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PROGRAM 777
LIFE TEST REPORT
LOW LEVEL TRAVELING-WAVE TUBE AMPLIFIERS
MODEL 1200H

1.0 PURPOSE

The purpose of this test was to operate six low level developmental
traveling-wave tube amplifiers (TWTA) for the stated period of time at
operating conditions specified in the Statement of Work, Program 777.
The data obtained in this test is to be used as a basis for determining

the long term operating performance of each TWTA.

2.0 TEST OBJECTIVE

The test objective was to operate each TWTA at nominal ambient operating
condition and environment to determine that each would maintain specified
operating characteristics for the period of the life test as stated in
the Program 777 Statement of Work For Traveling Wave Tube Amplifier .ife
Testing Continuation.

3.0 TEST ARTICLE

3.1 The list of the units under test is shown in Table I.

TABLE I
LIST OF TEST UNITS
HAC/EDD No. TRW No. Serial Numbers
B200300-121 Cc31054 1-1 12-1, 12-2, 12-3
B200300-122 Cc31054 1-2 22-1, 22-2, 22-3
1




3.2 Figure 1 (b) shows the Low Level Traveling-Wave Tube. Figure 2
shows the Life Test Rack. The Low Level TWTA's are mounted in the lower
row of the left and center bays. The right bay contains the blower,

power supplies, controls and elapsed time and current monitor meters.

4.0 SUMMARY OF TEST RESULTS

Summaries of the Life Test Data are shown in tabulations and graphs
inserted at appropriate places in the discussion. This data was

abstracted from the reduced recorded data attached as Appendix D.

A total Life Test operating time of 295,142 hours for the six TWTA's

was recorded.

One Low Level TWTA, Model 1200H, S/N 22-2, failed after 6784 high
voltage hours of operation. The mode of failure was loss of emission
from the tube cathode caused by a reaction that produced a sintered and
fused coating. The source of the reactants was not clear, but a leak
not detectable by helium-mass spectrographic detection methods or a
virtual leak condition in the tube are most likely. See Appendix A,

Malfunction Report 2355. for details of this failure.

5.0 TEST FACILITY AND PROCEDURE

5.1 Test Facility

The test facility consisted of a three-bay rack assembly. Two bays
contained twelve TWTAs which included the six Low Level units in two
rows mounted on water cooled plates to maintain a temperature of 90°¢
at the base plates. One bay contained the power supply, switches and
indicators to provide the specified operating conditions and elapsed
time meters. Test equipment used to make the periodic tests is listed

in Table II.
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24,
255
26.
27,
28.

29,

30.
31.
32,

TABLE II

LIST OF TEST

Test Equipment

EQUIPMENT

Manufacturer

Sweep Oscillator H=P
X-Y Recorder H-P
Frequency Meter HeP
20 dB Directional Coupler Narda
Crystal Detector Alfred
PIN Modulator H-P
Invertor and Leveler Amplifier HAC
10 dB Attenuator Narda
Dual Directional Coupler Narda
Crystal H-P
Ratio Meter H-P
Short (female) Narda
Power Meter H-P
Thermistor Mount H=P
6 dB Attenuator Weinschel
Low Pass Filter 8 GHz Microlab
High Power Load Narda
10 dB Directional Coupler Narda
20 dB Directional Coupler Narda
Variable Attenuator PRD
10 dB Directional Coupler
(Ku Band) H-P
Low Level Waveguide H-P
Coaxial Hybrid Coupler Narda
Load Weinschel
Signal Generator PRD
20 dB Attenuator Narda
DC Power Supply Lamda
Control Box HAC
Digital Voltmeter Fairchild
Oscilloscope Tektronix
Current Probe Tektronix
Dual X-Y Recorder H=p

5

RF Unit
HO1-8694B
Series 8690

70358
537A
3045C-20
1001
8734A
401-8401A
774-10
3024
423A
4168

432A
478A
530A
LA~80N
376NM
3034B-10
4016-20
Cl1ll0

P752¢C
P910A
3034
535-MN
1207
777¢-20
LK343FM
304083
7000-0PT-1
531A
P6042
136A




5.2 Test Procedure

Periodic testing was performed according to 777 TWTA Life Test Plan and
Procedure LTPB200300-400 for Low Level TWTAs. See Appendix B. Block
diagrams of the test configurations are shown in Appendix B, Life Test

Plan and Procedure.

Weekly tests were performed until July 1973. After that date, monthly
performance measurements were made of the listed parameters. At that
time, regular measurements of Insertion Loss, Attenuator Input and

Output Impedances, and Cathode Activity were initiated.

Four regularly spaced Bench Tests were made. These were performed
according to the requirements of the Low Level Acceptance Test
Procedures attached as Appendix C. This data is listed on a separate
sheet and is inserted as the first page of data for each individual

amplifier in Appendix D.

Additionally, a final Bench Functional Test was performed in accordance
with the Life Test Plan and Procedure at the end of the extended life

test period. Results of this testing is included in Appendix D.

6.0 DISCUSSION OF TEST RESULTS

6.1 Life Test Data

Appendix D contains the reduced test data recorded periodically during the
Life Test. It is the most current, accurate data available, recorded in
accordance with the latest issues of the specifications and test plans.
The data is organized by numerically serialized unit. Following these
data sheets for each unit, each parameter is plotted against a time scale
so thq} trends or anomalies can be observed and compared against other
parameters. The first page of each set of data sheets contains periodic
tests made per Acceptance Test Procedure ATPB200300-400. See Appendix C

for this procedure.

The remaining pages of data were recorded using Life Test Procedures

LTPB200300-400 for Low Level TWTAs. See Appendix B for this procedure.
{

-




6.2 Data Presentation

Figure 3 presents a summary of the Life Test Data listing the maximum

and minimum values recorded during the complete test.

Figure 4 presents data showing the initial value as a reference point and

the percent change from the maximum and minimum values tabulated in Figure 3.

Figure 5 is a subjective tabulation of trends which is an attempt to show
the general trend of the data over the extended Life Test period and a
general description of the form the data takes during the period of the
test. It also shows the change from start to finish, whether the values
showed an increase or a decrease; and, in some instances, a value within

which the data varied.

Figure 6 is a graphic presentation of the Cathode Activity data for the

Low Level TWTAs. This graph shows the trend of decreasing cathode
activity., Serial Number 22-3 exhibited sharply decreasing cathode activity
for the first 25,000 hours after which the trend leveled off. After

45,000 hours, it again dropped sharply. It is still within the specified
limits. No significant change of other measured parameters of this TWT

has occurred.

Figures 7 through 18 are condensed data plots of selected parameters.
Data points at approximately equal intervals of time are plotted and

overall trends for these parameters are shown.

Serial Number 22-1 has shown a steady rise in Helix curvent telemetry
voltage. This characteristic is not evident in any of the remaining

TWTAs, nor is any effect visible in other measured parameters.

The orginal data presents the remaining parameters in a manner which
clearly shows the life trend of their characteristics. See Appendix D.
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6.3 Discussion of Data

Figures 3, 4 and 5 are summaries of the data of Appendix D. They show
the maximum and minimum values of each parameter for each serialized
unit percent change from initial value and note significant events and

trends.

The most significant event was the failure of Low Level TWTA B200300-122
Serial Number 22-2 after 6784 high voltage hours of operation. This

failure is analyzed in Appendix A, Malfunction Report 2355.

The Low Level TWTA failure was cathode coating sintering and fusing.
The cause of this failure was most likely a reaction of components from

a non-detected leak or virtual leak condition in the traveling-wave tube.

Low Level TWTAs had three instances of Small Signal Gain drifting out of
specification limits, S/N 12-3 drifted high, and S/N 22-2 and S/N 12-1

drifted low.

This drift of the Small Signal Gain did not appear to affect the operation

or to be indicative of any malfunction.

Helix Current Telemetry Voltage data indicates some large variations

in this parameter. This data is plotted graphically in Figures 7, 9,

11, 13, 15 and 17 at approximately equal points along a linear time scale.
Serial Number 22-2 changed during its life before failure. Malfunction
Report 2355, Page 2 (Appendix A) shows an approximate inverse relationship
between Helix Current and RF Power Output. No correlation was made between
this effect and the TWTA failure. Of the other TWTAs, on S/N 22-1 showed

a continual rise in Helix current telemetry data. This data has had no

apparent effect to date.

24
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Figure 5 shows attenuator resistance increasing with time. Unlike the
High Level TWTA's, there was no accompanying consistent increase in
small signal gain, and no obserable decrease ia insertion loss. While
the increase in attenuator resistance may still be related to the as
yet undetectable reduction in insertion loss, (measurements at approx-
imately 100 dB become relative in magnitude) no defenite assertion can
be made at this time. A possible increase in beam size may signify a
connection between increased attenuator resistance and increased helix
current, as in S/N 22-1. This relationship has not been verified. The
apparent intermittence may be an effect on the measurement technique as

it requires a careful pin to barrel measurement.

Three tubes, S/N 12-1, 12-3 and 22-1 exhibited phase shifts that were
out of spec. As there is no indication of malfunction, this was not

investigated.

7.0 CONCLUSIONS

The preceding data shows no conclusive correlation between observed

parameters which could indicate incipient failures.

Serial Number 22-1 has shown the most change, and as such, will be
watched closely in the future.

The only consistent trends appear to be decreases in cathode activity,
and increases in attenuator resistance. This is no obvious connection

between the two.

The cu-vent frequency of test measurements is appropriate. Reference
Life Test Plan LTP B200300-400 Section 3.4.2.1. Yearly Bench Functional
tests allow complete evaluation of all parameters at sufficient intervals.
Monthly RF tests permit timely observation of any approaching failure.

25




It is not recommended to insert new measurements, or revise measurement
techniques at this time. Continuation of the life test process will

allow direct correlation of future data to the data base now available.

26
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APPENDIX A
777 MODEL 1200H LOW LEVEL TWTA
SERIAL NUMBER 22-2
MALFUNCTION REPORT 2355
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HUGHES AIRCRAFT COMPANY

ELECTRON DYNAMICS DIVISION
3100 WEST LOMITA BOULEVARD
TORRANCE, CALIFORNIA 90509

FEBRUARY 1972

LIFE TEST FATLIRE
1200H
S/N 22-2
MALFUNCTION REPORT 2355
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FAILURE REPORT 1200H, SERIAL NUMBER 22-2

INTRODUCTION

This failure report describes a malfunction of a 1200H Traveling-wave
Tube Amplifier serial number 22-2, which occurred during life test

after 6784 high voltage operating hours.

BACKGROUND INFORMATION

Unit was being subjected to life test in accordance with Hughes Air-
craft Company's document LTP B200300-400. The test was operating
continuously at a baseplate temperature of 90°F + 15°F in a laboratory
environment. Weekly the unit was turned off, transferred to a test
station and the following data recorded:
1. All Telemetry

(a) Input Current

(b) Cathode Current

(c) Heater Voltage

(d) Helix Current

(e) Cathode Voltage
2. Saturated RF power oul versus frequency
3. Small signal gain versus frequency

Raw data is included in Appendix A.

DESCRIPTION OF TROUBLE

Unit performance was normal for first seven months of life test. Five
additional units are on life test and trends are monitored. First
indication of trouble was a trend of decreasing cathode current
telemetry voltage accompanied by a trend of decreasing RF power output
at all frequencies over the band. It should be noted that the shape
of the swept RF saturated power output curves did not change, only the
level of output was dropping over the band. These first indications
were followed within approximately seven weeks by a sharp upward

trend in helix current telemetry voltage and an ever increasing rate

of RF power and cathode current voltage telemetry
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decreases (see Figure 1). Unit dropped below 27 dbm power output
specifications after 6784 high voltage operating hours. Appendix B
contains sample saturated power output sweep curves from beginning
of the life test and every two months until power dropped below
required 27 dbm which constituted a "failure'" as defined in the test

plan.

VERIFICATION AND ANALYSIS

Preliminary investigations isolated the problem to the traveling-wave
tube (263H, S/N 42A).

