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Patented Dec. 8, 1953 2,662,138 

UNITED STATES PATENT OFFICE 
2,662,138 

CIRCUIT INTERRUPTER HOUSING 
Sigurd . indel, Chicago, and Charles H. Baker, 
Maywood, Ill., assignors to S & C Electric Com 
pany, Chicago, Ill, a corporation of Delaware 
Application March 30, 1951, Serial No. 218,448 

9 Claims. 

This invention relates, generally, to circuit in 
terrupters, and it has particular relation to hous 
ings for high voltage circuit interrugters. It coin 
stitutes an improvement over the circuit inter 
ruptel housings disclosed in application Serial 
No. 273,633, filed February 27, 1952; and in ap 
lication Serial No. 96,034, filed May 28, 1949, 

nowy Patent No. 2,599,787, granted June 3, 1952, 
all assigned to the assignee of this application. 
The tubular housings for the circuit inter 

ripters shown in these applications are subjected 
to relatively high open circuit voltages after an 
arc has been drawin theirein aiad extinguished. 
Where the normal frequency voltage in pressed 
across the tubulair housing is of the order of sev 
eral thousand volts, for exainpe 69 kV., and 
where the normal frequency voltage may be ex 
ceeded to a great extent by transient voltages 
arising from various sources, difficulty has been 
encountered particularly in high current capac 
ity interrupters employing high strength liners 
within the insulating housing in Inaking certain 
that any reignition or restriking of the are Will 
take place only in the bore Whe'e it is originally 
diaWii arti extinguished asai where it can be Sub 
jected to the arc 8xtinguishing action of a gas or 
water vapor evolving medium such as boric acid 
O. :nagigsilli borate. 
In constructing the circuit interrupter housings 

ist, thentioned there is engloyed an Outer tube 
that is weather resisting, has little tendency to 
er:iii, leakage paths over its external Surface, 

has good dielectric gualities, and is capable of 
withstanding severe dielectric stresses. However, 
this outer tube nechanically is relatively weak 
and unable inder all operating conditions to 
withstand the high internal pressures and other 
techanical forces that are incident to the op 
3ration of high current circuit interrupters. The 
naterials preferably used for rinaking these outer 
tubes are rolled laminated paper tubes impreg 

th phenolic condensation produets, 
in alarine resins, porcelain, etc. 

It order to furnish the necessary arc extin 
glishing characteristias there is provided Within 
Such 3, the a laterial which is capable of evoly 
ing a large quantity of Water vapor or other arc 
estinguishing gas when subjected to the heat of 
the ai'c. Sole in atterials which are satisfactory 
for this purpose are boric acid and magnesium 
bai'ate, these being granular in character, and 
2£i'il flie or vulcanized fibre either in tubular 
Self-Sustaining forgin or 8s a stack of rings. These 

telials are arranged to provide a bore within 
all the aic is diawn and extinguished. Where 
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it is desired to increase the resistance of the outer 
tube formed of the materials above noted to 
internal pressure, a liner in the form of a vul 
canized fibre tube or other tough material is lo 
cated within the former and the solid arc ex 
tinguishing material, such as boric acid, is posi 
tioned therein. 
As set forth in application Serial No. 273,633, 

the granular Solid are extinguishing naterial is 
Compacted into a grooved inner Surface of the 
tubular housing or into such a surface of the 
fibre liner. The purpose of this is to increase 
he Creepage and striking distance over the outer 
Surface of the filling of Solid arc extinguishing 
n2terial at the junction between it and the ad 
jacent surface of the housing and to insure that 
the arc will not restrike here. When a liner of 
fibre or other material of suitable physical prop 
erties is employed to provide the desired resist 
ance to internal pressure, difficulty has been en 
Countered in producing a solid honogeneous 
outer housing Wall and satisfactory bonding be 
tween it and the fibre lined to prevent reigni 
tion or restriking of the arc along the junction 
therebetween or through longitudinal voids in 
the tubular housing itself. This has been par 
ticularly true where the wall thickness of the 
laminated tube formed of rolled paper and phe 
nolic Condensation product has a thickness above 
% inch, for example % inch to 5% inch, and where 
the thickness of the fibre liner is about A inch. 

