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ABSTRACT

Representative coaxial ceble types were subjected to high power CW and
pulse tests. The tests were conducted over & range of frequencies and ambient
temperature and pressure attitudes. The resulting data was used to develcpe
recommended maximum power ratings for each cable type.
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1.0 INTRODUGTION
This document se¢ts forth maximum recommended RF power levels for

ten selected types of solid dielectric coaxial cables. The power ratings

ditions. The influenc:2 éf RF frequency, ambiégg temperature, anmbient =ltitude
and VSWR is also considered. The recommeﬁ&ed‘ﬁgtings are based“on numerous
pulse and CW power tests conducted on the_ten cable types. Test frequencies
aaa test ambient conditions were selected to provide a best distribution of
date points over the electrical and environmental operating range of each
cable type. Interpolation and extrapolation required to develop rating curves
from the measured data points took intc consideration the thermal and mech- |
anical properties of the cable components as well as measured attenuation

1

hich were corrected to the test specimen temperature.
The work reported in this document was accomplished in the High Power
Microwave Test laboratory at the Wichita Division of The Boeing Company for

the Naval Ship Research and Development Laboratory , Annapolis, Maryland and

was authorized by Contract No. NOO1%(-71-C-0003.
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2.0 BACKGROUND
Designers of high power RF equipment installations must Select RF

transmission lines compatible with both the equipment power levels and
frequencics and with the system operationeal environment. Existing informatior
on which to base such selections is limited to historical experiences with
similar‘syétems, theoreticnl calculations, or dats from isolated tests.
Comprehensive design information is unavailable in most cases. The
consequences are often gross over or under desigﬁ. Similar problems are
encdunﬁcred by the field engineer in attempting to provide a solution for
‘recurring field failures. He hss available the same limited intormation

which determined the original installation supplemented only %y the evidence
provided by the failure, The resultant fix oién takes.thé form of a treat‘a
ment of the syrpptoms and provides no real cure for the illness. This situation
is one gf long standing and is hecorn.ing more acute with the increased pover

of modern electrénic syéﬁems and witii the ever present need to conserve weight
and space.

In recognition of these problems, an engineering and testing program

was established to determine the;power héndling capebility qf typical types

of RF coaxial cables. Test spééimens were selected to prcv{de application data
on Teflen, polyethelene, aansilicone rvober dielectric cebles over a range of
dielectric sizes. Tests wé&érconducted on eight RG cablz types and two com-
mercial cahle types. Opérating ambient témpérature ranges of ~100°F 'to +160°F
for polyethyleﬁe cables, -100°F to +300°F for Teflon cebles and ~100°F to'
+200°F for silicone rubber cables were conzidered. The pressure altitude range

for all dielectric types was from sea level to 200,000 feet.
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3.0 TECHNICAL APPROACH
3.1 Generel

Detailed planning of the test phase of the program followed firal
definiticn of the test cablie types as indicated in Table I. This detniled
‘planning revealed two significant problem areas: (1) the method of applying
the required RF power \levels to the inpu:t of the test cables, and {2) the
metnod of determining test cable center céﬁductor temperature dvring the
test. The‘solutions to these problems are discussed in Paragraphs 3.2 and
3.3 respectively. A description of the test methods employel for CW andl
pulse testing is contained in Paragraph 3.k,
3.2 Waveguide-to-Cable Transitions and Chamber Feedthrough

Initial yrogram plenning called for the design and fabrication of
environmental chémbe; RF feedthroughs having eléctricul properties commen=
surate with the planned test frequencies and anticirated power levels. The
feedthroughs were also intended to ﬁrovide thermal isolatioﬁ of the test
cables from the chamber walls and from the external environment. A more
detailed analysis, however, fgilowing the final determination of test cable
types led to the rather definite conclusion that any practical feedthrough
which incorporated a conn;ctor interface with the test cable would be
susceptible to failure at that interface prior to achieving the power
limitation of the test cable, or would heve to be of a dimensional ééﬁfigu-
ration wHich would imposé upper frequency limitations substantially below

the upper frequency rating of the test cable.
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Alternate approaches which were investigated identified the most
feasible method as being the use of the actual test cable as the means of
entry and exit from the environmental chamber. |

