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1.0 INTRODUCTION

The purpose of the report is to present the results of a study on the feasibility

of preflight antenna performance tests at a launch facility. The report

includes a description of the measurement setup, the measured data, the con-

clusions drawn from the measurements, and recommendations for the field test

equipment. The appendix contains the documentation of the test antenna.

The objectives of the tests were twofold: first, to establish what type of

antenna damage would be detected by far-field pattern measurements; second, to

determine if the far-field pattern measurements could be correlated to near-field

probe measurements. To keep the measurements within reasonable bounds only a

, few probable types of damage were selected. Any damage that could be detected

by visual inspection of the outside surface of the antenna was excluded. The

type of damage investigated was having one or two subarrays disabled by a

fault in the coaxial feed harness or having one of the elements disabled by a

break in the printed circuit harness. The third type concerned faulty antenna

mounting. It is felt that these are the more probable types of damage that

would be encountered.

Three different probes were used to obtain information on the probe response.

It was also an opportunity to see if a particular probe would be preferable.

Included in the probe measurements were probe position tests.

On the basis of the above tests it appears feasible to use a near-field probe

to detect antenna problems of the nature discussed above.

.-.- 1-



A short discussion on RF radiation hazards is included, but no hard guidelines

are given. The subject is only introduced to make the operator aware of the

problem. For detailed discussion on RF radiation hazards, the references and

other publications should be consulted.

All figures follow the text, beginning on page 20.

".
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2.0 EQUIPMENT USED AND TEST SETUP

All the measurements were made on the model range leg of the PSL outdoor

antenna range complex. The far-field measurements were made with standard

equipment and need no discussion. The setup for the near-field measurement is

shown in Figure 1. The signal was transmitted from the Model 55.385 stripline

slot array and detected with a probe mounted on a stand. The detected signal

was transmitted through a coaxial line to the receiver in the control room.

The output was recorded in polar format with a recorder whose rotation was

synchronized with the rotation of the Mod 55.385 antenna. The equipment used

is listed in Table 1.

-3
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TABLE I

EQUIPMENT LIST

RR #2819 Test Equipment Used

Testing Range Model Range

Isolator 2 - 4 GHz

Mixer 14- 3

Receiver SA Model 1752

Recorder SA Model 1553

Transmitter SA Model 2163

Dish - Dipole in 5' Dish

Antenna - Model 55.385 AE265, AE297, AE270, AEO11, AEO12, AE301

Power Meter Boonton Electronics Model 42B

41 - 4E Sensor

Counter 5248

Probe 1.7 Coaxial to Waveguide Adaptor

Probe Disk Dipole

Probe Small Dipole

-4-
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3.0 MEASUREMENTS

3.1 Impedance

Before the tests at the antenna range were started, impedance measurements

were made at the laboratory. Since radiation tests were planned for the

intact antenna and also for a simulated damaged array, the impedances were

measured for those antenna conditions. The results are shown in Figures 2

through 5. A comparison of the impedance curves shows that it would not be

possible to detect a damaged subarray by impedance measurements if the array

is as large as the one being tested. The impedance changes are of approximately

the same order of magnitude as the variation one obtains measuring different

intact arrays.

3.2 Far-Field Radiation Measurements

A set of far-field patterns were measured to compare the intact antenna with

-. conditions simulating a damaged harness. The vehicle coordinates for the

measurements are such that the nose of the vehicle is at 0=00 and the subarray

with the serial number AE265 is at 0=00; 0=90. The coaxial harness configuration

-.. and the location of the subarray is shown in Figure 6. The 0=00 and 0=900 of

the radiation patterns are shown in Figures 7 through 12. The effect of dis-

-, connecting one or two subarrays is very pronounced and very much as expected.

The patterns form a baseline for the subsequent tests.

-5-
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4.0 THE NEAR-FIELD PROBES

Three different probes were used during the measurements. The probes are

shown in Figure 13. One is a disk dipole Model 44.001; the other is a coaxial

to waveguide adaptor. The waveguide will probably be the preferred choice

since it is easily mounted. The third probe is an electrically small dipole

which is useful because it can measure the output from individual slots. Its

disadvantage is that in some situations it may receive insufficient power for

the measurement. Its use will be discussed in more detail in the section

about antenna mounting. Probe radiation patterns were measured for the dipole

and the waveguide. Both probes were backed by RF absorbent plates to reduce

the back radiation. The patterns are shown in Figures 14 through 17.

