ can then be slid along tube. 22

until the end of rod 35 again contacts the end
of tube 22.

The upper surface of tube 22 is provided with
a, second. slot 39 defined by the shoulders 4¢ and
41 which are located to allow the pole face of
magnet 26 to extend through the slot to be close
to the outer surface of tube (4. With this struc-
ture, fhe magnetic face 26 of magnet 24 is sep-
arated from the face .19 of magnet I8 only by
the thickness .of the tube {4.

The relative positioning of the slots 30 and 39
is such tha,t irrespective of the movement of
tube 22 with relation to the body member 21, the
stop 31 l‘u:mts the motion of the tube .so ‘that
the shoulders 40 and 4{ will not touch the mag-
net 24 to damage it in any way.

To provide for the reading of the micrometer
at. preper positions, bearing pin 23 is located in
a pair of mounting blocks 42, 43 (Fig. 3) which
are rlgldly_seeured to body member 21. Bearing
pin 25 rotatably mounts a needle support 44 to
which is fastened the indicating needle 21. The
magnet 24 with its polarized face 26 is also sus-
pended from the bearing pin 2% by means of
the mounting blocks 45 and the weight of the
blocks 45 and magnet 24 in comparison to the
weight of needle 21 and its length is such
as to effectively balance the parts distributed
on either side of the bearing pin 29, thereby
assuring a smooth, uniform operation of the
needle 271.

The needle 271 and the component parts of the
indicating device including the scale 28 are en-
closed within the plastic chamber 29 preferably
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of clear material to prevent dust from accumu-

lating on the bearing pin 25 and to allow for
the reading of the needle 27 against the scale 28.
- In operation, tube 22 is placed over and held
fixed in a predetermined position on tube 14 and
micrometer 23 is rotated clockwise or counter-
clockwise while the body member 21 of instru-
ment 20 is pushed slightly toward diaphragm 1,
body member 21 sliding on tube 22, to keep the
end of micrometer rod 35 against the end of
tube 22. At one particular point, the pole faces
26 and (9 will be in alignment and heedle 27
will be rotated about the pivot pin 25 so that

o

10

it registers against scale 28. When needle 21 |

reads at the midpoint mark on scale 28, the mag-

nets are in exact alisnment. A reading of the

micrometer is then taken. By comparing read-
ings of the micrometer taken when the dia-
phragms T are full, with later readings, a deter-
mination of the oil remaining in the diaphragms
can be made. | | |

6 | _
ber, said tubular body member with the magnet
member and micrometer carried by it and said
tubular sleeve together forming a portable meas-
uring instrument. . | -
2. A portable instrument for use in indicating
the position of a magnet member in a tube com-
prising a tubular body membper, a magnet mem-
ber pivotally mounted on the body member to
Swing on an axis transverse to the body member,
a reference scale carried by the ‘body member,
an indicating needle carried by the pivoted mag-
net member which moves over said scale, a sleeve
on which the tubular body member ig slidably
mounted, said sleeve being adapted to be pOSi~
tioned on the tupe, and a micrometer carried by
the tubular body member with the end of its
rod positioned to engage the sleeve for measuring

- the position of the body member with respect to

20

In making measurements it will be seen that -

the measurement actually taken by the microme-
“ter is the position of tubular body member 21
with respect to sleeve 22 when magnet member
24 is in alisnment with magnet member (8; and

since the position of magnet member 18 repre-

sents the position of movable wall 1, differences
1n successive micrometer readings taken when
the magnet members are in alienment measures
wall deflections. ) s
The mechanism comprising body member 21,
the magnet member and scale carried by it, and
the sleeve 22 constitutes a portable instrument
which can be transferred from one reservoir to
another for measuring the position of the dia-
bphragms therein, it being only necessary that
the reservoirs be each provided with a tube 14
having therein a magnet member connected by a
rod to the movable diaphragm of the reservoir.
Modifications of this invention will occur to

~ those skilled in the art and it is desired to be

understood, therefore, that this invention is not

intended to be limited to the particular embodi-.

ment disclosed but rather is it intended to cover
all modifications which are within the true spirit
and scope of this invention. |

30

the sleeve,

3. A portable instrument for use in indicating
thge Dosition of a magnet member in a tube com-
prising a tubular body member open at one end
and having an end wall closing the other end, a
magnet member pivotally mounted on said body
member to swing on an axis transverse to the
body member, a reference scale carried by the
body member, an indicating needle carried by the
pivoted magnet member which moves over said
scale, a sleeve within the body member on which
the body member is slidably mounted, said sleeve
having an end wall adjacent the end wall of saig

- body member and being adapted to be positioned

~ on the tube, _
- wall of the body member with o
ward and adapted to engage the end wall of said

&
(o |

and a micrometer carried by the end

- sleeve for measuring the position of said end walls

40

- the casing,

:

What I claim as new and desire to secure by_;'

Letters Patent of the United States is:
1. Apparatus for measuring the position of a
~ movable member in a sealed casing comprising

50

8 tube attached at one end to the outer surface -

of the casing, a rod connected at one end to

the movable member and projecting out through -

the casing into said tube, a magnet member fixed

on the rod within the tube, a tubular body mem-

~ ber, a magnet member pivotally mounted on the

body member, a reference scale carried by the

body member, an indicating needle carried by the
second named magnet member which moves over
sald scale, a tubular sleeve on which said tubu-

lar body member is slidably mounted, said sleeve -
being adapted to be positioned on said tube,
~ and a micrometer carried by the tubular body

membper for measuring the position of the body

member. with respect to the sleeve when said

magnet members are in alignment ‘whereby de-
~ flection of the movable member may. be meas-

- ured by comparing successive measurements of
the position of said first named magnet mem-

60

65

70

- 4, Apparatus

‘being adapted to be positioned on
- Micrometer carried by the end wall .
- member with its rod directed toward and adapted
55

;alignment, and means

with respect to each other., S |
baratus for measuring the position of a
movable member in a sealed casing comprising g
tube attached at one end to the outer surface of
2 rod connected at one end to the
movable member and projecting out through the
casing into said tube, a magnet member fixed on
the rod within the tube, a tubular body member
open at one end and having an end ‘wall closing
‘the other end, a magnet member bivotally mount-
ed on said body member to Swing on an axis
transverse to the body member, a sleeve within
the body member on which the body member is
slidably mounted, said sleeve having an end wall
adjacent the end wall of said body member and
the tube, a

to engage the end wall of said sleeve for measur- '

.ing the position of said end walls with respect -
‘%o each other when the magnet members are in..
_ ; carried by thé body mem-~
~ber for indicating when the magnets are in align-
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