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This invention relates to structures for mounting and 
supporting electron discharge tubes on the chassis or sup 
porting body of equipment units using such tubes, and 
more particularly to a mounting structure for individual 
power and gaseous discharge tubes of the higher current 
ratings, which permits ready application and removal 
of the tube, and provides the desired current conductivity, 
heat radiating, and shock-proof characteristics in a com 
pact arrangement requiring little space outside of the 
tube envelope. 

In the various applications and uses of certain types of 
electron discharge tubes, such as hot cathode gaseous dis 
charge tube conducting amperes of current, the conven 
tional pin base and socket mounting structure has certain 
limitations and disadvantages. Among other things, the 
amount of current to be conducted by the external con 
nections through the base and socket to the electrodes 
in the tube envelope of such tubes, more particularly the 
cathode and anode, together with the relatively high tem 
perature which such electrodes assume in normal opera 
tion, calls for a consistently low contact resistance be 
tween separable parts and an amount of heat dissipation 
difficult to obtain satisfactorily in the conventional base 
and socket type of tube mounting structure. For example, 
heat due to the current conducted and high electrode tem 
peratures is dissipated largely by conduction through the 
pins of the base into the socket; and unless these parts 
are properly designed and the socket appropriately Sup 
ported for the appropriate amount of heat dissipation, 
there is likely to be objectionable overheating of certain 
parts and a tube failure, due to softening of the basing 
cement, charring of insulation materials, or the like. 
Also, the contact resistance between the disengageable 
parts of the conventional base and socket tube mount 
may become high, due to inadequate spring pressure, cor 
rosion, or the like; and this not only affects the proper 
operation of the tube, but also tends to produce injurious 
overheating. Further, the conventional base and socket 
type of tube mount occupies considerable space between 
the tube envelope and its basic support, and tends to 
transmit shock and vibration from such basic support 
directly to the tube in a degree which in many instances 
requires special shock mounting in the equipment using 
the tubes to avoid tube damage. 

With these and other considerations in mind, the prin 
cipal object of this invention is to provide a form of 
mounting structure for gaseous discharge tubes and the 
like, which will provide the appropriate detachable con 
nections for the application and removal of tubes, and yet 
will afford the desired current conductivity, appropriate 
heat dissipation by radiation as well as conduction, and 
inherent shock-proof characteristics, all in a compact 
assembly occupying much less space outside the tube 
envelope than the conventional base and socket form of 
tube mounting structure. 

Generally speaking, and without attempting to define 
the nature and scope of the invention, it is proposed to 
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2. 
attach a plurality of supporting elements directly to the 
respective electrode lead-in rods sealed in the base of 
the tube envelope, and employ screw-threaded elements 
to provide a detachable conection of uniform low contact 
resistance between the outer ends of Such supporting ele 
ments and the insulated terminals of the chassis plate or 
the like for the equipment unit in a manner permitting 
ready application and removal of the tube, said support 
ing elements being shaped and proportioned to afford in a 
compact arrangement the necessary electrical conduc 
tivity, heat dissipation by both radiation and conduction, 
and resilient damped shock and vibration absorbing Sup 
port appropriate for the particular type of tube. 

Various other objects of the invention, and the struc 
tural features, attributes, and advantages of the tube 
mounting structure of this invention will be in part ap 
parent, and in part pointed out, in the subsequent dis 
cussion of certain physical embodiments of the invention. 
Although the characteristic features of this invention 

may be embodied in various specific forms and applied 
to various types of tube structures, it is convenient in 
explaining the nature of the invention to refer to the 
specific structures illustrated in the accompanying draw 
ings, in which: 

Fig. 1 is a general assembly illustrating one form of 
the mounting structure of this invention applied to one 
typical type of tube having its electrodes illustrated dia 
grammatically; 

Figs. 2, 3 and 4 are enlarged sectional views of parts 
of the general organization taken on the lines 2-2, 
3-3 and 4-4 indicated in Fig. 1; 

Fig. 5 is a diagrammatic view illustrating the preferred 
disposition of the electrode lead-in rods in the base of 
the tube envelope; 