After the completion of the documentation type measurements, the Model 55.385

, antenna and the waveguide probe were set up for near-field measurements. The

setup is shown in Figure 18. The first series of measurements was made using

an intact array and varying the probe position. The sketch in Figure 19 shows

the various displacements of the probe. The distance from the surface of the

cylinder was varied from 4 to 8 inches. The probe was also displaced from the

centerline of the antenna along the axis of the cylinder. The results are

shown in Figures 20 through 24. At 4 inches the peaks of the individual

subarrays are more pronounced compared to the far-field pattern. A comparison

between Figure 8 and Figure 21 shows that the probe pattern even at a 6 inch

distance from the antenna approaches that of the far-field pattern. There is

little difference between the 8 and 6 inch probe positions. The ripples in

the pattern (Figure 22) are due to vibrations caused by the wind and can be

ignored. The effect of displacing the probe along the vehicle axis, shown in

-6-
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Figures 23 and 24, is negligible. The conclusions drawn from this series of

tests are that placing the probe 6 inches from the antenna is reasonable and

that the placement of the probe is not critical.

*The electrically small dipole is placed very close to the antenna. It will

show peaks for the individual slots and small minima for the gaps between the

* *" subarrays. The pattern generated with this probe is shown in Figure 25.

S.,-.--
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5.U CORRLLAIION ILSIS

The main purpose of the investigation is to detect, by near-field probing of

the antenna, faults in the antenna system that would deteriorate the far-field

pattern. In other words, is there a good correlation between the near-field

and the far-field measurements with respect to antenna system damage? The

tests described in the previous sections of the report were made to establish

a baseline showing how the system damage affects the radiation pattern; the

probe tests were made to help in the selection of the probe and to establish

the sensitivity of the test to probe position.

Radiation patterns shown in Figures 26 through 31 and Figures 33 through 44

were obtained using the near-field probes. Only two probes were used. One of

them is the short dipole for testing the field approximately 0.1X from the

antenna. The other probe was the coaxial to waveguide adaptor, which was

located approximately 1X from the antenna. The disk dipole was not used since

it had already been established that the results do not significantly differ

from those of the waveguide.

The patterns in Figures 26 through 29 show the result of simulated cable

damages. A line break in the printed circuit harness was simulated by covering

one of the slots with aluminum foil. The result was a sharp null which could

be easily detected by either probe. Similarly a break of the coaxial cable

was simulated by disconnecting the cables that feed one or two subarrays. The

corresponding far-field patterns are shown in Figures 10 and 12. The data

shows that there would be no problem detecting a nonfunctioning element or

subarray.

-8



A defect that would not be detected by either far-field or near-field probe

ocasurements is illustrated in Figures 30 and 31. Connectors in the feed

.3,'ness were loosened without obtaining any distinctive change in the radiation

pattern. In flight the condition would probably produce RF noise due to

mechanical vibration.

Another condition that may go undetected is illustrated by the patterns in

Figures 33 through 44. The coaxial harness cables were deliberately bent and

pinched as shown.in Figure 32. This produced an intermittent problem which

made detection uncertain. The implication is that great care needs to be

exercised during the installation of the harness since a preflight probe is

not a reliable method for detecting loose connectors or damaged cables.

S9
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6.0 ANTENNA MOUNTING

Additional tests were made to determine how a faulty antenna mounting affects

the radiation pattern. The antenna used was a Model 55.205 stripline slot

array mounted on a 17 inch diameter vehicle. The antenna was mounted so that

it did not make good contact with the vehicle skin; in one place there was a

gap of about 0.050 inches between the antenna and the vehicle skin. The

result is a deep minimum in the pattern. The far-field pattern was recorded

at the antenna range and is shown in Figure 45.

Near-field probe tests were made in the laboratory but were not recorded.

These tests illustrate the usefulness of the small dipole probe and its limita-

tions. The results from the dipole probe showed that all elements were radiating,

indicating that there were no damaged lines. But the tests gave no indication

that the far-field pattern would be unsatisfactory. The reason for this is

that the probe is so close to the antenna that it only detects the signal from

each individual slot. The test with the open-ended waveguide probe did show

the null in the pattern; that is, it gave a good correlation with the far-field

pattern. The combination of the two tests, dipole and open-ended waveguide,

made it easier to locate the problem. The short dipole did exclude a faulty

harness or antenna, and the waveguide indicated that there would be a null in

the pattern. This led to the conclusion that there must be another source

causing an interference null. The problem was identified as a small gap

between the antenna and the vehicle. This illustrates that the probes may be

used together as a diagnostic tool. It should be emphasized that the small

dipole located close to the test antenna should not be used as the sole testing

device.

