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SECTION I
INTRODUCTION AND SUMMARY (U)
1.1 (U) Brief History and Rationale

(U) The object of the Standard RF Chain Program is to reduce the
total cost of Electronic Countermeasures (ECM) systems. The usual
approach to designing ECM systems has been to define system performance
requirements and allow specific rf chain element designs to evolve,
based on these requirements and component availability. This approach
has resulted in systems with similar but different designs and which use
similar components that are not usable by or common to more than one
system. Since the rf chain portion of these systems has been a major
cost driver, commonality of components and standardization of the rf
amplifying chain is an obvious way to reduce total system costs.

(U) Efforts to reduce ECM costs started with the ECM cost reduction
conference sponsored by AFAL in 1975. As a result of this conference, a
study was initiated to examine the feasibility of standardizing rf
chains through the use of standard or common traveling wave tubes (TWTs)
and other components. Study results showed a potential for achieving a
common TWT/rf chain design across Air Force mission areas.

(U) As a result of the rf chain studies, AFAL briefed the Joint
Director of Laboratories Council (JDLC) on the opportunities for cost
reduction through rf chain standardization. The JOLC initiated a tri-
service ad hoc committee, which reviewed common ECM requirements and
recommended approaches toward achieving TWT and rf chain commonality.

(U) A common design would significantly reduce ECM costs, especially
considering TWTs, which typically represent 20-25% of the total system
costs. The use of standardized components and designs will allow larger
quantity buys (with subsequent lower costs), and simplify nodifications,
maintenance procedures, and training.

1
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1.2 (U) Program Objectives

(U) The following design objectives were developed for the Standard
RF Chain Program in accordance with the program objectives presented in
the previous paragraphs:

a. Compatibility with a wide variety of TWTs, i.e., with
minimal modifications of the LRUs when changing TWTs.

b. High commonality of designs and components between the
high band and low band LRUs.

c¢. High reliability.

d. Simplified maintenance, easily accessible test points and
easily replaceable components to simplify testing, fault
isolation, and repairs.

1.3 (U) Summary of Test Results

(U) The rf chain high band and low band power amplifier line re-
placeable units (LRUs) were developed, fabricated, and then tested using
various TWTs and associated test objectives. The testing performed on

each LRU is shown below:

Low Band LRU Testing High Band LRU Testing

RF Chain Baseline TWTs RF Chain Baseline TWTs

Environmental DBOM TWT - 2% Duty Cycle

Power Share Control Module Band III Pulse TWT ~ 8% Duty
Cyvcle

6 dB Dual Mode TWT

(U) Discussion of the low band LRU testing is contained in section
3, and the high band LRU testing in section 4.

2
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(U) High commonality was achieved between the high band and low band
LRUs. They have about 70% commonality in their components and design.
The only design and component differences were introduced by the dif-
ferent frequency range requirements of the two units.

(U) The testing provided conclusive evidence that both the low band
and high band LRUs met or exceeded all specification requirements of the
rf chain program. The LRUs also exhibited very high reliability through-
out the testing at all the test locations.

3
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SECTION 11
RF CHAIN AND TEST FACILITY DESCRIPTION(U)
2.1 (V) RF Chain Description

2.1.1 (U) Item Definition. The Standard RF Chain Amplifier is packaged
as two modules (high band and low band), each covering a different
frequency range. Each module provides a combined Continuous Wave (CW)
and pulse mode capability over a frequency range greater than an octave,
and shares a common electrical design, form factor, and packaging concept.
The modules also have high commonality (about 70%) among their compo-
nents. Major components such as the high voltage modulators and power
supplies are standardized to accommodate a variety of TWTs. The vari-
able configurations thus obtained can readily be produced for a wide
range of ECM applications, wherein all control functions are provided
external to this rf amplifier.

(U) The baseline configuration of a standard rf amplifier module
contains separate CW and pulse TWTs operating in parallel. Two flyable
prototypes - a Jow band (E/H) version and a high band (H/J) version -
have been built and demonstrated (see figure 1). The standard module is
designed also to accommodate dual mode (CW/ pulse-up) and dual beam dual
mode (DBDM) TWTs; these configurations have undergone critical testing.

(U) The amplifier module is packaged as an LRU and is designed for
military airborne environments typical of both pod and internal instal-
Tations. Cooling air can be supplied by either aircraft ECS or ram
inlet. Direct cooling of the electronics is by cold plate in hermetic
compartments, thereby minimizing susceptibility to dust, humidity and
salt fog. The power supplies tolerate a wide AC frequency variation
(350 Hz to 800 Hz) such as may be provided by a ram air turbine gen-
erator (RATG).

4
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(U) A1l electronic assemblies and major components are packaged as
SRUs, and are functionally partitioned in a straightforward manner, to
facilitate efficient shop maintenance. Sufficient test points are
accessible, via a test connector, to allow unambiguous isolation to a
faulty SRU using simple and inexpensive ground support equipment.

(U) Efficient and swift flight line maintenance is facilitated by
a comprehensive built-in-test (BIT) capability. The Standard KF Ampli-
fier can safely be operated for several minutes in the aircraft without
cooling air; internal temperature sensing and automatic shut-down pre-

vent thermal damage.

2.1.2 (U) Specification Summary. The mechanical installation charac-
teristics of the Standard RF Amplifier LRU are given in figure 2. The
performance, interface and environmental characteristics are summarized

in table 1.

Table 1. (U)Specification Summary, Standard RF Amplifier.

FREQUENCY COVERAGE: E/H and H/J (overlapping)
MODES : CW and Pulse, interleaved
PULSE DUTY CYCLE: 5%

GAIN (TYPICAL): 65 dB CW, 75 dB Pulse
PRIME POMWER: 3-Phase, 350 Hz to 800 Hz

106 V ac to 122 V ac steady state
105 V ac to 135 V ac transient
1.85 KVA maximum, 1.65 KVA typical

WEIGHT: 55 1bs,
VOLUME: 0.68 cu. ft.

AIR INLET TEMPERATURE ® 25 LB/MINUTE:
-549C to +60°C, continuous operation

-58°C to +80°C, 30-minute operation

NON-OPERATING TEMPERATURE:
-58°C to +110°C UNCLASSIFIED
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2.1.3 (U) Amplifier Interface. The functional organization of the
baseline amplifier configuration, low band or high band, is illustrated
in figure 3. Its operation is totally controlled by an external inter-
facing sybsystem, such as a receiver/processor or a techniques generator.

(U) Interface between the amplifier and the controlling subsystem
consists of a 6-bit data bus, a number of discrete command inputs and
status outputs, and the RF input.

(U) The data bus provides two-way communication between subsystems.
§ Data transmitted by the controlling subsystem includes mode commands
(standby, transmit, etc.), measurement commands (for rf levels, etc.)
and status queries. The amplifier responds with fault status data and
encoded measurement values. Associated with the data bus is a separate
2-bit address code input, which allows up to four amplifiers to be
controlled by the same data bus.

(U) Chief among the discrete inputs are the CW and Pulse mode
commands. These inputs provide real time grid control of the TWTs via
their respective modulators. Another real time input signal synchro-
nizes the measurement of rf input power, rf output power and output
pulse width, as specified by a data bus command.

Dt Jofaie gosn=) .

{U) The discrete outputs report certain fault conditions requiring
the immediate attention of the controlling subsystem. Internal faults
reported by these outputs include modulator, power supply, and temper-
ature faults, External faults reported include excessive reflected
output rf power and improper pulse mode command timing format.

2.1.4 (U) Amplifier Operation. Internally, the amplifier is controlled
by an 1/0 circuit contained in the 1/0 and BIT module (see figure 3).
The /0 circuit decodes the data bus words and routes commands to their
destinations., It also collects and encodes all status and measurement
data, and routes them to the controlling subsystem.

8
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(U) The rf signal path through the amplifier begins in the solid
state amplifier (SSA) module, where the rf {input signal is amplified and
split. The SSA module also contains an rf detection circuit; its video
output is routed to a BIT circuit in the 1/0 and BIT module where, upon
command, the amplitude is sensed.

(U) The two rf outputs from the SSA module are routed to the CW and
pulse TWTs., The control grid of each TWT allows its beam current to be
turned on and off rapidly by the associated modulator, in response to
the input mode command. Typical propagation time for either CW or pulse
mode, i.e., from input command transition to output rf signal transi-
tion, is 30 nanoseconds.

(U) Couplers at the TWT outputs provide proportional samples of rf
output power to associated detection circuits, whose video outputs are
routed to the BIT circuit and encoded upon command.

(U) Also shown in figure 3, but external to the amplifier LRU, is
a mic:owave network consisting of two directional couplers, a hybrid,
and two filters. The external couplers provide proportional samples of
reflected RF power back into associated detection and threshold circuits
within the LRU. These circuits provide real time warning of excessive
voltage standing wave ratio (VSWR), for the purpose of protective shut-
down and fault status reporting. Protective shut-down of the TWT fis
automatically performed via its grid modulator. The reflected power
trip thresholds are factory adjustable for a wide range of installations.

2.1.5 (U) Amplifier BIT. (U) Self-test BIT circuits are contained in
the modulators and power supplies, which continuously moenitor for and
report on faulty voltage and current conditions. Additionally, the
pulse mcdulator protects the pulse TWT from an improper pulse command
timing format, by autonomously Timiting pulse repetition frequency, duty
cycle and duration of a single pulse on-time. This function, when
invoked, is reported as a pulse command fault.

10
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(U) The hignh voltage power supply additionally monitors TWT condi-
tions, and shuts itself down in the event of an arc-over or other
faults.

(U) The temperature of each TWT is continuously monitored by the
170 circuit, which will turn off the high voltage power supply (HVPS) ‘in
the event of overtemperature. The temperatures, upon command, are also
encoded and transmitted to the controlling subsystem via the data bus.

2.2 (U) Test Facility

(U) The RF Chain Power Amplifier test facility (figure 4) features
several automated test sequences, yet is flexible enough to allow
manual spot checking. The equipment may be divided into three cate-
gories: the system computer, an automated test set-up, and manual mode

equipment.

(U) The HP9845 computer controls the automated portion of the
facility via the IEEE Std. 488 bus. In addition, the computer drives a
graphics display, plotter, printer, and data storage capability. The
system software is designed to execute test sequences, create calibra-
tion data, and continuously monitor all automated equipment. The
automated equipment interconnections are not changed radically between
tests. In general, the automated equipment is responsible for providing
various stimuii to the Power Amplifier, monitoring the status of the
Power Amplifier, and making power measurements.

(U) The manual equipment items are required only for specific
tests. Most manual equipment is used for monitoring the output or
response characteristics of the Power Amplifier.

2.2.1 (U) Special Test Equipment. The Special Test Equipment (STE) for
the rf chain amplifier is shown in figure 5. The two major components
for the STE are a microprocessor based control console and a cooling
cart.