The traveling-wave tube was disconnected electrically from the power
supply by cutting the tube leads. The power supply was connected to

a load simulating the traveling-wave tube and all voltages and currents
provided by the power supply were checked against those of the final
power supply ATP. All voltages and currents were the same as at the
time of integration of the power supply and traveling-wave tube,
Traveling-wave tube heater current was normally .250 A, An attempt

to reactivate the cathode by operating the tube for 48 hours at a
heater current of .280 A was not successful and resulted in a more
rapid degradation of cathode performance. It was then decided to

begin detail teardown analysis of the traveling-wave tube.

4.1 Traveling-wave Tube Disassembly and Preliminary Analysis

After determining and verifying the degraded cathode performance,
the traveling-wave tube was systematically disassembled in an
effort to determine the nature and cause of failure. Since the
problem was manifested in the area of cathode performance,
particular attention was given to checking for vacuum leaks,
providing the least vigorous change in cathode environment and
carefully obtaining the cathode assembly in tact for closer
examination and analysis. The following operations were conducted

in disassembling the traveling-wave tube.




4.1.1

4.1.

4.1.

2

3

Removal of Gun Cover, Potting, Exposure of Tubulation

Leak checking requires exposing the tubulation for app-
lication of leak check tube. The gun cover and surrounding

potting were removed exposing the tubulation.

Drilling of Tubulation, Attachment of Leak Check Tube
and Leak Check

The exposed tubulation having been cleaned, a hole was
drilled into it at the planned point of attachment of the
leak check tubing. The wvacuum was broken in a dry nitrogen
atmosphere in order to minimize the possibility of any

room ambient air with water vapor entering the traveling-
wave tube and effecting the cathode coating condition.

The leak check tube was then soldered on and a leak check
was performed with a Veeco helium mass spectrometer leak
detector. In the case of this and suceeding leak checks,
the traveling-wave tube was then back filled with dry N,
and the leak check tube pinched off resealing the traveling-
wave tube for the next operation. The leak check was
negative. Helium bagging of the entire traveling-wave

tube showed no indication of a leak.

Removal of Packaging and Potting From Other Ceramic Seal

Areas

The package parts and potting were removed to expose the
gun bottle, the collector and isolator assembly, and the
R.F. windows. These areas were thoroughly sandblasted
clean and successive leak checks were performed in an
effort to isolate any leaks which might have appeared.

No leaks were detected.

[ ——— - - A . s WS




4.1.4 Removal of Magnet Cover and Baseplate

4.1,

oy ——

il

5

6

The magnet cover and R.F, connector support yokes were
next removed., The collector heat sink assembly was
then heated to a sufficiently high temperature to flow
the solder and removal of the traveling-wave tube
(collector) was accomplished. Another leak check was

then performed. Again the results were negative.

Photographs and X-Ray Photos

At this point, the traveling-wave tube was X-ray photo-
graphed in two 90° planes in an effort to uncover any
internal abnormalities visible in this type of photo.
Figure 6(a) and 6(b) show the X-ray photos. Figures 2,
3, 4, and 5 show the traveling-wave tube in various

stages of disassembly.

Opening of Vacuum Envelope and Removal of Cathode

-

Refer to Figure 7 for the order of disassembly. The
tubulation flange was cut circumferentially and removed.
The getter was removed and put aside. Next, the heater
leg was cut where it attached to the heater ring cross
bar. This series of operations freed the cathode/support

assembly of constraints from the back side.

Next, a circumferential cut was made through the anode
support flange. At this point, the '"back’” portion of
the gun bottle was removed, containing the cathode and
support assembly, exposing the front face of the cathode
and revealing the expanded and poorly adherent condition

of the coating.
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At this point, it was noted that the condition of the
coating was distinctly abnormal while no abnormalities
were evident in other adjacent parts of the traveling-
wave tube and no detectable leaks were indicated in a

rather extensive series of leak checks.




FIGURE 2. LEAK CHECK TUBE SOLDERED IN PLACE ON TUBULATION,

FIGURE 3. GUN CERAMICS AND R.F. INPUT WINDOW EXPOSED AND CLEANED




FIGURE 4. COLLECTOR/HEAT SINK AND COLLECTOR ISOLATOR EXPOSED.

FIGURE 5. PACKAGE AND HEAT SINK REMOVED.




TWO VIEWS OF TWT GUN AREA - 90° ROTATION

FIGURES 6(a) and 6(b).

X-RAY PHOTOS OF TWT WITH MAGNET STACK
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FIGURE 7. OPENING OF VACUUM ENVELOPE AND REMOVAL OF CATHODE ASSEMBLY
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4.2 Material Analysis

4.2.1 Method and Analysis Data

The disassembly of the tube exposed the coating on the
cathode for examination. Macroscopic examination of
the ceramic support rings and the focus electrode,
Figure 8, did not disclose any foreign material, dis-
coloration, or unusual conditions. Examination of the
cathode coating indicated it had grown to an extent
that it was in contact with the focus electrode and had

buckled and cracked in one area, Figure 9.

To provide a standard for comparison, the cathode from
263H, S/N 51 tube was analyzed along with the S/N 42A
cathode. The S/N 51 tube had exhibited satisfactory
cathode characteristics, and the cathode had been coated
close to the same time as the S/N 42A, Prior to opening
the tube, it was subjected to the same cathode over-
temperature cycle that had been used in the attempt to

reactivate the S/N 42A tube.

The coating on the S/N 51 cathode did not exhibit any
indication of growth, Figure 10. The texture of the
coating surface appeared similar and normal for both
cathodes. Some small copper chips were observed on
the surface of the coating from S/N 42A; apparently
drawn into the tube when a hole was drilled in the

copper pinch-off to let the tube down to nitrogen.

A sharp pointed stainless steel probe was used to check

the adherence of the cathode coating and to remove sufficient
coating to check the concentricity of the cathode to the
focus electrode of the S/N 42A. The coating was found

to be extremely brittle indicating a sintered condition,

Figure 11.
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After the cathodes were removed from the focus electrodes,
they were examined microscopically. A comparison of

the coatings, Figures 12, 13, and 14, did not reveal

any significant difference except for the crack in the
S/N 42A. The extent of the growth of the coating on

the S/N 42A cathode is shown in Figure 15.

To check the adherence of the coating on S/N 51, a
scratch test using the same pointed probe was performed.
The coating exhibited a typical good adherent, nonbrittle,

pasty type coating, Figure 16.

After microscopic examination, a small sample of the
coating was removed from the cathode surface, Figure 17,
for X-ray diffraction and emission spectrographic
analysis. The samples of the coating were contained in
cellulose nitrate for handling during analysis. The
X-ray diffraction and spectrographic analysis data are
listed in Table I and II respectively. During the
sample collection period, the coating on the S/N 42A
cathode curled up and lifted from the nickle surface

of the cathode, Figure 18. The absorption of moisture
most probably caused this, but the rigity of the coating
indicates the high degree of sintering that had occurred

to the coating.

An electron beam microprobe analysis of the coating
surface was attempted; however, the poorly adhearing
coating on the S/N 42A cathode dislodged and was lost
during the preparation to install it in the analyzer.
Barium and strontium were indicated in small remnants
of the coating but a more quantitative analysis was

not feasible.

«12«
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To permit examination and comparison analysis of the
nickel substrates, the oxide coating was removed from
the S/N 51 cathode. The coating still had the typical
pasty consistancy, and it was difficult to remove
indicating good adherance. Electrcn beam microprobe
analysis was performed on the surface of the nickel to
which the coating had been applied on both the S/N 42A
and S/N 51 cathodes. A manual spectral scan for all 4
elements from atomic number 12 and up for a level in 1
excess of 0.1% was run on both samples. The only
difference between the two surfaces was indicated by

an unidentified line at 4.75%°A on the S/N 42A cathode

with the amount present being very miror. The closest
correlation would be a "-alpha line of chlorine but a
variation in valence state would be required. Analysis

for specific elements are shown in Table TIT.

Microscopic examination of the metal surfaces under the
coatings, Figure 19, did not reveal any significant
difference in the characteristics of the nickel surface.
Samples of the nickel base from each cathode were
analyzed by emission spectrographic analysis. The data

are reported in Table IV.

Discussion

The growth condition observed in the coating on the cathode
from S/N 42A is a condition which has been observed in

the past but the incidents have been very rare. Because

of the extreme rarity of the condition very little
information existed on the growth cause. Tt had always
been postulated to be caused by a leak. Consequently,

it was determined that the only way to obtain a

meaningful analysis would be to perform the analyses

-13-




on both a '"good" or standard cathode and the failed
cathode. Any difference would then be examined as the

possible cause of the growth and sintering.

Some mechanisms have been postulated to explain the
growth. A normal cathode should experience a slight
shrinkage during and after activation. If the coat were
a solid, continuous crystal, shrinkage may occur. Of
course, this is not the case since the coating is very
porous. Consequently, little if any dimensional change

would be observed on the scale of a mil or more.

At the time of activation, the very small crystals of
barium-strontium oxide grow at an extremely rapid rate
so that crystsls of 200°A or even 200004 size grow to
103 cm in size in a matter of a minute or so. This
rapid growth occurs at temperatures higher than 800°cC.
A homogeneous solid solution of (Ba-Sr0) is formed in
30 minutes at 800°C. Only at 1,000°C is a single X-ray
line of the mixed crystal obtained. Up to this temperature
lines of Ba0, Sr0 and the mixed crystal are obtained.
During normal cathode life, the coating would remain at
a fixed dimension. This is confirmed by Eisenstein

[rapL 17, 434-442 (1946)].
The lattice parameters change drastically and rapidly

at activation. The following tabulation displays the

values:

-14-




sty

[p—

Before Activation After Activation
24t 03 SrCOy Ba0 SRO
Rhombohedral Rhombohedral Cubic Cubic
a=5.29% a=5.131% asb-c-5.5 &  a=b-c=5.10 A
b = 8.88 ] b mn 4
¢ = 6.41 X c =6.10 X
Density = ~ 4.42 = 3.70 = 5,72 = 4,7
Coefficient Expansion 1
Nickel = 13.5 x 107°
Ba0 (After Activation) =17.8 x 10-6
SrO (After Activation = 32 x 107°
(BaSr)0 Mixed Crystal
(After Activation) = 26.6 x 10-6

The particular problem of explaining the anomalous

coating growth must include such mechanisms as:

1. Carbonate reformation by absorption of CO, from air
‘not very likely at the temperature involved and

pressure experienced by the tube).

~

This may be feasible in a leaky tube or in one in
which a virtual oxygen leak is present due to
contaminant. Air leakage over a long period of time

would:

(a)

(b)

Oxide formation from the barium metal generated.

|

Decrease emission slowly from the cathode by

oxidation of the '"free' bharium.
Force an expansion in the coating due to the

"new" compounds with high expansion or bulky

crystal.

-15-
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3. Coating expansion due to formation of anomalous

"new' compounds with high expansion or bulky crystal.

If one assumes a two dimensional expansion, the coating
expanded about 2%, i.e., volume of coat initially (.090"
diameter x 1.5 mil thick).

.0000094 in>

volume of coat after (.092" diameter x 1.5 mil thick)

.0000096 in>

If one postulates that the expansion was three dimensional,

then the volume increase is:

Initially .0000094 in3 (.090" diameter x .0015" thick)
Final 0000164 in3 (.092'" diameter x .0025" thick)
or a gain of 175%

Such a large increase in volume would require the
formation of very bulky molecules such as hydrates or

compounds more bulky than BaZr04.

During operation at 600°C, the "normal" coating will

expand 1.7 mils while the nickel will expand 0.7 mils.

Of course, upon cooling, the coating will contract.

At 800°C, the coating would expand 2.3 mils which would
then contact the focus electrode. If, at that temperature,
the coating were '"'set" by having a new phase formed,

the contraction upon cooling may not necessarily return

the coat to its original size. Then on opening the tube,

the coating would seem to be larger than originally made.