10 -
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. 7.0 INTERFERENCE DUE TO REFLECTIONS

,ince it is not always possible to make the field tests in a reflection-free

space, some tests were made at the antenna range after deliberately introducing

reflections into the environment. The reflector was a 2x2 ft. aluminum sheet

that was moved about while probing the field. All tests were negative; that

is, no significant change was registered in the amplitude of the signal received

by the probe.

0 II

-. C *** %4



-.U SAFEIY CONSIDLRAIIONS

The subject of RF hazards is rather complex. No attempt is made in this

section to present the subject in any depth. The intent is only to make the

operator aware of the problem. For more detailed information references [1]

through [4] may be consulted. The few approximate calculations, shown below,

are intended to show the order of magnitude of the field that an operator may

be exposed to during a typical measurement.

In this example the antenna will be a 20 Plement slot array mounted on a 20

inch diameter vehicle. The frequency will be 2.25 GHz; the transmitter output

will be 10 watts. The most simple calculation would be made by assuming

isotropic radiation.

Let the operator be 23 cm from the antenna. The power density at that distance

would then be:

P lO 0.3 mW/cm2

4rr 4n (25+23)

Taking antenna gain into account we get the values below.

-- PxA

Ar

where r = 48 cm and Ae is the effective area of the antenna. For G = -5 dB:

0i - 12-



A,- -, 56.14 4.47 cm2

4Y 4nr

or for G =5 dB:

*A 2 =44. 68 cm2

So that

* _4. 47 x 104
-W , 0. 1 mW/cm2, and

Ar

-44. 68 x 104 11mWc 2

A r

The calculated values above can be compared to measured values obtained during

a recent field test on project ELK-i. The power input to the TM antenna, a

slot array, was approximately 40 dam. The power recorded with the probe was 4 dBm.

The probe end was a half wave dipole located 22 cm from the test antenna. The

cable loss between the probe and the power meter was 5 dB. Therefore the power

received by the dipole was

9 dBm =7.9 mW.

The effective area of the dipole given in reference [5] is

A =0. 13NI 23. 1 cm2 ,e

g iving a power density of 0.34 mW/cm2.

-13-
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The above, admittedly crude, calculations show power densities that are consid-

ered to be acceptable exposure levels. However, given the uncertainties in

the calculations, it would be preferable to have the operator several feet,

rather than 9 inches, from the antenna, or to obtain additional protection

through the use of RF absorber shields.

d.1

.m
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9.0 RECOMMENDATIONS FOR THE TEST SETUP

it appears that two conditions may be encountered under which the measurements

have to be performed. The preferable condition occurs when the vehicle can be

moved outside the building and set on a rotator. The other condition occurs

when the vehicle remains in a horizontal position inside the building and can

riot be mounted on a standard rotator.

The basic equipment required to cover both conditions is as follows:

1. variable power supply

. 2. variable attenuator

- 3. Boonton power meter

4. rectangular recorder

5. synchro-receiver

If the vehicle is set up on the rotator in a vertical position outside the

building, the probe will be mounted on a stand next to the antenna. The

output from the rotator will drive the synchro-receiver whose shaft rotation

will be sensed to drive the recorder. If the vehicle is in a horizontal

* -
] position inside the building there are two possible approaches: One is to

move the probe, mounted on a carriage with wheels, around the vehicle and

synchronize the recorder with the wheel rotation. The other is to have the

probe mounted the same way as for the vertical vehicle position measurement

and construct a drive for rotating the vehicle in a horizontal position. The

__ advantage of having the probe fixed is that the operator does not have to be

close to the antenna so that the power radiated by the antenna is not likely

, • ~~~~.. . .... .. .• , .-. . . . ...... ,,-. .. . .... ,.



to present a health problem. If the probe is moved around the vehicle by the

- operator, the power output of the antenna has to be considered, but the setup

.. is quite simple. The radiation hazard could be minimized with shield of RF

aosorbent material. It would be possible to construct a machine that would

*drive the probe around the vehicle, but it appears that such a design would

be more complex than the one required to drive the vehicle.

.1
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>1.0 QMMARY

.,-iution pattern measurements were made on a cylindrical slot array. Correlation

was established between the far-field measurements and the near-field probing.

Both the intact antenna and the simulated damaged antenna were measured.

Three different probes and various probe positions were used and the responses

of ,he probes were compared. The possibility of radiation hazard was discussed.

