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4.2.4.3 Matched Discontinuity Tests

Standing-wave measurements indicated that high current densities accentuate inter-
mods. To confirm this, while the transmitter and waveguide remained .natched, several
matched discontinuities were fabricated. These inserts were Ap/2 long and were

stepped in the E-plane, li-plane, and E-and H-planes, as shown in Figure 4,2-8.

The rise in intermod level over a plain flange was not significant. For the worst
case of an E- and H-plane step, the intermod rose about 6dB as shown in Figure

4.2-9. (This could be attributed to the added junction rather than the step.)
However, when soft copper gaskets werc inserted on both sides of the discontinuity, the
intermod did not diminish. [his was the onlv case when intermods were not

suppressed in test lines bv copper gaskets.

These tests support claims that discontinuities of waveguide flanges caused by
lateral displacement accentuate current density and should be minimized by precision
pinning of flanges whenever junctions are in areas common to reccive and transmit

signals.

FIGURE 4,2-8
MATCHED DISCONTINUITIES
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4.3 HIGH POWER FEED ASSEMBLY TESTS

Horn castings and a polarizer assembly of the HT type were obtained and installed
between the two MT vans, as shown in Figure 4.3-1, The transmit arm was connected
to the HPA through the 180 dB high pass filter (not shown), while the receive am
was connected to the bandpass filter and the paramp (lower center of picture).

The setup was identical to Figure 4,.2«5 except the crosspguide coupler and water

load are replaced with the polirizer and horn, respectively.

FIGURE 4,3-1
HORN/FEED TEST SETUP
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3.1 Feed Tests

Data taken through the horn/polarizer, with copper gaskets in all rectangular
waveguide gaskets but no gaskets in the feed itself, showed intermods as high
as =70 dbm for 6 Kw input. With the feed fully gasketed (i.e., soft copper
inserts as shown in Figurce 4,3-2), the intermmod only decreased about 6 db.

The data for these cases are shown in Figure 4.3=3 for powers of 10 w to 6 Kw,
The intermod/carrier slope for both travelling wave cases is about 2.5 dB/dB,
sonewhat difierent than the 2 dB/dB experienced with the standing-wave tests.

FICURE &,3-2
HORN GASKETS (SOFT COPPER)
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913 Transmit Filter

Following the return of the borrowed (deliverable) filter, a new transmit
high pass filter was fabricated by tape-controlled machines here at Philco-
Ford, Because of machine limitations, the filter length was lowered to

40 inches instead of 52 inches.

The filter was machined from solid brass, copper-plated for low loss and
finned for heat dissipation as shown in Figure 5,1-4, For high power
operation, the filter was encased in a polyethylene sleeve that guided
forced air along the finned areas. The assembly was tested to 5 kw without
excessive heating and without evidence of intermodulation products. This
new filter provided an estimated 145 dB of rejection as extrapolated from
measured skirt data shown in Figure 5,1-5, Fortunately, the lower rejection
of the test filter compared to the deliverable unit was acceptable for the
klystron HPA amplifier since its worst case receive band intermodulation
level is at least 45 dB below the carrier total input power. VSWR is better

than 1.2:1 as shown in Figure 5,]1-5,

FIGURE 5.1-4
HIGHPASS FILTER

















































3e3a 142 Tuning Screw Comparison

Believing that tightness would be the soluvtion to noisy screws, a new sel

of oversize copper and brass screws were manufactured and tested without a
significant improvement in intermod levels (typically -80 to -115 dbm at 100
watts). Some precision tuning screws made by Johannsen Manufacturing Corporatio:
of Boonton, New Jersey and shown in Figure 5.3-3 below, were purchased and in-
serted in one of the filters. These screws are provided with an outer sleeve,
and a tight fit is obtained by an expanded rine thread on the inner tuning
probe. Each sleeve was carefully hand-i{itted to its cavity and secured rightly
in position (the two-filter halves were also soldered together for added
rigidity). During tests, intermods were produced at the =80 dbm level at 100
watts equivalent to the strongest previously obtained. This high intermod
level might be expected in that the commercial screw has two interfaces that
mayv be non-linear: one between the sleeve and the waveguide and another

between the tuning element and the sleeve, each of which can produce intermods.

Finally, a filter was taken apart, the threads tinned, and the assembly tuned
with tinned screws; after tuning the unit was placed in an oven until the
solder flowed. When tested, intermods were still present but at a lower level
(=120 dbm 3 100 watts). Solder flow (which was minimized to prevent detuning)
was apparently insufficient to fill all veids or envelope all oxide particles

between threads.