Tests were conducted on a variety of cable types and sizes simulating
the feedthrough section of the test cables to determine the nature of the
"heat sinking" effect and to define the distance within the environmental
chamber where this effect could be neglected. These tests were conducted by
artifically (non-RF) heating the sample center conductor and monitoring center
conductor, dielectric, outer conductor and jacket temperatures along the length
of the sample. This was accomplished at representative temperatures and

_altitudes distributed over the intended test renges. The actual test cables
were confiﬂufed‘to g length ﬁaich, in addition to providing chamber entry and
exit, resulted in the desired length of cable suspended along the centerline

of the chamber. The measured input power levels were then corrected to com-

)

pensate for csble loss to the location where "he;t sinking” could be neglected.
Another problem which became apparent early in the program was that

the output‘fittings of most of the RF power sources were waveguide and none of

the available waveguide to coax adapters —- even those developed for high power

ECM systems -- would withstand the anticipated test power levels. The solution
!

m

of the problem was the design and fabrication of speeial transitisﬁs which
eccommodated the test cable entry into the waveguide without the use of inter-
vening coaxial connectors. A series of these transitions was déveloped in the
waveguide sizes required to cover the test frequencies ané was used to terminste
the test cables at.both input gnd output {waveguide loaeds) ends. The “transitions

were further stophisticatéd to provide a feature wherein the coaxjal half of

, | | SOEIVG N0, D3-8626
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the transition of any ﬁ;rticular cable would “piﬁg-in" to any of the wave=~
guide sizes thereby eliminating the need to disturg the cahble breid termi-
natinz mzchaanism when changing test frequency. The reflection coefficients
of the transitions were a best compromise considering . all of the cgble sizes
and in most cases were less than 1.5:1 VSWR without tuning. For a few of the
frequency-cable-size combinations, however, waveguide E-H tuners were used
to reduce VSWR. To further enhance the breskdown withstanding characteristics
of the transitions for the pulse power testing they were pressurized to approxi-
mately 25 psig using Freon 12. A plot showing the relative breakdown valﬁes
tor dry air and Freén 12 versus pressure ig shown in Figure 1.

The design philosophy for the transitions was meraly to transfer *the

PF energy frbﬁ the waveguide TEl mode to the coaxial TEM mede in the smoothest

0
possible mapner without creating any areas of undue voltage concentration in
the process. A configuration commonly referred to as a "door knob" transition
backed bj’u waveguide short cireuit wgé selected and optimized for reflection
coefficient over the range of frequencies and cable sizes of interest. The
unique feature of the %ransitions is that the cables actually "plug in" to
the waveguide, with the cable dielectric engaging the surface area of the
door knob surrounding the cable center conductor comtact. A typical transiticn
and several associated cable terminations are shown in Figure 2, A typical
cutavay drewing is shown in Figﬁre 3.
3.3 Cable Temperétﬁre Anslysis
3.3.1 Theoretical Anelysis

The ¢riteria upon which the meximum power handling capabi%ity was

estublished is based on thez maximum alloweble surface temperatu: < the cable

LBODEING|NO. D3-8626
REVLTR: - [SECT. [PAGE 10

B«303) RT ..



&\H&

Presgure - Atmospheres Absolute
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center conductor. Determination of this temperature during the power test
obviously could not be done by direct measurement so extensive analysis was
undertaken boti: theoretically and experimentally to determine the thermal
characteristics of each cable. The center conductor temperature was deter-
mined indirectly by measuring the cable Jacket temperature and applying the
heat transfer characteristics of the specifiec cekle under test to these
meezsured temperatures.
A coaxial cable can be simulated by a hot composite cylinder in a
cooler gas. ‘The heat is transferred from the cable to the media surrounding
it by three different means: (1) conduction through the concentric layers
of the cable, (2) by convection into the surrounding gas, and {3) by rediation.
The heat transfer problem is assured to be one dimensional, as the cable can
be considered symmetric about and in varient in size and shape along the axis
of the center conductor. Test parameters such as power input, chamber tempera-
ture and sltitude were changed slowly so that the thermal paremeters varied in
& guasistatic maenner and were then held until full thermal stabilization was
re&lized‘before a test step was considered complete. For this reason, steady
state equations descri%ing the heat transfér could dbe consideredlapplicable.
If the center conductor is considered a heated element, then the
heat flow (q) through the remaining concentric layers may be determined by

the steady state heat conduction equation,

EFZINEPINO.  D3-8620
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where i is an index denoting the-layer
L = length of the csble

t
ki = thermal conductivity of the i 2 layer

3 = temperature of the inside surface of the ith layer, and

p <= the inside dismeter of the ith layer.

