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ABSTRACT 

Representative coaxial cable types were subjected to high power CW and 
pulse tests.  The tests were conducted over a 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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i.O     INTRODUCTION 

This document sets forth maximum recommended RF power levels for 

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

are given for both CW (temperature limited) and pulse (voltage limited) con- 

ditions.  The influence of RF frequency, ambient temperature, ambient altitude 

and VSWR is also considered.  The recommended ulings are based on numerous 

pulse and CW power tests conducted on the ten cable types.  Test frequencies 

and test ambient conditions were selected to provide a best distribution of 

data 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 into consideration the thermal and mech- 

anical properties of the cable components as well as measured attenuation 

values which 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. N001*+0-71-C-0003. 

REVLTR: [«T      |PAGE  5 

e-soas *M 



2.0     BACKGROUND 

Designers of high power FF equipment installations must Select RF 

transmission lines compatible with "both the equipment power levels and 

frequencies and with the system operational environment. Existing information 

on which to base such selections is limited to historical experiences with 

similar systems, theoretical calculations, or data from isolated tests. 

Comprehensive design information is unavailable in most cases. The 

consequencer. are often gross over or under design.  Similar problems are 

encountered by  the field engineer in attempting to provide a solution for 

recurring field failures. He has available the same limited information 

which determined the original installation supplemented only by the evidence 

provided by the failure. The resultant fix ox-en takes the form of a treat- 

ment of the syriptoms and provides no real cure for the illness.  This situation 

is one of long standing and is becoming more acute with the increased power 

of modern electronic systems and wit?: 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 handling capability of typical types 

of RF coaxial cables. Test specimens were selected to provide application data 

on Teflon, polyethelene, and silicone rubber dielectric cables over a range of 

dielectric sizes.  Tests were conducted on eight RG cable types and two com- 

mercial cable types. Operating ambient temperature ranges of -100 F to +l60 F 

for polyethylene cables, -100°F to +300°F for Teflon cables and -100°F to 

+200 F for silicone rubber cables were considered. The pressure altitude range 

for all dielectric types was from sea level to 200,000 feet. 

jmm^Mn^lm. D3-8626 
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3.0 TECHNICAL APPROACH 

3.1 General 

Detailed planning of the test phase of the program followed final 

definition of the test cable types as indicated in Table I.  This detailed 

planning revealed two significant problem areas:  (l) the method of applying 

the required RF power levels to the input of the test cables, and (2) the 

method of determining test cable center conductor temperature during the 

test. The solutions to these problems are discussed in Paragraphs 3.2 and 

3.3 respectively.  A description of the test methods employe-i for CW and 

pulse testing is contained in Paragraph 3.U. 

3.2 Waveguide-to-Cable Transitions and Chamber Feedt.hr ough 

Initial program plenning called for the design and fabrication of 

environmental chamber RF feedthroughs having electrical properties commen- 

surate with the planned test frequencies and anticipated power levels.  The 

feedthroughs were also intended to provide thermal isolation of the test 

cables from the chamber walls and from the external environment. A more 

detailed analysis, however, following the final determination of test cable 

types led to the rather definite conclusion that any practical feedthrough 

which incorporated a connector 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 have to be of a dimensional configu- 

ration which would impose upper frequency limitations substantially below 

the upper frequency rating of the test cable. 

JWWggg^glNO,    D3-8626 
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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 ranges.  The actual test cables 

were configured to a length which, 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 cable loss to the location where "heat 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 

of the problem was the design and fabrication of special transitions which 

accommodated the test cable entry into the waveguide without the use of inter- 

vening coaxial connectors.  A series of these transitions was developed in the 

waveguide sizes required to cover the best frequencies and was used to terminate 

the test cables at both input and output (waveguide loads) ends. The transitions 

were further sophisticated to provide a feature wherein the coaxial half of 

JV£MFJW&\m.    D3-8626 
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the transition of any particular cable would "plu^-in" to any of the wave- 

guide sizes thereby eliminating the need to disturb the cable braid termi- 

nating ..mc-chanism when changing test frequency. The reflection coefficients 

of the transitions were a best compromise considering.all of the cable 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 VSWB- To further enhance the breakdown 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 values 

for dry air and Freon 12 versus pressure is shown in Figure 1. 