Fig. 6 is a general view similar to Fig. 1, illustrating a 
modified form of a tube mounting structure of this in 
vention; and - 

Figs. 7 and 8 are enlarged sectional views of this modi 
fied structure taken on the lines 7-7 and 8-8 indicated 
in Fig. 6. 
While the tube mounting structure of this invention 

may be used in connection with various types of tubes 
as a substitute for the conventional forms of tube mount 
ing structures, the mounting structure of this invention 
is primarily adapted for power tubes and gaseous tubes 
of the higher current ratings, where current conductivity 
and substantial heat dissipation from the external connec 
tions to the tube electrodes are significant factors in a 
satisfactory tube mounting arrangement. For purposes 
of illustration and explanation, it is assumed that a hot 
cathode grid control gas tube in a glass envelope is repre 
sentative or typical of the type of tube for which the 
mounting structure of this invention is especially adapted. 
As diagrammatically represented in Fig. 1, the electrodes 
for a tube of this type comprise in general an oxide coated 
heated cathode C with a heat shield HS, a control grid 
G and an anode A. These electrodes are mounted in a 
suitable manner inside a glass tube envelope E with the 
appropriate lead-in connections to the respective elec 
trodes. It is assumed that the electrode assembly will 
be supported in a suitable manner (not specifically shown) 
to provide electrode lead-in connections in the form of 
relatively stiff leads or rods 5 in the lower end or base 
of the tube envelope E to project from the bottom of 
said base at spaced locations for attachment of the sup 
porting elements of the tube mounting structure of this 
invention. 

In the particular construction illustrated, it is assumed 
that the lead-in connections for the various electrodes 
will all be sealed in a circular stem mount 6 at the lower 
end of the tube envelope, in a manner disclosed, for 
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example, in the prior application of E. K. Smith, Ser. No. 
182,678, filed September 1, 1950, now U. S. Patent No. 
2,654,850 dated October 6, 1953. In this type of struct 
ture, the circular stem mount 6 is provided with the usual 
exhaust tubulation 7 near its center (see Fig. 3), and is 
formed with a circular row of bosses or beads to anchor 
the ends of supporting rods for the electrode assembly 
and also provide a seal for the through electrode lead-in 
rods 5. The portion of the lead-in rods 5 where they 
pass through the glass are made of tungsten, or other 
metal or alloy, suitable for forming with the kind of glass 
used in a gas-tight seal in accordance with usual practice. 

In the type of grid control gas tube illustrated, there 
are four of these electrode lead-in rods 5 for connection 
to the cathode C, control grid G, and anode A. These 
rods are preferably spaced at different intervals, such as 
indicated in Fig. 5, so that the supporting elements at 
tached to these rods as later described and the terminals 
of the chassis plate will line up only when the tube is in 
its proper position for the external connections to its 
electrodes. The circular stem mount 6, after the assen 
bly and moutning of the electrodes is completed ready to 
be enclosed in a tube envelope, is fused to the tubular 
body of the glass envelope E, as indicated at 9 in Fig. 1. 
For the purposes of discussion, it is assumed that this 
circular stem mount has an essentially flat bottom, and 
constitutes what may be conveniently termed a sealing 
base 6 for the tube envelope E. 

In accordance with this invention, the mounting struc 
ture comprises a plurality of like Supporting elements, 
one for each electrode lead-in rod 5, and designated S 
as a whole. Each supporting element S is attached at its 
inner or upper end to its respective lead-in rod 5, and 
has a body portion in the form of a loop extending 
radially to a point beyond the periphery of the base 6 
of the tube envelope to a flattened end portion 10, with 
an opening 11 therein to receive a screw-threaded element 
for a detachable connection with a matching insulated 
terminal in a chassis plate or like basic supporting body 
for the tube. 

