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COAXAL CONDUCTOR SYSTEM FORTRANS. 
MISSION OF ELECTRICAL POWER 

William S. Duttera, Lynbrook, N. Y., assignor to 
Radio Corporation of America, a corporation 
of Delaware 

Application April 15, 1937, Serial No. 137,003 
11. Claims. 

This invention relates to a coaxial conductor 
System for transmitting electrical energy, gen 
erally radio frequency energy. 

It has been proposed to manufacture a coaxial 
conductor system by employing spiral insulators, 
Spaced washer discs, or spoked insulators for in 
Sulating the two conductors of a coaxial line 
from each other, and for supporting the inner 
Conductor in proper spaced relation with respect 
to the outer conductor. These insulators, as 
heretofore proposed, have a relatively low voltage 
breakdown in comparison to the breakdown volt 
age of the line without the insulators. 
One of the objects of the present invention is 

to provide an improved coaxial conductor system 
for high frequency transmission, having improved 
insulators between the inner and outer conduc 
tors of the line. 
Another object is to provide a method of, and 

means for enabling the coaxial conductor sys 
tem to expand and contract with variations in 
temperature. 
A further object is to enable the two conductors 

of the coaxial conductor system to expand and 
contract independently of each other with varia 
tions in temperature. 
A feature of the invention comprises the cond 

cal-shaped insulator located within the outer con 
ductor for providing an insulated support for the 
inner conductor. This insulator permits an op 
erating voltage on the line which approaches 
more closely than heretofore possible the break 
down voltage of the line without the insulator. 
A further characteristic of this conical-shaped 
insulator is the minimization of the losses nor 
mally engendered in the insulator. 
Another feature lies in the roller arrangement 

included in the cap of the insulator for enabling 
the inner conductor to move freely relative to the 
insulator. 
A further feature of the invention is the mov 

able carriage on wheels and the track arrange 
ment for enabling the coaxial line to move with 
changes in temperature. 
One advantage of the present invention lies 

in the fact that any one insulator, or any section 
of the transmission line, can be removed without 
completely disassembling the line. 
Other objects and features will appear in the 

following detailed description taken in conjunc 
tion with the drawings, wherein like parts are 
indicated by like reference numerals: 
In the drawings: 
Fig. 1 is a side view, partly in section and 

partly cut away, of a coaxial transmission line 

(C. 174-28) 
constructed in accordance with the principles 
of the present invention; 

Fig. 2 is a cross section of the coaxial line of 
Fig. 1, along the line 2-2, in the direction of 
the arrows, and shows an end view of the im 
proved insulator; 

Fig. 3 is a cross-section of Fig. 2, along the line 
3-3; 

Fig. 4 is a perspective view of a complete 
coaxial line system showing one of the movable 
carriage supports; 

Fig. 5 is a cross-sectional view showing the 
manner in which the movable carriage, which 
Supports the coaxial line, moves over the track; 
and 

Fig. 6 shows a modification of the insulator 

0 

5 

of the invention, wherein rods are employed in- . 
stead of a single conical surface of revolution. 

Referring to Fig. 1 of the drawings, there is 
shown a coaxial conductor System comprising an 
outer conductor and an inner conductor 2, these 
conductors being insulated from One another and 
maintained in Spaced relation by a plurality of 
conical insulators 3, 3. The inner conductor is 
composed of a plurality of sections which are 
joined together by male and female coupling ele 
ments. Each of these sections has a male mem 
ber 4 secured to one end and a female member 
5 secured to the other end of the section. The 
sections are assembled so that the male member 
of one section is joined with the female member 
of the adjacent section and held tightly together 
by a pair of set screws , , which are counter 
sunk in the Outer surface of the inner conductor 
in such a manner as to provide a Smoothly con 
tinuous Outer Surface for the inner conductor, 
Member 4 is a solid, metallic, cylindrical male 
element and is secured to the inner conductor 
2 by a continuous circular weld 6. Female mem 
ber 5 is a hollow metallic cylindrical element 
fitting Snugly Over the male element 4 and also 
Secured to the inner conductor 2 by a continuous 
circular weld 6. This combination provides an 
easily removable joint as well as a smooth con 
tinuous outer surface for the inner conductor. 