1
UNCLASSIFIED

RN I A v

T,

Mt B L e T e




UNCLASSIFIED

‘weabeiq y201g A3L{Loe4 3saL JatyLduy JBmMod uteyd Jy (n)

TR QIHISSYTONN

1

1ndNI QI8

¥31NdW0D
5¥d6dil

it

‘p 84nbi 4

RS

ﬁ Sng g8y 045 3331 __

¥3L3m COLYYINIG HIZISTHINAS e TET]
431IW1H0 19D 43mDd 35Nd 115 48 ¥In0d
995 944 vO9134H 4ud ¥ Y29LHdH v YILYdH
1
5314n07 ¥NSNIS
Yivo
43n0d ]
431 417dwy
HINOC
NIVHD 4§
34-m) 3414
, } b4t P ¢
ovol
¥yilwm 34075
HAQ BOLYYINID S0vd 7 J9H01S 4374 v
¥00£8 357Nd 5¢31403 vE8L WTH123dS
N vrl2ds 50707 $IINOYLIIL 5958 dH

¥OSN3S

s

R i L

9045

3 1818d
*AY4SI0
SITHIVYED

HLIR
YILNIW0D

1N3d 1003
a3ivi0LY

1M3dInd3
300M
YO

12
UNCLASSIFIED

AT R L A e T ] ZaER




UNCLASSIFIED

| LEEE STO. 488 IUSJ

| |
F | 1EEE $TD '
. CONTROL
STE CONTROL CONSOLE 480
I INTERFACE PANEL !
| !
| |
| I
' 12 X |
LYPROH 8085 CONTROL |
| i -y ChL PANEL
| RAN INTERFACE |
| i '
| |
, |
! | l"
, | 1/0 )+\A l PULSE
[0  INTERFACE GENERATOR
| ! L
1 | |
P L — —— e — —_——— e — — —_—d
C ¥
]
P ,
| - R BT
' RF CHAIN | ' v
POWER |
ANPLIFIER |
MODULATOR POWER
k'——'-_‘“_l DRIVERS MODUL E

t

|

| I
ke J | %

I | |

I

I

|

SOL10
STATE
AMPLIFTER

COOLING

I S |

UNCLASSIFIED

STE COOLING CART

RF
SOURCE

156-029664-005
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(U) The main functions of the cart are to supply cooling and
support for the Power Amplifier and to provide power for both the STE
and Power Amplifier. 1In addition, the cart houses the SSA and the
modulator drive circuitry.

(U) The control console features the 8085 Microprocessor, a 12K
program contained in erasable PROMs and 1K of RAM, Programmable inter-
faces are provided for communications with the Power Amplifier, the IEEE
Std. 488 bus, and a manual control panel.

(U) The STE may be operated via the IEEE bus or manually.

2.2.2 (S) Driver Amplifier Characteristics. Figure 6 is a plot of the
Avantek Cascaded Amplifier gain and output power characteristics.
Measurements were made over a frequency range of 8 GHz to 18 GHz for
both small signal gain (SSG) and 1dB compression power output charac-
teristics. The small signal gain approxim=tad 35 dB + 1.5 dB at a power
output of +8.% dBm. A minimum of +19.5 dBm output across the band at
the 1 dB compression point is provided by the amplifier.

(S) Figure 7 is a plot of the harmonic power (in dBc) at 8 GHz for
the above amplifier. This amplifier was operated at an output of
between +18 dBm and +21 dBm which resulted in harmonics of -23 dBc
maximum,

2.3 (U) Test Programs

(U) The HP9845B computer was programmed to exercise the amplifier
in accordance with the testing procedures. It accomplished this by
controlling the STE and other test equipment (see figure 4) and process-
ing data through the use of the IEEE Std. 488 interface bus. The
HP9845B was chosen because of its versatility and suitability to this
application,

2.4 (U) RF Chain Configuration Variations

14
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(U) One design goal of the RF Chain Program was high compatibility
of the RF Chain Amplifier with various types of TWTs. The high band LRU
has been tested with four different TWTs - the baseline TWTs, the
NETS/Raytheon DBDM TWT, the Hughes 8% pulse tube, and the T-MEC 6 dB
pulse-up tube.

(U) The only modifications to the rf chain for changing these tubes
are replacing the high voitage power supply (HVPS), and replacing the
modulator for the 6 dB pulse-up tube. This is a matter of simply
removing screws, replacing the supply and/or modulator, replacing the
screws, and adjusting the power supply voltage levels before operation.

(U) The power supplies all fit the rf chain form factor, with the
exception of the 6 dB pulse-up tubes HVPs and modulator, which are
encased in FC-48 oil. Since the 6 dB pulse-up TWT is not intended for
use in the rf chain, the HYPS and modulator were built for ease of
modification rather than form factor.

2.5 (U) RF Chain Modulator

(U) At the outset of the development program, the decision was made
to modify the ALQ-135 universal modulator design for application to the
RF Chain Power Amplifier. This design provided the capability to con-
trol both gridded and nongridded (mod-anode) TWTs and therefore allowed
the TWT manufacturers maximum flexibility in meeting the rf chain tube
performance requirements. This design utilized all solid state devices,
except for two triode tubes which are required to provide the 1300 volts
needed to switch mod-anode from on to off and visa-versa. This modu-
lator was prototyped for the rf chain testing.

2.5.1 (U) RF Chain Modulator General Description. The rf chain modu-
lator incorporates high voltage, high current MOS power FETs as switch-
ing elements (see figure 8). Each switch section (4 sections used) is
comprised of a 450 volt FET, a floating power supply, and associated
circuitry. The two ON switches are virtually identical to the two OFF
switches except they also have the ability to provide TWT grid current

17
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Figure 8. (U) RF Chain Modulator Block Diagram.
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in excess of 200 mA if necessary. The grid is held in the off state by
a large value resistor to VOFF' Switch edge drive and tick (high
frequency refresh) pulses are transformer coupled from ground level to
the high voltage TWT cathode potential. The design permits usage of the
H-17 driver hybrids in the modulator. The VON and VOFF power supply
also employs a common hybrid (H-8). It was modified to accommodate the
lower potentials needed for the shadow grid TWT.

2.5.2 (U) Block Diagram Description. Ac seen in the block diagram
(figure 8), the four switches are in series. The TWT grid is tied to a
point between the ON and OFF switches. A spark gap between the TWT grid
and cathode protects the modulator in the event ot an arc from grid to
ground.

(U) ON edge drive pulses are transformer coupled from H-17 to the
ON switches through Tl while OFF commands are coupled through T3. When
in the ON state, ON switch sustaining pulses (tick pulses) are fed
through T2, Edge drive pulses develop extremely fast high current
conduction of the switches to enable switching 500 volts in less than 30
nanoseconds, while the tick pulses sustain the conduction of the ON
switches at the 200 mA level or whatever TWT grid current may be re-
quired. When a turn off command is sent to the OFF switches, a signal
is generated by OFF switch 1 which completely shuts off the two ON
switches through T4. As mentioned before, the OFF switches require no
tick pulses. This local coupling negates the need of another low to
high voltage transformer.

(U) Diodes CR1 and CR2 prevent the ON switches from going into
"saturation" when the ON switches are energized. CR2 clamps the TWT
grid to the VON potential. Thus, CR1 and CRZ keep about 35 volts
across each switch during their conduction period. The drain to source
capacity of FETs has the property of being inversely proportional to the
voltage across the FET. By minimizing the capacity of the FETs in the
ON mode, switching in the opposite direction is simpler, faster, and
power saving. Diodes CR3 and CR4 serve the same function in the OFF
switches.
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SECTION 1II

LOW BAND LRU TESTING(U)

(U) The following tests were performed on the Low Band Power
Amplifier:

a. Baseline Testing
b. Environmental Testing
¢. Testing with the Power Share Control Module.

The purpose and requirements of each test are detailed in the appropriate
section below.

3.1 (V) Baseline Testing

(U) The rf chain baseline testing was conducted using the baseline
T-MEC TWTs. This was done to keep the program within cost and schedule,
since preliminary analysis showed that the rf chain requirements could
be fulfilled by the baseline tubes. This analysis turned out to be
incorrect. The baseline TWTs could not be made to meet the rf chain
requirements. However, the response of the rf chain when using these
tubes yields baseline data about its overall performance. Since the rf
chain in most cases comes close to fulfilling the rf chain requirements
with the baseline tubes, it may be inferred that the rf chain would meet
or exceed these requirements with the appropriate TWTs.

3.1.1 (U) TWT Description. The following paragraphs list some of the
specifications of the TWTs used in the rf chain low band LRU testing.
The specification and drawing for the pulse TWT are in Northrop DSD
documents 093-005931 and 090-001860, respectively; and for the CW TWT,
document numbers 093-005930 and 090-001859, respectively. These are
come of the relevant specifications:

(S) Frequency Range: The following frequency ranges apply to both
the pulse and the CW TWT:

2.6 GHz to 7.5 GHz
2.0 GHz to 8 GHz (design goal)
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; (S) Rated Fundamental Power Output:

Frequency Power Qutput: CW TWT Power Qutput: Pulse TWT
2.0 GHz to 2.6 GHz (goal) +51.8 dBm +61.0 dBm
2.6 GHz to 7.5 GHz +54.8 dBm +62.5 dBm
7.5 GHz to 8.0 GHz (goal) +53.8 dBm +61.8 dBm

(C) Maximum totai sower output shall not exceed +57.0 dBm (CW) or
+66.0 dBm (pulse) regardless of drive level,

(C) Duty Cycle and Pulse Width: The pulse tube may be operated at
continuous duty cycles up to 100% and at various pulse widths from CW to
a minimum of 100 ns, including multiple combinations thereof.

(C) Small Signal Gain: Small signal gain for the CW TWT is 36 dB
minimum, 39 dB nominal, and 46 dB maximum. Small signal gain for the
pulse TWT is 46 dB minimum, 49 dB8 nominal, and 56 dB maximum.

(C) Noise Output: With the input port terminated in 50 ohms and
the output port loaded with an attenuator, the CW TWT spurious noise
output is below -10 dBm/ MHz, and the pulse TWT total integrated noise
and spurious output power is below +30 dBm.

(S) At normal driver levels, the total harmonic power for each TWT
is at least 3 dB below fundamental power output (-10 dBc goal). At
frequencies higher than 4.5 GHz, the second harmonic is at least -15
dBc.

(C) Propagation Delay. The propagation delay for each tube does
not exceed 10 ns.

3.1.2 (U) List of Tests. The baseline electrical performance tests
conducted on the low band LRU are 1isted on the following page:
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Power Qutput vs. Frequency
Small Signal Gain

Harmonic Power

Spurious Outputs and Noise Power
TWT Transfer Characteristics
Mismatched Loads

Propagation Delay

Mode Switching Time

Primary Power

Response to Commands

Duty Cycle Limiting

BIT/ATE Output

- X e = I WL H O QO O T &
e e e« e .

3.2 (U) Detailed Test Data - Baseline Testing

(U) The detailed test data for each test provided in this section
is preceded by introductory paragraphs indicating the purpose, reguire-
ments, variations in test procedures (if any) a summary of the test
results, and a block diagram of the test setup.