When the heat has arrived at the surface of the cable jacket, it
is transferred by both convection and radiation into the surrounding
media.

The chamber in which the cable power tests were run is cylindrical

in shape and has a large radius relative to the redius of the cable. The

a radiation stendpeint. The only airflow around the cable was generated by
the natural bouyancy of the air heatea in the film around the cable Jacket
surface. This allows the use of the equations for frge or natural convection
in determining the heat transfer to the air surrounding the cable.

The equations defining free convection heat transfer are basically
emperical but are well known and based on a large amount of experimentel

data. The most accepted of free convection equations for a single horizontal

eylinder is

BDEING|NO.  D3-8626
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where < and 4 are constants to be determined experimentally.

N is the Nussalt number (dimensionless),

G is the Grashof number (dimensionless), and

r
P is the Prandtl number {dimensionless).
For large cylinders where —-I—-g_—u_‘. is a small number, the denominator
c (G P )a
rr
£n [1 + i 2 S can be approximated by 2 g0 that
cf{c_P )"~ c (r P
v r v/ r'r

NxC(GP\d
u "

For & cylindrical surfsce, the Grashof number is defined as

«

3 .2
p° B B 8 At
G = 2
by
”f
where D = diameter of the cylinder
Pf = £ilm density
B = coefficient of volumetric expansion
g = acceleration due to gravity (4.17 x 108 ft/hre)
H. = absolute viscosity of the film gas
HWOESNEE|NO. 11026
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At = temperature difference of the gas and the cylinder
surface

The Prandtl number is defined as

Cp My
Pr =%
T
where
Cp = specific heat at constant pressure

kf thermal conductivity of the gas

The Nusselt number is defined as

where hc = coefficient of heat transfer betwsen the cable surfece and the
ges due to convection.

In all the ehyve definitions, the film perameters such as kf, lif,

and Pf are determined at a ficticious temperature t_ which is defined as the

f
mean temperature between the cylindrical surface (ts) and the gas {t ) or
g

ts = tg
(tf = -——’é——-").

For the particular set of cylindrical cable samples considered for

this report, the constants C and & are defined as C = 0.4 and 4 = 0.25.

SoESANER|NO. D3-8626
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The coefficient of heat transfer by convection is therefore

fe I:Dg £n |1+ : 2 }
\ N . . %\1 )

The heat flow from the Jacket surface into the surrounding gas is

defined as:

q = (hr + hc) AO (T0 - T1 )
where TO and Tl = temperature of the Jacket and surrounding gas respectively
hc = coefficient of heat transfer by convection
hr = coefficient heat transfer by radiation, and
A. - Jacket gsurface aresa.

We must, therefore, find both the heat transfer coefficient for
convection and radiation before we can evaluate the heat flow from the jacket
to the surroundling wedia.

Since the cable tests were run in a cylindrically shaped chamher,
and since the cable was ﬁositioned in the center of this c¢ylinder, the thermal

radiation problem is somewhat simplified. The heat transfer equation for

radiation alone is

OLEING|NO.  52-8626
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I N u)
qa=F, F A0 (‘I‘O -7

where FA = georetric or configuration factor
FE = emissivity correction factor
roms 8 2 o b
0 = Stefan-Boltzman constant (.173 x 10 BTU/hr R )
AO = area of the ceble sgurface

TO axd T, = absolute temperature cf the ceble and chanber
surface respectively.

The radiant heat transfer coefficient is generally defined as
q = hr AO (TO - Tl) which is merely a statement of heat balance. Therefore,

solving for the heat transfer coefficient {hr) we have

’

ook
. FA FG « (TO - Pl )

LM
2 o = 11

For the simplified case considered here,

1

A R S I S
60 Al El .

where 60 = emissivity of the cable Jacket,
€, = emissivity of the enclosing cheamber surface, and
Eq and A, = the areas of the cable surface and chamber surface

respectively

SOEIVE|NO, 13-8626
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Therefore, the radliant heat trangfer coefficient is

By applying the conduction equations to the parameters of each
specific layer of materiel in the cable and by applying the counvection and
radiation equations to the parameters of the environment surrocunding the
cable Jacket surface, we can simulate the thermal characteristics of the

cable with a1 mathematical model.