~16-
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Assuming that the coating expanded to touch the focus
electrode, the confinement force would be sufficient

to cause rupture of the weak mechanical bond at the
points of most intense force application, i.e., at the
edges. Once the edge coated-substrate bond had been
broken, the emission would drop quickly to some fraction
of the original amount. Examination of the cathode
shortly after opening showed about 25% of the surface
appeared to be "lifted" from the substrate around the

outer edge.

One mechanism of degradation assumes that the coat
retains electrical but not thermal contact with the base.
This could be achieved by rupture of the substrate bond
but retention of coating particle to particle contact,
Then 25% of the coating would be reduced in temperature
by perhaps 507%, essentially reducing the total emission
by 10 to 15%.

Now, if one assumes that both thermal and electrical
contact is broken in 30% of the total area, the total
emission of the cathode could drop by 30 to 50%. This
reduction implies that the 25% "lifted" area and 20

to 257% of the remaining periphery of the coat is inactive.

The drop in cathode emission could have the following

pattern:

1. Slow Decrease of Emission

Oxidation ‘by a leak) drops the emission slowly and
causes the coat to expand abnormally, contacting

the focus electrode,

-17=




2. "Rapid" Drop in Emission

Once the coat has contacted the focus electrode,

the bond to the substrate is broken in several weak
locations. Thermal contact is lost on 10 to 257%

of the coat, resulting in some drop of total emission,

perhaps less than 10%.

3. Abrupt Decrease in Emission

The coating continues to ''grow' due perhaps to a

more rapid evolution of Ba from the remaining
thermally contactéd (now "overheated'") area, followed
by subsequent oxidation. There may, then, be a point
where more coating breaks free of the substrate, not
complete, but partially, and a large unassessable

drop in emission would occur. At this point, the
"normal'" mode of '"curing a sick cathode'" by increasing
the heater output would simply lead to more BaC

production and a resultant decrease in emission.

A review of cathode literature from other organizations
indicated two known causes for growth have been identified
in the carbonate type cathode coating. Both

causes are associated with a sintering and fusion of the
oxide coating. The sintering and fusion decreases
porosity and causes varing degrees of poor coating
adherence to the base metal - related to brittleness -
because a greater cohesion for itself occurs than
adhesion to the base metal. The level of emission is
reduced in a sintered oxide coating because of decreased
porosity and an increase in the size of the crystallite
lattice. The conductivity of such a fused coating is

decreased as the effect of the electron pore gas type

-18-
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of electron transfer is diminished. The increased bulk
electrical resistance lowers the level of emission by

causing a decrease in the cathode to anode voltage.

The two mechanisms involve the formation of low melting
phases. The first is the formation of a 2BaC03:1Ba0
eutectic composition with a melting point of 1027°C.

This eutectic can be formed during the thermochemical
decomposition of the carhonates to oxides. The de-
composition is a two step process defined by the following

equation:

3BaC035=28aC03 :1Ba0 + COp§=p3Ba0 + 2¢0; §

If a nonequlibrium state caused by rapid heating or poor
pumping condition occurs during the decomposition, thc
partial pressure of carbon dioxide can accelerate a

melt situation caused by the formation of an excess of

the 2BaC03:1Ba0 eutecic phase in the first step - resulting

in large crystallite growth and fusion effects.

The second mechanism is the formation of HarOW\z with

a melting point of 395°C or of Ba’OM), Sr(0'), eutecic
composition with a melting point of 360°C. When the
cathode coating is in the oxide form, it is vulnerable

to the poisoning action of gases and water vapor that
will tend to change it back to the hvdroxide or carbonate

as follows:

BaO+HyO—~—=Ba (OH) 2

The formation of the low melting compounds can induce

excessive sintering and fusion of the coating.

~19-




The macroscopic examination of the S/N 42A cathode

coating revealed that the coating was in intimate contact
with the focus electrode. The crack in the buldged
region along the edge indicates that growth continued
after contact was made with the electrode and it forced
the coating to buckle away from the nickel substrate.

The coating exhibited the characteristics of a high degree

of sintering or fusion.

The detection by X-ray diffraction analysis of Ba(OH)2
in the S/N 42A coating but not in the S/N 51 coating
indicates this low melting phase could have contributed
to the sintering and fusion of the coating. Upon
exposure of BaO to water vapor and carbon dioxide in

the air, the following reactions can be expected to occur:
BaO + COp —BaCO03

Since BaO was not detected in the S/N 42A cathode coating
and the Ba(OH), would be expected to convert to a
carbonate on exposure to air, the formation of Ba(OH),
and Sr(OH)7 in the coating prior to opening the tube to
air is suggested. These compounds form a eutectic which
would induce sintering and fusion. The normal reactions
associated with the exposure to air could be inhibited
because of the higher density of the fused coating.

The detection of BaO and BaCO3 but not Ba(OH), in the

S/N 51 coating is in agreement with the direct conversion

of the oxide to the carbonate on exposure to air.

The emission spectrographic analysis of the coatings
are semiquantitative and the sensitivity limits on the
S/N 42A sample is significantly less than the S/N 51
because the sample size was much smaller. Also, the

percentages reported are based on the combined weight of

»90=
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the coating and a cellulose nitrate carrier used to
contain the samples. The high copper in the S/N 42A

is attributed to the copper chips from the drilling

of the pinch-off that were observed on the coating
surface. The absence of barium in the analysis is
ascribed to its low melting point. Earium also possesses
an inherent low sensitivity of detection and high vapor
pressure that results in it boiling off very early

in the emission burn. The high silicon indicated in
both coatings is most likely related to contamination
pick-up during the analysis process. All other elements
found in the S/N 42A coating'are normal trace elements
and the other trace elements indicated in the S/N 51
coating are associated with the increased sensitivity

for detection related to the larger sample size, The

significance of the data is that no elemental contamination

was found in the S/N 42A coating that could be associated
with the poor emission or sintered condition of the

coating.

The microprobe and spectrographic analysis of the nickel

base alloy did not reveal anv abnormal conditions.

Conclusion

The loss of emission from the cathode of the S/N 42A
tube was caused by a reaction that produced a sintered
and fused coating. The source of the reactants is not
clear but a leak not detectable by helium-mass spectro-
graphic detection methods or a virtual leak condition

in the tube are most likely. The growth of the coating
to the extent of contact with the focus electrode caused

cooling of the coating to further reduce emission.

Pl
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Likewise, the buckled, non-adherent, coating would
experience a drop in temperature and further reduce

emission.
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FIGURE 8.

VIEW OF CATHODE (CENTER) FOCUS ELECTRODE,
AND CERAMIC SUPPORT RINGS OF THE GUN
ASSEMBLY AFTER REMOVAL FROM THE TUBE.

MAG. 5X
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FIGURE 9. VIEW OF CATHODE COATING IN CONTACT WITH THE FOCUS ELECTRODE
WITH CRACK IN A BULGED REGION ON THE RIGHT SIDE. MAG.15X

FIGURE 10. VIEW OF CATHODE COATING FROM S/N 51. NOTE: COATING TS
NOT TOUCHING FOCUS ELECTRODE BUT AS A TEXTURE SIMTTAR
TO FIGURE 9 COATING, MAG. 15X
«Yy=




FIGURE 11, FRACTURED COATING AT THREE POINTS PROBED WITH
STAINLESS STEEL POINT INDICATING THE FUSED AND
BRITTLE CONDITION OF THE COATING. MAG. 15X
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FIGURE 12,

(8)

(B)

CATHODES (A) S/N 42A; (B) S/N 51 AFTER REMOVAL FROM FOCUS
ELECTRODE IN THE GUN ASSEMBLY. THE COATING ON THE REGION
OF EXPOSED NICKEL AT THE EDGE IN (A) FLAKED OFF DURING THE
REMOVAL OF THE CATHODE FROM THE FOCUS ELECTRODE. MAG. 50X
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FIGURE 13,

(SAME AS FIGURE

12 EXCEPT AT HIGHER MAGNIFICATION.) MAX,

D7

(4)

(B)

100X




(A)

(B)

ON.) MAG. 200X.
PT HIGHER MAGNIFICATT
(SAME AS FIGURE 13 EXCE

FIGURE 14,

28




FIGURE 15, AREA OF COATING AT THE EDGE OF S/N 42A CATHODE THAT DID NOT
FLAKE OFF DURING THE REMOVAL FROM THE FOCUS ELECTRODE AND
ILLUSTRATING THE DEGREE OF GROWTH IN THE COATING BEYOND THE
NICKEL SUBSTRATE. MAG. 100X

SCRATCH 1IN
COATING

FIGURE 16 , SURFACE OF S/N 51 CATHODE AFTER SCRATCH TEST. NOTE GOOD
ADHERANCE AND ABSENCE OF CRACKING OR FLAKING. MAG. 50X
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(a)

(B)

FIGURE 17, CATHODES (A) S/N 42A AND (B) S/N 51 AFTER SAMPLE HAD BEEN
TAKEN FOR X-RAY DIFFRACTION AND SPECTROGRAPHIC ANALYSIS.
NOTE: COATING ON (A) HAS CURLED UP FROM THE NICKEL SUB-
STRATE AND HAS FRACTURED EDGES INDICATING A HIGHLY SINTERED
AND BRITTLE CONDITION., COATING (B) ILLUSTRATES PASTY, GOOD
ADHERANCE CONDITION. MAG. 50X
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FIGURE 18, VIEW OF CATHODE, S/N 42A, ILLUSTRATING THE EXTENT THAT
THE SINTERED COATING HAD LIFTER FROM THE NICKEL BASE OF
THE CATHODE DURING THE SAMPLING PROCESS.
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(A)

(B)

FIGURE 19, CATHODES (A), S/N 42A AND (B), S/N 51, AFTER OXIDE COATING
HAD BEEN REMOVED, DISCOLORED REGION ON (A) IS FROM THE
VAPOR DEPOSITED ALUMINUM APPLIED TO THE SURFACE FOR CONDUCTIVITY
REQUIRED FOR MICROPROBE ANALYSIS JUST PRIOR TO LOSS OF THE
COATING, SCRATCH MARKS ON (B) ARE FROM SCRAPING OFF THE
ADHERENT OXIDE COATING. MAG. 50X.
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TABLE I

X-RAY DIFFRACTION ANALYSIS
OF

CATHODE OXIDE COATINGS

COMPOUNDS S/N 42A S/N 51
DETECTED COATING COATING
Ba CO3 X X
Sr CO? X X
Sr (OH)? X X
Ba (OH)7 X ND#*

Ba 0O ND* X

R S P —

* ND - NOT DETECTED
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TABLE II

EMISSION SPECTROGRAPHIC ANALYSIS
OF
CATHODE OXIDE COATINGS

/
ELEMENTS PERCEggAiﬁNziN 42A PERCE23A£¥N2£N 51

S 23.0 20.0

Fe )57/ NO

Eu S 0.037
Al NO 2750

Ca 6.4 0.92

Mg 4.0 0.69

Mn NO 0.17

Sn NO 252

Ag NO Q527

Sr 12.0 023

* WEIGHT PERCENT IS BASED ON OXIDE PLUS CELLULOSE NITRATE
BINDER. BECAUSE OF THE SMALL SAMPLE SIZE, THE S/N 42A
DATA HAS ONLY A 507 LIMIT OF DETECTION SENSITIVITY
COMPARED TO 57 FOR S/N 51.
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TABLE III

ELECTRON BEAM MICROPROBE ANALYSIS

OF

NICKEL SURFACE UNDER CATHODE OXIDE COATING

ELEMENT PERCENT FOR S/N 42A PERCENT FOR S/N 51
CATHODE CATHODE
Tungsten 1 0.7
Zirconium O ol
Silicon 0.2
Copper 0:.0 0.0
« 35




TABLE TV

EMISSION SPECTROGRAPHIC ANALYSIS

OF

NICKEL ALLOY BASE OF CATHODES

ELEMENT PERCENT IN S/N 42A | PERCENT IN S/N 51.