3.2.1 (U) Power Output vs. Frequency

a. (U) Purpose. The purpose of this test is to demonstrate the
power output of the RF Chain Low Band Amplifier across the
frequency band at nominal rf input drive levels. See figure 9
for the test setup.

b. (U) Results. Tests were run on the CW and pulse tubes for
total and fundamentai power output vs. frequency, and reduced
drive level power output vs. frequency. The results of these
tests are shown in figures 10 through 15. The lower reference
Yine on these graphs represents the specification to which the
TWTs were built. The other reference 1ine represents the rf
chain specifications.
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Figure 11. (U) RF Chain Low Band, CW Fundamental Output
Power vs. Frequency, (W=100%.
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26
SECRET

o gt s

e s S

A T T




SECRET

fdBm)
ay
[xV]

FOWER
o

23]
@

FEAK
(A ]
i)

FL
o
@®

-

F" "./ )
n
~J

n
o0

180067 09 70 LY TOTAL QUTPUT POWER VS FREQ

i
n

)

3 4 S ) 7
LE RF CHAIN SN#%:0001 FREQUENCY (GHz!
TEST #2, SEQUENCE #0: BASELIMNE CONFIGURATION

156029084-013

Figure 13. (S) RF Chain Low Band, Pulse Total Output 5
Power vs. Frequency, PLS = 25 us at 5%.
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Figure 14. (S) RF Chain Low Band, Pulse Fundamental Power
Output vs. Frequency, PLS = 25 us at 5%.
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Power vs. Frequency, PLS = 25 us at 5%.
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(U) The CW output power exceeds the specifications to which the CW
tube was designed, and meets a portion of the rf chain power require-
ments across the frequency band. Pulse output power exceeded the tube
design specification. For total power output the pulse tube also ex-
ceeded the rf chain specification except for a 900 MHz area in the high
end of the frequency band and the lower 500 MHz of the desired (goal) rf
chain frequency range. The reduced drive level tests results shown that
each TWT produces the same output power spectrun shape for various
reduced drive levels.

3.2.2 (U) Small Signal Gain

a. (U) Purpose. The purpose of this test is to demonstrate the
small signal gain across the frequency band, with the rf input
drive levels reduced by 15 dB from their nominal values. The
test setup is shown in figure 9.

b. (S) Results: The tests were run with the input drive level 15
dB down from its nominal value. The results of this test are
shown in figures 16 and 17. Here again the unit did not meet
rf chain specifications (67 dB minimum for CW, 77 dB for
pulse), but exceeded the tube desiagn specifications (35 dB
minimum for CW, 46 dB for pulse).

3.2.3 (U) Harmonic Power

a. (U) Purpose. This test measured the relationship between the
total output power and the harmonic power for harmonic outputs
within the calibration frequercy range.

b. (S) Results. The test was performed concurrently with the
tests described in paragraph 3.2.1 (see figure 9). The re-
sults are shown in figures 18 and 19. The worst case harmonic
power in the CW mode was -3.0 dBc, at 2.55 GHz and 2.85 GHz.
This fulfills the rf chain requirements of a worst case second
harmonic of -3 dBc to -4 dBc.
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Figure 17. (S) RF Chain Low Band, PL Small Signal
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Figure 19. (S) RF Chain Low Band, PL Harmonic Output
Power vs. Frequency, PLS = 25 us at 5%.
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(S)The worst case harmonic power for the pulse tube was -2.5
dBc at 2.55 GHz, This is total harmonic power. The rf chain
also fulfills the requirements for the typical second harmonic
to be -10 dBc.

3.2.4 (U) Spurious Outputs and Noise Power
a. (V) Purpose. The purpose of this test is to demonstrate that

the Unit Under Test (UUT) meets the spurious noise output
requirements., The test setup is shown in figure 20.

¢

E b.  (C) Results. This test was conducted in accordance with

i paragraph 8.3.2.2 of the rf chain test plan. The results are
4 shown in data sheet 8.3.2 (figure 21). The requirements are -
: 3 dBm/MHz maximum for CW and 40 dBm maximum for pulse. No

5 spurious outputs exceeded specification.

3.2.5 (U) TWT Transfer Characteristics

a. (U) Purpose. The purpose of this test is to show the rela-
tionship between the rf input drive into the rf chain LRU and
the output power of the LRU. This information is supplied as
supplemental information to required test data.

b. (U) Results. The test configuration is shown in figure 9.
The test results are shown in figures 22 through 30. They
show very linear transfer characteristics up to the saturation

point of the TWTs.

3.2.6 (U) Mismatched Loads

a. (U) Purpose. This test was performed to determine the effect
on rf chain power output of operating into a load that pre-
sents a less than optimum impedance match. The test setup is
shown in figure 31.
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SPURIQUS OUTPUTS
Data Sheet 8.3.2

RF CHAIN low [Beand DATE_vo-8 -g/
Fease Cus CONF IGURATION
BLANK CW PL
LOW BAND EDGE -7/L08 —0 6 L8 - ¢
MID BAND 48 L8 —~ 58 LG ~ 4248
HIGH BAND EDGE ~48 8 —Cé JF - 687
UNCLASSIFIED
158-029064-021
Figure 21. (U) RF Chain Low Band, Spurious Outputs.
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(U) RF Chain Low Band, CW Transfer Characteristics
at 4.5 GHz, CW = 100%.
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Figure 25, (U) RF Chain Low Band, CW Transfer Characteristics
at 6 GHz, CW = 100%.
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Figure 26. (U) RF Chain Low Band. CW Transfer Characteristics
at 7.5 GHz, CW = 100%.
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Figure 27. (S) RF Chain Low Band, PL Transfer Characteristics
at 3 GHz, PLS = 25 us at 5%.

43
SECRET

Fromg e pTs S S

K "

SR et el P N o



{dBml

DUTFUT POKWER

RS

31'_ ..........
E,:l":.."'i'::::::i:::'::::::li::I":‘
30 2% -z@ -15 -10 -5 o 5

SECRET

PL TRAMSFER CHHARACTERISTICS

T~

10:96:18:43: 18

LB RF CHAIMN SM#1 IMPUT PO&ER (dBm)
TEST #9 AT 4.5 GHz: EBARASELINE COMFIGURATIONM

166-0290664-028

Figure 28, (S) RF Chain Low Band, PL Transfer Characteristics
at 4.5 GHz, PLS = 25 us at 5%.
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Figure 29. (S) Chain Low Band, PL Transfer Characteristics
at 6 GHz, PLS = 25 us at 5%.
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Figure 30. (S) RF Chain Low Band, PL Transfer Characteristics
at 7.5 GHz, PLS = 25 uys at 5%.
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(C) Results. The rf chain is required to operate into loads
with a VSWR of 2:1. This test was performed with a 2:1 mis-
match of random phase to simulate a worst case feed line and
antenna loading condition. The test results are shown in
figures 32 and 33. The CW output power showed a maximum
decrease of 0.83 dB, and the pulse output power showed a
maximum decrease of 0.7 dB,

3.2.7 (U) Propagation Delay

a.

(U) Purpose. The purpose of this test is to demonstrate the
pulse repeater response of the RF Chain Power Amplifier LRU.
The time measured is from the receipt (3.5 - volt level of the
leading edge) of the real time video command to the 90% volt-
age point of the detected output pulse. The test setup is
shown in figure 34.

(U) Results. The results of this test are listed on data
sheet 8.3.4 (figure 35) and shown in the photographs of figure
36. The propagation delay specification is 75-100 ns. Both
the pulse and the CW response times were within this specifi-
cation. Both responses also meet the rf output pulse use time
specification of 20 ns maximum,

3.2.8 (U) Mode Switching Time

a.

cmal Mo . R . " X
A e e Y 2

(U) Purpose. The objective of the mode switching time test is
to measure the response of the UUT during different combina-
tions of timing sequences for CW, pulse, and blank modes. The
test setup is shown in figure 37.

(U) Variations in Procedure. A single pulse generator setup
for double pulse output was used instead of the two pulse
generator setup called for in table 1 of the rf chain test
plan (shown in figure 38).
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Figure 32. (S) RF Chain Low Band, Mismatched Loads Test, CW = 100%.

49
SECRET




1e:avitiiarid4s

SECRET

LB RF CHAIH SH#@0O1
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Figure 33.
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(3) RF Chain Low Band, PL Mismatched Loads Test,
PLS = 25 us at 5%.
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PROPAGATION bELAY

RF CHAIL, Low Bapel bATE_ e /80 [3/
Leosa Lot CONF IGURATION
VIDEQ COMMAND (60 % Fem )
MODE OF OPERATION | (3. ¢viewe L) |  OUTPUT PULSE DELAY TIME
CW )
0 /00 NS FOMs
PL 0 VAN s

Iw PL,Pi s& Tong of D(/((/n’p LPF OUff"Jf' - /_6:.'?.5

v Cw. Kis€ Tomeg of Deleclep P ovrpur _Z20XE

156-020664-035
CONFIDENTIAL
TEST ENGINEER DATE
1A, DATE
CAS DATE

Figure 35.

e

(U) RF Chain Low Band, Propagation Delay.
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DETECTED RF
OUTPUT

PL MODULATOR
COMMANDS

CONFIDENTIAL

DETECTED RF
OUTPUT

CW MODULATOR
COMMANDS

158-920084-006
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Figure 36. (U) RF Chain Low Band, Propagation Delay.
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*ulse Operation (W Operation
; Pulse PRI Pulse PR]
width width
Pulse Generator #1 1lus 100 us 2 us 100 us
Pulse Generator #2 1 us 100 us 2 us 100 us
X
158-029664-038 ’
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Figure 38. (U) RF Chain Unit, Mode Switching Time.
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c. (C) Results. The mode switching time set was performed in the
CW and pulse modes of operation. The pulse generator was
programmed for double pulse output, and the pulse separation
was adjusted to the point at which the detected rf output o
pulse separatfon was at a minimum (see data sheet 8.3.4.1,
figure 39). A mode switching time of 75 - 100 ns is required.
The results in figure 40 show a mode switching time of about
200 ns.

o Lialahio gopl i A e
SRS IR

3.2.9 (U) Primary Power

a. (U) Purpose., The objective of the primary power test is to
measure the warmup time of the UUT and to determine the input
power requirements at high line, low line, and nominal input
voltage settings. Additionally, this test will verify the
prorated warmup time after a primary power interrupt.

b. (U) Results. The test setup is shown in figure 41. The
warmup time was found to be 187 seconds. The prorated warmup
time was 2 seconds of warmup time for each second of interrupt
time, for up to 90 seconds of interrupt time. After 90 seconds
of primary power interrupt time, a full warmup time is required.

(U) The primary power requirement is three phase, 400 Hz supply at
115 V 5%, The maximum input power specified is 800 watts per tube.
The results (figures 42 through 45) show that the minimum primary power
is always maintained; and while the CW tube sometimes exceeds 800 watts,
the pulse tube never does, and the total power requirements never exceed

1600 watts for both tubes.