A digital computer analysis program was written utilizing these
equations. The temperatures of each interfacing layer of each cable tested in
this program were calculeted as o function of ambient temperature and pressure
eltitude for the chosen limiting center conductor temperatures.

3.3.2 Temperature Measurements

In adlition to thz calculated values described in Paragraph 3.3.1,
experimental data was developed to both inerease the level of cornfidence in
the math model and to make fine adjustments to the caleulations where limited
material thermal and radiation parameter data was available or where engineer-~
ing estimates had to be made to perform the calculations.

The experimental tests were performed by artifically (non-RF) heating
the center conductor, or a simuletion of the center conductor, in a relatively
short cable sample while monitoring the resuitant tempersture levels with

thermocouples at the various cable material interfaces. These measurements

BOESALEINO.  D3-0626
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were performed at multiple anmbient temperatures and altitudes. Figures U
through 8 show the test fixture utilized in these tests and several of the
tesf samples. "Te center conductor temperatures used as test Limits were
176°F for polyethelene diclactric csables, hOOoF for teflon dielectric cables,
and 300°F for the silicone dielectric csbles.

Experimental testing was also performed on cable samples by applying
RF energy in increasing levels with the sample mechanically stressed in a
manner which would cause center cor#uctor migration toward the outer conductor
with a slight thermel deterioretion of the dielectric. This deterioration was
detected by meking time domain reflectometer measurements after each increase
in the RF power level. This information was also used in adjusting the com-
puted Jacket temperatures to tske into account the thermal contributions due
to dielectric and outer conductor losses.
3.h Description of Tests

Two basic types of RF power tests were accomplished: (1) CW tests
to determine the cables power handling capability as limited by heating due
to conductor and dielectric losses, and (2) low duty cycle pulse tests to
determine the RF voltage breakdown capability of the cables. The testing
was accomplished at several frequencies over the operating range of the test
cables to provide the date points which were the basis for the resultant power
capability versus frequency cixves. The tests were repeated at sufficient
temperature and altitude conditions to determine the dependency of power rating
on these factors.

The tests were conducted by installing the test cable in a temperature-

altitude chamber and instrumenting the length of the cable with 22 thermocouples.

S FsAEEINO. 13-8626
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JACKET TEMPERATURE TEST FIXTURE, RG117A/U INSTAILED

TIGURE L
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JACKET TEMPERATU! = TEST FIXTURE, RG142B/U INSTALLED
FIGURE 5

. SPDESVEG |NO. D3-5626
| SECT JPAGE 23

REVLTR:

€-3033 R1




SLESVE N0,  D3-8626

REV LTR: fsecT 1B

E-3033 RY



n
N

SOEINVEG|NO.  D3-8626

E~3033 R1?



JACKET TEMPERATURE TEST SAMPLE, KG180B/U

FIGURE 8
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Thermocouple spacing was every six inches starting at the cable input

for the first eight feet with the remaining thermocouples distributed
uniformly over the remeinder of the cable. Test cables were approximately

1k feet in length. A typical chamber and thermocouple instellation is

shown in Figure 9. Ar overall view of a typical test is shown iu Figure 10.
Entry and exit from the test chamber was accomplished bty means of the test
cable as discussed in Paragraph 3.2. Both the input and output ends of the
tesc cable were terminated in gpecially designed cable-to-wavegulde transitions
which were in turn connected to the RF power source or a high power waveguide
termination through calibrated power monitoring directional couplers and pover
meters, Input forward and refliected power, cutput forward power, test sample'
thermocouple readings and test chamber tempereture and pressure were monitored
and recorded throughout each test. A schemastic diasgram showing a typical test
setup is shown in Figure 11.

