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This invention relates to chambers for Con 
taining liquid such as expansion chambers com 
monly Used on the top of bushing insulators, and 
has for One of its objects the provision of a de 

5 Vice of the class named in which the surface 
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lewel of the liquid within the chamber may be 
readily Observed and in which the glass Wall of 
the chamber will not be injured by differential 
xpansion and contraction of the metal and glass partS. 

A. further object is to prowide a chamber for 
containing liquid having tight; joints which will 
prewent leakage of the contained liquid. 

A. further object is to provide a, device of the 
class named which shall be of improved con 
struction and operation. 
Other objects and advantages will appear from 

the following description. 
The invention is exemplified by the combina 

tion and arrangement of parts shown in the ac 
Companying drawings and described in the fol 
lowing Specification, and it is more particularly 
pointed out in the appended claims. 
1n the dra Wings: 
Fig. 1 is an elevation with parts in section 

showing an expansion chamber for a bushing in 
Sulator having one form of the present inven 
tion. applied thereto. 

Figs. 2 and 3 are fragmentary sections showing 
modifications of the invention. 

Fig. 4 is a view similar to Fig. 1 showing a fur 
ther modification. 

FigS. 5 and 6 are fragmentary sections show 
ing other modifications. 

Fig. 7 is a section online 7–7 of Fig. 6. 
Figs. 8, 9, 10 and 11 are fragmentary vertical 

Sections showing other modifications. 
Fig. 12 is a section online i 2–2 of Fig. 11. 
In bushings, particularly those composed of 

an Outer Shell and a Series of insulating bafiles, 
it is common practice to fill the interwening space 
between the shell and bafiles with insulating oil 
Or COmpOund. This filling is desirable in Order 
that electrical discharge will not take place over 
the bafiles inside of the outer insulating shells 
and cause the bushing to burst. In general, the 
flashover voltage is much, lower ower the bafilies 
than over the outside shell. It is therefore nec 
eSSary either to Subject the bushing to internal 
air Or gaS pressure Cr to fill the interior of the 
bushing with an insulating medium which has a 
higher dielectric strength than air. It is general 
practice to use an insulating oil or compound 
for this purposebut Where insulating oils or thin 
compounds are used, these may leak from the 

i glaSS. 

(Cl. 220–82) 
bushings and some means of insuring that the 
bushings are properly filled at all times is ad 
visable. A common method is to provide the 
bushing with an expansion chamber Which Will 
provide for variations in the volume of the com- 5 
pQund used to fill the interwening Space be 
tWeen the Outer Shell and insulating bafileS O 
Conductor rod. * 

It has been common practice to use glass cyl 
inders for the side walls of the expansion cham- 10 
ber. Where the bu?ShingS are large, the inter 
Vening Space betWeen the Outer Shell and the 
insulating bafiles may be wery considerable and 
since most of the filling Compounds, Such aS 
transformer oil, have a rather large volumetric 15 
?xpansion for changes in temperature, it is neces 
sary to prowide wery large expansion chambers. 
Where the g?aSS Fmembers are large, the longi 
tudinal Or transVerse Floyerneht betWeen the 
gage glass and the metal members terminating 20 
the ends of the gage glass may be Such as to 
break the seal or to cause failure of the glass 
member. 
With the improved type of construction, the 

i stress upon the gage glass or upon the gaskets 25 
holding it is reduced to a minimum and tight 
ness is maintained for the differential longitudi 
nal movement which may tend to loosen the 
joints or set up an undue stress upon the gage 