FIGURE 5.3-3

JOHANNSEN TUNING SCREW
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5:.3:2:2 golid Collet Tuning - The second experiment incorporated locking

sleeves to make a press-fit contact between holes and tuning pins when driv-

ing screws were tightened. The test fixture assumed the appearance shown

below and was

built to

test pull strength, continuous contact, removability

of tuning pins and distortion of surfaces. The block and sleeves were made

OFHC coppe
were held to
of the collet
lated stress

forces in the

.0000"

r; pins

L0004

was 60"

leve ls

and screws were commercial steel parts. Pins and sleeves

’

in

clcarance by drawing tolerance; the cone anj le (included)

wall thickness of sleeve was 0.031 nominal. Calcu-

the sleeve were about 3600 psi compression, and shear

block were about 4000 psi.
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|
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s

FIGURE 5.3-6

COLLET TUNING EXPERIMENT
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o W Dent Tuning - It is ap-
parent from the previous discus-
sion that all cracks and burrs are
not necessarily removed by tight
titting »srobes. Hence, dent-
Ining was investigated as a means
eliminating all internal ma-
terial discontinuities. To con-
firm that controlled dent-tuning
provides a satisfactory range of
ad justment, the single cavity test
section shown in Figure 5.3-7 was

v

thinned and subsequently dented by
an externally-mounted screw. The
resonant frequency of the device
was monitored from its unpro-
turbed state to the heavily dent-
ed (0.18") state shown in Figure

5.3-8,

O
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5.3=7

CAVITY

FIGURLE S5.3-8
TUNINC EFFECT
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5.4.1 Circular Flange Gasket Tests

The lack of adequate pressure density around the waveguide walls of standard
flanges was also apparent at the large circular flange of the horn where
prossures of less than 1600 psi wer~ applied. Here a gasket was instailled
with raised edges as shown below to increase clasticitv of the material

and provide repeatable blending of contacting surfaces without exceeding th
yield point of the aluminum, lowever, the bolt holes were too close to the
outer lip and pressure on the inner surfaces, although twice the bare flange
pressure, was insufficicnt even when tightening the 1/4-28 screws to their
recommended torque of 75 in/lbs. !'nder this torque, contacting surfaces
praduced an average pressure of about 4000 psi as incicated below falthough
nrassure near the bolt areas was probably much higaer, and pressure awas
from the bolt holes consideraoly lower)., The effect nf this iight contact

prossure is illustrated on the following page. 76 ™ 85
(1500 85)

csaw 3‘.:0&

i i

75 N B8

(1S000s )

Av av
382095 4030 3

76N LBS

L1500 -

FICURE 5.%-1
av
CIRCUILAR F UOGE GASKET ..:io&
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bl Polarizer Seam Effects - The best example (or worst, depending on

one's point of view) of soldered seams is the septum polarizer used as the
primary transmit/receive separ”.ing mechanism, The polarizer is constructed
of a vane or septum sandwiched between two machined halves as shown in
Figure 5.4-3, Four seams with eight contacting surfaces are involved and

all must be bonded together to form an integral unit.

During the study, intermod levels of about =100 dBm at 150 watts (standing
wave) were isolated to the polarizer. Applying pressure along the defective
edge caused the intermod level to vary about 10 dB. The device was originally
x-rayed to see if solder defects could be observed; however, the thickness of
the brass compared to the solder was too great to obtain sufficient contrast.

Hence, the polarizer was disassembled.

From the photograph, two points are evident: (1) cracks do not have to be
perpendicular to wave propagation, as longitudinal seams are »qually sensi-
tive to radial current flow; and (2) cracks do not have to extend through
the material or be significantly deep with respect to wave lengta LO produce
intermods. It was not determined from the seam whether the oxidized crack
existed at the time of assembly or whether the crack grew from trapped flux

remnants and applied (external) stress; although the former choice is favored.
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5.4.4.  Effects of Dipbrazing

A threc-foot test horn was built from sheet aluminum and dipbrazed to
check the effects of brazing operations on intermod level. Tests with
this device show no discernable intermods to =140 dBm f[or 6,000 watts

of total applied power. An inspection of the horn showed fillets at all
scams and no cracks or visible voids. Hence, dipbrazing if carefully
done is acceptable. Later experiments, however, demonstrate that braz-
ing is not always "carefully done” at standard commercial brazing houses.
Subsequent attempts to successfully braze aluminum filters failed, as
described in paragraph 6.3.2.2.