For the reasons pointed out in application Se 
rial No. 273,638, the fibre liner has a length about 
equal to half that of the tubular housing and is 
located midway between its ends. For certain 
Voltages a tube length of over four feet is required 
With an external diameter of three inches. Such 
tubes were made by rolling paper impregnated 
With phenolic resin layer on layer onto a fibre 
liner under pressure and then baking in an oven 
to cure the resin. For the Wall thickness required 
it was found impractical to follow this grOce 
dule. Due to the resiliency of the liner uniforn 
pressure could not be maintained during the 
manufacturing process. As a result there was a 
tendency for the tube to delaminate and the 
juinction with the fibre line was unSatisfactory. 
Cas or air pockets were present in a high percent 
age of assemblies which caused the dielectric 
structure to be non-uniform and provided a path 
Where breakdown could occur under severe OWei 
Voltage conditions rather than restriking through 
the bore where the arc could be extinguished 
readily. These difficulties neceSSitated elaborate test procedures in manufacturing accompanie 
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by a high percentage of rejections in providing 
the desired composite tubular housing. 

Accordingly, among the ciejects of this inven 
tion are: To provide for (ianufacturing a corn 
posite insulating tube for use in high voltage cir 
cuit interrupte: applications where the junction. 
between dissimiliar insulating materials Will have 
a dielectric strength substantially greater than 
that of the straight air path along the boundary 
surfaces between these inaterials or equal to or 
greater than the break down Strength between 
the ends of the tube; to construct the tubular 
housing by rolling paper impregnated with phe 
nolic resin to the desired thickneSS and Culing the 
same without creating voids therein or having it 
delaminate; to prefabricate a liner and a housing 
therefor separately in a new and inp'OWei Gar 
ner so that, when assembled into a unitary struc 
ture, each can have desired characteristics differ 
ent from those of the other Without in pairnent 
of any of then; and to prefabricate a tubular 
liner which is relatively tough and mechanicaily 
strong and has arc extinguishing properties and 
to prefabricate Separately a tubular housing 
therefoi" which has relatively good Weather re 
sisting qualities and 'elatively high dielectric 
strength and to a SSenable this liner and housing 
into a Unitary structure in Such nanner that 
these chalacteristics are unin paired With con 
figuration. Of the juxtaposed Susilaces being Such 
that the boundary Zone between the liner and 
housing has a, Substantially greater dielectric 
strength than the Straight air path along adja 
cent portions of the line and housing. 
Other objects of this invention will, in part, be 

obvious and in part appear hereinafter. 
This invention is disclosed in the embodiments 

thereof shown in the accoralpanying drawings 
and it comprises the features of construction, 
combination of eleinents and arrangement of 
parts which Will be exeimplified in the construc 
tions hereinafter set forth and the scope of the 
application of which will be indicated in the 
appended claims. 

For a more coiniplete understanding of the 
nature and scope of this invention, reference may 
be had to the following detailed description, taken 
together with the accompanying drawings, in 
Which: 

Figures 1A, 1B aind 10, taken together in the 
Order narned and placed one above the other, 
Show a longitudinal cross secticinal view of a fuse 
type of circuit interrupter in which this invention 
is embodied; 

Figure 2 is a longitudinal sectionai view at an 
enlarged scale of the tubular insulating housing 
shown in the preceding figures; 

Figure 3 is a longitudinal Sectional view of the 
fibre liner for the tubular insulating housing 
shown in Figure 2; and 

Figure 4 is a longitudiia Sectional vicw of a 
circuit interrupter of the separable contact type 
in which the present, invention is erodied. 

Referring now particularly to Figures 1A, 1B 
and 1C of the drawings, it will be observed that 
the reference character i3 designates, generally, 
a circuit interrupter for use on high voltage elec 
tric power transinission lines. For example, the 
circuit interrupter 3 can be employed on circuits 
the voltage of which is of the order of 69 kW, to 
110 kV. However, its application is not inited 
to these particular voltages. 
The circuit, interrupter C has an upper ter. 

minal and a lower terminal 2 which are 
arranged to be connected Suitably to stationary 
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4 
line terminals. The lower terminal f2 has an 
Xtension 3 for facilitating mounting of a re 

In Ovable fitting thereon. 
he terrainals i ; and 2 are located at the ends 

of a, tubular insulating housing it which may be 
for led of roiled paper iii pregnated with inei 
anaine resin or of a phenolic condensation prod 
luct, the latter being preferred. Such a housing 
has tie characteristics referred to hereinbefore 
buit, as indicated, is relatively weak nechanically 
iISCfair as concerns its ability to resist the burst 
ing StreSS incident to the operation of the circuit 
interrupter under haavy or short circuit current 
interrupting condition S. in orate to withstand 
the bursting stress incident, to such operatic; 
there is provided a line 5 which is formed of 
hoin. iiiore or Vulcanized fibre. As illustrated, the 
liner 3 is located midway between the ends of 
the tubular iStilating housing 4 and its length 
is about equal to one-half the length thereof. 