The design philosophy for the transitions was merely to transfer the 

PF energy from the waveguide TE  mode to the coaxial TEM mode in the smoothest 

possible manner without creating any areas of undue voltage concentration in 

the process. A configuration commonly referred to as a "door knob" transition 

backed by a waveguide short circuit was selected and optimized for reflection 

coefficient over the range of frequencies and cable sizes of interest. The 

unique feature of the transitions is that the cables actually "p3-Ug in" to 

the waveguide, with the cable dielectric engaging the surface area of the 

door knob surrounding the cable center conductor contact. A typical transition 

and several associated cable terminations are shown in Figure 2. A typical 

cutaway drawing is shown in Figure 3. 

3.3    Cable Temperature Analysis 

3.3.1   Theoretical Analysis 

The criteria upon which the maximum power handling capability was 

established is based on the maximum allowable surface temperatu.   * the caYjle 

REVLTR: 1SECT      lPAGE  10 
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wiGH POWER WAVEGUIDE-TO-CABIE TRANSITION 

FIGURE 2 
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center conductor.  Determination of this temperature during the power test 

obviously could not he done by direct measurement so extensive analysis tfas 

undertaken both 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 specific cable under test to these 

measured 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:  (l) conduction through the concentric layers 

of the cable, (2) by convection into the surrounding gas, and (3) by radiation. 

The heat transfer problem is assumed 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 altitude were changed slowly so that the thermal parameters varied in 

a quasistatic manner and were then held until full thermal stabilization was 

realized before a test step was considered complete. For this reason, steady 

state equations descriMi^g the heat transfer could be considered applicable. 

If the center conductor is considered a heated element,, then the 

heat flow (oj through the remaining concentric layers may be determined by 

the steady state heat conduction equation, 

JKCBS5glfW|N0.     D3-862S 
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q = 
27rL(Ti-T

n+i) 

where      i is an index denoting the layer 

L = length of the cable 

k. = thermal conductivity of the i  layer 

th Ti = temperature of the inside surface of the iZa  layer» and 

■f~Vi 

D  = the inside diameter of the f" 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 radius of the cable. The 

black coating on the chamber's inner surface approximates a black body from 

a radiation standpoint. The only airflow around the cable was generated by 

the natural bouyancy of the air heated in the film around the cable jacket 

surface. This allows the use of the equations for free 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 experimental 

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

cylinder is 

WCZMBß | NO.      D3-8626 
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N = U ~ £n h * L" *(^r\ 

where C and d are constants to be determined experimentally. 

N is the Nussalt number (dimensionlesc), 

G is the Grashof number (dimensionless)5 and r 

P is the Prandtl number (dimensionless). 
r 

For- large cylinders where 

(Gr Pr)d 

is a small number, the denominator 

jßn 1 + can be approximated by 

(°r**) 
so that 

N     **   C u 

For a cylindrical surfase, the Grashof number is defined as 

.3   n? 

Gr = ~ 

IT   Pf   0  6   4t 

where 

REV LTR: 

c-soas HI 

D        = diameter of the  cylinder 

Pf      ~ filK density 

ß       * coefficient of volumetric expansion 

g        = acceleration due to gravity (1+.17 x 10    ft/hr^) 

/I.      = absolute viscosity of the  film gas 
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At - temperature difference of the gas and the cylinder 
surface 

The Prandtl number is defined as 

where 

Cpftf 
Pr=    k 

C = specific heat at constant pressure 

k„ = thermal conductivity of the gas 

The Nusselt number is defined as 

h D 

u   kf 

where hc = coefficient of heat transfer between the cable surface and the 
g*?,s due to convection. 

In all the etvwe definitions, the film parameters such as k , /I«, 

and p are determined at a ficticious temperature t which is defined as the 

mean temperature between the cylindrical surface (t ) and the gas (t ) or 
s g 

J t     =  t     V 

For the particular 3et of cylindrical cable samples considered for 

this report, the constants  C and d are defined as  C = O.Ul and d = 0.25. 

B»i«ylN0.   D3-8626 
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The coefficient of heat transfer by convection is therefore 

hc = T 
Jtn 1 + 

(D3 Pf
2 ßg At cuj 

.Ui 

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

defined as: 

9= (hr + h=) Ao (To-Ti) 

where   T and T.. = temperature of the jacket and surrounding gas respectively 

h = coefficient of heat transfer hy convection 

h = coefficient heat transfer by radiation, and 
r 

AÄ - .lacket surface area. 

We must,, therefore, find both the heat transfer coefficient for 

convection and radiation before we eon eval-iate the heat flow from the jacket 

to the surrounding media. 