FIGUR: S,4=5
SAMPLE DIPBRAZYD HORN
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5.5 OTHER FEED SYSTEM TESTS

5.5.1 MSC-46_Feed Tests

As part of the Intermodulation Study, an MSC-46 (multimode dielguide)
feed was examined for intermod levels. 1In order to test the unit with
the dielguide installed, an enclosure lined with absorbing material was
fabricated as shown below in Figure 5.5-1. (The rope webbing appeariny,
in the picture was used to support a floor of absorbing material) All
energyv radiated below the horizon was intercepted in this manner to pre-
vent possible coupling to intermod generating structures near the test
tacility. After concluding the scattering test, the dielguide/subref-
lector was removed and the horn permitted to radiate toward the open sky.

Hence, effects of the dielguide itself, if significant, could be observed.

WIGHPALS
FULTER FILTER PARAMP
:;.“mu l SPECTRUM
| o:mml TDA )
| SETUP
[ |
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FIGURE 3.5-1
MSC-46 FiLD
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b Y Materials Tests

Several sets of waveguide sections were fabricated and plated to determine the
effects of different materials on IM's. The units consisted of brass flanpes
{(with raised contacting surfaces) brazed to OFHC copper waveguides and plated
with gold, silver, cadmium, nickel and copper as shown below. The raised areas
near the edpes of the flanges were recessed about 0,08" heiow the inner surfaces
s¢ the entire combined bolt force was applied to the waveguide area. The results

ire presented on subsequent pages.,

FIGURE 5.7-1
SAMPLF WAVEGUIDUS
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Some testing was done with gold-plated flanges. For extremely lLight con-
tact intermodulation products were noted at levels greater than -6 dBm,
typicai of discharge phenomena that is noticed with all very loose contacting
surfaces. However, when tightened, the gold flanges quieted with pressures
barely beyond finger-tight (much less than the lu inch-pounds minimum
measurement capability). The impressions left on the gold surfaces from
mating flanges are well defined, confirming that virgin gold nlate behaves
like putty under pressure and provides continuous metallic contact. This
test demonstrated that for a one-time connection, gold plating is equiva-

lent to a soft gasket.

Stainless steel flanges of two types have been fabricated as shown in
Figure 5.7-2. The first set have raised bosses, and wiil be used to measure
intermod levels produced by steel-to-steel contact and as a hardened base
for future gold tunnelling tests. The second set have grooves around the
waveguide area in which a gold or copper ring will be set and crushed under

the combined force of all the bolts.

FIGURE 5.7-2
STAINLESS STEEL FLANGE SAMPLES
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Figure 6.2-1

Typical Test Bench
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6.3 e cnta 2

In progressing toward an intermodulation-free filter three basic approaches
have been pursued, each with several variations: dent tuned bandpass,
untuned lowpass, and taper-pin tuned bandpass. This section describes

the devices and the results.

6.3 1 nt - ed dpass Filters

Three bandpass filters were fabricated for dent tuning experiments: an
clectroformed filter with iris susceptances, an clectroformed filter with
post susceptances and an oven-brazed (inert gas) filter with iris suscep=
tances. The top and bottom walls of cach filter were counterbored between
scts of irises to reduce the wall thickness to 0.030", and the tuning
bridges added as shown in Figure 6 3-1. Cavitics were simul taneously
tuned from the top and bottom to reduce stresses within the walls and

along the susceptance/vall junctions.

Figure 6.3-1
Dent Tuned Bandpass
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The first bandpass filter was clectrofomued by inscrting precut copper
irises into an aluminum mandrel and depositing a heavy copper plate over
the assembly, forming a molecular bond between the iris and wall. Un-
fortunately, the filter neither responded to tuning nor was free of inter=-
modulation products. Figurce 6.3-2 illustrates quite clearly why this was

so: the vendor had inadvertently left traces of mandrel material, and the
resfdue in three cavities upset the electrical characteristics.

MANDREL  RESIDUAL
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The remaining cavities were tested with a dye-penetrant to sce how well

the copper had bonded to the mandrel inserts. The dye revealed several
apparent cracks as shown in Figure 6.3=-3. However, the vendor suggested
that the dye simply cxposed shallow creases in the bond, rather than cracks
per sc.  The inserts had been extended beyond the mandrel and as the plating
began no clectric ticlds extended into the corners and a void or creas
resulte Even though the void is not a fracture, it does concentirate
stresses and is likely to produce a tfault in an operational system.  Later
samples built by another clectroforming company showed no evidence of

voids at similar junctions, so dyc¢ penetrant tests are now considered

mandatory for ¢lectroformed parts uscd in multicarricr systems.