W 2.8 PG

Zr 0.11 0.075
Mn 0.031 0.018
Fe 0.062 0.035
Mg 0.012 0.0058
S1i 0.040 0.022
Al 0.023 0.012
Cu 0.0074 0.0056
Co 0.051 0.047
Ni Balance Balance
Others Nil Nil
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WEEKLY RAW DATA
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APPENDIX B-1
SWEPT SATURATED POWER CURVES
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APPENDIX B
777 MODEL 1200H LOW LEVEL TWTA
LIFE TEST PLAN AND PROCEDURE
LTPB200300-400
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LIFE TEST PLAN FOR
777 TRAVELING-WAVE TUBE AMPLIFIERS

1.0 SCOPE

Pk General

This life test plan establishes the requirements for the life test
of the Traveling-wave Tube Amplifiers.

2.0 APPLICABLE DOCUMENTS

2.1 The following documents, of the latest issue in effect, unless other-
wise specified, form a part of this test plan to the extent specified
herein:

Specification

TRW
’ 777-778 Statement of Work, Low Level Traveling-wave

Tube Amplifier, Project 777.

EC-EQ4-663 Detailed Specification, Low Level Traveling-wave
Tube Amplifier (LL TWTA) for Project 777.

PAR 700-45-D-2 Subcontractor Product Integrity Requirements,
Project 777.

777-81-2831 Life Test Negotiations (amends 777-778).

70-2376-RV-616

777-G31-80A Statement of Work, Traveling-wave Tube Amplifier
Life Test Extension, Program 777, 3 July 1973

HUGHES /EDD

B200300-121 TWIA Assembly, Model 1200H-1

B200300-122 TWTA Assembly, Model 1200H-2

B200429-100 Life Test Assembly

ATPB200300-400 Acceptance Test Procedure TWTA,
Low Level

SIZ E|CODE IDENT NO
wueues  ELECTRON pyNamics oivision | A | 73293 LTP B200300-400
DATE OF ISSUE REV A [SHEET, OF 55
* EDD-1047C /EDD/B-67 REV
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3.0 REQUIRRMENTS

3.1 Purpose

The life test described herein is for the purpose of determining the
conformance of the TWTA to life test requirements in accordance with

777-778.

3.2 ltems Tested

The life tests described herein are to be conducted on six low level

TWTA's, three each of two frequency bands. The assigned identification
for the units are:

Description Part No. 8/N Frequency Band

LL Life Test Unit B200300~-121 12-1 K

LL Life Test Unit B200300-121 12-2 K

LL Life Test Unit B200300~-121 12-3 K

LL Life Test Unit B200300-122 22-1 L

LL Life Test Unit B200300-122 22-2 L

LL Life Test Unit B200300-122 22-3 L

3.3 Test Equipment

3.3.1

Life Test Set

The TWTA life test shall consist of special test equipment
and commercial equipment as defined in Hughes/EDD Drawing
B200429, Life Test Assembly.

3.4 General Requirements

le

3.4.1 Test Environment
The test environment will be nominal operating laboratory
conditions.
3.4.1.1 Room Temperature
The TWTA shall be exposed Lo an ambient
room temperature of 75 + 5 F,
3.4.1.2 Cold Plate Temperature
The TWTA cold plase temperature shall be main-
tained at 90 + 15 F. Preconvection, forced air,
or water cooling will be used to maintain the
cold plate temperature,
e SIZ E |CODE IDENT NO
~ wuewss  ELECTRON DYNAMIcS Division | A | 73293 LTP B200300-400
DATE OF ISSUE REV A |SHEET 3 OF 37
* EDD-1047C /EDD/ B-67 REV
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3.4.2

3.4.3

A A
3.4.1.3 Relative Humidity
The relative humidity will be 90% or less.
3.4.1.4 Barometric Pressure
The barometric pressure will be the prevafling
laboratory pressure.
Performance

During the life test, the functional operation and performance
of the TWTA will be recorded. If the value of any measured
parameter is not within tolerance, a test discrepancy shall be
recorded and an appropriate failure classification and resulting
failure action shall be determined in agcordance with 3.6. The
test discrepancy shall be recorded on the form shown in Figure 7.

3.4.2.1

3.4.2.2

3.4.2.3

Monthly Performance Measurements

Once every month the TWTA's will be subjected to the
following performance tests and shall meet the
appropriate requirements of EC-EQ4~663 (see paragraphs
4.2 and 4.3).

All telemetry parameters

Small signal gain

. RF power output at saturation

. TWT attenuator insertion loss

. TWT attenuator input and output dc resistance

a0 ob

Bench Functional Tests

Each TWTA will be tested per paragraph 4.0 of the
Acceptance Test Procedure TWTA, Low Level, ATP
B200300-400. Each TWTA will undergo bench functional
test at 209000 4+ 500 hours and at termination of its
extended life test. (See paragraph 4.4)

Cathode Activity Tests

Cathode activity tests shall be run the first month of
high valtage operation, at the end of each three month
interval, and the last month of the life test. The
measurements shall be made in July and October 1973 and
January, April and July 1974.

Assembly Calibration

3.4.3.1

Life Test Set

All critical measurement equipment shall have been
calibrated. The Hughes/EDD system of calibration
for test and measurement equipment complies with
the requirements of MIL-C-45662A.

e

!
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3.5 Completion of Life Test

The extended life test for each TWTA will be terminated 31 July 1974.

3.6 Failures

3.6.1

3.6.2

3.6.3

Test Discrepancies

At any time during the life testing of the TWTA's that a dis-
crepancy is noted, the test shall be stopped on that unit and
the responsible Reliability Project Engineer is to be notified.
At this time additional testing may be performed to ascertain
the nature of the discrepancy and establish the necessary
actions to be taken,

Failure Definition

Failure is defined as the inability of the TWTA to meet the
performance requirements of tests specified in paragraph 3.4.2.

Failure Action

In the event of the TWTA malfunction, that unit will be removed
from the life test station and a malfunction notification will
be submitted by TWX to TRW within 48 hours of the occurrence.
Life testing will be continued on the remaining units., Failure
anal ysis will be performed to determine the cause of the failure;
however, permission to perform the tear-down which would be
required for failure analysis will be obtained from TRW. A
failure analysis report will be issued within seven days after
the failure cause has been determined. Repair action, disposition
and additional testing of the failed TWTA are not within the
scope of this life test,

3.7 Test Records

Test results of the life testing of the TWTA shall be recorded and
maintained consistent with the requirements specified herein.

3.7.1

Test Log

The test data resulting from the life tests shall be recorded
on reproducible copies of test data sheets. All entries made
during the life test must be in ink. Deletions and/or cor-
rections to the data sheets shall be made by ruling out the
appropriate portions of the test data and inserting the
corrections, Ruled out data must remain legible and be signed
and dated by the person making the correction. Completed data
sheets shall be signed by the Reliability Project Engineer.

e

SIZ E |CODE IDENT NO

-

woawes  ELECTRON DYNAMIcS Division | A\ | 73293 LTP B200300-400

"DATE OF ISSUE

REV A |SHEET 5 OF 3

+ EDD-1047C/EDD/B-67 REV




3.7.2 Variation

Any variation from these procedure shall be recorded in detail
on the variations page of the test log. The form shown in
Figure 8 shall be used as the variations page.

3.7.3 Test Reports

Summary status reports shall be submitted quarterly as part of
quarterly life test review. A final life test report

will be submitted to TRW within 45 days after completion of
the life test.

3.7.4 Data Review

Quarterly review meetings will be held between TRW and HAC
to discuss life test status, performance and data trends.

3.8 Plug Savers

Plug savers shall be used on the RF connectors and power connector
at all times during life testing of the TWTA, except where critical
test measurements are affected., (Does not apply to cathode activity
connectors.)

3.9 Frequency Designations

The frequencies of test, relative to band limits, are designated
as follows:

3.9.1 K-band (-1)

f3 Low End Useful Band 7127 MHz
f1 Low End Operating Band 7250 MHz
fo Center Operating Band 7350 MHz
f2 High End Operating Band 7450 MHz
f4 High End Useful Band 7500 MHz
3.9.2 L-Band (-2)
f3 Low End Useful Band 7305 MHz
f1 Low End Operating Band 7490 MHz
f0 Center Operating Band 7620 MHz
f2 High End Operating Band 7750 MHz
f4 High End Useful Band 7860 MHz
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4.0 TEST PROCEDURE

4,1 Test Setup for Extended Life Test

The test setup shall be maintaine
completion of the first phase of

4.,1.1 Connect the TWTA as outli
shown in B200429-800,

4.1.2 Apply input voltage (28 4
start switch.

4.1.3 Apply nominal RF input dz

4.1.,4 Apply the command signal
on and RF output power sh
outputs,

4.1.5 Remove the command signal

4,1.6 Remove the power meter, t
D.V.M. Connect the TWTA

4.1,7 Repeat steps 4.1.1 throug
on the test console.

4.2 Telemetry Measurements - Monthly

" Once every month, measure the tel
below; and record the data on the

Telemetry Output

Heater Voltage Telemetry Voltage
Cathode Current telemetry Voltage
Cathode Voltage Telemetry Voltage
Helix Current Telemetry Voltage
Input Current Telemetry Voltage

* Per Calibration Curves from 11

In addition to recording the tele
test, input voltage and the elaps

4.3 RF Measurements - Monthly

Once every month, perform the fol
recording the test results, the d
time for each unit must also be r
in Figure 5 shall be used for dat

.
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4.3.1

4.3.2

4.3.3

Small Signal Gain

4.3.1.1

4.3.1.2

4.3:1.3

4.3.1.4

4.3.1.5

Saturated

Connect the TWTA as outlined in Figures 1 and 2.
Set the sweep oscillator to f . Insert a 10 dB
attenuator in the RF input leg.

Apply nominal input voltage and command signal to
the TWTA. Adjust the RF input drive level to
produce a power output at least 10 dB below satura-
tion. Using the input and output power calculate
the gain at £ . Gain shall be in the range of 35
dB to 39.5 dBY Record.

Vary the frequency over the band f, to f, and adjust
the gain of the X-Y recorder to obtain a scale which
will contain the small signal gain versus frequency
curve. Plot calibration lines at .2 dB intervals.

Plot small signal gain versus frequency over the band
of f3 to f4 indicating the fl’ f2, f3 and f4 points.
Repeat paragraph 4.3.1.1 through 4.3.1.4 at an input
voltage of 23 + .5 Vdc and 33 + .5 Vdc. Attach
graphs to data sheet.

Power Qutput

4.3.2.1

453522

4.3.2.3

4.3.2.4

4.3.2,5

4.3.2.6

Connect the TWTA as outlined in Figures 1 and 2.
Apply nominal DC input voltage (28 + 0.5 Vdc) and

command signal (5 # 0.25 Vdc) to the TWTA. h‘

Set the sweep oscillator at f and adjust the RF
input power level for saturated power out.

Record telemetry voltages.

Vary frequency over the band f1 to f,. Adjust the
gain of X-Y recorder to obtain a sca%e which will
contain the saturated power output versus frequency.

Plot calibration lines on the graph paper at 0.2 dB
intervals beginning at 27 dBm. indicating the fl
and f2 points.

Plot saturated power output versus frequency over
the band. The minimum power output at saturation
shall be 27 dBm over the range of f1 to f2. Attach
graph to data sheet. Check.

TWT Attenuator Insertion Loss

4,3.3.1

4.3.3.2

Connect the TWTA as outlined in Figure 3A.

Adjust the two waveguide attenuators each to 1 dB.
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4

4.3.4

4.4 Bench Functional Tests

4.3.3.3 Set the generator to £ and adjust the RF input power
level until the NetworR Analyzer Reference Channel
Level Meter is approximately mid-scale. Zero the
amplitude meter using the test channel gain and amplitude
zero controls.

4.,3.3.4 Adjust the two waveguide attenuators each to their
maximum setting.

4.,3.3.5 Replace the unit under test (out) by a direct
shorting coupler.

4.3.3.6 Adjust the waveguide attenuators until the network
Analyzer Amplitude Meter reading is zero. Note:
Do not readjust any other controls.