Since the cable tests were run in a cylindrically shaped chamber; 

and since the cable was positioned in the center of this cylinder, the thermal 

radiation problem is somewhat simplified. The heat transfer equation for 

radiation alone is 

RF V LTR: 
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<L " FA V, An <T     (T^ - Tx    J A    €     0 

»here        F    ~ geometric or eon figuration factor 

P    = emissivity correction factor 

(7   = Stefan-BoItzman constant  (.173 x 10    BTU/h        °S  ) r 

AQ = area of the cable  surface 

Tn and T,  - absolute temperature cf the  cable and chamber 
surface respectively. 

The radiant heat transfer coefficient is  generally defined as 

q = h    An (T    - T, )    which is merely a statement of heat balance.    Therefore, 

solving for the heat transfer coefficient (hr) we have 

_FAF0ff    (To't-Tl't) 
r • 7*     -  ^ r 10      *1 

For the simplified case considered here, 

1 
FA - 1. and FG 

<0  *1 [*1   J 

where    £  = emissivity of the cable jacket 

<£n = emissivity of the enclosing chember surface, and 

J-V_ and A., - the areas of the cable surface and chamber surface 
respectively 
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Therefore, the radiant heat transfer coefficient is 

h    « r 

IT    - T    i 

tW^ 
By applying the conduction equations to the parameters  of each 

specific layer of material in the cable and by applying the convection and 

radiation equations to the parameters of the environment surrounding the 

cable  jacket surface, we can simulate the thermal characteristics of the 

cable with 3. 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 calculated as a function of ambiont temperature and pressure 

altitude for the chosen limiting center conductor temperatures, 

3.3.2        Temperature Measurements 

In addition to the calculated values described in Paragraph 3.3.1» 

experimental data was developed to both increase the level of confidence in 

the math model and to make fine adjustments to the calculations 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 simulation of the center conductor, in a relatively 

short  sable sample while monitoring the resultant temperature levels with 

thermocouples at the various  cable material interfaces.    These measurements 

ArtrttArJ* I NO.     D3-C626 
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were performed at multiple ambient temperatures and altitudes, Figures U 

through 8 shov thfc test fixture utilized in these tests and several of the 

test samples. r.7\r..e  center conductor temperatures used as test limits were 

176 F for polyethelene dielectric cables, UCO F for teflon dielectric cables, 

and 300 F for the silicone dielectric cables. 

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 thermal deterioration of the dielectric. This deterioration was 

detected by making 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 take into account the thermal contributions due 

to dielectric and outer conductor losses. 

3-U    Description of Tests 

Two basic types of RF power tests were accomplished:  (l) CV 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 data points which were the basis for the resultant power 

capability versus frequency corves• 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. 
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JACKET TEMPERATURE TEST FIXTURE, RGllTA/U INSTALLED 

FIGURE  k 
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JACKET TEMPERATUR TEST FIXTURE,   RGlteB/U INSTALLED 

FIGURE 5 
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JACKET TEMPERATURE 

TEST SAMPLE,  RQ218/U 

FIGURE 6 
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JACKET TEMPERATURE TEST SAMPLE,  RGlteB/U 
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JACKET TEMPERATURE TEST SAMPLE,   RGI80B/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 remainder of the cable. Test cables were approximately 

1^ feet in length. A typical chamber and thermocouple installation 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 by means of the test 

cable as discussed in Paragraph 3.2. Both the input and output ends of the 

tebc cable were terminated in specially designed cable-to-waveguide transitions 

which were in turn connected to the RF power source or a high power waveguide 

termination through calibrated power monitoring directional couplers and paver 

meters.  Input forward and reflected power, output forward power, test sample 

thermocouple readings and te3t chamber temperature and pressure were monitored 

>*nd recorded throughout each test,  A schematic diagram 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 chamber and establishing the desired chamber 

altitude and temperature condition. The cable was then allowed to "soak" under 

these conditions until temperature stabilization at the desired desired temperature 

was 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 temperature as discussed in Paragraph 3.3. This process 

was then repeated for all scheduled temperature and altitude conditions and 

for each additional test frequency. 
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TYPICAL CHAMBER INSTALLATION, RG218/U INSTALLED 

FIGURE 9 
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TYPICAL AVERAGE POWER TEST  SETUP 

FIGURE 10 
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The CW test cables were visually examined before and after the entire 

test sequence and VSWB and Time Domain Refleetometer tests were conducted 

before and after the pover tests at each test frequency to check for cable 

deterioration. After all testing was completed on a particular sample, 

segments vere disecte'i and the dimensions and condition of cable members 

was determined by inspection and deterioration or change noted. 