PRI

3.2.10 (U) Response to Commands

a. (U) Purpose. The purpose of this test is to verify that the
UUT operates in all modes, responds to digital commands, and
that it generates and processes proper status information
whenever status is requested.
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MINTMUM PULSE SEPARATION
.Data Sheet 8.3.4.1

RF CHAIN Lew B ond ‘ DATE__/0 ~ § ~&/
Bosa g CONF IGURAT 10K
MODE OF OPERAT ION PULSE WIDTH DBL SEPARATION
€ S oo _meac, T2 brm] 326G e
Pl 5 00 Lreane. ¥ LG mas] 32l rnmae.
158-029064-039
TEST ENGINEER DATE
Q.A. DATE
0CAS DATE

Figure 39. (U) RF Chain Low Band, Minimum Pulse Separation,
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PRIMARY POWER

Data Sheet 8.3.5.2.a

— 4,
RF CHAIN low (Basin DATE  /0-8-8/
Boisk g CONF 1GURAT ION
MODE OF OPERATION ST '8¢ SR
LOW ™ INPUT INPUT INPUT INPUT INPUT QUTPUT |
Llﬁi__._mn.mﬁ GURRENT ¥-4 POWER wamg! Rf dBm Rf d r
P A 70795 lo09 7,45 | 55.2 <
b B 08,/ /.09 (1183 |58.¢ \ \
pC 707.7 /03 11043 | 5195~
TOTAL —— ~—— 3*-{(,_1\ 165.99 —~a~ -6 —
MODE OF OPERATION ST '8y
JNOMINAL INPUT INPUT INPUT INPUT TNPUT OUTPUT
LINE VOLTAGE CURRENT V-A POWER wazg | Rf dBm Rf dBm
P A 7’5.5 /.07 (28,21 55.25
pB /76,25 /73 137,36 Go. 60 \ \
pC 7//5.35 vy /33,92 | S4.95—
TOTAL —_— 2g299 \|170.8 - - -0 -
¢
MODE OF QPERATION ST 8y
ATGH INPUT INPUT TNPUT TNPUT INPUT ouTPUT 1
LINE VOLTAGE CURRENT V-4 POWER we | Rf dBm Rf d8m |
P A /78,4 .09 /3998 Sy
P8 |/ /8.5 111 734,59 | 53.95 AN N
pc /72 l 09 /R7 P85 | 8¢5
TOTAL — ~ 399259 7 232.3 -8 — - —
UNCLASSIFIED 1soasesscaz

Figure 42..' " (U) RF Chain Low Band, Primary Power.
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PRIMARY POWER
Data Sheet 8.3.5.2.d
RF CHAIN Lovw oot DATE fo-F -1/
Loy m' . CONF IGURAT 10N
MODE OF OPERATILN  Cé + 2L s o0 i < b maec. 4 Shn.
LOW INPUT INPUT INPUT [ T INPUT QUTBUT
LINE VOLTAGE CURRENT _ WA POWER Rf_dBm Rf dBm |
2 A /0525 Y. &9 | /99,8 4/ 3 j\- :
b8 | ,05.9 .83 |5/45 | %554 NEERN
pC ;053 ©é9 | Y9384 | 9398 N
TOTAL 506,/S | /13v0 oM | 86w
PL IS sase 0F73 s ClJ oV cuan 002 3 4o,
MODE OF OPERATION €&/+AL
{NOMINAL INPUT INPUT TNPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT V-A POWER Rf dBm | Rf dBm |
P A /739 4997 s508.29 | /5.0 §
oI /YL L Ye7 152,89 | Ul NEERN
oc | //3.C 25 |49373 | <70/ A\
TOTAL —— ~—_|7/52386 | /336.5 | -oale |56 w i
MODE QF OPERATION Cew/+ /2L
RIGH INPUT INPUT TNBUT INPUT INPUT OUTPUT
LINE _VOLTAGE CURRENT V-A POWER Rf_dBm Rf_dBm
P A 27 Y2/ 50729 |99 8
08 | 2129y | %33 |Sessd |4Y%.6 | . L.
pcC /7.6 1¢.32 So03.03 |¥Y5. 3 N
TOTAL —~— | —~— | /5z3.066| 133,/ -8 | TS |
UNCLASSIFIED  res-c2ssea00s
Figure 43. (U) RF Chain Low Band, Primary Power.
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PRINARY POVER
Data Sheet 8.3.5.2.¢

RF CHAIN lows Bet pate. . /0-8-8/
LBoig o CONF1GURAT IO
MODE OF OPERATION PL ST 500uue PRI 25 nmeeyul ¥
LUW INPUT INPUT INPUT INPUT INPUT OuTPUT
LINE YOLTAGE CURRENT V-A POWER adeZ7} Rf dBm Rf dBm

P A 787,¢ 2.64 285,68 | 229/
08 | /oy |27y |2970z |avz/ | N\ | \

P /07,9 2.4/ R8/-62 |227/ N\ AN
TOTAL | — 86432 6993 | ~ocdbu | 3{inr
MODE OF OPERATION PL  Sa7  Scouee. PR 25 umc sldl
ROMTTRAL INPUT INPUT TNPUT INPUT INPUT | OUTPUT
LINE VOLTAGE | CURRENT V-A POMER Rf d8m | Rf dBm

8RR 1 /Y. S 2.64 309.57 | 290.9
08 | /193 | 263 |300.6/ |238.4 N\
pC //3.2 2.5s 28999 (224,27
oL | — — | &855.1/ | 706. -4t | 3%z |

MODE OF opERATION L S'% 500 e PRL js‘Tuo__T_T
UTPU

LINE OUTAGE | cURRENT Vo | soui ' REdBn | Rf e
|_L1 VOLTAGE _ U = m m |
P A /78 / 2.¢ 30206 | 239.8 ;
08 |, /4.7 2.4 230706 | 242.2 \ \
oc | |2s/ | 29208 1229.s N
oL | — ~ 190229 | 7/.5 | -alba | 3%

UNCLASSIFIED ™™

Figure 44. (U) RF Chain Low Band, Primary Power.
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PRIMARY POWER
Data Sheet 8.3.5.2. b
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54

RF CHAIN Lew BaoLl DATE_s0-8-8/
 Bemews CONFIGURAT ION
MODE OF OPERATION < w) /5 mseg ’7psec o fF
LOW- INPUT INPUT INPUT INPUT INPUT QUTPUT
LINE VOLTAGF | CURRENT y-A _POWER wems] Rf dBm | Rf dBm
P A /084 | 3.19 3¢Y5.8 289.¢
pe 208.¢4 | 3.22 349.¢? |29s.s N \
pC /07285 | 3.0648 322.5 |adce.s _
TOTAL - — | 0/2 29 85/ ¢ -~ 0B 59 warrs |
MODE OF OPERATION W ¢35 mitlsae PRE 47 wansea o i
INOMTNAL INPUT INPUT INPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT V-A POWER &afz | Rf dBm Rf dBm
2 A 04,7 3.0l 246.25 |282.7 \\
08 | ,/5.95 |3,09 35¢.79 2965 N [N\
fec [7/4.4 2.4 332,90 |2¢9.3 |
TOTAL —_— —— 1703789 | 8%8.5 |-odBu_]|SI wa T |
_ MODE OF OPERATION S & ISmrilhsec PRI 17nsecoks
HTGH TNPUT TNPUT INPUT INPUT INPUT OUTPUT
LINE VOLTAGE CURRENT V-A POMER o/ | Rf dBm Rf dBm
DA 1176 29/ 392,32 | 29533
98 | 1184 | 3.0z |357257 |29v¢ NN
oc | 1tny | 2.88 |338.98 |a7v.¢ N
TOTAL | . | 1038.76| 894 S |-cdlm |5!wa
156-020664-045
UNCLASSIFIED
Figure 45. (U) RF Chain Low Band, Primary Power.
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b. (U) Results. See figure 46 for the test setup. Only commands
not exercised in the tests discussed in paragraphs 3.2.1
through 3.2.9 were exercised in this test. The results are
contained in data sheet 8.3.6.1 (figure 47). The STE status
response was monitored for the various commands, and indicated
that the transmitter did respond properly to input commands.

3.2.11 (U) Duty Cycle Limiting

a. (U) Purpose. The purpose of the duty cycle limiting test is
to demonstrate that the pulse channel monitor will 1imit the
pulse channel output when the video command duty cycle is
above the maximum specified.

b. (U) Results. The test setup is shown in figure 36. The
results in figure 48 show that when the pulse generator was
set to a 30 us pulse with a 6% duty cycle, the modulator did
1imit the auty cycle to 5.6% by decreasing the pulse width.

3.2.12 (U) BIT/ATE Output

a. (U) Purpose. The purpose of this test is to exercise and
verify the built-in test capability of the rf chain LRU.

b. (U) Results. When the BIT was exercised during the response
to commands testing, it indicated NO GO (see figure 47). The
cause of the NO GO indication was a bad I/0 board, which was
giving an improper puise width readout. After this board was
replaced, the BIT test indicated that all functions of the LRU
were GO. The BIT sensors and BIT test sequences included in
the rf chain unit are 1isted in table 2.

3.3 (U) Environmental Testing
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'
] RESPONSE TO COMMANDS
’ Data Sheet B8.3.6.1
h RF CHAIN Lews Banio DATE_ /L2 — 8 -8/
Blase Lo CONF IGURAT TON
E
COMMAND STE - RESPONSE ACTUAL
CW PWR OUT $2.9 222 PR METER
3
4 PL PWR OUT é3.5 $ 2 PWR METER
CW TEWP so/ 4¢Q
PL TEMP J0/ 2
DUTY CYCLE PULSE GEN —i}—%
UTY CYCL A dA 53 ”
PULSE WIDTH GO/NO GO
RE INPUT (SO G0 oy
SELF BLANK ~50A0-G0. wowrning hiaaiT S2T AT 28 cuawc.
BIT fos' el Oaiies = G3d Th Frarwd, Toditared Tmormoek .
wlsS& LD FN
WARMUP_TIME /87 ot cgrla
150 029664 047 !
TEST DATE, :
QA DAIE ;
BCAS, DATE ?

UNCLASSIFIED

Figure 47. (U) RF Chain Low Band, Response to Commands.
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DUTY CYCLE LIMITING
Data Sheet 8.‘3.6.2.1

RF CHAIN Low DBand DATE__z0 = - ¢/
B ask Con i CONFIGURATION
| PULSE WIDTH DUTY CYCLE
PULSE GENERATOR 3% /500 6%
RF QUTPUT PULSE RE tease. /gao 5.6%
158-020084-048

UNCLASSIFIED

TEST ENGINEER DATE
Q.A. DAiL
DCAS DATE

Figure 48, (U) RF Chain Low Band, Duty Cycle Limiter.
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Table 2. (U) Tests Performed by BIT.