. The conical insulators each include a non 
ferrous metallic cap 8 at one end and a non 
ferrous metallic ring 9 at the other end (note 
Fig. 3), the ring serving as a fastening means 
for the insulator 3 to the outer conductor, both 
cap and ring being cemented at 20 and 2, rer 
spectively, to the insulating material 0 of the 
insulator. The insulator 3 is supported from the 
outer conductor f by the ring 9 which is posi 
tioned between a pair of circular flanges f, ?, 
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2 
these flanges being welded to the outer surface 
of the Outer conductor and fastened together 
by means of a plurality of bolt and nut arrange 
ments 2 regularly Spaced around the continuous 
flanges, as shown. A circular cover plate 3 
Overlaps the adjacent edges of the flanges , If 
for preventing water from entering into any open 
Space which might exist between the flanges and 
the ring. This circular cover plate is held in 
position by means of a machine screw and nut 
arrangement 4 which fastens together the two 
ends of the cover plate. 

Figs. 2 and 3 show the details of the insulator 
more clearly. Located in the cap 8, there is 
provided a pair of rollers 5 symmetrically po 
sitioned under the inner conductor 2 for sup 
porting same, So as to enable the inner con 
ductor to move freely within the cap. The con 
tact pin 6 and spring arrangement 7 is pro 
Vided to insure good electrical contact between 
the inner conductor 2 and the metal cap 8, thus 
preventing any voltage difference between the 
cap and the inner conductor. In assembling the 
line, the rollers are first placed in machined 
grooves f3 in the cap 8 and the inner conductor 
2 rolled over the rollers. . The contact pin and 
Spring arrangement 6 and 7 is placed in posi 
tion before the inner conductor is inserted in the 
cap, but displaced in position and held in such 
manner as not to interfere with the insertion of 
the inner conductor during the process of as 
Sembling. For purposes of ventilation in the 
line, there are provided suitable went holes 9 in 
the insulating material 0. Both the cap 8 and 
the ring 9, at opposite ends of the insulator 3, 
are fastened to the insulating material 0 by 
means of layers of cement 2 and 2. At the 
large end of the insulator 3, the ring 9 is grooved 
On the inner surface to enable the cement 2 to 
obtain a very firm hold on the ring. All surfaces 
of the insulator which actually contact the ce 
ment are Sanded to provide a good gripping sur 
face. Although the insulator has here been 
Shown as being conical in shape, and Such gen 
eral configuration is preferred, it Will be under 
stood that, if desired, the insulator may con 
Sist of a plurality of separate insulating rods 
generally conforming to the shape of a cone. 
Putting it another way, the form of rods may 
be obtained by lengthening the vents 9 length 
Wise of the conical insulator. Such an arrange 
ment is illustrated in Fig. 6. Similarly, the 
conical insulators shown in the drawings may 
take slightly different forms, the surfaces bulg 
ing or tapering to a more or less gradual or pro 
nounced extent, as desired. 

Fig. 4 indicates, among other things, the man 
ner in which a complete coaxial transmission 
line System is assembled, such that the con 
ductors of the line are free to expand in one 
direction with increase in temperature, and con 
Versely, to contract in the opposite direction with 
decrease in temperature. In this system the 
outer conductor is rigidly fastened to the wall 
22 of the transmitter building by means of a 
flange 23, while the inner conductor 2 is fixedly 
attached, from a mechanical standpoint, at one 
point 24 near the flange 23, to the outer con 
ductor by means of the insulator 3 nearest said 
flange. In this particular instance, the two 
conductors and 2 are mechanically connected 
together by one or more pins 25 extending 
through the cap at the small end of the insulator 
3 and through the inner conductor 2. The rollers 
Which are normally present in the other insula 
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tors, as described above, are here omitted from 
this last insulator nearest the building, and pack 
ing is provided between the inner conductor and 
the cap 8 to properly center the inner conductor. 
This is more clearly illustrated in Fig. , wherein 
the left hand insulator 3 indicates the manner 
of mechanically connecting the conductors and 
2 together, while the right hand insulator desig 
nates the general arrangement described above 
utilizing rollers for permitting the inner con 
ductor to move relative to the outer conductor. 
It should be understood, at this time, that the 
tWO conductors of the coaxial transmission line 
are mechanically connected together at only this 
point 24 by means of the insulator nearest the 
transmission wall, while the inner conductor is 
maintained in Spaced relation to the outer con 
ductor but free to move with respect thereto by 
means of the many other insulators located at 
intervals along the length of the transmission 
line. 
For enabling the line to move with changes 