BF pulse tests were conducted on different cable samples from those 

subjected to the CW tests. The pulse test samples were visually inspected 

and VSWR and Corona ignition and extinction tests vere conducted prior to 

applying KF pover.  The actual conduct of the tests was very similar to the 

CW tests except that Jacket temperatures were monitored for information and as 

a ,!not-to-be-exceeded" parameter. Peak power was increased slowly until 

the sample failed by dielectric voltage breakdown. Sections of cable where 

breakdown occurred were carefully examined and conditions noted.  Sections 

of cable which were not catastrophically involved in the breakdown were 

inspected to ascertain less severe deterioration. Photographs of cable sections 

where breakdown occurred are shown in Figures 12 through ik. 
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DIELECTRIC  BREAKDOWN  OF RG225A/U 
PULSE POWER TEST SAMPLE 

FIGURE 12 
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DIELECTRIC BREAKDOWN  OF RG1^2B/U 
PULSE POWER TEST SAMPLE 

FIGURE 13 
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DIELECTRIC BREAKDOWN  OF RG2U/U PULSE POWER SAMPLE 

FIGURE Ik 
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k,0 TEST RESULTS 

k.l 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 ceble types tested are Bhown 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, thermally 

insulated sections, etc.).  The curves are plotted for a range of ambient 

temperatures and altitudes which correspond generally to the practical environ- 

mental orperating 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 intermediate environment may be determined by interpola- 

tion using the derating curves for altitude and ambient temperature given in 

Figures 32, 33, and 31*. 

1.1.2 Silicone Rubber Dielectric Cables 

A. cursory examination of predicted RF performance characteristics of 

the selected silicone cables indicated their practical operating frequency 

range to be confined to rather low frequencies. The initial series of CW tests 

on all three cable types supported the accuracy of these predictions. The 

cables become extremely lossy as frequency is increased above the HF range. 

They are essentially useless for the transmission of RF energy 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 dielectric.    The magnitude 

of this dielectric loss does not remain constant versus frequency or temperature 

nor does it vary in a manner characteristic of mo3-c microwave dielectrics.     Contacts 

with the cable supplier and subsequent information obtained from the silicone 

rubber supplier indicated a large dependency on RF frequency and temperature. 

Depending on the particular compound used,  the dielectric los« tangent may increase 

by a factor of 5    with increasing frequency between 1 MHz and 10 GHz and may decrease 

by a similar factor with increasing temperature from 25°C to 20C°C.     Dielectric 

constant also undergoes  a significant change  as  a function of temperature with 

the result that  cable characteristic impedance is temperature sensitive.     In addi- 

tion, these variables are interrelated in a ra.ther complicated F.anner and for a 

particular chemical compound are dependent upon the exact process  (cure temperature, 

cure time, etc.) used during the fabrication of the cable.     In general, the silicone 

rubber cables can be described as behaving in a manner quite unbecoming to a micro- 

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 

described above although the actual high power situation wherein a variation of 

dielectric temperature across the diameter of the dielectric could not be simulated, 

Plots of these attenuation measurements are shown in Figures 2h9 25 and 26. 

A second series of high power tests was conducted.    The set of CW power 

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

Maynard G.  Noble, Fundamental Electrical Properties of Silicone 
Rubber Compounds,  October 8, 1956. 
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U.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 ir. breakdown 

power level a higher ambient temperatures. A search of available literature 

on the properties of teflon revealed that TFE Teflon undergoes a significant 

change (step function decrease) in dielectric strength of about 25 percent as 

temperature is increased lbove approximately 100 F. These relative voltage 

levels correspond favorably with breakdown power levels experienced on BG 225 

samples which had similar corona extinction voltage levels but were power 

tested at room ambient temperature and at elevated temperatures. 

A review of the characteristics of known categories of electronic systems 

which might be expected to approach 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 maximum peak power ratings for teflon 

cables are with respect to this lower value, 

A considerable variation in corona extinction voltage was noted in samples 

taken from adjacent locations on the procured lengths cf cable - the largest 

variation being approximately 25 percent in RG 225 samples. The BF breakdown power 

Doban R.C., Sperati, CNA», and Sandts B.W., The Physical Properties 
of "Teflon" Polytetrafluoroethylene, Society of Plastics Engineers Journal, 
Volume 11. Number 9 >. November 1955. 
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V 1 

levels for samples exhibiting this difference in corona extinction values, 

varied by approximately 50 percent - the lower corona value corresponding to 

the lower breakdown level. 