For the reasons outlined in application Serial 
No. 273638, tile ii'e line 5 is threaded inter 
inally as indicated 2t 3 for the purpose of receiv 
ing a filling in the form of cakes of boric acid. 
This granular are extinguishing raterial, which 
evolves a large qui3ntity of water vapoi when sub 
jected to the heat of the arc, is compacted into 
the grooved Sl: face provided by the threads 15 
So as to be held mechanically tihereby and to 
jirovide a junctio;3 with the fibre liner 5 so that 
Yio breakdown thereal cag takes place when the 
Circuit interrupter is is subjected to severe over 
Voltage condition.S. he filling 7 of arc extin 
guishing material is arranged to have a bore 3 
extending longitudinally therethrough in which 
& "Od-like tertainal or arcing rod 9 is arranged 
to move. 
The tel's hinai. 3 is restrained against move 

ment upwardly through the bore 8 by a strain 
Wire 22 which is paralleled by a fusible element 
2S. They are connected at their lower ends to 
a terminal 26, which is carried by a spider 25. 
The Spider 25 bears against a shoulder 25 of a 
tubula, terminal 2 the upper end 2 g of which 
is threaded into the lower end of the fibre liner 
E5 and bears against an exhaust ring 23 formed 
of Siitable irisulation Such as fibre. Under severe 
Operating conditions when the fusible element, 
23 and Strain wire 22 are blown, the spider 25 
may be bic Win out of the lower end of the insulat 
iiag housing it. Extending dog inwardly from the 
tubula: terminal 37 is a ?incetalic tube or stress 
distribution shield 33 the function of which is 
Set forth in application Serial No. 273,638. At 
its lower end the Rietalic tube 38 is secured to 
a retaining meinber 8 which in turn is secured, 
as shown in Figure 13, to the lower termi 
a 2. 
At its Lipper end the rod-like terminal 3 has 

a cylindrica Contact section 33 which is en 
gaged about its periphery by contact fingers 34 
that are urged into contact engagement by a 
SU''OLIrising gate skiing 35, The contact 
finger's 34 extend upwardly froy a tubular termi. 
lial 33 the lower end 35 of which is threaded into 
the upper end of the fibre lines S. Secured to 
and extending upwardly froin the tubular termi. 
nal 35 is a metailic tube or stress distribution 

33 fli:iction is; similar to that of 
the metallic tube or stress distribution shield 
33 at the lower end of the tubular iSLating 
housing 4. At its upper end the rhetallic tube 
38 is connected, as shown in Figure A, to the 
upper terminal . 
The rod-like terminal 9 is provided with an 
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xtension 39 above the cylindrical contact. Seer 
tion 33 to the upper ehti of which one end of 
a f:exible conductor 40 is connected. The other 
end of the flexible conductor 43 is connected by 
a conducting strap f to the tubular terminal 
33 as showin at the top of Figure 18, The pur 
icse of the flexible conductor 49 and conducting 
Straig Si is to provide a metallic conducting path 
etween the extension 39 of the rod-like termi 

inal S and the tubular terminal 3 after the 
cylindrical Contact section 33 moves out of en 
gagement, with the contact fingers 33. The fiexi 
ble conductor 63 is trained over a pulley 43 
which is carried by a yoke 43 that is supported 
by an end ring 44 carried by the upper end of 
a compression tube A5. The compression tube 
& 5 is siidably ringuinted in the upper end of the 
letallic tube 33 and is urged upwardly by a 

coil congression spring 45 for the purpose of 
retracting the rod-like terminal 3 through the 
bore 3 in the filling is of Solid are extinguish 
ing raterial when the strain wire 23 and the 
fusible element 23 have been melted as a result 
of the flow therethrough of overload or short 
circuit current. 
As pointed out hereinbefore, difficulty has been 

encountered in fabricating the tubular insulat 
iing housing 4 with the fibre liner is therein. 
An in perfect, bond at the junction therebetween 
was cottained in a high percentage of the nanu 
fact aired assemblies and there was a tendency for 
cigarhination of the layers of impregated paper 
When 'ollied under pressure to make up the tubu 
ai' insulating housing it due to the resiliency 
of the liner onto which the laminated tube was 
irolas. As a result, there were ninerous in 
Stances C; Voltage breakdown in thanufacturing 
tests between the fibre liner 5 and the thuilar 
insulating housing is at the junction therebe 
tWeen or along adjacent layers of the irnyi'sg 
ilated paper making up the housing . 