4.3.3.7 Subtract 2 dB from the sum of the two waveguide
attenuators and record the difference.

TWT Attenuator DC Resistance

4,3.4.1 Connect the resistance bridge (Equipment List
Item 26) leads together after warm-up and read
the shorted lead resistance., Record this value.

4.,3.4.2 Connect the resistance bridge leads between the
TWTA input RF connector center pin and case. Measure
the resistance and record R.Ai minus the lead resistance
recorded in 4.3.4.1.

4.3.4,3 Connect the Resistance Bridge leads between the TWTA L‘—
output RF connector center pin and case. Measure the
resistance and record RAo minus the lead resistance
recorded in 4.3.4.1.

Test each TWTA per paragraph 4.0 of the Acceptance Test Procedure,
ATP B200300-400. Bench tests shall be performed after 20,000 + 500
extended hours of operation and upon completion of life test,

4.5 Cathode Activity Tests - Three month intervals

Cathode activity tests shall be run at the time indicated in
paragraph 3.4.2.3. 1In addition to recording the test results, the
date of the test and the elapsed time for each unit must be recorded.
The data sheets shown in Figure 6 shall be used for recording this

data,
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4.5.1

4.5.1.1

4.5.1.2

4.5.1.3

t

Connect the TWTA ae outlined in Figure 1.
Apply nominal voltage (28 + 0.5 Vdc) and the
command signal (5 + 0.25 Vdc). Allow at
least three minutes for stabilization,

Remove heater voltage. Plot cathode and helix

current versus time using the telemetry outputs.

Using the graph of cathode current versus time,
draw two lines, one tangent to the operating
point, the other tangent to the slope. The
point of intersection of these two lines shall

be greater than six (6) seconds. (See Figure 5).

Check. Attach curve to data sheets.
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RF TEST MEASUREMENTS BLOCK DIAGRAMS

LIST OF EQUIPMENT

-

I

Equipment Make (or Equiv.) gf)del (or Equiv.)
1. Sweep Oscillator H-P RF Unit
) HO1-8694B
- Series 8690

2. X-Y Recorder H-P 7035B

3. Prequency Meter H-P 537A

4, 20 db Directional Coupler Narda 3045C-20

5. Crystal Detector Alfred 1001

6. PIN Modulator H-P 8734A

7. Invertor nﬂd Leveler Amplifier HAC

8. 10 db Attenuator Narda 774-10

9. Dual Directional Coupler Narda 3024

10. Crystal Alfred 1001 Opti
11. Ratio Meter H-P 416B

12, Short (female) ﬁarda

13. Power Meter H-P 432A

14. Thermistor Mount H-P 478A

15. 6 db Attenuator Narda 757C-6

16. Low Pass Filter Microlab 1A-80N

17. 10 db Directional Coupler . Narda 3034B-10

18. 20 db Attenuator Narda 777C-20

19. DC Power Supply Lamda LK343FM

20. Control Box HAC

21. Digital Voltmeter Fairchild 7000-0PT-1
22, Oscilloscope ,Tektronix 531A

23, Current Probe Tektronix P6042

24. Dual X-Y Recorder H-P 136A
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S 4

LIST OF EQUIPMENT (CONTINUED)

Equipment Make (or Equiv.) Model (or Equiv.)

25. Resistance Bridge Fluke 853A

26. Microwave Amplifier H-P 493A

27. RF Generator Polarad 1207

28. Converter H-P 8411

29. Network Analyzer H-P 8410A

30. Network Analyzer Plug-in Unit H-P 8413A

31. Adapter, Waveguide to Coax H-P 281A

32, Waveguide Attenuator H-P H382A

33. 30 dB attenuator Narda 777C-30

34. Cable Set HAC/EDD 0-1-2-3-4 RG 214/U
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MOGHES ATRCRAFT

Fl

CoMPANY

ACCEPTANCE TEST DATA SHEET

FIGURE 5
(SHEET 1 OF 1¢)

i,

' HUGHES | ELECTRON DYNAMICS DIVISI

37100 W. LOMITA BLVD. TORRANCE, CALIFORNIA 90509

ON

DATA SHEET NO. DSB200300-400
PRODUCT _TWTA

B200300-121

MODEL —5266366-122-

PART NO.
CODE IDENT. 73293
Test name Low Level Life Tedtspec. No. TEST POS. NO. SERIAL NO.
Plau and Procedure LTP B200300-400
REV. AUTHORITY DATE API;ROVAL REV. AUTHORITY DATE APPROVAL REV. AUTHORITY DATE APPROVAL
A
QUALITY DATE OF ISSUE EFFECTIVITY
J. J. Haupt 29 Sept. 1970 PAGE OF
e | el TEST CONDITION / DESCRIPTION R/c| MIN. DATA MAax. | uniTs’
Model No.
Band of Operation
1 4.2 & Monthly Measure following parameters:
4,3 Measurement
Nominal input voltage P
o(sat)

EDD-1045-273

Freq. fo

Input Current
Telemetry Voltage

Cathode Current
Telemetry Voltage

Heater Voltage
Telemetry Voltage

Helix Current
Telemetry Voltage

Cathode Voltage
Telemetry Voltage

Nominal input voltage treq f0

Po(sat)
G
ss
Insertion Loss, IL

Attenuator Resistarce

Meter Leads, RM

Input Resistance. RAi
Output Resistance RAO

SHEET 18 oF 37

e e —— i i T

R PR e e e




FIGURE 5
(SHEET 2 OF 16)

P

gssazsrmmssaseaasa N e e A .
' HUGHES | ELECTRON DYNAMICS DIVISION PATA SHEET NO.
S chis amvcwaii Cousani 9700 W. LOM/ITA BLVD. TORRANCE, CALIFORNIA 90509 PRODUCT
MODEL
ACCEPTANCE TEST DATA SHEET .,
CODE IDENT, 73203
TEST NAME SPEC. No. TEST POS. NO. SERIAL NO.
REV. AUTHORITY DATE | APPROVAL | REV. | AUTHORITY | DATE | APPROVAL | REV. | AUTHORITY | DATE | APPROVAL
A :
QUALITY DAYE OF ISSUE EFFECTIVITY
PAGE OF
DL van L. TEST CONDITION / DESCRIPTION rc| win, OATA max. | unirs

€00-1048-273

Data covering life test duration
recorded on attached pages.

Calculate and record the total
accumulated life test hours at the
time each measurement is made.

Plot Po st versus freq. and G
versus freq. as specified in
procedure.
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FIGURE 5

(SHEET 5 OF 16)
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S

SERIAL NO.

DSB200300-400

OF

DATA SHEET ;10
MODEL NO. '288

Pic E

/FIGURE 3
(SHEET 6 OF 16)
LTPB 200300-400

Po(sat); Freq fo

SPEC.

Nominal Input Voltage

TEST CONDITIONS:

CUSTOMER TEST DATA SHEET

.. 2100 W LOMITA LV TORRANCE CALIFORMIA DOSOY

HEATER VOLTAGE TELEMETRY VOLTAGE

LOW LEVEL LIFE TEST PLAN & PROCEDURE
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FIGURE 5

(SHEET 7 OF 16)
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FICURE S

(SHEET 8 OF. 16)

-

e

REV. A__

SERIAL NO.

DATA SHEET NO. D,

ELECTRON DYNAMICS DIVISION

MUGHES

3200300-121

B3200300-122

MODEL NO.

.. 200 W (OMITa BLVD TORRANCE CALIFORNIA 30300
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APPENDIX C
777 MODEL 1200H LOW LEVEL TWTA
ACCEPTANCE TEST PROCEDURE
ATPB200300-400
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1.0 'INTRODUCTION

ke

1.

1

2

cope

The purpose of this document is to delineate the individual
acceptance tests to be performed on each traveling wave tube
amplifier (TWTA) to demonstrate compliance with TRW specifica-
tion EC-EQ4-663.

Acceptance tests shall be conducted at Hughes Aircraft Company or
other test facilities as specifically approved by TRW. Prior to
the start of acceptance test the cognizant representative of EDD
Quality Assurance department, the cognizant TRW representative and
the cognizant Government representative shall be notified and may
be present.

Test Requirements

Engineering models shall be tested in accordance with Part I of
this document. Flight and life models shall be tested in accord-
ance with Part II of this document.

2.0 SPECIFICATIONS

2.1 Applicable Specifications

The following specifications form a part of this document to the

extent specified herein.

TRW Systems Group

EC-EQ4-663B Detail Specification for Low Level
Traveling Wave Tube Amplifier

EV2-23B Environmental Specification for
Electrical and Mechanical Equipment
for Project 777

Drawings, HAC-EDD

B200300-500 Installation and Control Drawing
Low Level Traveling Wave Tube
Amplifier

B200300-10x Low Level Traveling Wave Tube

B200300-11x Amplifier Assembly

B200300-12X

HAC-EDD Documents

CMP-777 Configuration Management Plan

SIZ E |CODE IDENT NO
wiawes  ELECTRON DYNAMIcs oivision | A | 73293 ATPB200300-400
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3.0 GENERAL
3.1 PFailures

Any failure experienced during acceptance test (except a test
equipment failure) shall require a malfunction report. Form
EDD 1146. Performance degradation during, or as a result of,
tests or environmental exposures will not necessarily constitute
a failure. However, any performance degradation beyond the
limits specified herein will constitute a failure.

3.2 Customer Test Data Sheets

The results of acceptance tests shall be recorded on customer
test data sheets which are controlled by this procedure and
revisions hereto.

All entries made during acceptance testing must be in ink.
Deletions and/or corrections to the data sheets shall be made by
ruling out the appropriate portions of the test data and insert-
ing the corrections. Ruled-out data must remain legible and be
signed and dated by the person making the correction.

Completed data sheets shall be signed or stamped by the cognizant
EDD Quality Assurance representative.

3.2.1 Preparation of Data

One copy of the following data will be submitted with
each delivered TWTA and shall become part of the

TWTA Leg Book.

A. TWTA Acceptance Test Data (Customer Test Data Sheets)
B. TWT Acceptance Test Data (Customer Test Data Sheets)

C. Power Supply Acceptance Test Data (Customer Test
Data Sheets) including telemetry calibration curves

Operating Time Log
Malfunction Reports
F. "As Delivered Parts List' per CMP-777

3.3 Calibration

The Hughes EDD system of calibration for test and measurement
equipment complies with the requirements of MIL-C-45662A.

il — |SIZE|CODE IDENT NO
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Part Numbering and Frequency Designation

TWTA part numbers are as follows:

Engr. Models Life and Qual. Models Flight Models
B200300-101 =121 -121
B200300-102 -122 -122

The operating frequency range shall be designated by the last numeral
(1 for "K" band and 2 for "L" band) of the part dash number. Fre-
quencies of test, relative to band limits, are designated as follows:

f3 Low End Useful Band

f1 Low End Operating Band
fo Center Operating Band

£ High End Operating Band
f4 High End Useful Band

Standard Test Conditions

Ambient test conditions for conducting TWTA performance tests prior
to or after environmental exposures shall be as indicated below
unless otherwise specified.

A. Temperature, 50°F to 95°F
B. Relative Humidity, 90% RH or less
C. Barometric Pressure, Prevailing Laboratory Pressure

Environmental Test Tolerances

A. Vibration Amplitude (grms) + 10%
I Vibration Frequency r 2%
Random Vibration RMS g level + 10%
Power Spectral Density (using
filters with a 50 cps bandwidth
or less) + 3 db
D. Pressure-Altitude + 5% = 200,000 ft.
~Vacuum Equal to 1lr less than the
specified value
E. Temperature + SOF
F. Test Time Duration t 10%

3.6.1 Vacuum Measurements

Vacuum measurements shall be made using an instrument which
is conductively connected to the same vacuum environment as
the test unit.