The available samples of BIW 8I482-C-G26 cable possessed a mechanical 

condition wherein the cable center conductor exhibited periodic "kinks" resulting 

in a center conductor offset with respect to the centerline of the dielectric 

approximately every six to eight inches along its length. The offset was approxi- 

mately equal to the diameter of the center conductor. As would be expected, RF 

breakdown occurred at these points. The breakdown level for this type of cable 

if properly constructed would undoubtedly be higher than that listed in Table II 

which is based on the test values. 

Recommended maximum peak power levels for the ten cable types tested 

are listed in Table II.  These tabulated values were obtained by derating the 

actual test breakdown power level values by 25 to 50 percent 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-170. 
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TABLE II 

MAXIMUM RECOMMENDED PULSE FOWütt RATINGS 

CABLE Tl'PE 

-  ■    1 

MAXIMUM RECOMMENDED PEAK POWEK 1 
(WATTS x 106)  VSWR = 1.0:1  | 

HG 58C/U .08 

1 m 21U/U .25 

| RG 218/U 2.50 

BG 180B/U .08 

RG IteB/U .30 

RG 225A/U .35 

RG 117A/U k.Q 

BIW 8U82-C-G26 .10 

BIW T370-C-G2U :                           .20. 

RG 296/U 3.0 
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Z.O APPLICATION GUIDELINES 

The recommended maximum power ratings provided by Figures 15 through 23, 

?7 through 29s and by Table II are based on a VSWR of unity and on the temperature 

and altitude conditions as noted. Corrections to account for 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 be decreased 

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

necessary derating can be determined by the expression ysWR .  Figure 30 shows 

percent derating versus VSVTR and can be applied directly to the ratings given 

in Table 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 complicated since it involves not only the magnitude of the 

standing wave but also she thermal characteristics of the cable and the physical 

spacing between the power standin.? wave peaks.  For solid dielectric cables of the 

types considered by this program the thermal characteristics are predominately 

determined by cable diameter. The spacing between power maximums is determined 

by frequency. The magnitude of this necessary CW derating can be calculated 

2 (VSWR)     _ „  . .    x ..'.■ 
from the expression  (vswa)2 + i + K (<VBWR)2 - 1) ^^ K 1S  a fact°* Vhich 

considers  cable characteristics  and frequency.    Figure 31 shows percent derating 

versus  frequency for VSWR values  from 1.0 to 3.0 and oan be applied directly to 

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

The Pultre power ratings of Table II are based entirely on voltage break- 

down limitations wheree^ the CW ratings are determined by allowable cable tempera- 

ture.    Botii limitations must b« recognized when choosing a cable for a particular 

application.    This selection can be accomplished quite simply by first determining 

that the operating pulse power level, properly derated for system VSWR, will not 

exceed the value for the cable being considered (Table II).    The required average 

power  level is then determined from system pulse level and duty  cycls and checked 

against  the candidate cable CW rating curve which has been property derated for 

system VSWR and operating environment. 

5.3 Intermediate Environments 

The Pulse power 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- 

graph J».2.  This obviously is not crue in the case of CW or avsrage power handling. 

Curves plotted in Figures 15 through 23 show CW power handling ratings for nominal 

(sea level - 86°F) and limiting environmental conditions. The rating for any 

intermediate environment may be obtained by referring to Figure 32 for the appro- 

priate altitude derating factor and to Figures 33 or 3^ for the proper temperature 

modifying factor.  These corrections are then applied to the sea level 86 F power 

rating curve (Figures 15 or 19) for the cable type under consideration* 
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6.0 SUMMARY AND RECOMMENDATIONS 

The information contained, in this document is based on extensive 

testing and subsequent analysis of the test results.     This analysis  recognized 

relevant practical considerations such as  installation related factors and 

cable variations within t\e constraints  of the associated controlling specifi- 

cation.     The resulting recommended maximum values and application guidelines 

are intended to provide a safe and ear My used system wherein the suitability 

of a given cable can be determined for  a specific 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 a peak power limit and may 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 analysis 

program oe conducted to determine power ratings  for commonly used connector 

, series. 
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