The detailed test sequence consisted of installing and instrumenting
the test cable in the test chavber and establishing the desired chamber
altitude and temperature condition. The ceble was then allowed to "soak" under
these conditions until temperature stebilization at the desired desired temperature
wes accomplished. The chamber was maintained at these conditions for the
remainder of the test. RF power was applied to the input of the test cable
in small increasing steps until the cable Jacket temperature stabilized at the
predetermined limiting tempersture as discussed in Paragraph 3.3. This process
was then repeated for all scheduled temperature end altitude conditions and

for each additionel test freguency.
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TYPICAT CHAMBER INSTALLATION, RG218/U INSTALLED
FIGURE 9
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The CW test cables were visually examined before and after the eatire

test sequence and VSWR and Time Domein Reflectometer tests were conducted
before and after the power tests at each test frequency to check for cable
deterioration. After all testing was completed on a particular sample,
segments were disecte« and the dimensions and condition cof ceble members
wes determined by inspection and deterioration or change noted.

RF pulse tests were conducted on different cable samples from those
sublected to the CW tests. The pulse test samples were visually inspected
and VSWR and Corona ignition and extinction tests were conducted prior to
applying RF power. The actual conduct of the tests was very similar to the
CW tests except that jacket temperatures were monitored for information and as
e "not-to-be-exceeded" pareameter. Peak power was increassed slowly until
the sample failed by dielectri: voliage brzakdown. Sections of cable where
breakdown occurred were carefully examined and conditions noted. Sections
of cable which were nct catastrophicelly involved in the breskdown were
inspected to ascertain less savere deterioration. Photographs of cable sections

where breakdown occurred are shown in Figures 12 through 1k,
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DIELECTRIC BREAKDOWN OF RG225A/U
PULSE POWER TEST SAMPLE

FIGURE 12
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DIELECTRIC BREAKDOWK OF RG1L2B/U
PUISE POWER TEST SAMP..Z

FIGURE 13
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4.0 TEST RESULTS
b CW (Average Power) Tests
4.1.1 Teflon and‘Polyethelene Dielectric Cables

Curves of CW Power Handling capability versus frequency for the
Teflon and Polyethelene ceizle types tested are shown in Figures 15 through 23.
the curves, which are based on tests conducted as discussed in Paragraph 3,
have been derated thirty percent below the actual test data points to accom-
modate the effects of typical system installations (i.e. bends, clamps, thexmally
insulated sections, ete.). The curves are plotted for a range of ambient
temperatures and altitudes which correspond generally to the practical environ-
mental operating range of the associated cable. Derating factors to account for
VSWR values greater than 1.0 are shown in Figure 31. Information as to the
rating of a cable at an intermediste environment may be detzrmined by interpola-
tion using the derating curves for altitude and ambient termgerature given in
Figures 32, 33, and 3h.
L.1.2 Silicone Rubber Dielectric Cabies

A cursory examination of predicted RF pe. Jormance characteristics of
the selected silicoune cables indicated their practical operating frequency
range to be confined to rather low frequenciss. The initial series of CW tests
on &ll three cable types supported the accuracy of these predictions. The
cables become extremely lossy as frequency 1is lncreased above the HF rangs.
They are essentially useless for thé transmission of RF exergy over most of

the frequency range covered by this program.
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A detailed examination of the materials used in these test cables revealed ¥

the primary contributor to loss was the silicone rubber dielcctric. The magnitude
of this dielectric loss does not remain constant versus frequency or temperature

nor does it vary in a manner characteristic of mnst microwave dielectries. Contacts
with the cable supplier and subsequent information obtained from the silicone

rubber eunpplier indicated a large dependency on RF frejuency and temperature.
Depending on the particular compound used, the dlelectric loss hangent may increase
by & factor of 51 with increasing frequency beilween 1 MHz and 10 GHz and may decrease
by a similar factor with increasing temperaturs from 250C to 20¢°c. Dielectric
constant also undergoes a significant change a: a function of temperature with

the result that cable characteristic impedance iz temperature sensitive. In addi-
tion, thes=2 variables are interrelated in a rather complicated ranner anu for a
parsicular chemical compound are dependent upon the exact process (cure teuwperature,
cure time, etc.) used during the fsbrication of the csble. In general, the silicone
rubber cables can be described as behaving in a manner quite unbecoming to a miecro-
wave transmission line.