In the specific arrangement illustrated, it is assumed 
that the tube is to be mounted on a chassis plate P, which 
is provided with any one of the well known forms of insu 
lated terminals, properly spaced and located in the chassis 
plate P to cooperate with the outer ends of the supporting 
elements S of the tube mounting structure. For pur 
poses of illustration, it is assumed that the insulated ter 
minals in the chassis plate will take the form shown in 
Fig. 4. In this typical structure, the terminal 14 has a 
flat head and threaded bore in the upper end, and a 
threaded portion at the lower end. This terminal 14 is 
molded in a block 5 of suitable insulating material hav 
ing an extension loosely fitting in a hole in the chassis 
plate P. This terminal 4 is clamped to the chassis plate 
P by a nut 16 and a collar 17, also of suitable insulating 
material. The end of a wire 18, preferably with an eyelet 
terminal, is fastened to the terminal 14 by a nut 19, all 
in the manner readily understood from the drawings with 
out detail explanation. 
The detachable connection between the supporting ele 

ments of the mounting structure of this invention and 
the insulated terminals in the chassis plate, such as illus 
trated in Fig. 4, is arranged to afford the desired detach 
able connections for the ready application and removal 
of a tube, even though a plurality of tubes are supported 
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close together on the same chassis plate of an equipment 
unit, as is often the case, and yet obtain consistently low 
contact resistance between the separable parts not always 
true of the conventional pin base and socket type of tube 
mount. The outer flattened end portion 10 of each sup 
porting element is formed with an opening, preferably in 
the form of a slot I, best shown in Fig. 2, to receive 
the Screw 22 of the chassis terminal 4 to clamp such 
end portion to the flat head of this terminal, as shown in 
Fig. 4. The upper surface of such end portion 10 of 
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4. 
the suporting element adjacent the slot 11 is preferably 
made rough by ridges, crimps, or the like, as indicated 
at 23 in Fig. 2, to have the effect of a lock washer to 
prevent the screw 22 from becoming loose; but any Suit 
able form of a locking washer or equivalent device (not 
shown) may be used for this purpose, preferably one 
fixed to the screw 22. The screws 22 are located outside 
of the periphery of the tube base far enough for the in 
sertion of a screw-driver or other actuating tool. In 
spite of the proximity of an adjacent tube. The tube 
may ba turned to engage, or disengage, the slotted ends 
of its supporting elements S with the shanks of the Screws 
22, as the tube is to be applied or removed, and the tube 
may be moved endwise into and out of position in a 
manner that can be readily appreciated without further 
discussion. 
As previously noted, electrical conductivity, heat dissi 

pation, and resiliency and damping for absorbing shock 
and vibration are attributes of the suporting elements S 
of the mounting structure of this invention. To provide 
the shape and porportions to meet these requirements, the 
supporting elements S are preferably formed out of sheet 
metal stock of a suitable metal, which has the appropriate 
electrical conductivity, will retain its resiliency at an ele 
wated temperature suitable for efficient heat dissipation, 
and is inherently non-corrosive and otherwise capable of 
forming a stable low resistance contact with the insulated 
terminals of the chassis plate. While various metals and 
alloys possess these attributes in a variable degree, it is 
proposed to use an alloy of nickel, copper, iron and 
manganese, commonly known as perma-nickel, which in 
addition to the desirable characteristics of electrical con 
ductivity and the like, may also have its resiliency and 
inherent damping modified somewhat by heat treatment, 
thereby facilitating its application to the variable operat 
ing conditions encountered in practice. 

It is important that each Supporting element S is con 
ductively attached to its lead-in rod 5 in such a way that 
the seal between this rod and the base of the tube en 
velope will not be mechanically damaged by the forces 
likely to be applied to said supporting element in the 
ordinary handling and use of the tube, which the support 
ing element itself will not absorb by its own distortion. 
Generally speaking, a typical seal between a lead-in rod 
and the glass base of the tube envelope can stand sub 
stantial forces applied axially of the rod, but is relatively 
weak and susceptible to cracking the glass seal for tilting 
forces applied to the rod. Accordingly, in accordance 
With this invention, the end portion of the supporting ele 
ment S attached to the lead-in rod 5 is shaped to make 
contact with the tube base at a plurality of separated 
points, so as to avoid the application of a tilting stress 
to the lead-in rod and damage to the seal as the supporting 
element is Subjected to the bending or twisting forces 
likely to be encountered in practice. 