in accordance with the present invention as 
illustrated in Figure 2, these difficulties are over 
coine by fabricating separately the tubular in 
sulating housing 4 of a phenolic conde:nsation 
grodutt, his nakes it, goSSiole to provide the 
desired waii thickness by winding the layers of 
ingregnated page onto a rigid steei mandrel 
which extends throughout the entire length of 
the finished housing A. Thereafter it is cured 
to polynerize the resin and to fix the insulating 
aid other desirable characteristics as may be 
desired. The housing is then is provided with 
an intel'inally annularly or circuiferentially 
grooved surface as indicated at 56 preferably by 
cutting a thread therein. For example, in the 
particular embodinnent illustrated where the out 
Side diameter of the housing A is two and 3 
inches the thread is a One and 3A inches-8 Cass 
rt i thread. 
As illustrated nore clearly in Figure 3 the line 

E3 is provided with an externally annularly or 
circuiferentially grooved surface 5 which is 
i?orined by cutting a like thread on its outer sur 
face. Also prior to assembly of the fibre liner 
3 in the housing 4 the internal threads 6 are 

cat. She end Sections 54 and 55 of the threads 
! 3 gay be cut to a slightly greater pitch diameter 
£or receiving the tubular terminals 22 and 3. 
further there is provided an in threaded Section 
SS for receiving the exhaust ring 29. 
While the fibre liner 5 constructed as shown 

in Figure 3 can be threaded into the grooved 
surface 59 of the housing 4 without applying 
anything to the grooved surfaces, it is preferable 
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6 
to apply thereto an adhesive coating. For this 
purpose the grooved surface 53 has an adhesive 
Coating, as indicated at 5, applied thereto and 
likewise an adhesive coating as indicated at 58 
is applied to the grooved surface 5 of the fibre 
liner 5. This adhesive is formed preferably of 
Water soluble urea resin which poiyanerizes with 
Qut. Substantial change in volume, in Yiediately 
after the application of the adhesive coatings 51 
and 53 to the grooved surfaces 53 and Sf, the 
fibre liner it is threaded into the insulating 
housing 4 so as to provide the conposite tubular 
Construction illustrated in Figure 13. There 
aiter the composite housing is baked to hasten 
poly Finerization of the adhesive. 
By engloying the interfitting annularly grooved 

Surfaces 58 and 5 the creepage and striking dis 
tance over the fibre liner 5 is substantially in 
Creased. For example, it may be increased as 
much as 50% to 100% over the original creep 
age Ol' Striking distance. The adhesive coatings 
57 and 53 fill any voids winich night otherwise 
exist along the boundary between the grooved 
Surfaces and bonds the two inenbel's into an in 
tegrai structure. After being baked tests have 
ShoWn that the boundary between the grooved 
Surfaces 53 and 5 has a dielectric strength equal 
to air of twice the linear distance along the 
boundary of the adjacent in atterials setween their 
ends. As indicated the threads forming the 
grooved surfaces 59 and is for the holising A 
and fibre liner 5 are fortined by matching 
threads. These threads can be inodified so that 
they have an interference fit and thus mechani 
cally provide for filling the spaces between ad 
jacent thi'eads when the fibre liner 5 is threaded 
into position under the required pressure. 
In Figure 4 of the drawings there is illustrated, 

generally at 60, a circuit interrupter of the sepa 
rable contact type. The circuit interrupter 65 
includes an upper line terminal 6 and a lower 
line terminal 62 in the form of a housing which 
is employed for enclosing an operating mecha 
nism that is indicated, generally, at 3. Between 
the line terminals 6 and 62 there is provided an 
insulating housing, shown generally at 84, which 
Comprises a Suitable ceramic material such as a 
tubular porcelain insulating housing 85 having 
therewithin and coextensive therewith a liner 
66 formed of vulcanized fibre or horn fiber. The 
porcelain housing 65 is provided with a grooved 
inner Surface 67 which is formed by cutting a 
thread therein prior to the curing of the hous 
ing 65. Likewise the outer surface of the fibre 
liner 66 is grooved as indicated at 68 by a suit 
able cutting tool. 