Figure 6.3-3

Result of Dye-Penetrant Test
(Electroformed Filter)
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Using the prefilter concept, three types of units were fabricated: a
solid copper machined unit, a scgmented aluminum model that was later
dipbrazed, and a solid aluminum filter formed by clectrical discharge
machining (EDM).

6.3.2.1 Solid Copper Lowpass The solid copper filter shown in Figure
6.3-6 was designed and built solely to demomstrate that the pretilter con=
cept was a viable once. The item was made in two halves after the manner
of previous highpass and bandpass filters for longitual s -ams not subjected
to orthogonal currents produce no intermods. When first completed on an
automatic (tape controlled) milling machine the corners of the transformer
sections had a 1/8" radius and produced no IM's. However, when the steps

were rough broached to form the square corners shown in Figurce 6.3-6 the

filter produced its own intermods at the -80 dBm level at 400 watts.

Figure 6.3-6
Copper Lowpass Filter
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FIGURE 6.3-7
BROACHED SURFACE TEXTURE

High magnification photographs 230)
taken of the broached areas reveal not
only grooves and scratches, but also
small chunks of metal imbedded into
copper surfaces. With the broached
area in the indicated condition, the
intermodulation products were -115 dBm
at one end and -130 dBm on the other

for 400 watts of power.
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Thus, intermodulation products are not only produced at obvious scams that
surround tuning screws or lie between flanges or parts, but are also pro-

duced in solid components wherever the metal is scraped or torn to depths

of several skin depths (a skin depth is approximately 25 microinches at

8 CHz). This problem of metal tearing is particularly evident in copper,

and appeared earlier as galling on the first press-fit samples (reference

paragraph 5.3.2.1).

6.3.2.2 Aluminum Segmented Filter. A second lowpass filter was manufac=

tured from aluminum in six scparate sections and dipbrazed as shown in Fig-
ure 6.3-8. The intent here was two-fold: to simplify the fabrication of

a steep skirt (narrow slot) filter, and to verity dipbrazing as a consistently
lincar method for complex pieces. The first goal was achieved but not the
sccond. As the unit was received from the brazing vendor it produced incer-
mods at the =75 dBm level. Some slag and brazing materials were removed

from the cavitics by an etching bath and IM's werce lowered to =100 dBm;

further ctching yielded no improvement.

Figure 6.3-8
Dipbrazed Lowpass Filter
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6.3.3.2 Taper Pin Experimentation. To confirm that taper pins could be
inserted according to calculations, three waveguide models were fabricated
with one, three, and five holes, respectively, as shown in Figure 6.3-12.
Strong intermodulation products ( -80 dBm for 200 w) were observed when
the pins were inserted lightly, but in general these products vanished
when the pins were rapped. Occasionally the IM remained after the pin
was securely in place, but for these cases burrs or similar particles
were the cause. Sometimes the intermodulation product could actually be
"»lown out" by blowing into an adjacent (open) hole, which suggests that
particular types of free particles in certain areas of the waveguide can
cause intermodulation. On two or three occasions a brilliant sustained
glow appeared at about 300 watts, behaving like a corona rather than an
arc. The glow neither travelled nor affected the power amplifier, left

no trace of discharge on the waveguide, but produced the smell of ozone.

Thic nhenomena was also attributed to burrs or metallic particles.

Figure 6.3-12
Waveguide Taper Pin Models
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6.3.3.3 Tuning with Taper Pins. Precision taper pins cannot be used

alone to tune a bandpass filter because of their limited manueverability;
hence a pre-tuning method was devised. For the 18-cavity filter a corres-
ponding number of split pins were fabricated with locking collars as shown
in the foregound of Figure 6.3-14. The pins were slip-fit with sufficient
spring action to provide good contact with the tuning hole. The split
pins were inserted into the filter and their collars adjusted for normal
passband/re jectband response. The lengths of the preliminary tuning

pins were then measured and replaced with taper pins of a corresponding
length (less approximately 0.012" to allow for seat pressure buildup). The
filter with the precision pins in place is shown in the background of
Figure 6.3-14. The correct "press-fit" position was achieved with a two-
ounce weight dropped from a height of four inches abocut four times. This

tool lies immediately behind the split pins shown in tue preceding figure.

Figure 6.3-14

Taper Pin Tuning Model
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