W~
(=3
I )
= ;3 -]
; S 2 1 = “
j - O I o] @ - v
i — - ~ — A (Y] pe} &
. - - C 4 -0 = £ - c e
. a — S o —_ CX%) - - - o g
= @ [ 3O [V . [ - P P
) v < @ @ © 2 L4 e
N > ©v V-] [ QO > = oo [=1 w 2
Vi 2 3 :E o] v-'o ° Y u-S — ‘utr
| S0 2] 5|88 % | 3| ¢ |83 |ig
: - et [} Q © g 2 o - - iy
: & = §° e 3 5 E‘é R
1. LRU Overtemperature X X X self X
Safety of Flight
] 2. Prime Power Phase X X X self X
Fault, Interlock
3. Excess Pulse Duty X self X
Cycle, PRF, Pulse clear
k. 4. TMT Overtemperature X X After X self X X
! 1 min. clear
5. Helix Overcurrent X X standby X X X
A s 6, Arc Sensors X X standby X X X
-
7. HVPS Qut of X X standby X X X
Regulation
8. LVPS Sensors X X X self X X
clear
9.  THT Heater X Chan- self X b
. nelized clear
) 10. LRU RF Input X X
L 11. Reflected Power X X
|
; 12. CW Output X X
' 13. Pulse Output X X
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(U) The environmental tests demonstrate that the rf chain unit will
operate under specified temperature and altitude extremes and under a
limited vibration environment. The tests reported in this section were
all performed on the low band LRU. The results of these tests can be
extended to apply to the high band LRU, since the two units are of
almost identical design and construction. The environmental tests
performed were temperature/altitude testing and vibration testing.

3.3.1 (U) Temperature/Altitude Testing Description. After completion
of the subassembly temperature/altitude testing during October and
November, the rf chain LRU was tested during the time period of 14
December 1981 through 18 December 1981. The unit tested was the rf
chain low band LRU in the baseline configuration. A1l tests listed in
table 8.3.8 of the rf chain test plan (table 3) were accomplished.

The test setup is shown in figure 49. A1l testing was conducted by R.
Rutter, rf chain test engineer, and witnessed by J. Galloway, quality
control representative. All tests conducted on 17 December 1981 were
also witnessed by Mr. R. A. Hieber and J. Mudd of AFWAL/AAWNW.

(U) The location of all test points used for the temperature/ |
altitude testing are shown in Northrop document no. 001-00673. b

3.3.2 (U) Temperature/Altitude Testing Results. A1l LRU testing was
accomplished without failure. The only variance from the rf chain test
plan occurred during altitude testing. Because of chamber limitations
combined with the test setup (which pumped coolant from one chamber,
through the UUT, and into the envircnmental chamber), the pumps used to
evacuate the chamber were unable tc simulate altitudes above 51,000 }
feet. L :
a. (U) Preliminary Testing. Preliminary testing in the labora- S
tory was accomplished prior to moving the UUT to the environ- o
mental chamber. This testing was accomplished with ambient S
(22°C) temperature air used as coolant. After the UUT was : 33
moved to the environmental chamber a comparison run was per- '
formed under the same conditions except that the coolant air
was restiricted to 3.1 pounds per minute (PPM) at a temperature
of 4°C.
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(U)The results of these two tests indicate that the UUT can be
operated under full power output conditions using ambient room
temperature air unrestricted from the coolant cart for extended
periods of time without the temperatures rising beyond the

safe operating temperatures of the LRU.

b.  (U) Test Results. A1l testing was conducted in the sequence
and under the conditions stated in table 8.3.8 of the rf chain
test plan (table 3). Table 4 1ists the highest temperatures
recorded in the LRU for each of the test runs, and the CW
pulse output powers. All of these tests were conducted with
no failures. Comparison of Test Sequence 1 and Test Sequence
5 shows that although the UUTs temperature increased during
testing, there was no significant change in its electrical
performance.

3.3.3 (U) Vibration Testing Description. Vibration testing began in
accordance with the Test Plan Addendum submitted to AFWAL, dated 30
November 1981. However, at 21 minutes, 20 seconds into the first test,
the unit failed due to high voltage arcing which resulted in component
failure internal to several hybrids. BRecause of the emphasis placed on
containing program costs through such means as minimizing the number of
spare assemblies, it was suggested to AFWAL in a letter dated 25 January
1982 that the vibration testing be discontinued. The reply from AFWAL
dated 22 March 1982 approved this suggestion, and said that the vibra-
tion testing could be considered complete.

3.4 (U) Testing with the Power Share Control Module

(U) The rf chain low band LRU was used extensively in the testing
of the Power Share Control Module (PSCM), Air Force contract no. F33615-
81-C-1444, 1t was used during the baseline PSCM testing at Northrop,
and then for the PSCM testing with the EDE simulator at AFWAL. The rf
chain LRU operated for approximately 140 hours (17-18 days, 7 hours per
day) at the EDE simulator in addition to the Northrap testing. During
this time, the vf chain LRU experienced no difficulties or failures,
which helps to show that the high reliability 1isted in the program
objectives has indeed been built into this device.
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Table 4. (V) Temperature/Altitude Test Results.

TEST DURATION
SEQUENCE (HOURS)

1

2 START

2 1

2 2

2 3

2 4

3

4 START

4

4

4

4

4

4

5

COOLING AIR:

INPUT RF DRIVE LEVEL:

DUTY CYCLE:

SECRET

HIGHEST TEMPERATURE CW POMER

RECORDED 1IN LRI (°C)

—
o
~

a1.
79.
87,
86.
85.
23.

9.
30.
55.
57.
6Z.
7.
87.
56.

[T, RN S« S

w\lo‘.n——*l\)(ﬂm

4°C AT 3.1 PPM
-2dBm

¢W = 90% PULSE = 5%
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OUTPUT (dBm)

53.55
53.65
53.2
53.2
53.3
53.3
53.6

PULSE WIDTH = 25 us

PULSE POWER
QUTPUT (dBm)

63.
63.
.87
.96
64.
64.
63.
63.
63,
63.
63.
63.

63
63

63

5
5

15
13
&

75
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63.6°

63.
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SECTION IV

HIGH BAND LRU TESTING(U)

(U) The rf chain high band LRU testing consisted of electrical
performance testing with the following tubes:

RF Chain Baseline TWTs

2% Duty Cycle DBDM TWT

8% Duty Cycle Band III Pulse TWT
6 dB Dual Mode TWT

a o o o
I

(U) The high band LRU testing is intended to show that the rf chain
is highly compatible with the various TWTs. Because of the great simi-
larity in design and construction of the low band and high band units,
it may be inferred that this versatility is also possessed by the low
band LRU. Using the same argument, it may also be inferred that the
results of the low band LRUs environmental testing apply to the high
band LRU. |

(U) The testing and the testing results for each TWT are described
in the sections below.

4.1 (U) Baseline Testing

(U) The rf chain baseline testing was conducted using the baseline
T~-MEC TWTs originally developed for the ASPJ program. This was done to
keep the rf chain program within cost and on schedule, since preliminary
analysis showed that the rf chain requirements could be fulfilled by the
baseline tubes. This analysis proVed to be incorrect. The baseline
TWTs could not be made to meet the rf chain requirements. However, the
response of the rf chain when using these tubes yields baseline data
about its overall performance. Since the rf chain in most cases comes
close to fulfilling the rf chain requirements with the baseline tubes,
it may be inferred that the rf chain would need or exceed these require-
ments with the appropriate TWTs.
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4.1.1 (U) TWT Description: The following paragraphs list some of the
specifications of the TWTs used in the rf chain high band LRU testing.
The specifications and drawing for the pulse TWT are in Northrop DSD
documents 093-005933 and 090-001862, respectively; and for the CW TWT,
document numbers 093-005932 and 090-01861, respectively. These are some
of the relevant specifications:

(S) Frequency Range: The following frequency ranges apply to both
the pulse and the CW TWTs: :

7.5 to 18 GHz
7.5 to 19 GHz (design goal)

(S) Rated Fundamental Power Qutput:

Frequency Power Qutput = CW TWT Power Qutput = Pulse TWT
7.5 to 8.0 GHz +52.4 dBm +61.8 dBm
8.0 to 17.5 GHz +53.0 dBm +62.5 dBm
17.5 to 18.0 GHz +52.4 dBm +61.8 dBm
18.0 to 19.0 GHz (goal) +50.0 dBm +60.0 dBm

(C) Maximum total power output shall not exceed 56 dBm (CW) or 66
dBm (pulse) regardless of drive level.

(C) Duty Cycle and Pulse Width: The pulse tube may be operated at
continuous duty cycles up to 8% and at various pulse widths from 100 ns
to 25 ns maximum, including multiple combinations thereof. The CW tube
may be operated at continuous duty cycles up to 100% and at various
pulse widths from CW to a minimum of 100 ns, including multiple combina-
tions thereof.

(C) Small Signal Gain. Small signal gain for the CW TWT is 41 dB
minimum, 46 dB nominal, and 51 dB maximum. Small signal gain for the
pulse TWT is 51 dB minimum, 56 dB nominal, and 61 d8 maximum.
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(U) Noise Output: With the input port terminated in S0 ohms and
the output port loaded with an attenuator, the CW TWT spurious noise
output is below -13 dBm/ MHz, and the pulse TWT total integrated noise
and spurious output power is below +40 dBm.

(S) At normal drive levels, the total harmonic power for each TWT
is at least 3 dB below fundamental power output (-10 dBc goal). At
frequencies higher than 10.5 GHz, the second harmonic is at least -15
dBc.

(C) Propagation Delay: The propagation delay for each tube does
not exceed 8 ns.

4.1.2 (U) List of Tests. The baseline electrical performance tests
conducted on the high band LRU are listed below:

1. Power Output vs. Frequency
2. Small Signal Gain

3. Harmonic Power

4. Spurious OQutputs and Noise Power
5.  TWT Transfer Characteristics
6. Mismatched Loads

7. Propagation Delay

8. Mode Switching Time

9. Primary Power

10,  Response to Command

11.  Duty Cycle Limiting

12.  BIT/ATE Output

4.2 (U) Detailed Test Data - Baseline Testing

(U) The detailed test data for each test provided in this section
is preceded by introductory paragraphs indicating the purpose, require-
ments, variations in test procedures (if any), a summary of the test
results, and a block diagram of the test setup.
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4,2.1 (U) Power Qutput vs. Freguency

a. (U) Purpose. The purpose of this test is to demonstrate the

§ power output of the RF Chain High Band Amplifier across the

5 frequency band at nominal rf input drive levels. See figure 9
E for the test setup.

b. (U) Results. Tests were run on the CW and pulse tubes for
total and fundamental power output vs. freguency, and reduced
drive level power output vs. freguency. The results of these
tests are shown in figures 50 through 55. The lower reference
line on these graphs represents the specification to which the
TWTs were built. The other reference 1ine represents the rf
chain specifications.

(U) The CW output power exceeds the specifications to which the CW
tube was designed, but falls below the rf chain output power specifications
in some areas of the band. The pulse output power also surpassed the
tube design specification, and fell below at the rf chain specification
at several points throughout the frequency band. The reduced drive :
level test results show that each TWT produces the same output power f
spectrum shape for various reduced drive levels.

4,2.2 (U) Small Signal Gain.