in temperature, there are provided, along the 
length of the line, numerous Supporting frame 
Works 26, each having across the top thereof 
struts 29 extending transversely of the transmis 
Sion line, for supporting a Stationary track and 
movable carriage arrangement. The track con 
sists of a substantially completely enclosed rec 
tangular shaped hollow sheet steel element 27 
Which is bent inwardly at the botton and open 
at this particular location for permitting a down 
wardly extending rod 28 to support the outer 
conductor . Rod 28 connects at its upper por 
tion with two pairs of wheels 30 which are mov 
able along the length of the track 2 with move 
ment of the line. At the lower end of the rod 
28, there are provided two spaced straps 32 which 
are firmly clamped around the circumference 
of the Outer conductor. It will thus be seen that 
any movement of the Outer conductor f will 
cause a corresponding movement of the rod 28 
and the wheels 30 attached to the pin, over 
the track 27. Although the track arrangement 
2 is here shown supported on a pair of angle 
irons 33 resting on the transverse struts 29, it 
Will be understood that, of course, these angle 
irons may be omitted and the track Supported 
in any other suitable way to the struts; for ex 
ample, by means of a bolt arrangement extend 
ing from the strut 29 through the element 27. 
The track and nowable carriage arrangement is 
clearly shown in detail in Fig. 5, which illustrates 
a cross-sectional view of the track, carriage and 
Supporting pin. 
At both ends of the coaxial transmission line 

which connect respectively with the antenna 
equipment and With the transmitter, the Outer 
conductor is fared as at 34 in order that no 
voltage gradient will be produced which is great 
er than that existing throughout the line. If the 
flares were not provided, there would be an 
abnormally high voltage gradient at the end of 
the outer conductor due to the inner conductor 
extending beyond the end of the Outer conductor. 
This higher gradient would cause premature 
breakdown. The flared portion thus acts as a 
Sort of shield preventing concentration of flux. 
at the end of the outer conductor. The Outer 
conductor of the transmission line is grounded 
at every Support 26, and at the end of the 
transmission line, as by a flexible conductor 35. 
The inner conductor connects through a flexible 
Conductor 36 to the antenna equipment and, if 
desired, such conductor may be connected to 
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2,191,071 
the upper part of a stand-off insulator 37. as 
ShoWn. 

In a coaxial transmission line having a length 
of about 450 feet, actually constructed in ac 
cordance with the principles underlying the pres 
ent invention, there were employed approximate 
ly thirty conical insulators, regularly - Spaced 
along the length of the line, and about twenty 
one supports. The outer conductor of this line 
had an inside diameter of about ten inches and 
the inner conductor had an outside diameter of 
about two and three-quarter inches. Such a line 
was designed to excite an antenna, having a power 
rating of 500 kilowatts. 
In effect, the coaxial transmission line here 