Attenuation measurements made at low power levels over a wide frequency
range and under various temperature conditions confirmed the loss peculiarities as
describted above although the actual high power situsation wherecin e variation of
dielectric temperature across the diameter of the dielectric could not be simulated,
Flots of these attenuation measurements are shown in Figures 2%, 25 and 26.

A second series of high power tests was conducted.. The sét of Cﬁ-édéeg-.A

rating curves based on these retests are shown in Figures 27 through 29.

lMaynard G. Noble, Fundsmental Electrical Properties of Silicome
‘Rubber Compounds, Cctober 8, 1956.

MSDEFNG |NO. 13-8626
REVLTR: } SECT JPAGE 15

Z-3033 Nt



ATTENUATION IN DB/100 FT

REVLTR:

E=3033 A1

1000 == H H1 HH 1 " -
T 13 T TR B
ar n ] -l
R H
TR R T e TR Eic:
tRESES H-E) 0 B R R =+
v.:» H i o = | =4~ ] q,_ 14 L d -
B " —SHH = e it H T
L e e e
=E TR 14T ATEE e e ifLRE: 1H -
i Epw esuity HIFFEE Iir pusidl RaEs s
fHassE EEERE AT i
- i [v 111 ! - 11 11 e
SERIH At R R e giat o7 iR
o b fdeddod H 4 Jm_ i -
100 T AT AL ——— an
- 108 X0 4
T - -— { o
%b ‘\0 QQ{- t 1
T : Vel e g
4B L ;

ot
N RSN i
: ™
=

A

i

Ly

HHTH f BT REs

A1 T, I FEH H
LT e AT T RS DT R '.ar“jfk
. =5 ¥ RS

46295 = = W R i

o
PRI LAY B
il o
T
1

1} F 1 1 JRutiii [if

100 1000 10,000
FREQUERCY IN MHz

ATTENUATION VS FREQUENCY OF BIW-T870-C-G24
FIGURE 2k
AFDEING|NO. D3-8626

| secT [PAGE  u6



REVLIR:

€-3033 Rt

ATTENUATION IN DB/100 FT

1000 T TT » A0 T8 b 0 I ] g 1 _;__ T T
iy At - HHH ] M
T [ (T[] Tl
P ! 1 = { | 4 e - Sg=
: B I =3 g4 5 Hasinal BERtIEs 5331 Pl Swim B
-'i— ] - ':« -+ 1:‘35
-\\ - i el pE
CE HEE . HTHHE T T i
- » - L —|=$ -1 414 {1+
| ] H : I Hli S Eanl A
HIHH! i A (e BE 3B 5

ey

AR
Tl
ol | . v
-1
|
T
LE]
L
1

i
P} R TS I
7. ~ -~ :
‘.4"
54 %
! s -
e
P £ 3 Toa e
R ERA
.
L
T
-
i 11
1

t
I
{

vou vus
-

=it

100 SR LG8 o EIRMARA RRARMILY b B RiChiH SRR b

T

LANE
\ N

S

=

15
TI]
1

;
5
XX
NS
A Y
%
%
3=

e Ly
e alg s
; oty e " 1
10 . s H
b
= I
k

i |-
\ ——r .| '
\ -4 T

g 14
[ TEHHAT T pN gk
)\ -} - . = .1_._‘
i ol s mAEEYS s
N I TIHINIERURE AR
.1 - - b - . .. 1! L - ‘L H‘ —Fr'—’“
1 ¥ { * !

100 1,000 10,000
FREQUENCY IN MHz

ATTENUATION V€ FREQUENCY OF BIW-8482-C-G26
FIGURE 25

BPPEIAIE|ND, D3-8626

 SECT REI



1000 T FI T THTIHE: BE SIS DR RN NaRaa0sss i SESNELTIED BE
i T e H « b =t " p

Sl 1 H Bis =i 1 Hi i f RS
BN 1 Adk deidsiii =gl P H F: = = .';J:'.“;
1 BE - = O 1 .
—r 1 T | o
] FTTINE g ] EEIINAEE R e
= =ai T e Es
S BRI = {ESgss
jaEqEsSSEEEEE L :
iE i b 1 i | 1 -