3 2l tidecl

a. (U) Purpose. The purpose of this test is to demonstrate the
small signal gain across the frequency band, with the rf input
drive levels reduced by 15 dB from their nominal values. The §
test setup is shown in figure 9.

b. (S) Results The tests were run with the input drive level 15
dB down from its nominal value. The results of this test are
shown in figures 56 and 57. Here again the unit did not meet
rf chain specifications (67 dB minimum for CW, 77 dB for
pulse), but exceeded the tube design specification (41 dB !
minimum for CW, 51 dB for pulse).
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Figure 50. (U) RF Chain High Band, CW Total Power Output
vs. Frequency, CW = 100%.
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Figure 51. (U) RF Chain High Band, CW Fundamental Output Power
vs. Frequency, CW = 100%.
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Figure 52. (U) RF Chain High Band, CW Reduced Power
vs. Frequency, CW = 100%.
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Figure 56. (U) RF Chain High Band, CW Small Signal Gain
vs. Frequency, CW = 100%.
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4.2.3 (V) Harmonic Power

a.

(U) Purpose. This test measured the relationship between the
total output power and the harmonic power for harmonic outputs
within the calibration frequency range.

(S) Results. This test was performed concurrently with the
tests described in paragraph 4.2.1 (see figure 9). The results
are shown in figures 58 and 59. The worst case harmonic power
in the CW mode was -13 dBc at 8.8 GHz, which fulfills the rf
chair. requirements of a worst case second harmonic of -3 to -4
dBc. The worst case harmonic power for the pulse tube was
2.75 dBc at 8.2 GHz. This is total harmonic power. The rf
chain requires the typical second harmonic to be -10 dBc.

4.2.4 (U) Spurious Outputs and Noise Power

a.

(U) Purpose. The purpose of this test is to demonstrate that
the UUT meets the spurious noise output requirements. The

test setup is shown in figure 20.

(C) Results. This test is conducted in accordance with para-
graph 8.3.2.2 of the rf chain test plan. The results are
shown in data sheet 8.3.2 figure 60. The requirements are -3
dBm/MHz maximum for CW and 40 dBm maximum for pulse. No
spurious outputs exceeded specification.

4.2.5 (U) TMT Transfer Characteristics.

a.

(U) Purpose. The purpose of this test is to show the relation-
ship between the rf input drive into the rf chain LRU and the
output power of the LRU. This information is supplied as
supplemental information to required test data.

(U) Results. The test configuration is shown in figure 9.
The test results are shown in figures 61 through 66. The CW
tube shows very linear results up to its saturation point.
The transfer characteristics of the pulse tube are not nearly
as linear at the programmed test frequencies.

86 .
SECRET

i Wb Bk i o 17

7”, B



SECRET

T T 1 e ey

1 c 10:05:89:34: 410 HARMONIC QUTFLT POHER o BREQUENCY !

.......................................................................................................
N h

o

......
.....................................................................................

(3B}
g

N '
.................................................................................................

CH POHEPR

B U N
' 1
‘ \
. .
.................. Lecanioriasmeesnesnnaemainstocsnnadonsonacnoadeiianoatas,oronnssstqueantnscnsdsaes
N - - 3 b -
\
\
\
............................................... T B
H
'
. \
\
'
\
......................................... S P
v
.
:

8§ 9 1@ 11 12 13 14 15 18 17 1%
MHE RF CHAIN SN# 1 FREQUENCY (GHz)
TEST #2, SEQUENCE #5: BRASELIME conFImofio o,

184029084 088

Figure 58. (U) RF Chain High Band, CW Harmoni
¢ Out p
vs. Frequency, CW = 100%. utput Power

87
SECRET

Wk s ¢ iy oAb

.
ok e S Y St e e T
RSV L e D Ce e e e e kil




SECRET

e R

p .
. H=
65 v .
4 : : : : : : : ; . .
. . ' M A J . .

.............................................................................
£
o ;
o

i
[4Y]

[l

(x4
L]

N
74

...............................................

N
o

.............................................................................

AYS PL PERE POWEF

wn

-4
.
i

LR T T SECRET
55? é : lb T lé £3 14 {' : lg 1% rB

9 11 S
HE RF CHRIN SN# @ FREQUENCY (GHz)
TEST #2, SEQUENIE #5: BRSEL INE CONFIGUPKRTION

198020004088

Figure 59. (S) RF Chain High Band, PLS Harmonic Output Power
vs. Frequency, PLS = 25 us at 5%.

88
SECRET

| J% o s AR B B soa




UNCLASSIFIED
RF CHAIN éé;é/_gg._..e oate__ /0 -G-¢/
Lons e sauke CONFIGURAT ION
BLANK oW PL
LOW BAND EDGE ~72 Ao -89 c(g - 72 dg

MID BAND

~62-d0

- ST AB |~ 62 Jf

HIGH BAND EDGE

-£0 df

60 B |-6Go d8

UNCLASSIFIED

156 -029664 080
TEST ENGINEER DATE
Q.A. DATE
(ANRY DATE

Figure 60. U) RF Chain High Band, Spurious Outputs.:

89
UNCLASSIFIED

Ve TR TR ALY et T e, 0 W v -2

Wodga .,




SECRET

PRSI C -

10:05: 18:20: 30 CW TRANSFER CHARACTERISTICS

LN

. r -r y——
N [ N . N
H R N HEN
3 T v
& . M N N 1
3 N H H
. LN ' : \
- N . . v
\- \ Lo H
N
X
W
\
h
\
3 N b
\
B
3 N F
3 )
.
3 \
N
v

s dBrm

HEP

JTEUT P

8]

\ H H N
H v Vo
v oy oo v R Ve
i PO P . N o N .

=30 2% NETS 1S 10 S O 5
RE CHAIN SN4DQO1 THRLT FOuE R (dBm)
TEST #9 AT 7.8 OHz: BASLLINE I0kr TulRET Lol

158-020864-081
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4.2.6 (U) Mismatched Loads.

a.

(U) Purpose. This test was performed to determine the effect
on rf chain power output of operating into a load that pre-
sents a less than optimum impedance match. The test setup is
shown in figure 30.

(C) Results. The rf chain is required to operate into loads
with a VSWR of 2:1. The test was performed with a 2:1 mis-
match of random phase to simulate a worst case feed Tine and
antenna loading condition. The test results are shown in
figures 67 and 68. The CW output power showed a maximum
decrease of 0.69 dB and the pulse showed a maximum decrease of
29.22 dB.

4.2.7 (U) Propagation Delay. The propagation delay test was not accom-
plished with the high band LRU because of non-availability of high speed
test equipment. Since the Tow band LRU performed satisfactorily during
this test, and because of the identical construction of the high band
and low band LRUs, no problems are foreseen in regard to the high band
LRUs propagation time.

4.2.8

(U) Mode Switching Time

(U) Purpose. The objective of the mode switching time test is
to measure the response of the UUT during different combina-
tions of timing sequences for CW, pulse, and blank modes. The
test setup is shown in figure 36.

(u) variations in Procedure. A single pulse generator setup
for double pulse output was used instead of the two pulse
generator setups called for in table 1 of the rf chain test
plan (shown in figure 37).
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Figure 67. (U) RF Chain High Band, Mismatched Loads.
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c. (U) Results. The mode switching time test was performed in
the CW and pulse modes of operation. The pulse generator was
programmed for double pulse output, and the pulse separation
was adjusted to the point at which the detected rf output
pulse separation was at a minimum (see data sheet 8.3.4.1,
figure 69). A mode switching time of 75-100 ns is required.
The results in figure 70 show a mode switching time of about

150 ns.

4.2.9 (U) Primary Power

a. (U) Purpose. The objective of the primary power test is to
measure the warmup time of the UUT and to determine the input
power requirements at high 1ine, Tow line, and nominal input
voltage settings. Additionally, this test will verify the
prorated warmup time after a primary power interrupt.

b. (U) Results. The test setup is shown in figure 40. The
warmup time was measured to 214 seconds. The prorated warmup
time was 2 seconds of warmup time for each second of interrupt
time for up to 90 seconds of interrupt time. After 90 seconds
of primary power interrupt time, the full warmup time is

required.

(U) The primary power requirement is a three phase, 400 Hz supply
at 115 V +5%. The maximum input power specified is 800 watts per tube.
The results (figures 71 through 74) show that the minimum primary power
is always maintained; and while the CW tube sometimes exceeds 800 watts,
the pulse tube never does, and the total power requirements never exceed

1600 watts for both tubes.

4.2.10 (U) Response to Commands.

a. (U) Purpose. The purpose of this test is to verify that the
UUT operates in all modes, responds to digital commands, and
that it generates and processes proper status information
whenever status is requested.
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Figure 70. (U) RF Chain High Band, Mode Switching Time.
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PRIMARY POWER -
Data Sheet 8.3.5.2.,
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Figure 71. (U) RF Chain High Band, Primary Power.
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PRIMARY POWER
Data Sheet 8.3.5.2. b
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Figure 72. (U) RF Chain High Band, Primary Power.
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PRIMARY POMER
Data Sheet B.3.5.2.¢C
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Figure 73. (U) RF Chain High Band, Primary Power.
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Figure 74. (U) RF Chain High Band, Primary Power.
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% { b. (U) Results. See figure 46 for the test setup. Only commands
not exercised in the tests discussed in paragraphs 4.2.1
through 4.2.9 were exercised in this test. The results are
contained in data sheet 8.3.6.1 (figure 75). The STE status
response was monitored for the various commands, and {ndicated
that the transmitter did respond properly to input commands.

4.2.11 (U) Duty Cycle Limiting.

& : a. (U) Purpose. The purpose of the duty cycle 1imiting test is
to demonstrate that the pulse channel monitor will 1imit the )

pulse channel output when the video command duty cycle is
above the maximum specified.

b. (U) Results. The test setup is shown in figure 36. The
results in figure 76 show that when the pulse generator was
set to a 30 us pulse with a 6% duty cycle, the modulator did
1imit the duty cycle to 5.2% by decreasing the pulse width,

4.2.12 (u) BIT/ATE Output.

a. (V) Purpose. The purpose of this test is to exercise and
verify the built-in test capability of the rf chain LRU.

b. (U) Results. When the BIT was exercised during the response
to commands testing, it indicated that all functions of the
LRU were GO, This is indicated on data sheet 8.3.6.1 (figure
75).

4.3 (U) Testing with the 2X Duty Cycle DBDM TWT

(U) To show the versatility of the standard rf chain, the high band
LRU was tested with a DBDM TWT. This tube was able to achieve only a 2%
duty cycle, but that is sufficient to show the DBDM capability of the RF
Chain Power Amplifier,
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Figure 75. (U) RF Chain High Band, Response to Commands.
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DUTY CYCLE LIMITING
Data Sheet 8.3.6.2.1
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Figure 76. (U) RF Chain High Band, Duty Cycle Limiting.
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4.3.1 (V) 2% DBDM Description. The following paragraphs 1ist some of
the specifications of the 2X DBDM TWT. The tube drawing and specifi-
cations are contained in Northrop DSD documents 090-001875 and 093-
006152, respectively. These are some of the relevant specifications.