30 
Fig. 1 shows one form of the invention in which 

the gage glass { forms a tight compartment 
with a lower flange i i and an. upper fange 2. 
In order to provide a tight connection betWeen 
the gage glass 3 and the flanges ! i and 2 while 35 
permitting the flanges to expand and contract 
relative to the glass in a radial direction, the 
gage glass has a thin metal flange 3 soldered 
or welded to it by any convenient method, Such 
as the weli known hydrogen process. Where the 40 
member 3 is scldered to the glass, the gla SS is 
first prepared with a gold, platinum or Silver 
coating, by methods well kinowi to those fa 
miliar with the art. The member 3 forms a 
diaphragm, or dam bridging the Space between 45 
the side glass 5 and the bottom member i . 
The member 3 may be fastemed either inside 

or: outside the glass as desired. In general, hoW 
ever, Where the linear coefficient of expansion 
for changes in temperature of the flange 3 is 50 
greater thain that of glass, it is preferable to 
fasten this material to the Outside of the glaSS SO 
that it Will tend to contract Onto the glaSS. By 
making the material thin, it is possible to reduce 
any stress due to differential expansion and COn- 55 



15 

20 

30 

40 

50 

5 5 

60 

75 

2. 
traction to a walue Which will not cause damage 
to the gage giaSS. This flange may be rimade of 
any Suitable material or may be made of ma 
terial which has approximately the same linear 
coefficient of expansion as the glaSS itself. 
The member 3 must provide for the trans 

werse movement and also for any longitudinal 
movement if stress or strain upom the gage glaSS 
is to be relieved materially. This is readily 
brought about by using a thin member and by 
placing in it corrugations 4. The inner edge of 
the metallic flange 3 is held beneath the loWer 
edge of a cylindrical compression or Strut mern 
ber 5. This member may be made up in a Single 
piece or in a series of pieces. If imade up of 
relatively thin material, it may have fianges Spun 
or formed on its ends, as shown in Fig. 2, which 
provides a certain amount of resiliency. By using 
a longitudihaly split piece 5, it is also possible 
to slip the two adjacent edges formed by the Slit, 
past each other to permit insertion inside of the 
projecting edge 6 of the piece 3. 

In the construction si?own in Fig. 2 the sleeve 
20 bears upon the inner edge of the thin metallic 
member 2. A. gasket 22 is placed below the 
member 2 i and the gasket 22 may be integral 
with a gasket, 23 extending beneath the glaSS 
cylinder 24, or the gasket 22 may be a separate 
member. The gasket 28 is used to cushion the 
glass and hold the parts together and should be 
of Such resiliency as to permit the FleceSSary 
movement between the termina? flange 23 and 
the gage glass 24. Pressure ho?ding the parts 
together and insuring bearing between the meln 
ber 20, gaskets 22 and 2: and end plates 25 and 
26 is produced by tension on the longitudinally 
resilient member 28. The construction at the 
upper end of the cylinder 24 is simila? to that 
at the lowerend. It is adwisable, howewer, to lSe 
a blind nut 29, together with a gasket 38, to in 
sure tightness where the member 28 passes 
through the upper filange 26. This arrangement 
insures tightness and, at the Same time, relieveS 
the stress due to differential expansion Or COn 
traction between metal and glass. Provision is 
also made for limiting or eliminating the longi 
tudinal stress as well as the radia? StreSS upon 
the gage glass, regardless of the pressure placed 
upon the tightening gaskets. This construction 
permits of the use of a gage glass of maximum 
size. If desired, the gasket 22 may be replaced 
by a soldered joint if suficient resiliency is pro 
wided in the washer 23 between the end of the 
glass and the end shield 25. 

In the construction shown in Fig. 3, the gage 
glass 39 has a sheet metal channel piece 32 Sol 
dered, welded or amalgamated to it. The Outer 
edge of this channel piece is soldered to an end 
p?ate 33 at the point 34. If desired, the Space 
35 may be filled with a soft gasket which Will 
tend to prewent accumulated movement due to 
differential expansion. The member 32 may be 
made in various forms and, if desired, the Sol 
dered edge may be inside of the glass member 3 
with attachment to the glass Cn either the inside 
or: outside surface or to both if desired, as shown 
in Fig. 3. 
The clamping cage or sleeve may be placed out 

side of the glass cylinder, as shown in Fig. 4. in. 
which the glass 39 is prowided with a thin metal 
member 4 SOldered Or Welded to the gla SS Imern 
b6r. This member iS nade in Süch a form that 
it Will have Some resiliency between the point of 
ättachment to the glass and the bearing face 42 
under the clamping cage or sleeve 43. The clamp 