Suggestions for a field setup were made, and the basic equipment required for

it was listed.

4.
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11.0 CONCLUSIONS

The measurements show that sufficient correlation exists between the far-field

pattern of a cylindrical slot array and the pattern obtained by a dipole or

open-ended waveguide probe to detect pattern changes due to a nonradiating

slot or subarray. Either a disk dipole or an open-ended waveguide could be

used for a probe. The probe placement is not critical. The probe position

could vary from 4 to 8 inches from the antenna with little effect on the

Umeasurement. However, a small probe placed very close to the antenna detects
only the signal from individual elements and would give erroneous results if

there were phasing nulls in the far-field pattern. Reflections from nearby

objects did not affect the measurement when the probe was within 6 inches of

the test antenna. The surrounding clutter becomes more of a problem if the

probe is far from the test antenna.

From the measurements it appears to be quite feasible to assemble a setup for

preflight testing of the antenna in the field. It should be emphasized that

intermittent problems like bent or pinched cables or loose connectors may not

j" .,~ be detected by such a preflight test. Those problems could probably be detected

if the probe were used during a vibration test.

-- 18 -
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Figure 2. Impedance versus frequency curve of six Model 55.385 subarrays fed in
phase and measured at end of feed cable.
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CIO

Figure 3. Same setup as data in Figure 2 but with subarray AE265 disconnected
at the subarray driving point.
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Figure 5. Same setup as for data in Figure 2 but with subarrays AE265 and AE279
disconnected at the Tee-junction.
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ANTENNA Model 55.385 SN! 381
0REMARKS Far-field pattern of intact antenna. RR 2815

-26-



POLARIZATION

LGAIN REF.-----
ES COORDI NATE

LE.-------------_. 0 an 90 REFERENCE 9

LI R.C.-------------- 9

MOTHER AS NOTED
UNDER REMARKS.

-*ANTENNA Model 55.385 SN!38 8

REMARKS Far-field pattern of intact antenna. R21

-27-



POL AR IZATION

LI GAIN REF.-----
F 1ES COORDINATE
F] E#-------------------*--=-.-. a. REFERENCE

LR.C.---------------

[] OTHER AS NOTED

*~~~~~N REMARKS .Frfedpten n uara cnetd R21

-28-

6e



1777. .- 777 -77' F.- .-27 4 .K" 7.77" 7- 7 -.-7 7

POLARIZATION

[-]GAIN REF......
~EG COORDINATE

LIE,----------------- ~ u~i, EEEC

LOTHIER AS NOTED

2 V/IV
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REMARKS Far-field pattern. One subarray disconnected . RR 2815
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REMARKS Far-field pattern. Two subarrays disconnected. RR 2815

-30-

~.*y>-c~-._*L.K-~.-, 'L .



POLARIZATION

IGAIN REP.-----

7IES COORDINATE
E#_ REFERENCE

-90

URREMARKS.Frfedpten w uary icnetd R21

CAIRTO

REL3TIV

FI.1 ILDSRNT

- P P~~~~ **~~~ p.~ ........................................ . ..-. '



r.~'W. Trr 47 -

0

9--

CC

0L

32



POLAR IZAT ION

[GAIN REF.-----
ES COORDIN ATE

F]E.C o---------- REFERENCE 90

- EI1 OTHER AS NOTED
* - UNDER REMARKS.

-- 2-2

ANTENNA Disk dipole PSL N2 318778
REMARKS Probe documentation. RR 2817

1~ -33-



K:.:::POLARIZATION
L]GAIN REF.

MX ~ E8 COORDINATE
P9 E# -------- 0- . REFERENCE g

R.C.---------------

FL1 OTHER AS NOTED

UNE EMRS

-,FREQUENCY 2.25 0Hz

ANTENNA Disk dipole PSL N! 31878B
0REMARKS Probe documentation. RR 2817

-34-



POLARIZATION

[:]GAIN REF......
IES COORDINATE

E#---. .... 0u.L. REFERENCE
ElR.C................n g

LI OTHER AS NOTED

* ~ ~ ~~~N REMARKS.Poedcmnain R21

FREQUENCY 2.5 -~

.35



POLARIZATION

[] GAIN REF.-----

[j] ESCOORDINATE
~E# -u.. - - - -- - 9u..Q. REFERENCE

I~.C.... ...

LI OTHER AS NOTED

CALIBRATION

FIG. 17FIELD STRENGTH

FREQUENCY 2.25 0Hz

*.ANTENNA Coaxial to waveguide adapter PSL N! 318898
REMARKS Probe documentation. RR 2817

-36-



4J)

LL.