Prior to threading the fibre liner 3 into the 
porcelain housing 55, the former is enclosed in 
a sleeve 69 that is formed preferably of syn 
thetic rubber and has sufficient body to fill the 
Spaces between the threads in the grooved sur 
faces 67 and 68 when the fibre liner 66 is thread 
ed into the porcelain housing 65. in order to 
facilitate the entry of the fibre liner 63 with the 
Synthetic rubber sleeve & thereover, the outer 
Surface of the latter can be provided with a suit 
able lubricant such as talc or the like. 
At its lower end the fibre liner 36 is arranged 

to receive an extension 3 from the line terraina 
housing 62 and the Saime is provided with threads 

i to fix the same in position. The fibre liner 66 
has a bore 72 extending therethrough in which 
the arc is drawn and extinguished and through 
which a rod-like terminal 3 is movable by the 
Operating mechanism. 63. 
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At its upper end the rod-like terminal 73 has 
contact fingers 4 which engage a contact sleeve 
5 that is threaded at 76 into the upper end of the 

fibre liner 36. The contact sleeve 5 is threaded 
intermediate its ends at 77 for threaded engage 
inent with the line terminal 6 f at the end of the 
insulating housing 3. An insulating trailer 8 
is nowable With the rod-like terminal 63 into 
the bore 2 of the fibre liner 66 for the purpose of 
confining the are between its outer Surface and 
this bore When it is drawn between the contact 
fingers and the contact sleeve 5. 

Since certain further changes can be made in 
the foregoing constructions and different emi 
bodiments of the invention can be inade without 
departing fro: the Spirit and Scope thereof, it is 
intended that all in atter shown in the accom 
panying drawings and described hereinbefore 
Shall be interpreted as illustrative and not in a 
liniting Sense. 
What is claired as new is: 
1. In 2. high voltage circuit interrupter, in 

COIn)iiha Sion, ail insulating tube inaving a length 
Several times its diameter and having a threaded 
iinner S33 face over 2, length. Several times its di 
arieter, line terminals at the ends of said tube, a 
One-piece tubular Self-sustaining liner having a 
length. Several time3 its diameter and having a 
threaded outer surface threaded into said tube, 
the Space occupied by Said liner and said tube 
COextensive there with being free fron voids and 
no path being provided thereibetween along 
which current can flow or an arc is likely to be 
Struck, Stationary conducting means extending 
froii) each line terrinal into said tube for a sub 
Stantial distance with the inner end of each coin 
ducting Eleans projecting into the correspond 
ing end of Said iiier, and neains interconnecting 
Said COinducting leans for drawing an arc with 
in Said tube alii liner on operation of the inter 
rupter, the break distance between the terminals 
Of Said are drawing means in the circuit open 
position being less than the length of the juxta 
posed {{readed Surfaces of said tube and liner. 

2. in a high voltage circuit interrupter, in conn 
bination, an insulating tube having a length sev 
eral tiries its dia.ineter and having a threaded 
inner Surface over a length several times its diam 
eter, line terminals at the ends of Said tube, a one 
piece tubular Self-sustaining liner having a length 
Several times its diameter and having a threaded 
outer Surface threaded into said tube, the space 
Occupied by Said liner and said tube coextensive 
therewith being free from voids and no path being 
provided therebetween along which current can 
flow or an arc is likely to be struck, stationary 
Conducting Ineans extending from each line ter 
minal into Said tube for a substantial distance 
With the inne;" end of each conducting means 
projecting into the corresponding end of said 
liner, Said liner having an annularly grooved 
inner surface, a filling of arc extinguishing ima 
terial compacted into Said grooved inner Surface 
and having a bore from the surface of which an 
arc extinguishing reditain can be evolved due to 
the heat of the arc, and raeans interconnecting 
said conducting in eans for diaWing an arc with 
in said bore on operation of the interrupter, the 
break distance between the terminals of said arc 
drawing in eans in the circuit open position being 
eSS than the length of the juxtaposed threaded 
surfaces of Said tube and liner, said conducting 
means acting to distribute voltage stress applied 
to Said line terminals to prevent arcing therebe 
tween externally of said tube and applying the 
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voltage stress to the ends of Said juxtaposed 
threaded surfaces and the ends of he juxtaposed 
surfaces of said liner and said filling of arc ex 
tinguishing material whereby any a "c struck be 
tween said conducting aeais is for led and ex 
tinguished in Said bore. 