In the type of mounting structure illustrated in Figs. 
2 and 3, the inner end portion of the supporting element 
S is shaped somewhat like a sector 25 (see Fig. 2) 
which is adapted to fit against the bottom of the base 
6, and is also preferably provided with a curved ridge 
26 (see Fig. 3) to engage the periphery of the base. 
An integral flange or lip 27 is cut out of this sector shaped 
portion, and is bent down for soldering to the lead-in 
rod 5, as indicated at 28 in Fig. 3. Since this attached 
end portion of the supporting element S is in contact 
with the glass base of the tube at a plurality of separated 
points at the time the soldered connection is made to the 
lead-in rod 5, forces applied to the supporting element 
S, that would otherwise tend to tilt the rod are trans 
mitted directly to the tube base, and there is no tilting 
stress on the rod to damage the seal. 

In the type of mounting illustrated in Figs. 7 and 8, 
the inner end portion of the supporting element S com 
prises an arcuate part designated 31, to which the end 
of the lead-in rod 5 is attached, preferably by a welding 
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operation as later discussed. This part 31 is formed 
with two up-standing flanges or legs 32 which are brought 
into contact with the botton surface of the tube base 
6 at the time this part is attached to the lead-in rod 5. 
These legs or flanges 32 bear against the base of the 
tube envelope at a plurality of separated points; and the 
application of displacement forces to the supporting ele 
ment S produces a component of axial thrust on the 
lead-in rod 5 it can readily stand, rather than a tilting 
stress likely to damage the glass seal for this rod. 

It is preferred in this case to connect the lead-in rod 
5 to the supporting element by a butt weld, since a con 
nection of the desired conductivity, mechanical strength 
and heat resistance properties can be obtained more con 
sistently from a welded connection than a conventional 
soldered connection, and with less chance of over-heat 
ing and damaging the glass seal. 

Considering the heat dissipation characteristics of the 
mounting structure of this invention, in the case of gas 
tubes and the like, the anode and cathode, and some 
times other tube electrodes, assume relatively high tem 
peratures in normal operation, and also the current to 
be conducted to these electrodes is relatively large in 
the order of amperes. Under such conditions, the elec 
trode lead-in rods tend to assume high temperatures, and 
in order to avoid overheating and damaging the seals 
for such rods, heat should be effectively dissipated from 
the lower ends of these lead-in rods. In addition to heat 
dissipation by conduction through the external electrode 
connections, which exists in the case of the conventional 
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base and socket type of tube mount, the supporting ele 
ments of the mounting structure of this invention are 
shaped and proportioned to provide exposed surfaces of 
an area sufficient for extensive heat dissipation by radia 
tion to the chassis or other bodies, and by convection 
due to air currents naturally circulating under and around 
the base of the tube, thereby enabling the lead-in rods 
adjacent the seals to be maintained at an acceptable tem 
perature level. Such heat dissipation from the support 
ing elements S also serves to maintain a relatively low 
temperature at the contacting surfaces between said sup 
porting elements and their insulated terminals of the 
chassis plate, in spite of the amount of current being 
conducted. In this connection, a low and stable contact 
resistance between the disengageable parts of such a tube 
mount is important, otherwise excessive heat may be 
generated locally due to a high contact resistance and 
the currents being conducted. Also, it is desirable to 
avoid high temperatures at contacting surfaces, because 
temperature accentuates oxidation, corrosion and the de 
velopment of other deleterious surface conditions produc 
ing high contact resistance. In the interests of obtain 
ing an initial low contact resistance, the contact surfaces 
of the supporting elements, and also if desired the insu 
lated terminal, may be plated with silver or a similar 
metal providing a low surface contact resistance. 