-37-



.°.

PROBE
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X Y PSL No.

4 0 31896B
6 0 31897B
8 0 31898B
6 2 31899B
6 4 31900B

Fiqure 19. Sketch showinq the various probe positions.
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covered with metal foil. RR 2818

-46-



POLARIZATION

El GAIN REF.
EG
WE#---------------- ~. COORDINATE

F 0 on 90 REFERENCE f

- - [!]OTHER AS NOTED
UNDER REMARKS.

*ANTENNA Model 55.385 SN2399

REMARKS Coaxial to wavegulde adaptor probe. One subarray
disconnected. RR 2818

.47



POL AR IZATION

-. -. []GAIN REF......

FXiE 6 COORDINATE

LOTHER AS NOTED

FREQUENCE2.25IVE

ANTNN Model 5TRE385

disconnected. RR 2818

448



POLARIZATION

[I GAIN REF.
RXES COORDINATE
MWE# -- -- - -- ---------- .n. 0 REFERENCE 9

WR.C.---------------

FlIOTHER AS NOTED

FREQUENCY 2.25 GHZ

ANTENNA Model 55.385 SN!392

IREMARKS Coaxial to waveguide adaptor probe. Connector
loosened at antenna feed. RR 2818

-49-



77 X..9K.- W-1.177%.'7

POL AR IZATION

* .. LI-1 GAIN REF.. ....

W E# COORDINATE 9
L0E 0- 9' REFERENCE 9

C1 OTHIER AS NOTED

UNE EMRS

FREQUENCY 2.25 G~z /DV

Model 55.385

*REMARKS Coaxial to waveguide adaptor probe. Connector
loosened at three-way power divider. RR 2818

-U' -50-



I,

aJ

0

U

0

0
0
U

di

0
2
0

(Y)

di
I-

U-

0

i

- 51 -

0

. .

-' .. V -. V *.;-.-''' . - .



* POLARIZATION

LI GAIN FIRF-----
EO~ COORDINATE

LE ---------------- s~ *w.90. REFERENCE 90

LI R.C.--------------- 9

M-OTHER AS NOTED
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APPENDIX A

Documentation of the Antenna Used for the Tests



*. 1.0 The Model 55.385 Stripline Antenna

.!
The Model 55.385 was used for the test antenna. One of the subarrays is shown

in Figure 1A. The stripline antenna is an array of eight slots which are fed

I onin phase and with equal power by a corporate harness. The schematic of the

harness is shown in Figure 2A. The harness sections are numbered to correspond

to the numbers of the NO column of the computer printout.

The parameters of the antenna are documented by the output of APL program

H55385 (see page A-5). This program (shown on page A-6), was written strictly

for documentation and has no input. The effective dielectric constant used in

the program was derived by assuming that the line length between the 2 element

junction and the 4 element junction is one wavelength in the dielectric. This

assumption is somewhat arbitrary, but is quite acceptable to document the

antenna for reproduction.

The antenna is fabricated from printed circuit board by 3M Co. The material

designation is Cu Clad 250 (GX-0600-45-11). The trim dimensions of the antenna

are shown in Figure 2A.

A representative impedance curve of a single subarray is shown in Figure 3A.

The high VSWR at the upper end of the frequency band does not necessarily

imply that the antenna cannot be used at that frequency since the pattern

bandwidth is probably larger than the impedance bandwidth.
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~uUlPUT

MOD 55.385; FIELD TEST; AFGL 81101/01369

SLOT LENGTH 2.283
SLOT WIDTH 0.157
SUBARRAY LENGTH 19.331
LINE WIDTH 0.079

ELEM. SPA.(IIVCH) 2.416
ELEM. SPA.(WAVEL.AIR) 0.461
ELEM. SPA. (WAVEL.DIELEC) 0.715

FION SLOT TO 2 ELEM. JCT. 0.456
FAOM2 ELEM. JCT. TO 4 ELEN. cl. 1.000
FAON 4 ELEN. JCT TO 8 ELEM. JCT 1.837

NO LEIGTH(I) LLNG'[H(WE)
1 0.827 0.245
2 0.157 0.047
3 0.335 0.099
4 1.208 0.357
5 0.492 0.146
6 1.831 0.541
7 0.472 0.140
8 0.586 0.173
9 0.827 0.245

10 4.016 1.188
11 0.551 0.163
12 0.817 0.242

-A.
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