1,999,271 
ing sleeve Or cage 43 presses upon the Outer edge 
of the thin member 8 i Soldered to the glass 40 
and compresses the member 4: upon a gasket 44 
between the member 4 and the end flange 45, 
thereby insuring a tight joint between the inside 
of the glass and the end flage 45. The upper 
portion of the chambermay be arranged the Same 

| as the lower portion or it may be wented to the 
aii” if desired, but it is hecessary to prowide clamp 
ing means So that the nenber 27 will tend to Seal 
the joint at the lower end of the chanber. In 
Order to be abie to indicate the Oil lewel, the mem 
ber 43 is provided With Windows which will pref 
erably have rounded edges and Will be of Such 
Shape that they will not cause electrical discharge. 
Where a central clamping means is used, the 
metal Of the expansion Chamber of this type may 
;e nade of pressed or spunsheet material. With 
this class of construction, the conductor rod 46 
is prowided with a weather cap 4 and a spring 
member 48 which bears On the Ulpper plate 49. 
By placing the Spring 48 in a recessed pocket, the 
oyer-all height of the bushing is reduced and Suff 
cient resiliency may be developed so. that any 
extension of the center rod will not loosen the 
joints. * w 

Where the end flangesare soldered to the glass 
forming the walls of the expansion chamber, a 
yery different class of construction may be used 
from that Where it is nieceSSary to n?intain a Very 
considerable pressure in Order to insure tightness 
for the gaskets. 
An arrangement of this kind is shown in Fig. 

5 in Which a portion if not all of the Side Walls 
of the expansion chamber are formed by a gage 
glass 58. The glass is preferably formed with a 
metalized Surface 5 which may be readily Sol 
dered Of bOnded. Under SOme ConditionS the end? 
shields, 52 and 3 may be welded or amalgamated 
directly to the glass forming a tight chamber. 
Where the glass has previously been prepared for 
Soldering, it Will be comparatively Simpleto Solder 
the metal end pieces directly to the p?ated glass 
Surface, thereby forming a tight Seal. With this 
arrangement it is possible to use Very thin metal 
end Sections having a straight or corrugated sur 
face as the end Shields need Support Oh?y the 
Weight Of the glass and the contained fluid. 
This arrangement prowides a very cheap and 

eficient expansion chamber. If desired, the end 
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Shields may be extended SO, as to cover the Outer 
surface of the glass, windows being provided to 
disclose the liquid lewel. If desired, only the 
lower joint, 5, between the end plate and glass, 
need be Soldered Or amalgamated; the uppe: 
plate being removable. If the upper plate is pro 
vided with a thin gasket and the gl?SS. Or metal 
tapered, the end plate may be forced over the 
glass particular?y if the end plate is heated, which 
will usually insure a tight; joint. This construc 
tion is shown in Figs. 6 and 7 in which the gasket 
54 forms a seal between the end plate 55 and the 
glass cylinder 56. The glass, if desired, may be 
tapered orthe endrounded inany convenient way 
so asto permit the metal end shield to be readily 
slipped into position. Increased resiliency may 
be provided for this arrangement by longitudinal 
futes or crimping in the side wall or flange of 
the end plate 55, as shown in Fig. 7. Where the 
gasket is well coated with an oil proof paint or 
warnish, an efficient joint may be formed by sim 
ply forcing the upper plate into position. As the 
metal is light and will yield readily, there will 
be little tendency to break the joint fotnned by 
the gasket and glaSS or to set up a high stress 
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due to the differential expansion of the metal 
forming the end plate and the glass. 
In the construction shown in Fig. 8 the glass 