Considering now the shock and vibration absorbing 
characteristics of the mounting structure of this inven 
tion, various types of equipment units in which the tubes 
are to be mounted, such as motor control devices, servo 
mechanisms, and the like, are often subjected to severe 
shocks and sometimes Sustained vibration in practical op 
eration. Consequently, a tube structure mounted direct 
ly on the chassis plate or other Supporting body of such 
equipment units is likely to be subject to shock and sus 
tained vibration over a rather wide range of frequencies, 
which may cause undue displacement of the electrodes, 
or stress the supporting elements or welded connections 
of the tube structure beyond their mechanical strength 
and damage the tube. 

It is common practice to take care of these conditions 
for radio receivers on mobile units and in similar situ 
ations, by providing a special shock-proof mounting for 
the equipment unit as a whole, or for the tube supporting 
body or chassis. Aside from matters of complication 
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6 
and expense, it is not always feasible to employ such 
shock-proof mounting for some types of equipment units; 
and it is proposed in accordance with this invention to 
provide a mounting structure for the individual tubes 
which, in addition to the features of electrical conduc 
tivity, heat dissipation and detachability above men 
tioned, will afford the appropriate resilient and damping 
effects to avoid transmission of damaging shock and 
vibration to the tube for the amplitudes and frequencies 
of motion of the chassis plate likely to be encountered 
in practice. 

In the tube mounting structure of this invention, the 
Supporting elements S are constructed to have sufficient 
flexibility to absorb excessive shocks or accelerating 
forces that might otherwise be transmitted from the 
chassis to the tube. In practical operation such shocks 
may be applied to the tube in various directions relative 
to its center of gravity, and the tube should be able to 
tilt by flexure of the supporting elements to accommo 
date movement of the tube in various directions relative 
to its supporting chassis. Accordingly, the supporting 
elements S are preferably shaped with a loop or reverse 
bend in a plane extending endwise of the tube, as shown 
in Figs. 3 and 8, to permit free tilting movement of the 
tube by flexure of the Supporting elements, as well as 
endwise movement of the tube. Also, such loop in the 
supporting elements permit their linear expansion with 
changes in temperature, and avoids the application of 
undue stresses to the lead-in rods or their seals for a 
change in temperature after the outer ends of these sup 
porting elements S are rigidly secured to the chassis 
plate. 

In addition to transmission of shocks or accelerating 
forces from the chassis plate to the tube, under some con 
ditions of operation the chassis plate may vibrate from 
time to time at frequencies, which might cause failure of 
some part or parts of the tube structure, if directly trans 
mitted to the tube with sufficient amplitude. In general, 
the Supporting elements, welded connections and the like 
in a typical tube structure may be designed to stand 
relatively large displacement forces periodically applied 
at lower frequencies, which for the purposes of discus 
sion may be assumed to be in the range of frequencies of 
say 30 to 60 cycles per second. Such parts, however, are 
likely to be damaged by vibration at the higher fre 
quencies of chassis movement that may be expected in 
practice, particularly if such frequency corresponds with 
the natural or resonant frequency of some part of the 
tube structure. In accordance with this invention, it is 
proposed to shape and proportion the supporting ele 
ments S with respect to the mass of the tube, in accordance 
with familiar principles of transmission of mechanical 
vibration between bodies, so as to effectively reduce or 
attenuate transmission of vibration from the chassis plate 
to the tubes at those frequencies likely to damage the 
tube. In this connection, the resiliency of the support 
ing elements S may be said to provide a mechanical 
tuning, analogous to electrical tuned circuits or filters; 
and this mechanical tuning effect may be selected to pass 
vibrations at frequencies the tube can stand, but attenuate 
and effectively exclude the unwanted frequencies of vibra 
tion damaging to the tube, assuming a given amplitude of 
chassis movement for these frequencies. There are of 
course considerable variations in the types of tubes, equip 
ment units using such tubes, and the amplitude and fre 
quency of vibration of the chassis plate likely to be en 
countered in practice; but in general the tube mounting 
structure of this invention may be designed to obtain 
effective suppression of deleterious effects of transmitted 
vibration, as well as a yieldable support to absorb shocks. 