inabove described consists of a plurality of Sec 
tions which are joined to one another end-on 
end at the conical insulators, the flanges , . 
serving to mechanically and electrically couple 
the sections of outer conductor together. Actu 
ally, at each of these connecting points, slightly 
displaced therefrom in a direction toward the 
antenna equipment, there is also employed a 
coupling arrangement for the inner conductor of 
the type illustrated in Fig. 1 comprising male and 
female members 4 and 5. Thus, if the Outer 
conductor of the line is opened at any one Con 
necting point by removing the bolt arrangements 
f2 at that point, and pushing the remainder of 
the outer conductor out toward the free end of 
the line (it should be remembered that the Outer 
conductor is supported on a movable carriage 
arrangement), it is possible to gain access to the 
inner conductor coupling arrangement at that 
point. By unscrewing screws , , it is also pos 
sible to push the remainder of the inner con 
ductor out toward the free end inasmuch as the 
inner conductor is movable on the rollers of the 
insulators. It is then possible to remove the in 
sulator. This arrangement thus permits the re 
moval of any one insulator or section of line 
Without completely disassembling the line. 

It should be understood that the invention is 
not limited to the precise arrangement of parts 
shown in the drawings, inasmuch as various mod 
ifications may be made without departing from 
the spirit and scope of the appended claims. For 
example, if desired, the metallic caps at the small 
ends of the insulators may be dispensed with and 
a suitable polished, metallized, continuous Sur 
face provided only on the inner and outer tip of 
the small end of the insulator. Such a metallized 
surface may be achieved by electroplating or hot 
spraying copper or aluminum on the surface of 
the small end of the insulator. Where such a. 
metallized surface is used, the same features of 
rollers and contact pins may be employed. 
What is claimed is: 
1. A high frequency coaxial transmission line 

comprising an inner conductor of high electrical 
conductivity for radio frequency energy and an 
outer conductor of high electrical conductivity 
for radio frequency energy, and a plurality of 
Spaced conical-shaped insulators between said 
conductors for supporting said inner conductor, 
one end of each of said insulators being fastened 
to one of Said conductors, while the other end 
of each of Said insulators contains anti-friction 
means for enabling the other conductor to move 
relative to said insulators. 

2. A high frequency coaxial transmission line 
comprising an inner conductor of high electrical 
conductivity and an Outer conductor of high elec 
trical conductivity, a plurality of spaced conical 
shaped insulators between said conductors for 

3 
Supporting said inner conductor, the Small ends 
of said insulators being adjacent to and sur 
rounding said inner conductor, means for fasten 
ing the large ends of said insulators to said outer 
conductor, and rollers in the small ends of the 
insulato's for enabling the said inner conductor 
to move relative to said insulators. 

3. A high frequency coaxial transmission line 
comprising an inner conductor of high electrical 
conductivity for radio frequency energy and an 
outer conductor of high electrical conductivity 
for radio frequency energy, and a plurality of 
spaced conical-shaped insulators between Said 
conductors for supporting said inner conductor, 
said conical insulators comprising Solid insulat 
ing material having a plurality of elongated Wen 
tilating openings in the length of Said insulators, 
One end of each of Said insulators being fastened 
to one of said conductors, while the other end of 
each of said insulators contains anti-friction 
means for enabling the other conductor to move 
relative to said insulators. 

4. A high frequency coaxial transmission line 
comprising an outer conductor of high electrical 
conductivity for radio frequency energy and an 
inner conductor of high electrical conductivity 
for radio frequency energy, a plurality of conical 
shaped insulators between said inner and Outer 
conductors for supporting said inner Conductor, 
the large ends of said insulators being fastened 
to said outer conductor, the small ends of Said 
insulators being metallized adjacent to and Sur 
rounding said inner conductor, the openings in 
said small ends of said insulators being larger 
than the Outer circumference of Said inner Con 
ductor for enabling free movement of said inner 
conductor along the length of said line relative to 
said insulators, and means between said inner 
conductor and the small ends of said insulators 
for electrically connecting said inner conductor 
to said metallized small ends for preventing volt 
age differences therebetween. 

5. A high frequency coaxial transmission line 
comprising an inner conductor of high electrical 
conductivity and an Outer conductor of high elec 
trical conductivity, and a plurality of spaced 
conical-shaped insulators between Said conduc 
tors for supporting said inner conductor, said 
conical insulators each comprising a plurality of 
Spaced insulating rods connected together at the 
large and small ends of the insulator. 