SIZ E|CODE IDENT NO
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b

3.7

3.8

3.9

3.10 Plug Savers

3.11

Test Sequence

The order of test paragraphs as listed dees not represent the required
sequence of tests. Functional and environmental tests may be performed
in any sequence. To facilitate testing, steps from gne Functional Test
paragraph may be pérformed in conjunction with steps fron any other
Functional Test paragraph at the eption of Hughes EDD.

Vibration Fixture

The test fixture shall be designed to support the TWTA at its
normal mounting points. Transmissibility between test item
mounting points shall not exceed a factor of * 3 db between 5
and 500 Hz; between 500 and 2000 Hz a factor of % 6 db is
allowed provided the total cumulative bandwidth which exceeds
23db does not exceed 300 Hz. Cross-talk shall not exceed the
input by greater than 3 db. A fixture evaluation will be per-
formed in accordance with Paragraph 3.8.1.

3.8.1 Fixture Evaluation

The transmissibility and cross-talk of the test fixture
shall be determined by sweeping a sinusoidal signal
through the frequency range of 5 to 2000 Hz at a rate of
2 octaves/minute. The test amplitude shall be one g peak
in each of the three (3) mutually perpendicular areas.

The low-frequency input shall be limited to 0.5 inches H‘-
double amplitude. This evaluation shall be performed once
and results shall be on file at Hughes EDD.

Rejection and Retest

If a failure, malfunction, or out-of-tolerance performance
degradation occurs during or after a test, as appropriate, the
tests shall be discontinued, the deficiency (including any
defect) corrected, and the pertinent test procedure repeated
until completed successfully. If the corrective action sub-
stantially affects the significance of results of previously
completed tests, such tests shall also be repeated.

Plug savers shall be used on the RF connectors and power connector
at all times during handling of the TWTA, except where critical
test measurements are affected. (Does Not Apply To Cathode Activity Connectorsd).

Burn-In
=80 al

Prior to the start of acceptance test each TWTA shall have
accumulated 1500 hours burn-in® Burn-in shall be performed at a

PR
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A 4

3.11  Burn-In (Cont'd) '
constant elevated temperature of 125 + 15°F with nominal voltages applied.

Engineering, life test, and first three flight models (one =121 and two
=122) shall have accumulated burn=-in time in accordance with the following
schedule:

Engr. Models ‘

Traveling Wave Tube

= h :
Power Supply - igg hgg |
Life Test ;
Traveling Wave Tube (TWT) - 500 hrs
Power Supply - 168 hrs

Traveling Wave Tube Amplifier (TWTA) No Requirement

First Three Flight Models

Traveling Wave Tube (TWT) - 500 hrs
Power Supply - 168 hrs
*Traveling Wave Tube Amplifier (TWTA) - 100 hrs

*Note All operating time during Qualification and/or acceptance testing
shall apply toward the TWTA Burn-In time requirements.

3.12 Preparation for Delivery
Units shall be packaged, packed and mailed for shipment as specified herein.

3.12.1 Connectors

Plug savers shall be employed to protect all connectors until the
unit is delivered to TRW and is delivered "In Place" with the
equipment.

3.12.2 Mounting Pads F
i
i

The machined surfaces and mounting holes shall be protected.

3.12.3 Unit Packaging

The unit shall be bagged and sealed in a polyethylene bag. T!
thickness of the polyethylene bag shall be at least 0,003 inches.

3.12.4 Cushion Material

The unit shall be cushioned by using polystyrene foam or equivalenut
material,

3.12.,5 Marking

The shipping container shall be durably and legibly marked to
provide the following information.

A. Item Name
B. Manufacturer :
C. Manufacturer's Serial Number
D. TRW Purchase Order Number

E. Date of Manufacture :
F. '"Project 777 Spacecraft Material - Handle With Care" :
G. Fart Number {
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3.11 purn-Ig (Con'd) --.-.

4.0 FUNCTIOMAL TEST

The cathode activity test of Paragraph 4.1 shall be performed during the

Final

Nominal DC input voltage as referenced herein is defined as 28 + ,5 Vdc,

The command signal is defined as 5 + 0,25 Vdc, The absence of a command
signal is defined as 0 + .25 Vdc,

3.12,6 pocumentation - - e en

o;m copy of test data in accordénce with Paragraph 3,2,1
shall be shipped with each unit,

ACCEPTANCE TEST - PART I (ENGINEERING MODEL)

Feuctional Tests of Paragraph 11,0,

4,1 cCathode Activity

Step 1l: Connect the TWTA as outlined in Figure 1, Apply nominal
veltage and the command signal, Allow at least three
minutes for stabilization,

Step 2: Remove heater voltage. Plot cathode and helix current
versus time using the telemetry outputs,

Step 3: Using the graph of cathode current versus time, draw two lines, one
tangent to the slope cf the portion prior to the knee and one tangent
to the slope of the portion after the knee, The point of intersection
of these two lines shall be greater them six (6) seconds,

(See Figure 18), Check, Attach curve to data sheets,
4,2 Command Signal

Step 1: Connect the TWTA as outlined in Figures 1 and 2, Adjust
input voltage to 23 + .5 Vdc. Apply nominal RF input drive.

Step 2: Apply command signal, The unit shall turn on and RF power
shall be present, Check

Step 3: Remove command signal., Unit shall turn off. Readjust
input voltage to 33+ .5 Vdc and apply command signal.

The unit shall turn on and RF power output shall be
present, Check.
Step 4: Remove command signal, Unit shall turn off,
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4.3 Inrush Current Characteristics
Step 1:: Connect the TWTA as outlined in Figures 1 and 2. Install

a 0.1 to 0.2 ohm resistor in the TWTA posigive (+) input and

ad just the input voltage to 33 £ .5 Vdec.

Step 2: Apply the command signal. Monitor the inrush current with an
oscilloscope and photograph inrush current waveform.

Step 3: The inrush current characteristics shall conform to the
following criteria; calculate from the photograph of

Step 2:

(a) The time integral of current in excess of the steady-
state current (*ss) shall not exceed 0.0037 ampere-
seconds in any 3 milliseconds time period Record.

(b) Current shall not exceed lss + 1.8 amps at any time.
Recard,

(c) The current shall remain within * 3% of Iss any time
after 150 seconds from turn on. Check.

Step 4: Repeat Step 2 as required to determine the inrush
characteristics.
ﬁ 4.4 Input and Qutput Reflection Coefficient
Connect the TWTA as outlined in Figures 1 and 2 except connect
the dual directional coupler to a short instead of the TWTA RF
input.
Step l: Set the sweep oscillator to the f, frequency position

(verify with a frequency meter).

Step 2: Place the match graph on X-Y plotter and set the ratio

meter range switch to 100%.

Step 3: Adjust the reference control to obtain a reading of 100

on the percent reflection scale. Adjust the X-Y plotter

gain to the 1007 line on the match graph and mark the

fo point.

Step 4: Disconnect the reflected input to the ratio meter and
ad just the zero percent line on the graph.
Step 5: Reconnect the reflected input to the ratio meter and

read just the reference of Step 3, if necessary.
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4.4 1nput and Output Reflection Coefficient (Cont'd)

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:

Step 1li:

Step 12:

Step 13:

Step 1l4:

4.5 Saturated Power Qutput

Connect the TWIA as outlined in Figures 1 and 2. Apply nomjinal

DC input

Step 1:

Step 2:

Record Telemetry Voltages.

Sweep the frequency from f; to f, and plot thie
eurve.

Verify that the f, point falls on the 100% line of the
match graph as outlined in Steps 1 through 3. Repeat
Steps 1 through 5, if necessary.

Remove the short and connect the TWTA RF output to the
dual directional coupler, apply nomlnal input voltage

and the command signal. With range switch set to 30% and
using a new match graph 8ata sheet, plot the curve of the
RF output reflection over the frequency range of

fq to £, and indicate f; and f; points.

From the data obtained in Step 8, record the maximum
TWTA output reflection in the range of £, to f;. Output
reflection shall be a maximum of 11%. (1.25:1) Convert
refle~+‘5n coefficient to VSWR and record.

Turn off command signal and repeat Step 8. This gives a
plot of the cold output reflection coefficient of the
TWTA. Record the maximum cold output reflection in the
range of f; to f;. Cold output reflection shall be a
maximum of 11%. (1.25:1) Convert reflection coefficient
to VSWR and record.

Repeat Steps 1 through 7 on a new match graph.

With the command signal off, repeat Steps 8 and 9 in the
input end of the TWTA connecting the dual directional
coupler to the TWTA RF input. Cold input reflection
coefficient shall be a maximum of 11%. (1.25:1) Convert
reflection coefficient to VSWR and record.

Apply command signal and repeat Step 12; hot input
reflection coefficient shall be a maximum of 11%. (1.25:1)
Convert reflection coefficient to VSWR and record.

Attach graphs to data sheets.

voltage and command signal to the TWTA.

Set the sweep oscillator at f, and adjust the RF input
power level for saturated power out.
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4.5 Saturated Power OQutput (Cont'd)

Step 3: Vary frequency over the band fj to fjp. Adjust the gain of
X-Y recorder to obtain a scale which will contain the
saturated power output versus frequency.

Step 4: Plot calibration lines on the graph paper at 0.2 db inter=-
vals beginning at 27 dbm, indicating the f] and f points.

Step 5: Plot saturated power output versus frequency over the band.
The minimum power output at saturation shall be 27 dbm over

the range of f] to f,. Attach graph to data sheet. Check.

4.6 Saturated Power Output and Input Power Versus Input Voltage

Step 1: Repeat Paragraph 4.5, (except Step 2) with the input voltage
adjusted to 23 * .5 Vdc. Record DC input current.

Step 2: Calculate the DC input power and record. The DC input
power shall not exceed 6.3 watts.

Step 3: Repeat Step 1 except adjust the input voltage to 33 % .5 Vdc.

Step 4: Calculate the DC input power and record. The DC input
power shall not exceed 6.4 watts.

Step 5: Attach graphs to data sheets.

4.7 Small Signal Gain K_

Step 1l: Connect the TWTA as outlined in Figures 1 and 2. Set the
sweep oscillator to f,. 1Insert a 10 db attenuator in the
RF input leg.

Step 2: Apply nominal input voltage and command signal to the TWTA.
Ad just the RF input drive level to produce a power output
at least 10 db below saturation. Using the input and
output power calculate the gain at fo. Gain shall be in
the range of 35 db to 39.-5 db. Record.

Step 3: Vary the frequency over the band of f3 to f4 and adjust
the gain of the X-Y recorder to obtain a scale which
will contain the small signal gain versus frequency
curve. Plot calibration lines at 0.2 db intervals.

Step 4: Plot small signal gain versus frequency over the
band of f3 to f4, indicating the f;, f2, f3 and f4 points.

Step 5: Repeat Steps 1 through 4 at an input voltage of 23 % .5 Vdc
and 33 * .5 Vdc. Attach graphs to data sheet.
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4.7.1 Gain Slope

Step 1: From the graphs of Paragraph 4.7 calculate the gain
slope over the band of f] to f2. Gain slope for
each graph shall not exceed 0.015 db/MHz. Record
worst case gain slope.

Step 2: From the graphs of Paragraph 4.7 calculate the gain
slope over the band of f; to fy and f; to £f4. Gain
slope for each graph shall not exceed 0.030 db/Mis.
Record worst case gain slepe.

4.7.2 Gain Flatness

Step 1: From the graphs of Paragraph 4.7 calculate the
gain variation over the range of f]1 to fy. The
gain variation for each graph shall not exceed
#0.2 db. (See Figure A). Record worst case gain
variation.

Step 2: From the graphs of Paragraph 4.7, calculate the
gain variation over the range of f; to f3 and
f, to f4. Gain variation for each graph shall not
exceed the limits of Figure A. Check.

4.8 Noise Figure

Step 1: Connect the TWTA as outlinedin Figures 1 and 4. Apply
nominal input voltage and the command signal to the TWTA.

Step 2: Set sweep oscillator to f,. Adjust noise generator
current to 175 ma.

Step 3: Calibrate noise figure indicator for noise source used.

Step 4: Depress button marked '"Auto" and read noise figure.
Noise figure shall not exceed 25 db. Record.