For many applications and uses, it is important to 
provide damping in connection with the resilient sup 
porting elements S to absorb energy and restrict the 
amplitude of movement of the tube under the influence 
of shock and vibration that may be transmitted from 



r 
d 

the chassis plate. In the mounting structure illustrated in 
Figs. 1 to 3, a thin strip 36 of resilient metal is welded 
to the outer slotted end of the supporting element S, and 
is arranged to bear at its upper end against the tube 
envelope, as best shown in Fig. 3. This affords friction 
damping for movement of the tube relative of the chassis, 
due to the rubbing of the upper end of this strip 36 
upon the tube envelope. This strip 36, which may be 
formed with lateral fins 36a as best shown in Fig. 1, 
also adds additional heat dissipating surface to the sup 
porting elements, which in many situaticns is desirable 
to maintain the desired level of temperatures. In many 
instances, sufficient damping is provided by the frictional 
losses in the metal itself of the supporting element S as 
it is stressed by the disturbing forces of shock or vibra 
tion. Such form of damping, sometimes termed hystere 
sis damping, is characteristic of the specific form of Sup 
porting elements shown in Figs. 6 to 8. In this arrange 
ment, any deflection of the resilient body portion of the 
Supporting element S is accompanied by energy losses, 
and a damping effect due to what may be termed molecu 
lar friction in the metal itself. The frequency and ampli 
tude of movement of the chassis plates of different types 
of equipment units vary materially; and in many instances 
the inherent hysteresis damping of the supporting ele 
ment itself is sufficient, while in other cases additional 
friction damping, as illustrated in Figs. 1 to 3, may be 
desirable. - 

The specific embodiments of the invention illustrated 
and described are merely typical or representative; and 
it should be understood that various adaptations, modifi 
cations and additions may be made in such specific struc 
tures without departing from the invention. 
What I claim is: 
1. In a mounting structure of the character described 

for hot cathode gas tubes, in combination with relatively 
Stiff lead-in rods for all the tube electrodes sealed in a 
Substantially flat sealing base of the tube envelope, a like 
plurality of Supporting elements directly attached re 
spectively to said lead-in rods for bodily supporting said 
tube and conducting current to its electrodes, each sup 
porting element comprising a strip of relatively thin 
resilient metal having an end portion attached by fused 
metal to the corresponding lead-in rod, each supporting 
element having a curved body portion extending inwardly 
from the lead-in rod and then outwardly beyond the 
periphery of the tube envelope for making detachable 
contact with the terminals of the tube supporting body, 
said body portions of said supporting elements being dis 
posed flatwise generally parallel with the sealing base of 
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the tube envelope, said supporting elements being ex 
posed to the outside air for dissipation of heat and act 
ing to attenuate transmission of shocks and vibration 
from the tube supporting body to the tube damaging to 
its structural elements. 

2. In a tube mounting structure of the character de 
Scribed for establishing exposed heat radiating detach 
able electrical connections with the insulated terminals 
of a tube Supporting body, a tube envelope having a sub 
Stantially flat circular sealing base, a plurality of elec 
trode lead-in rods sealed in said base at different intervals 
in a circular row, and a resilient supporting element at 
tached to each lead-in rod and extending radially beyond 
the periphery of the base for attachment to its insulated 
terminal of the tube supporting body, each supporting 
element having an end portion welded to its lead-in rod 
and being exposed to the outside air for dissipation of 
heat, and each Supporting element being formed with 
flanges contacting with the base of the tube envelope on 
opposite sides of the lead-in rod. 

3. A tube mounting structure of the character de 
scribed for detachably mounting electron discharge tubes 
on a tube Supporting assembly and establishing exposed 
heat dissipating electrical connections between the wire 
terminals of Said assembly and said tubes, a plurality of 
lead-in rods sealed in the base of said discharge tube at 
preSelected locations, a resilient metal support contacting 
the underside of the base of said discharge tube and 
having a curvilinear central portion capable of com 
pression, said resilient metal support having an upright 
portion engaging the lower periphery adjacent the bottom 
portion of said tube and at said preselected location, 
said resilient metal support having its other end detach 
ably connected to a stationary mount, said tube support 
assembly being free to move in a vertical plane when 
Subjected to external forces whereby the magnitude of 
the rocking and tilting stresses is reduced. 
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