‘ T T
] o e ERaiin iy A
100 —— 3cs

ATTENUATION IN DB/100 FT
e e

10

1
L

- =%
i

v
=

s

= h e
(TE W
== :
) o

_ T it
LRI T EE R R “.“.‘J(
] TR H A H T H A
100 1,000 10,000
FREQUENCY IN MHz
ATTERUATION VS FREQUENCY OF RG 256/U
TIGURE 26
BDEIA|NO. 13-8626

REVLTR: | SECT [PAGE 18

E-3033 Rt



USRS SRR SURU TR M SN .. ¥ SUN W L N
S S B U ] 4
i s b o o S i O R e e B O

Cw POWER IN WATTS
i

iy

|
Lo ‘ Lol ; ‘
100 V.o SRS TR OO KT FRER O O S O TR MR AN i

FREQUENCY IN GHz

AVERAGE POWER RATING OF BIW-T870-C-G2k4

FIGURE 27

BOEINGE|NO,  D3-8626

REVLTR: JSECT IPAGE 15

- E=3093 RY



<

CW POWER IN WATTS
i
|
|
|
H

10 R Y R GNP (ST L5 IUDUIDS MR IS DTN PRI PO SR S
0.1 1.0

FREQUENCY IN GHz

AVERAGE POWER RATINGS OF BIW-8L482-C-~G26

FIGURE 28

OEINVLF|NO.  D3-8626

REVLTR: | SECT [PAGE 5o

< Ke3033 RY



i
e

B s

B BT S

: {8
S S e
b

o=l e

i = 1
i ; E
T < : —
g e e |
T BN _. L W .
. g ' s :
’ v SRR
T :

SILIVM NI

HAMOd MO

FREQUENCY IN GHz

AVERAGE POWER RATINGS OF RG 296/U

FIGURE 29

D3-8626

SDEINT|NO.

lSECT

51

A PAGE

"REVLTR:

LSTHIN T



4.2 Peak Power (Voltage Breakdown) Tests

Pulse power tests conducted on the ten cable types over the frequency
and ambient environment ranges used for the CW tests revealed the breakdown power
levels to be generally insensitive to frequency, to ambient temperature and to
altitude within the operating ranges of the cables. The only exception being
the teflon dielectric cables which exhibited a marked decrease 1 breakdown
pover level & higher ambient temperatures. A search of avalleble literaturel
on the properties of teflon revealed that TFE Teflon undergoes a significant
change {step function decrease) in dielectric ssrength of ebout 25 percent sas
temperature is increased 1i1bove approximately 100°F. These relative voltage
levels correspond favorably with breakdown power levels experienced on RG 225
samplee which had similar corona extinction voltage levels but were power
vtested at room ambient temperature and at elevated temperatures.

A review of the characteristics of known categories of eiectronic systems
which might be expected £o epproach the peak power ratings of the teflon cables
tested revealed tl<t average power heating would raise the cable center conductor
temperature to the region where the lower power (higher temperature) rating would
apply. For this reason the recommended meximum peek power ratings for teflon
cables are with respect tc this lower value.

A éonsidergble variation in corona extinction voltage was ncted in samples

taken from adjacent locations ¢n the proecured lengths Gf cable - the largest

variation being approximately 25 percent in RG 225 samples. The RF braakdown power

Doban R.C., Sperati, C.A., and Sandt, B.W.,; The Physical Properties
of "Teflon" Polytetrafluoroethylene, Society of Plestics Fngineers Journal,
Volume 11, Number 9, ‘November 1955. 5
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levels for samples exinibiting this difference in corona extinction values,
varied by approximately 50 percent - the lower corona value corresponding to
the lower breakdown level,

The availsble samplas of BIW 8482-C-G2€ cable possessed a mechanical
condition wherein the cabie center conductor exhibited periodic "kinks" resuliing
in a center conductor cffset with respect to the centerline of ﬁhe dielectric
approximately every six to eight inches along its length. The offset was approxi-
nmately equal to the dlameter of the center condu.tor. As would be expected, RF
breakdown ozcurred at these points. The breakdown level for this type of cable
if properly constructed would undoubtedly be higher than that ligted in Table II
which is based on the test values.