cylinder 58 is held at the ends by the gaskets 59 
and 63 between end plates Or flanges 6 i and 62. 
The end plates may be clamped in any convenient 
way, One preferable method being that shown 
where a resilient rod 63 is used to applytheneces 
sary pressure. This rod may be provided with a 
Shoulder Or flange 64 SO that in case the glass is 
broken the metal parts may be held in approxi 
nate position. The rod may be So CChStructed 
that theupper end will bottom in the head of the 
nut 65 at a predetermined tension On the rod. 
This will limit the maximum stress that may be 
placed UpOn the g?aSS Cylinder 53 and thus tend 
to prewent damage. The resiliency provided by 
the member 83 Will insuretight gaskets 59 and 68 
at all times. A. gasket 68 is provided under the 
nut 65 sothat a tight chamber is prowided for all 
conditions. While the resilient rod 5:3 will provide 
for any differential longitudinal expansion Ol: 
contraction, differential radial expansian or con 
traction is not provided for by this rod. Most end 
flanges are ma de Of non-imagnetic material im 
Order to reduce eddy Current losses. Most na 
terials of this kind have a relatively high linear 
coefficient of expansion for changes in tempera 
ture Compared to the gl?SS. IX Order to reduce 
the stress and tendency formowement on the gas 
kets forming the Seal, it is highly adwisable that 
the end flanges and the gl?SS tend to move at 
the same rate for changes in temperature. One 
construction which makes this possible is shown 
in Fig. 8. The lower flange 6 is so constructed 
that it will not b? t00 rigid in a radial direction. 
By applying a band 6 having a lower linear co 
eficient of expansion for changes in temperature 
than the glaSS, it is possible to form a combina 
tion with the metal of the flange, Such that the 
lmowement due to temperature changes can be 
controlled. The size of the temperature compen 
sating band 6 will depend upon the construction 
and the effective areas as Well aS On the linear 
coefficients of expansion and rigidity of the wa 
rious materials Used. One material that may be 
used for the band 67 is invar, a well known nickel 
steel alloy having a low coefficient of expansion. 

In SOme cases the danger of leakage at the gas 
ket 69 may be rather Small. Where a rather soft 
gasket Or One Which will permit of Small radial 
novement can be Used, it is possible that the Com 
pensating ring may be omitted. This is particu 
larly true if the metal Section is very light. The 
flange plates may be provided with grooves 69 
and 70 or nade in any other convenient form 
which will reduce the radial stiffness, thus per 
mitting a Smaller Section for the compensating 
band 6. 
In the construction shown in Fig. 9, the com 

pensating band 7 i is placed on the inside of the 
gl?SS cylinder 2. The Upper flange and the lower 
flange may be made up in the same Way if desired 
and the parts may be held together by a central 
clamping System with a spring. These types of 
construction are particularly applicabie Where 
the cylinders are Of large diameter. 
AnOther arrangement Which has material ad 

Wantages is that Shown in Fig. 10. The end 
flange 3 ismade of pressed metal Such as copper, 
br?SS Or a?unin Uni. A loW Coefficient compensat 
ing ring 74 is placed inside the up-turned lip 75 
On the end fange, the Seal being effected by a 
gasket 76. The ring 74 and end flange 15 may 
be forced together With the necessary pressure or 

3 
by assembling at the proper temperature a. com 
binatior Will be obtained which Will Stay tight 
throughout the working range. Ef desired, the 
member 4 maybe Soldered, galvanized or welded 
to the end mehber Which Will insure a tight; joint 
at all times. With this combination it is pos 
sible to use glass of Very large diameter Without 
setting up excessive stresses due to differential 
expansion. Where thin end members are used, 
these Hay ha We Circulinferential corrugationS O? 
groOVes i which will increase the resiliency in 
both a longitudinal and radial direction. By pro 
Viding Sufficient resiliency in these meinbers they 
may be used for raintaining a tight joint be 
tWeen gaskets and g?ass at all times throughout 
the Working range of temperatures Or, if desired, 
a resilient clamping System may be used which 
Will provide for greater latitude, 
Another form for reducing the strain due to 