4.9 Intermodulation Distortion

Step 1: Connect the TWTA as outlined in Figures 1 and 5. Apply

nominal input voltage and the command signal. Adjust
signal generator #1 to f,.

Step 2: Adjust waveguide attenuator #1 to 3 db. Using the spectrum
analyzer, saturate the TWIA using coax. attenuator #1. Do
not disturb coax. attenuator #1 setting.

Step 3: Adjust waveguide attenuator #1 to 23 db. Insert signal
generator #2 and adjust coax. attenuator #2 such that both
signal levels are equal on the spectrum analyzer.

Step 4: Adjwst frequency separation for 2 MHz. Check for equal
signal levels. Adjust coax. attenuator #2 if necessary.

e
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4.9 dngermodulation Distortion (Con'd)

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:

Step 11:

Step 12:

Step 13:

Re-ad just input waveguide attenuator #1 to obtain 2
signal saturation and re-adjust coax. attenuator #2 for
equal levels.

Set waveguide attenuator #2 to 3 db. Adjust frequency
of signal generator #3 1 MHz above £ -

Adjust output level of signal generator #3 (injected
signal) until its level is equal to that of the 2
carriers.

Check saturation of the 2 carrier signal level as follows:

a) Increase drive to the TWTA by adjusting waveguide
attenuator #1 in 1 db steps.

b) Adjust waveguilde attenuator #2 to match levels. Note
direction of waveguide attenuator #2 reading.

c) If the reading of waveguide attenuator #2 decreases,the
TWTA is not saturated.

If the reading of waveguide attenuator #2 increases, the
TWTA is over saturated.

d) Saturation occure when waveguide attenuator #2 does not
change for a given increase in input drive by waveguide
attenuator #l.

e) It may be necessary to plot several points to determine
saturation.

Increase attenuation of waveguide attenuator #2 setting by
6 db. Note this setting.

Adjust waveguide attenuator #l until the 2 carrier power
output level is equal to the injected level.

Increase IF gain of spectrum analyzer until the third
order IM products are at a convenient readable level.

Adjust waveguide attenuator #2 until the injected signal
level is the same as the third IM level. Note waveguide
attenuator #2 reading.

Subtract reading in Step 9 from reading in Step 12.
This level shall be a minimum of 28 db, record.

e
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4.10 Time Delay Distortion (Test equipment per Figure 6)

Step 1: Check the test set up for proper operation as follows:
(a) Connect RF input and output arms together.
(b) Adjust test oscillator frequency to 1.388 MHz * 10 KHz.

(c) Observe on an oscilloscope with adequate bandwidth
the wave form of Channel '"B" of Vector Voltmeter.
Adjust bias battery if necessary for undistorteéd
sine wave.

(d) Set signal generator to f_. . Adjust Channel "A" and
Channel "B" (on Vector Voltmeter) ampli€ude levels
so that the two signals are within 10 db of each other.

(é) Check to make sure signal level is great enough to
cause the Vector Voltmeter to phase lock.

Step 2: Adjust vertical channel of recorder for 2 nanoseconds per inch
and adjust horizontal channel of recorder for a sweep range
of f3 to f4.

Step 3: Reconnect the input and output RF arms to the TWTA (Ref. Fig.6i
Apply nominal input voltage and command signal.

Step 4: Adjust input level such that the RF output power level
is in the linear region below saturation apd Vector k__
Voltmeter is phase locked.

Step 5: Sweep the TWIA from f3 to f;, and record change in time delay
on the graph paper.

Step 6: The time delay over the range of f; to f, shall be a maximum
of 0.10 ns/MHz at any 10 MHz interval ovér the linear
portion of the curve and 0.01 ns/MHz? over the parabolic
portion. Check. Attach graph to data sheets.

L Y
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4.11 Phase Shift
Step 1: Connect the TWIA as outlined in Figures 1 and 7., Apply |
nominal voltage and command signal to the TWTA,
Step 2: Adjust signal generator te f,.
Step 3: Adjust RF input for an RF output power of 23 dbm.
Step 4: Adjust network analyzer to 0° phase shift.
Step 5: Adjust X-Y recorder X axis for sweep width and Y axis for a
convenient scale,
Step 6: Plot graph from +23 dbm output power ot +14 dbm output power
by increasing input attenuation, The change of phase of the
output signal as a function of the input drive level shall be
less than 2.0 deg/db from +23 dbm to +21,75 dbm output power
less than 1.5 deg/db from +21.75 dbm to +17 dbm output power
and less than 1.0 deg/db from +17 dbm to +14 dbm output power.
Record. Attach graphs to data sheets.
4.12 Stability (Mismatch)
Step 1: Connect the TWTA as outlined in Figures 1 and 8. Apply
nominal operating voltages. Set power meter to the i
lowest range. Set spectrum analyzer to a convient range.
,’J Step 2: With the load connected to the TWTA output and the short
and line stretcher to the input, vary the line stretcher,
There shall be no power output indicated other than
inherent noise.
|
Step 3: Repeat Step 2 with the short removed fro= the line ;
stretcher. :
Step 4: Repeat Steps 2 and 3 with the load, line stretcher and '
short connected as in Figure 8. There shall be no power
output indicated other than inherent noise. Check. ;
4.13 Spurious Output (Coherent Components i
Step 1: Connect the TWTA as outlined in Figures 1 and 9. Apply i
nominal voltage and command signal to the TWTA, i
Step 2: With Box 2 (Ref Figure 3) connected to the TWTIA output,
adjust the signal generator to f, and adjust the RF
input drive to produce an RF output power of 23 dbm,
Step 3: Remove command signal. Disconnect Box 2 and connect the RF
harmonic measuring armj; apply command signal.
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4.13 urious Output (Conherent Components) (Cont'd)

Step 4: Note the harmonic output power. The harmonic output
power shall be & minimum of 13 db below the fundamental
output power noted in Step 2. Reoord.

4.13.1 Incoherent Componemts

Step 1: Connect the TWTA as outlined in Figures 1 and 10.
Apply nominal voltage and command signal to the
TWTA. -

Step 2: Set sweep oscillator to f, and adjust RF input
drive level to produce an RF output power of
23 dbm.

Step 3: Turn off TWTA and remove Box 2, connect per Figure 10.

Step 4: Turn on TWIA and set spectrum analyzer input
power for O dbm.

Step 5: Set spectrum analyzer vertical display to log,
IF bandwidth to 10 KHz, spectrum width to 1 MHz
and input attenuator to 10 db.

Step 6: Using iF attenuator set input to spectrum
analyzer to the 0 db graticule. k,

Step 7: Tune spectrum analyzer through the frequency
range of 7.25 GHz to 8.4 GHz. There shall be no
non-harmonic component appearing above the -60 db
graticule. Check.

4$.13.2 Spurious Output (AM)

Step 1: To calibrate equipment for AM measurement, set
up equipment as shown in Figure 11.

Step 2: Set signal generator frequency to f, and adjust
input to spectrum analyzer to O dbm.

Step 3: Set spectrum analyzer IF bandwidth to 1 KHz,
spectrum width to 100 KHz/cm.

Step 4: Set signal generator to external amplitude
modulation.

Step 5: Set audio oscillator frequency to approximately
100 KHz and ad just modulation signal until level of
side bands is 30 db below the carrier level.
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4.13.2 Spurious OQutput (AM) (Cont'd) |

Step 6: Increase audio-oscillator attenuation by 10 db.
Side band levels should drop 10 db on spectrum
analyzer. Insert 10 db more attenuation. Side
band level should now be 50 db below carrier
level.

Step 7: Disconnect spectrum analyzer and connect H.P. 310A
wave analyzer.

Step 8: Tune wave analyzer to modulation signal {approxi-
mately 100 KHz.) Set mode switch to normal;
bandwidth at 1000 Hz; peak wave analyzer to
maximum meter reading. Note this reading (which
is the maximum allowable for determining
compliance).

Step 9: Disconnect modulation input to sigual generator.
Turn modulation switch to CJ.

Step 10: Conduct spurious search of signal generator from 100Hz
to 1.0 MHz. Note level and frequency of any
spurious detected.

Step 11l: Set up equipment and connect TWTA as shown in
Figure 12. Apply nominal input voltage and the
command signal.

Step 12: saturate the TWIA at f,. Adjust input to wave w‘
analyzer to O dbm.

Step 13: Using H.P. 302A wave analyzer, conduct spurious
search of TWTA output from 100Hz to 20 KHz (mode
switch to normal).

Step 14: Switch to H.P. 310A wave analyzer and conduct
spurious search from 20 KHz to 1.0 MHz. There
shall be no spurious signal which exceeds tiie
level noted in Step 8, discounting anv spurious
noted in Step 10. Check.
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4.13.3 Spurious Output (PM)

Step 1l:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:

Step 1l1:

To calibrate equipment for PM measurement, set
up equipment as shown in Figure 13.

Set signal generator frequency to i and adjust
input to spectrum analyzer to O dbm_

Set spectrum analyzer IF bandwidth and spectrum
width for convenient display.

Set signal generator to external FM modulation.
Set test oscillator to approximately 100 KHz and
adjust modulation signal until side band level
is 26 db below carrier level.

Increase test oscillator atteauation by 10 db.

Side band level should drop 10 db on spectrum

analyzer. Insert 10 db more attenuation. Side

band level should now be 46 db below carrier

level. Set side band level to 52 db below carrier level,
this equals a separation of 10 milliradians.

Disconnect gpectrum analyzer and connect signal
generator to H.P. 310A through discriminator.

With mode switch to normal and bandwidth set to
1.0 KHz, tune wave analyzer to modulation frequen-
cy (approximately 100 KHz) and peak frequency to
maximum meter reading. Peak discriminator
frequency for maximum meter reading. Note this
reading (which is the maximum allowable for
determining compliance).

Rhosonaat i adratienniagupyco siemal generator.
Using H.P. 302A wave analyzer, conduct a spurious
search of the signal generator spectrum from

100 Hz to 20 KHz. Note level and frequency of
any spurious detected.

Using H.P. 310A wave analyzer, conduct a spurious
search of the signal generator spectrum from

20 KHz to 1.0 MHz. Note level and frequency of
any spurious detected.

Set up equipment and connect the TWIA as shown in Figure 14.
Apply nominal voltage and the command signal.
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4.13.3 Spurious OQutput (PM) (Cont'd)

Step 12: Saturate TWIA at f, and adjust input to wave
analyzer to O dbm.

Step 13: Reapply 100 KHz modulation to signal generator.
Peak discriminator-detector and wave analyzer
frequency for maximum meter reading. Disconnect
modulation. Turn modulation switch to CW.

Step l4: Using H.P. 302A conduct spurious search of TWTA
output from 100 Hz to 20 KHz. Note level and
frequency of any spurious signal. There shall be
none which exceeds the level noted in Step 7.
Discount spurious signals noted in Step 9. Check.

Step 15: Using H.P. 310A conduct spurious search of TWTA
output from 20 KHz to 1.0 MHz. Note level and
frequency of any spurious signal. There shall be
none which exceeds the level noted in Step 10.
Check.

Step 16: Deleted
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5.0 ON TEST

During this test the TWTA shall be operating; DC input currents and
RF output shall be monitored. Vibration shall be applied in each of
three orthogonal axes.

5.1 Test Lavels

Random Spectrum 20 - 300 cps; Increase at 3 db/oct to
0.25 g2/cps
300 - 1200 cps; Constant 0.25 gzlcpa
1200 - 2000 cps; Decrease at 6 db/oct
(Overall Level = 19.5 grms)

Test Duration -- 3 minutes/axis
5.2 Procedure

A bare fixture random equalization will be performed prior to
mounting the TWTA. An om-line scanner-dutput plot from the _
Sutematic analyzer/equalizer will be made during each axis of test
and attached to the data sheets. This plot will be used to verify
cemforpance with the vibration criteria. The filter 'bagdwidth

of the analyzer/equalizer will be 50\ Hz or imes, Applyigg the
random spectrum in seperate parts by breaking up the specified
spectrum into ssrrow bands is not acceptable.