Recommended maximum peak power levels for tﬁe ten cable types tested
are listed in Table II. These tabulated valuea were obtained by derating the
actual test breskdown power level values by 2% to 50 percenf to take into
account the differences between the long and short term breakdown properties of
the dielectric involved, and the variation in the corona extinction values of

the tested samples relative to the required minimum values specified in MIL-C-1T0.
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TABLE I1

MAXIMUM RECOYMENDED PULSFE POWER RATINGS

XINUM RECOMMENDED PEAK POWER
CAELE TYPE (WATTS x 106) _VSWR = 1.0:1

RG 58C/U .08
RC 214/U .25
RG 218/U 2.50
RG 180B/U .08
RG 1L2B/U .30
RG 225A/U .35
RG 117A/U k.o

BIW 8uB2-C-G26 .10
BIW 7870-C-G2lL ! .20
RG 296/U 3.0

BTV LF|NO, D3-8625
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c.0 APPLICATION GUIDELINES

The recommended maximum power ratings provided by Figures 15 through 23,
27 through 29, and by Table II ere based on a VSWR of unity and on the temperature
and altitude conditions as noted. Correzticns to account ror other conditions
may be determined as discussed in this section.
5.1 VSWR Derating

The pulse power rating of a cable based on a 1:1 VSWR must bé decreased

if a higher voltage standing wave exists on the cable. The magnitude of this

necessary derating can be determined by the expression VéWR . Figure 30 shows
percent derating versus VSWR and caa be applied directly to the ratings given
in Teble II.

The CW power rating of a cable is also affected by voltage standing
wave ratio, or rather by the associated power standing wave. In this case the
relation is more complicsted since it involves not only the magnitude of the
standing wave but alsc the thermal charecteristics of the cable and the physical
spacing between the power standing wave peaks. For soiid dielectyic csbles of the
types considered by this program the thermal chearacteristics are predominately
determined by cable diameter. Tae spacing between power maximums is determined
by Trequency. The msgnitude of this necessary CW derating can be calculated

2 (VSWR) . :
fra; the expression (VSWR)2 + 1 + K ((VSWR)2 - 1) vhere K is a factor which

L

considers csble characteristics and freguency. Figure 21 shows percent derating
versus freguency for VSWR values from 1.0 to 3.0 and :an be applied directly to

the curves of Figures 15 through 23 and 27 fhrough 29.
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5.2 Intermediate Duty Cycleés

The Pulse power ratings of Teble II are based entirely on voltage break-
down limitations whereec the CW ratings are determined by allowable ceble tempera-
ture. Botu limitations must be recognized when choosing & ceble for a particulsar
application. This selection can be accomplished quite simply by first determining
that the operatinz pulse power level, properly derated for system VSWR, will not
exceed the value for the ceble being considered (Table II), The required average

power level is then determined from system pulse Icvel and duty cyecla and checked

against the candidate csble CW rating curve whick has been proper’y derated for
system VSWR and operating environment.
5.3 Intermediate Environments

The Pulse pcwer test results indicate the RF voltage breakdown capability
of the cable types tested to be fairly insensitive to environmental conditions
with the exception of the temperature dependency of Teflon as discussed in para-
granvh k.2, This obviously is not crue in the case of CW or avsrage nower handling.
Curves plotted in Figures 15 through 23 show CW power handling ratings for nominal
{ses level —.860F) and limiting environmental conditions. The rating for any
intermediate environment may be obtoined by referring to Figure 32 fo:x the appro-
priate altitude derating factor and to Figures 33 or 34 for the proper temperaturé
modifying factor. These corrections are then applied to the sea level 86°F power

rating curve (Figures 15 or 19) for the 2sble type under con
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6.0 SUMMARY AND RECOMMENDATIONS

The information containzd in this document is based on extensive
testing and subsequent anslysis of the test results. This analysis recognized
relevant practical considerations such as installation relaied factors and
cable variatiuns within {.e constreints of the associated controlling specifi-
cation. The resulting recomsended meximum values and application guidelines
ere intended to provide a safe and eas:ly used system wherein the suitability
of & given ceble can be determined for a snecific application.

Although not an element of this program, it should be recognized
that the connectors required in a practical transmission line installation
will usually impose & peak power limit and mey impose a CW limit significantly
below that of the associated cable. To complete a total transmission system
design, the designer must have knowledge of the power handling capability of
the intended connectors. It is recommended that a similar test and analy:is

program be conducted to determine power ratings for commonly used connector

. series,
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