(S) Frequency Range: This TWT amplifies rf signals within the
frequency range of 10.4 GHz to 18.0 GHz.

(S) Rated Fundamental Qutput Power: The minimum output power of
this TWT is:

Frequency CW Mode Pulse Mode . |
13.0 GHz 200 watts 2000 watts
10.4 to 16.5 GHz 155 watts 1550 watts
16.5 to 18.0 GHz 145 watts 1450 watts

(C) Duty Cycle: The maximum pulse duty cycle for this TWT is 10%;
the maximum pulse duration is 30 us.

(U) Small Signal Gain: The CW small signal gain is in the range of
42 dB to 52 dB; for the pulse mode, the range for small signal gain is
55 dB to 65 dB.

(U) Noise Output: The noise output power is no greater than -10
dBm/MHz in the CW mode and no greater than +3 dBm/MHz peak in the pulse
mode.

(V) At normal drive levels, the harmonic signal level is down to a
minimum of 10 dB from the fundamental rf output power.

(U) Propagation Delay: The rf delay from the TWT amplifier assem-
bly input to the output does not exceed 8.0 ns.
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(U) TWT Difficulties: When this TWT was built, it did not meet
many of these specifications. For example, its duty cycle is only 2%,
and its small signal gain and maximum power output are below those
specified. RF chain testing will be done on another DBDM tube when one
becomes available. These specifications were included to iTlustrate
some of the difficulties being experienced in procuring usable TWTs for
testing - this is the reason why the standard rf chain program is behind
the original schedules.

(U) Even though this TWT did not meet specifications, it stili
functions as a DBDM TWT, and is completely adequate to show the RF Chain
DBDM TWT capabilities.

4,3,2 (U) List of Tests. The electrical performance tests conducted on
the rf chain high band LRU with the 2% duty cycle DBDM TWT are listed
below:

Small Signal Gain

CW Power Qutput

Pulse Power Output

CW and Pulse Power Qutput

oW N -

4.4 (U) Detailed Test Data - 2% DBDM TWT

(U) The detailed test data for each test provided in this se.tion
is preceded by introductory paragraphs indicating the purpose of each
test, and a summary of the test results.

(U) This testing was conducted to show the compatibility of the
standard rf chain with DBDM tubes. Therefore, only those tests which
show this compatibility were performed.

4.4.1 (U) Small Signal Gain,
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(U) Purpose. The purpose of these tests is to demonstrate the
small signal gain across the frequency band, with the rf {input
drive levels reduced from their nominal values. See figure 9
for the test setup.

(U) Results. The rf input drive levels were reduced from
their nominal values by 12 dB for the test results shown in
figures 77 and 78 (CW and pulse SSG, respectively). Figures
79 and 80 show the results for tests run at various reduced
drive levels (3 dB, 6 dB, 9 dB and 12 dB below rated input).
These results show that the rf chain can use either mode of
the DBDM independently, and produce a nearly level small gain
curve across the tube's frequency band.

4.4,2 (U) CW Power Output

b.

(U) Purpose. The purpose of these tests is to show the rf
chain unit's power output, in the CW mode only. The test
setup 1s shown in figure 9.

(U) Results, Figure 81 shows the CW output power across the
frequency bands. This looks fairly level, except where the
output power drops at the high end of the band. Figure 82
shows the detected rf output response to the CW modulator
commands. The delay is not visible at this time division
setting (5 us/div.). Figures 83 through 85 show the CW trans-
fer characteristics at low, middle and high band frequencies.
In each case, the transfer characteristic curves are very
Tinear.

4.4.3 (U) Pulse Power Output,

(U) Purpose. The purpose of this test is to show the rf chain
units' power output, in the pulse mode only. The test setup
is given in figure 9,
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Figure 78. (S) RF Chain DBDM Test No. 4, Sequence No. 3:
PLS SSG vs Frequency, PLS = 20 us at 2%.
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Figure 80. (S) RF Chain DBODM Test No. 4, Sequence No. 3:
PLS Reduced Power vs. Frequency, PLS = 20 us at 2%.
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b. (U) Results. Figure 86 shows the pulse output power across
the frequency band. This is fairly level, except where the
output power drops at the high end of the band., Figure 87
shows the detected rf output responses to the pulse modulator
commands. The delay is not visible at this time division
setting (5 us/div). Figures 88 through 90 show the pulse
transfer characteristics at low, middle, and high band fre-

? quencies. In each case, the transfer characteristic curves

: are very linear.

4.4.4 (W and Pulse Output.

a. (U) Purpose. The purpose of this test is to observe the power
output of the CW and pulse modes together across the frequency
band. The test setup is shown in figure 9,

b. (U) Results. This test was run at nominal drive levels, with
CW at 100% plus the pulse mode at 2% duty cycle. The output
power spectrum is shown in figure 91. Once again, because of
the TWT construction, the power output falls at the high end
of the band. Figure 92 shows the detected rf output power
response to the modulator commands; once again, there is no
visible delay.

4.5 (U) Testing With the Band III 8% Pulse TWT

(U) To show the high duty cycle capabilities of the rf chain, the
high band LRU was tested with a high duty cycle pulse TWT from Hughes
installed. The purpose of the testing was to demonstrate the high duty
cycle capabilities of the rf chain power supplies and modulators. No
attempt was made to optimize the power output of the TWT or to duplicate
any previous data taken on the TWT. A1l testing was conducted at the
rated operating duty cycle of the TWT and with a constant rf input drive
level to the TWT across the frequency band. The power supplies and
modulator used were baseline rf chain equipment.

T T T
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(V) Testing was conducted with only the high duty cycle pulse tube
and one modulator installed. At the time of testing only one working
modulator was available for use in the amplifier.

(U) Total testing time was approximately ten (10) hours. During
the testing period no failures of the high band rf chain LRU were en-
countered. ]

S 4.5.1 (U) TWT Description. The following paragraphs 1ist some of the

_ specifications of the 8% pulse TWT. The tube drawings are contained in
B Northrop DSD documents 090-001838 and 090-001841, and the specifications
;i in 093-004211. These are some of the specifications:

(S) Frequency Range: The full performance frequency range of the
tube is 8.9 GHz to 18.0 GHz.

(S) Rated Fundamental Power Qutput: The minimum output power of
this TWT at 8% duty cycle is 1500 watts peak.

(U) Duty Cycle: The duty cycle for this TWT is 8% maximum; the
pulse width is in the range of 0.1 us to 30 us.

(U) Small Signal Gain: The small signal gain, when tested with a
leveled rf input equal to that required to achieve a 7 dB reduction in
rf output from the previously stated minimum, is in the range of 44 dB
to 54 dB within the TWTs frequency range.

(U) Noise Qutput: With the input port terminated in 50 ohms and
the output port terminated in a flat attenuator, the noise output does
not exceed -10 dBm/MHz when measured through a bandpass filter with a 3
dB bandwidth equal to or less than 100 MHz.

(U) With nominal input drive, the total harmonic power is at least
5 dB below fundamental power output.
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4.5.2 (U) List of Tests. The electrical performance tests conducted on
the rf chain high band LRU with the 8% pulse TWT are 1isted below:

Duty Cycle Limiting

Pulse Width Limiting

Total Power Qutput vs. Frequency
Small Signal Gain vs. Frequency
. Gain Variations

Harmonic Power vs. Frequency

NP W N

4.6 (U) Detailed Test - Data - 8% Pulse TWT

(U) The purpose of the following tests is to demonstrate the high
duty cycle capabilities of the rf chain. A1l testing was conducted
using rated duty cycle (8%) and maximum pulse width (32 us) for the
pulse TWT. Figure 93 shows the pulse modulator enable signal; and
figure 94 shows the pulse duty cycle. Figure 95 shows a spectrum analyzer
display of the rf output of the rated operating pulse width and duty

cycle.

4.6.1 (U) Duty Cycle Limiting

a. (U) Purpose. The purpose of this test is to demonstrate the
capability of the rf chain to limit the duty cycle to the
rated duty cycle of the TWT.

b. (U) Results. The results of this test are shown in table 5
and figure 96. The test was conducted by maintaining the
modulator enable pulse at 32 us and decreasing the time be-
tween pulses from 400 us to 250 us. As the duty cycle of the
input command was increased, the rf output pulse width de-
creased, maintaining the 8% duty cycle.

4.6.% (U) Pulse Width Limiting.

J
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Figure 94. (S) RF Chain High Band, 8% Duty Cycle, 32 us
Pulse Up Out of a 400 us Period.

132
SECRET

R R .
ern e ValB Sl L L




SECRET

i
I
3
|
[
b
i
156-029864-08 !
UNCLASSIFIED |
Figure 95. (S) RF Chain high Band, Spectrum Analyzer
Display at g% Duty Cycle. :
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Table 5. (U) High Band RF Chain Duty Cycle Limiting.

PULSE WIDTH PERIOD DUTY CYCLE

Modulator Enable 32 us 245 us 13%
Detected RF Output 20 us 245 us 8.1%
UNCLASSIFIED

DETECTED RF OUTPUT ;

MODULATOR ENABLE COMMAND I

UNCLASSIFIED

Figure 96. (U) RF Chain High Band, Duty Cycle Limiting.
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a. (V) Purpose. The purpose of this test is to demonstrate the
ability of the modulator to 1imit the pulse width of the rf
output is the rated output pulse width of the TWT,

b. (U) Results. The test results are shown in table 6 and figure
97. This test was conducted by increasing the modulator input
command pulse from 32 us to 50 us. The modulator 1imited the
output pulse to 34 us.

4.6.3 (U) Jotal Power Qutput vs. Frequency

a. (U) Purpose. The purpose of this test is to demonstrate the
ability of the RF Chain Power Amplifier to support the 8% duty
cycle pulse tube across the frequency band.

b. (U) Results. This test was conducted using a constant drive
level across the band. The results are shown in figure 98.
The power output, with no attempt at power output optimi-
zation, meets the rf chain requirements over almost the entire

frequency band.

4.6.4 (U) Small Signal Gain vs. Frequency

a. (V) Purpose. The purpose of this test is the same as that for
the test of 4.6.3. The test was conducted in the same manner,
except that the input drive level was reduced by 15 dB.

b. (U) Results. The test results are shown in figure 99. The
results show that the rf chain does support the tube across
the frequency bard for the reduced drive level,

4.6.5 (U) Gain Variations

a. (U) Purpose. The purpose of this test was to demonstrate the
ability of the rf chain to support the 8% duty cycle pulse
tube at reduced drive levels across the frequency band.
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Table 6. (U) High Band RF Chain, Pulse Width Limiting.

PULSE WIDTH PER10D

? Modulator Enable 50 us 500 us

é Detected RF Qutput 34 us 500 us
UNCLASSIFIED

DETECTED RF OQUTPUT

MODULATOR ENABLE
COMMAND

UNCLASSIFIED i.

Figure 97. (U) RF Chain High Band, Pulse Width Limiting.
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b. (U) Results. The test results are shown in figure 100. The
input drive levels were reduced by 3 dB for each test sweep of
the band, and the gain variation at different drive levels
recorded. Each of the drive levels produced an output curve

of approximately the same shape.