different linear Coefficients of expansion between 
the glass and end flanges is shown in Fig. 11 in 
which end flageS 8 and 9 may be nade Of 
either pressed metal or cast material as de 
sired. These may be clamped together by re 
Silient memberS 86 Which may be p?aced. either 
inside or ouside the glass chamber 33, or the 
g?a SS may b? fluted as Shown in Fig. 12, 
With this arraíngement a, radial movement in 

ward oroutWard of the glass 8 i Will tend to Set up 
a bending moment in the fluted Walls. A slight 
Strain due to this bending moment Will permit Of 
considerable radial movement, therefore the Con 
struction Will greatly reduce the stress, tending to 
cause movement between the cylinder 8 i and the 
end shields 78 and 79. The clamping members89 
may be placed inside the flutes, or outside, or both 
inside and Outside. If located. On the Outside, 
they may be used as a guard or protection to pre 
went mechanical damage or to prewent damage 
from a power arc following flashover. 

I claim: 
1. A. sight glass for a liquid containing vessel 

and a thin metal diaphragm. having one portion 
thereof Sealed to said glass and another portion 
thereof Sealed to Said Wessel to form a tight; joint 
between said glass and Said vessel While permit 
ing relative Inoverient Of Said glass and vessel. 
2. A. sight glass for a liquid Containing Wessel 

having a metal coating On a portion of the Sur 
face thereof, a thin metal diaphragm having a 
portion thereof Sealed to Said metal coating, and 
another portion thereof Sealed to said vessel, Said 
diaphragm forming animperforate Connection be 
tween said glass and vessel to form a liquid tight 
joint, and having a yielding portion interposed i 
betWeen Said glass and Vessel to permit relative 
InOVerment Of Said gl?SS and WeSSel. 

3. A Wessel for containing liquid comprising a, 
glass Side Wall enclosing a chamber, a metallic 
coating on a portion of the Surface of Said side 
Wall, top and bottom members for Said Chamber, 
and a thin metal diaphragm hawing one portion 
thereof Sealed to the metallic Coating On Said Side 
wall and having another portion thereof Sealed 
to the bottom. Of Said Chamber and havinga, yield 
ing portion forming a liquid tight; joint between 
Said Side Wall and bottom and permitting relative 
movement between Said Side Wall and bottom. 

4. A vessel for containing liquid comprising a 
gl?SS Side Wall, a metallic Coating On a portion Of 7 
the Surface of Said Side Wall, and a resilient bot 
tom member for said vessel, said bottom member 
being Sealed to the metallic coating On Said Side 
wall to form a liquid tight joint therewith and 
being suficiently resilient to compensate for dif 

35 

15 

20 

2 35 

40 

}{} 

5 3 

60 



5 

4. 
ferential expansion and contraction of Said Side 
Wall and bottom due to temperature changeS ?0 
aS to a Void i jury to Said Side Wall. 

5. A Wessel for containing liquid comprising top 
and bottom FinenberS, a Spacer interposed be 
tween Said top and bottom members, a Sight glaSS 
interposed betweein Said top and bottom mern 
bers, a diaphragm. having a portion thereof Sealed 
to Said Sight glass and another portion held in 
liquid tight Connection With Said bottom member 
by Said Spacer, Said diaphragm forming 3. liquid 
tight; joint between Said; botto Enenber and Said 
Sight glass and having a yielding portion con 
necting Said sight glass and Said bottom member 
for permitting relative movement of Said g?ass 
and Said bottom member due to temperature 
changes. 
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6. Avessel for containing liquid comprising side 

and bottom portions, a portion of Said Wesselbe 
ing formed of Witreous material and an adjacent 
portion of metal, and a flexible diaphragm con 
necting Said metal and witreous portions and 
forming a liquid tight joint between Said portions 
while permitting relative movement thereof. 

7. A Wessel for Containing lic{U}id Comprising 
bottom and Sidewalls, a sight glass communicat 
ing with the interior of Said vessel, and a thin 
metal diaphragm having One portion thereof 
Sealed to Said Sight glass and another portion 
thereof Sealed to Said Wessel to form a tight; joint | 
between Said gl?SS and Said WeSSel While permit 
ting relative movement of Said glass and Wessel. 
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