6. A high frequency coaxial transmission line 
having an inner conductor of high electrical con 
ductivity for radio frequency energy and an outer 
conductor of high electrical conductivity for 
radio frequency energy, a plurality of conical 
shaped insulatorS Spaced along the length of Said 
line between said inner and Outer conductors and 
surrounding said inner conductor for supporting 
Said inner conductor, said insulators and said 
line having the same longitudinal axis, means for 
fastening the large ends of the conical-shaped in 
sulators to said outer conductor, a metal cap at 
tached to and surrounding the Small end of each 
of said insulators and surrounding said inner 
conductor, and means for providing an electrical 
connection between each of said caps and said 
inner conductor. 

7. A high frequency coaxial transmission line 
comprising an outer conductor of high electrical 
conductivity and an inner conductor of high 
electrical conductivity, a plurality of Spaced Con 
ical insulators between said conductors and Sur 
rounding said inner conductor for supporting said 
inner conductor, the large ends of Said insulators 
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being fastened to said outer conductor, the small 
ends of said insulators being adjacent to and Sur 
rounding said inner conductor, said Small ends 
being larger than said inner conductor for en 
abling movement of said inner conductor within 
said insulators along the length of said line, and 

... a plurality of movable carriage supports along the 
length of said line for supporting same, said 
carriage supports being connected to said outer 
conductor, whereby said outer conductor can ex 
pand or contract With variations in temperature, 
and said conductors can also move independently 
of one another, due to changes of temperature 
and for purposes of disassembly, . 

8. A high frequency coaxial transmission line 
comprising an inner conductor of high electri 
cal conductivity and an outer conductor of high 
electrical conductivity, a plurality of Spaced con 
ical-shaped insulators between said conductors 
for Supporting said inner conductor, the Small 
ends of said insulators being adjacent to and 
surrounding said inner conductor, means for 
fastening the large ends of said insulators to said 
Outer conductor, and a pair of rollers in the Small 
ends of each of said insulators for enabling said 
inner conductor to move relative to said insula 
tors, said rollers of each pair being located below 
and on opposite sides of the vertical axis of said 
inner conductor. 

9. A high frequency coaxial transmission line 
having an inner conductor of high electrical 
conductivity for radio frequency energy and an 
outer conductor of high electrical conductivity 
for radio frequency energy, a plurality of coni 
cal-shaped insulators Spaced along the length 
of said line between said inner and outer con 
ductors and surrounding said inner conductor for 
supporting said inner conductor, Said insulators 
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and said conductors having the same longitudi 
nal axis, means for fastening the large ends of 
the conical-shaped insulators to said outer con 
ductor, a metal cap attached to the Small end of 
each of said insulators and Surrounding said 
inner conductor, said cap having a larger internal 
diameter than said inner conductor for enabling 
free movement of said inner conductor relative to 
said conical-shaped insulators, and means for 
providing an electrical connection between each 
of Said caps and Said inner conductor, Said last 
means comprising a resilient contact pin ar 
rangement engaging both said metal cap and Said 
inner conductor. 

10. A high frequency transmission line com 
prising an inner conductor of high electrical 
conductivity and an outer conductor of high elec 
trical conductivity, a plurality of spaced conical 
shaped insulators between said conductors for 
supporting said inner conductor, the large ends 
of said insulators being fastened to said Outer 
conductor, said inner and outer conductors be 
ing made up of Sections, the Sections of Outer 
conductor being connected together at the large 
ends of said insulators, the sections of inner 
conductor being connected together intermediate 
the insulators. 

11. A high frequency coaxial transmission line 
comprising Sections each having an inner con 
ductor of high electrical conductivity and an 
outer conductor of high electrical conductivity, 
and a plurality of spaced conical-shaped hollow 
insulators between the conductors of Said Sections 
for supporting said inner conductor, the large 
ends of said insulators being fastened to said 
outer conductor at the junctions of said sections. 
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