Prior to performance of any vibration test the vibration fixture
shall have been evaluated in accordance with Paragraph 3.8.

Step 1: The TWTA shall be attached to the vibration fixture at
its normal mounting points. The vibration fixture shall
then be mounted to the shaker head so that vibration is
perpendicular to the TWTA mounting base (ref. Figure 16).
The control accelerometer shall be mounted on the vibra-
tion fixture as close as possible to the TWTA point(s)
of attachment.

8tep 2: Connect the TWTA as outlined in Figure 15. Apply nominal
input voltage and apply the command signal to the TWTA.

g
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5.2 Procedure (Cont'd)

Step 3: Adjust the signal generator to f, and adjust the RF
input power to produce saturated output power. Record
the RF output power and the telemetry voltages.

Step 4: Record DC input current; calculate DC input power.

Step 5: Vibrate the TWTA at the levels and for the time duration
specified in Paragraph 5.1. During vibration the RF
power output and DC input current shall be monitored for
any abnormalities.

Step 6: Repeat Step 5 with the TWTA operating, except change the
TWTA axis of vibration to the major horizontal axis
(ref. Figure 16).

Step 7: Repeat Step 5 with the TWTA operating, except change the
TWTA axis of vibration to the minor horizontal axis (ref.
Figure 16 .

Step 8: Repeat Steps 3 and 4.

Step 9: Remove the TWTA from the vibration fixture and inspect
for any evidence of mechanical damage.
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6.0 Vi TEST

Unless otherwise specified, RF data taken at the start of and during
thermal vacuum testing will be used as a reference only. Delta changes
will be used to determine compliance to specification limits,

Prior to the start of testing the signal generator and power meters
shall have been in operation a minimum of 24 hours.

Notes

1., Temperature stabilization is do!tnodou the thermal base plate remaining
within the specified temperature i 5 F for 30 minutes.

2. Changes from one temperature condition o another shall be
accomplished at a rate not to exceed 10 F/minute.

3. The change in small signal gain shall not exceed 0.15 db/15°r,

4. The following method shall be used to determins compliance to
specification limits. Results shall be recorded on the data sheets.

A. Determine the maximum delta decrease in RF power output that
may occur from the reference data recorded in Step 2. Subtract
this value from the RF power output determined during the pre-
envirommental functional test. The corrected RF power output
shall be a minimum of 27 dbm.

Bs, Determine the maximum delta changes in small signal gain that
may occur from the reference data recorded in Step 2. These
values shall be added or subtracted as applicable to the gain
values determined furing the pre-envirommental functional test.
The corrected gain shall meet the requirements of Paragraph 4,.7.

C. X-Y plots of power output, gain flatness and gain slope
perfomred at temperature extremes shall be compared to the
reference data of Step 2. Any delta change shall not exceed the
applicable specifisd limits.

Step 1: Attach the TWTA to a thermal base plate and install in the
vacwim chambew. Connect the TWTA as outlined in Figure 16,

Step 2: Apply nominal input voltage and command signal. Perform the following
tests at ambient temperature and pressure:

(a) Paragraph 4.3, Inrush Characteristics

(b) Paragraph 4.6, Saturated Power Output and Input Power Versus
Input Veltage

(c) Paragraph 4.5, Saturated Power Output and Gain (Note 4)
(d) Paragraph 4.7, Small Signal Gain and Gain Flatness (Note &)
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6.0 Thermal Vacuum Test (Cont'd)

Step

Step

Step

Step

Step

Step

Step

Step

Step

Step

Step

3¢

42

10:

11:

132

With the TWTA operating at f, and at small signal (input drive

10db below that required for saturation) lower the chamber

pressure to 1 X 10 -5 mmHg or less. During evacuation the RF power
output and DC input current shall be monitored for any abnormal-
ities. Temperature of the thermal base plate may be 50 # 15°F
during this period.

When evacuation of the chamber is completed and the thermal base
plate stabilized at #50°F, record the small signal gain at f_.
(Note 3)

Increase the thermal base plate temperature to + 65°F and
stabilize. After stabilization record the small signal gain at
fo (Note 3).

Increase the thermal plate to +80°F and stabilize. After
stabilization record the small signal gain at f, (Note 3).

Repeat Step 6 at 15° intervals to + 125°F (Note 3).

With the TWTA still operating, increase the thermal base plate
temperature to +130°F and maintain for six (6) hours. During
this period, after approximately four (4) hours repeat the tests
of Step 2.

Lower the thermal base plate temperature to +50°F (stabilization
not required) at +50°F remove the command signal.

With the command signal still removed lower the thermal base
plate to - 10°F (stabilization not required). At -10°F

apply the command signal and simulatsniously raise the temper-
ature to + 50°F. The TWIA shall turn on nermally.

With the TWTA operating, maintain +50°F for six (6) hours. During
this period, after approximately four (4) hours repeat the tests
of Step 2.

¢ With the TWTA operating, increase the thermal base plate

temperature to + 130°F. During the temperature increase, at

105°F (stabilization not required), remove command signal

and then reapply, TWTA shall turn omn normally. With the TWTA
operating, maimtain +1989F for six (6) hours. During this period,
after approximately four (4) hours repeat the tests of Step 2,
except items (a) and (b); Item (d) shall be performed at nominal
input voltage.

Repeat the sequence of Steps 9 through 12 twice, except test of
items (a) and (b); Item (d) shall be performed at nominal input
voltage.

T‘,
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6.0 Thermal Vacuum Test (Cont'd)

Step 14: Repeat the sequence of Steps 9 through 11 once, except test of
items (a) and (b); Item (d) shall be performed at nominal input
voltage.

Step 15: Return the TWIA to room anbient conditions.

7.0 JINAL FUNCTIONAL TEST
Repeat Paragraphs 4.1 through 4.13.

7.1 Final Machanical and Visual Inspection

Mechanical and visual inspection shall be performed to determine
compliance to B200300-500.

ACCEPTANCE TEST - PART II (LIFE, & FLIGHT MODELS)
8.0 BURN-IN (FLIGHT MODELS EXCEPT FIRST THREE)

Burn-in shall be in accordance with Paragraph 3.11 and functional tests
performed as follows:

Functional Test Sequence Test Paragraph (Note 1
Start of burn-in 8.1
At 250 hours 8.1
At 750 hours 8.1,4.1
At 1250 hours 8.1
At 1500 hours 4,2 through 4.13
’L Note 1l: Tests indicated shall be performed at about 1107 of the time
interval specified,

8.1 _Functional Tests (Burn-In)

The following parameters shall be recorded at the specified time
interval. Data shall be reviewed for any abnormalities.

a. Input current
b. Telemetry voltages
c. Saturated power output at 7.5 GHz + 100 MHz

9.0 BRATION TEST

During the test the TWTA shall be operating; DC input currents and RF output
shall be monitored. Vibration shall be applied in each of three orthogonal

axes.

? 9.1 Test Levels

» Random Spectrum 20-300 Hzj; increase at_3 db/octave

, to 0.0625 g?/Hz

' 3001200 Hzy constant 0.0625 g2/Hz
1200-2000 Hz; decrease at 6 db/octave

(overall level = 9.8g RMS)
Test Duration -1 minute/axis
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Notes

A.

B.

C.

Step 1:

Step 2:

9.0 VIBRATION TEST (Cont'd)

9.2 Procedure
Test procedure per paragraph 5.2, except change steps as follows:

Step 3: delete in its entirety and replace with the following:

Adjust the signal generator to f  and adjust the RF input
power to produce a power output at least 10db below
saturatim, record the small signal gain. Readjust the
RF input power to produce saturated power output, record
power output and telemetry voltages,

Step 7: delete in its entirety and replace with the following:

Repeat step 5 except with the TWTA operating at small signal
and change the TWTA axis of vibration to the minor horizontal
axis (ref. Figure 17),

10 0 THERMAL VACUUM TEST

Unless otherwise specified, RF data taken during thermal vacuum testing
will be used as a reference only. Delta changes will be used to determine
compliance to specification limits.

Prior to the start of testing the signal generator and power meters shall
have been in operation a minimum of 24 hours.

1. Temperature stabilization is defined as the thermal base plate remaining
within the specified temperature + 5 F for 30 minutes.

2. Changes from one temperatupe condition to another shall be accomplished
at a rate not to exceed 10 F/minute.

3. The change in small signal gain shall not exceed 0.15 db/15°F.

4. The following method shall be used to determine compliance to specification
limits. Results shall be recorded on the data sheets.

Determine the maximum delta decrease in RF power that may occur
from the data recorded in Step 2. Subtract this value from the
RF power output determined during the pre-environmental functional
test. The corrected RF power output shall be a minimum of 27 dbm.

Determine the maximum delta changes in small signal gain that may occur
from the data recorded in Step 2. These values shall be added or
subtracted as applicable to the gain values determined during the
pre-environmental functional test. The corrected gain shall meet the
requirements of Paragraph 4,.7.

X-Y plots of power output, gain flatness and gain slope shall be
compared to the data of Step 2. Any delta change shall not exceed
the applicable specified limits,

Attach the TWTA to a thermal base plate and install in the vacuum
chamber, Connect the TWTA as outlined in Figure 16,

Apply nominal input voltage and command signal. Perform the tests of
paragraphs 4.5, 4.6 and 4.7 at ambient temperature and pressure.
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10,0 THERMAL VACUUM TEST (Comt'd) - - e i S =

Step 3: With the TWIA non-operating, evaguate chamber to 1 x 1o'?mn Hg or less
snd adjust bgse plate temperature to +50%,. . . . .

After stabilization hds been resched, turn TWTA on and maintain for
-8ix (6) hours minimum,. - Duriag this-period perform the following tests:

a. Paragraph 4.3 Inrush Characteristiecs Ak -
b. Paragraph 4.5 Saturated Power Output (Noteid
e¢. Paragraph 4,6 Saturated Power Output and Iaput Power versus Input -
" Voltage, 3
d, Paragraph 4,7 Small Signal Gain, Gain Slope and Gain Flatness (Note &)

- Record the small signal gain at f, at nominal input voltage,
Step 4: Deleted

Step B: Increase the thermal base plate temperature to +90°F and stabilize, After
stabilisation record the small signal gain at f, with nominal input voltage
applied, (Note 3)

From the data of Step 3, calculate change in gain as follows:
'G'l'l - GT |
T o
40 X 15= db/15 F and T o Where T; < 50°F and T, = 90°F
Step 6: With ths TWIA still operating, increase the thermal base plate temperature

to +130 F and maintsin for & minimum of six (6) hours. During this period,
after stabilization repeat the tests of Step 3 and the following paragraphs: H.

Para 4,9 Intermodulation Distortion

Para 4,13,1 Spurious Output (Incoherent Components)
Para 4.13.2 Spurious Output (AM)

Para 4,13,3 Spurious Output (PM)

Record the small signal gain at f, at nominal input voltage (Note 3)

From the data of Step 5, calculate change in gain as follows:

lcrz s GT::' 5
40 X 15 = db/I5F  where T, = 130°F and T_ = 90°F

Step 7: With the TWTA still operating, lower the thermal base plate temperature to

+40°F. After stabilization perform the following tests:

a, Paragraph 4,3 Inrush Characteristics

b, Paragraph 4.5 Saturated Power Output, Steps 1 and 2 only

¢. With the TWTA operating at f_, input voltage adjusted to 23 + .5 vdec,
and RF input power adjusted for saturated output power, record the
DC input current and calculate the DC input power, Repeat above at
input voltage of 33 + ,5 vdec.

d, Paragraph 4,7 Small Signal Gain, Gain Slope and Gain Flatness,

Tests under Step 7 are for engineering data only and specified limits do
not apply.

N

)
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11,0 FINAL FUNCTIONAL TEST-
Perform Paragraphs 4,1 through 4.13.

11.1 Final Mechanical and Visual Inspectiomn

to B200300-500,

Mechanical and ‘visual inspection shall be performed to determine compliance
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