3. The investion, as set, foichii glaii. 1, where 
in the insulating tube is a jheroic coxadensation 
product and the liner is formeiofibre. 

4. The invention, as set fort: in chain , where 
in the insulating tuba is for; 3 of porcelain 
and the line is forized of fire. 

5. The invention, as get forth in claii. 1, wherer 
in a layer of insulating polyrrerized adhesive ina 
terial whose voluine 'ex323ins substantially 
COinStant after polyaerizatio; ) is interposed toe 
tWeen the juxtaposed thre3sist: Surfaces of the 
tube and liner. 

6. The invention, as set forti in clair: i, where 
in a layer of Waite soluble urea, resia is interposed 
between the juxtaposed threated Surfaces of the 
tube and liner. 

7. She invention, as get forth in claigh l, where 
in a layer of Synthetic rubile is interposed be-, 
tWeein the juxtaposed thread 3d Sifaces of the 
tribe and liner. 

8. in a high voltage circuit interrupte; 
hi:lation, an insulating tube having a liegt sev 
eral ties its diameter &nd having its inner 
Sulface inidway its ends threaded over a length 
egu & to half the eigth of the tube, line termi 
hals at the 2nds of Said tube, a one-piece tubula: 
Self-Sustaining iries eauai ix.) liength to half the 
length of Said tube and having a threaded outer 
Surface threaded into the threaded portion of said 

CO 

tube, the Space occupied by said inel aid said 
tube coextensive therewith eing Eree from voids 
and na 32th 22ing provide? therebetween along 
Which current can fio y or an at'e is likely to be 
struck, a station.&ry tigiitiial conductor g;tending 
froi Yi &ach line te:Inina; iii to said tube and into 
the corresponding end of sail liner, and means 
intercon2.ecting said tubular conductor's for draw 
iáng &Y) airc Withii. Said 3:38 2nd line or opera 
tion of the interrupter, the real distance be 
tween the terrainals of said arc drawing Yeans 
in tie circuit open pasition being le:S than the 
length of Said liner. 

9. in a high voltage circuit interrupter, in con 
bination, an insulating tube having a length sev 
eral tilizes its dia,3ter and having its initar sur 
fa£6 Yidway its ends thirsa desig &y 23ngth equal 
to half the length of tina tube, line terminals at 
the ends of said tube, a one-piece tubular self 
SU Staining liner eclial in length &g haif the length 
Of Said the and havi O8: Strface se 
threaded into the threaded portion of Saiti tube, 
the Space occupied by Said iner and said tube 
coextensive there with being free fioria voids and 
ino path baing provided therebety een along which 
Current can fioW or an arc is litely to be struck, 
a Stationary tubular coindictor extending frora 
ea?il line terrin2i into said tube and into the 
coi'i'eS2O:ading eid of Said liraet, sais iner having 
an an illiary grooved inner Stiface, a filiig of 
are extinguishing iniaterial congacted into said 
grooved inner Surface and having a, core frcra 
the Surface of which an arc extinguishing median 
can be evolved due to the heat of the are, and 
1:128:13 intercoinecting said tubular coriuctors 
for drawing &n al'c within said bore, said tubular 
conductor's acting to distribute voltage stress ap 
plied to said line terminals to prevent, arcing 
therebetween externally of said tube and apply 
ing the voltage stress to the ends of said juxta 
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posed threaded surfaces and the ends of the juxta 
posed Surfaces of said liner and said filling of arc 
extinguishing material whereby any arc struck 
between said conducting means is drawn and ex 
tinguished in said bore. 

SIGURD I. LIN)ELL. 
CHARLES H. BAKER. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Numbel' Nanne Date 
2,073,565 Ruppel ------------ Mar. 9, 1937 

0. 

Number 
2,309,013 
2,319.277 
2,325,416 
2,328,825 
2,567,236 
2,567,768 

O 
Name Date 

Rawlins et al. ------ Jan. 19, 1943 
Triplett ---------- May 18, 1943 
McMahon ---------. July 27, 1943 
McMahon ---------- Sept. 7, 1943 
Rawlins et al. ------ Sept. 11, 1951 
Fahnoe ---------- Sept. 11, 1951 