4.6.6 (U) Harmonic Power vs. Frequency

a. (U) Purpose. The purpose of this test was to demonstrate that
the RF Chain Power Amplifier will support the 8% duty cycle
pulse THT across the frequency band without generating exces-

sive harmonics.

b. (U) Results. The results are shown in figure 101. The harmonic

power is down about 15 dB average from the total power output
across the frequency band.

4.7 (U) Testing With The 6 dB Pulse-Up TWT

(U) To show the versatility of the rf chain, the high band LRU was
tested with the 6 dB pulse-up TWT. This testing required a special tri-
level modulator for the rf chain. The high voltage power supply and the
modulator were left unencapsulated and mcunted in a tank filled with
coolant oil (FC-48). Since the 6 dB pulse-up TWT is not intended for
use in the rf chain, the HVPS and modulator were built for ease of

modification rather than form factor.

(U) Although the pulse-up TWT did not meet specifications, it was
sufficient to show the pulse-up capability of the rf chain power ampli-
fier, and particularly to demonstrate the performance of the new tri-
level modulator in an actual amplifier.

4.7.1 (U) 6 dB Pulse-Up TWT Description: The following paragraphs list
some of the specifications of the 6 dB pulse-up TWT. The specifications
and drawing for this tube are contained in Northrop DSD documents 093-
006396 and 090-001870, respectively. These are some of the rejevant
specifications:
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(S) Frequency Range: This TWT amplifies rf signals within the fre-
quency range of 7.5 GHz to 18.2 GHz.

(S) Rated Fundamental Output power: The minimum output power of
this TWT is:

CW Mode Pulse Mode
Frequency Qutput Power Peak Output Power
7.5 GHz 50.0 dBm 56.0 dBm
7.8 GHz 51.8 dBm 57.8 dBm
17.0 GHz 51.8 dBm 57.8 dBm
18.2 GHz 50.0 dBm 56.0 dBm

(C) Duty Cycle: The maximum duty cycle of this TWT is 100 percent
in CW mode and 25 percent in pulse mode. The maximum pulse duration is
25us.

(U) Small Signal Gain: The CW mode small signal gain is the range
of 41 dB to 51 dB. The pulse mode small signal gain is in the range of
50 dB to 60 dB.

(U) TWT Difficulties: This TWT did not meet many of the specifi-
cations. For example, output power and small signal gain were below
their specified levels over large portions of the frequency band.
Because the tube performance was poor, the maximum duty cycle used in
testing was limited to 20 percent to prevent damage to the tube. Also,
the output power in the pulse mode was only 2 dB to 3 dB up over CW mode
output power when the tube was operated at saturated output power, and
the TWT was not equalized - it required more drive in the lower half of
the frequency band than was specified.

(U) Even though the TWT did not meet specifications, it was com-
pletely adequate to show the rf chain's capability to operate with a
dual mode TWT installed.
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4.7.2 (U) List of Tests: The electrical performance tests conducted on
the rf chain high band LRU with the 6 dB pulse-up TWT are listed below:

1. Total power output vs. frequency

2. Fundamental power output vs. frequency
3. Small signal gain

4, 6 dB pulse-up

5. Dual-Mode operation

4.8 (U) Detailed Test Data - 6 dB Pulse-Up TWT

(U) The detailed test data for each test provided in this section
is preceded by introductory paragraphs indicating the purpose of each
test, and a summary of the test results. The test setup for each of
these tests is that shown in figure 9, except that the data recorder was
not available, Therefore, data points were recorded by hand.

(U) This testing was conducted to show the compatibility of the
standard rf chain with the 6 dB pulse-up TWT; therefore, only those
tests which show this compatibility were performed,

4.8,1 (U) Total Power Qutput

a. (U) Purpose. The purpose of this test is to show the rf chain
unit's power output for both the CW and the pulse modes.

b. (U) Deviations. Since this TWT did not have an equalized
input, the input drive level had to be adjusted at each test
point to get maximum power from the tube. The rf chain was
not able to drive the tube into saturation over much of the
lower half of the frequency band because the tube exceeded
drive specifications, requiring approximately 24 dB of drive
in the lower half of the band. The maximum drive available
from the rf chain was 20 dB. Two separate test runs were
made.
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(U) The first run was made with the input drive adjusted to
give maximum CW power output, with power readings taken in
both the CW and the pulse modes. The second run was made with
the input drive adusted to give maximum pulse power output,
and again readings were taken in both the CW and pulse modes.

(U) Results. See Figures 102 and 103. These results show
that the tube did not meet the power output specifications
over most of the frequency band. They also show that the
pulse mode went into saturation before the CW mode over most
of the tube's operating frequency band, and that the tube did
not give 6 dB pulse-up operation. Pulse-up operation ranged
from 2 dB to 4 dB across the band.

4.8.2 (U) Fundamental Power vs. Frequency

(U) Purpose. The purpose of this test is to show the output
power of the rf chain at each fundamental frequency after all
harmonics are filtered out.

(U) Results. Figure 104 shows both CW and pulse power output.

The tube failed to meet the power output specifications over most
of the frequency band. It also failed to meet the 6 dB pulse-up

specification.

4.8.3 (U) Small Signal Gain

(U) Purpose. The purpose of this test is to demonstrate the
small gain across the frequency band, with the rf {input drive
levels reduced by 15 dB from their nominal values.

(U) Results. See figures 105 and 106. Figure 105 shows the
small signal gain of the CW mode. The tube failed to meet the
gain specifications over the lower third of the frequency
band. Figure 106 shows the small signal gain of the pulse
mode. Again the tube failed to meet the gatin specificatfions

144
UNCLASSIFIED




R ST TR T e

SECRET

‘43Mod M3 Xew ‘Aouanbauy csA 3ndang Jemo4 |BIO0L ‘aqny dn-as|ng gpg ‘pueg ybiy uteyy 49 (n)

ZOL 98060951

[N

K

'.m\h i -{‘ﬂ—m i < 'ﬁ.:-_t.;-aj

- #uawiﬁi}i

“20T a4nbL4

ZH9 gt i 91 st ¢l €1 21 11 o1 6 8 51
e II9VIIVAY XvW 9p 02 | 8P OI
———————e 1ML 01 3ATN0 1ndNI
% SI
\ 4 - < L @v
133D3s o
wgp 8
—1 w8p-05 m
SO
)
0 (7]
wep 25
4
wgpP ¥S
u
wgp 95
wgp g5
3704 ALNG %5 Td (wap) LndLno
31042 ALNC %001 MO ¥3MOd V1OL

YIMOd M XYW Y04 SILYSNIWOD 3AI¥Q LNdNI
Ind1NO ¥3M0d TYLOL - TOT NS dn 3STnd 4P 9

ONvE HOIH NIVHD N

R BN g e e -

. 'h‘ - i R

Al

s

] N
NOSNITE SR

e &l v v




I e —— ,:.‘,,..Ai“i.sf . L - ) . e - ©
. N, . .. . [P . R T Py v e - i nJ

4aM0d Bs|nd xey ‘Aouanbady ‘sA 3nding usmMod (€301 ‘aqn] dn-as|nd gpg ‘pueg ybiH uLey) 4y (n) -°€0T @unbL4

£04-#996Z3-95¢

79 81 (1 91 ST #1 €1 2t 1 o0 6 8 §¢
37GYTIVAY XvW 8P 0z | 9P §
7\?|o/0\4 . LML 0L AT¥G LNGNI | g o
| L 9 o1
13403S — 1 oz
L ugp gy

- wg
= P 0S -
« o
o9 Lo
(7] — L

- wap 25 0

- wgp S

14
-wgp 95

3704) ALDG %S Wd :

JTIAD ALNG 2001 MO ¥3MOd - wgp 85 D

3SNd XVW Y03 SILYSNIAWOD JAING LfidNI
1Nd1N0 ¥3M0d TVI0L - TOT NS dn 3S7nd 8P 9 (wgp) 1ndino
Y3M04 ViDL

ONY8 HO1H NIVHI Jd




*01L-VIRIZD-984
m 81 L1

91

.

Sl

P

IR - st . N o o1 6 8

" 4 A

*49M04 M) Yl “Aouanbauy °sA Inding Jamod (ejuawepund *aqgny dn-asingd gp9 ‘pueg ybiH uieyd 4§ (n) 0T d4nbrg

s

13¥03S

- ugp 9¥

- sgp 8t

SECRET

3VAD ALNG %6 1d

370A0 ALNG %001 MI

Y3M0d MO XYW ¥04 S3LVSN3AWOD 3IATHA LNdNI

ANdLN0 Y¥3M0d TVINIWYONNS - TOT NS LML dn 3SINnd 9P 9

ONVE HOIH NIVHO 4y

. wgp 09

I gp 26

- wagp ¥5

- wgp 95

L wgp 85

(wgp)
1nd1n0 ¥3IMod
IVINWYONNS

wrtacadt o sl

147
SECRET

N A I At oINS (47T A T T 43

A




"2pow M) ‘Aduanbauj csa ujeg |eubis ||ews ‘dn-3sing gpg ‘pueg ybiH uLeyd 4y () SO 4nbLy

R UL & o TV Ul PP -
98l a9l S1 A €l 2 11 o1 6 § §°L ANIND3YJ
:
i 134D3s
- 8P 9€
‘N”
L gp €
: -
-
« L ap ov "
o o @
f w 5 50
& | w
] A - gp 2y
L 9P ¥b
L ap o :
I
(8p) NIV
JOA) ALNG %00T 300W MI
NOLLVYNLYS WOYS 8P ST 03003y JAING LNdNI
NIV TYN9IS TTWWS - 10T NS 40 3SInd 8P 9

GNvE HOIH NIVHD 3N




*3pop as|hd “Aouanbaay °sA ugeg eubys (lews *dn-3sind gp9 uieyd 4y (n) 901 aunb 4
91 St 11 X a 1t ot 6 8 S°L AIN3IND3NA
i i 1 1 L i 1 i 1 1 1 1 i 1 i i i
F 8P ¥
- 8P 9t
- 8P 8%
—
w
o X
< O
~w
9p 05 o
- 8P 25
- 9P ¥S
- 8P 9§
IT0AD ALOG %5 300W d (8p) NIVD o
NOILYGNLYS WO¥3 87 ST G3XN03¥ IAING LNdNI
NIVO TYNOIS TIVWS - TOT NS dn 3SINd 8P 9
ONVE HOIH NIVHD J¥




C.

UNCLASSIFIED

(U)over the lower third of the frequency band. It should be
also be noted that the gain in the pulse mode s significantly
greater than 6 dB above the CW mode gain level across the
frequency band.

4.8.4 (U) 6 dB Pulse-up

(U) Purpose. The purpose of this test to see if by reducing
the fnput drive level to the tube, a point could be found
where the tube would actually operate in a 6 dB pulse-up
condition. :

(U) Results. By slowly reducing the input drive level at each
test frequency, a point was found where the tube did operate
at 6 dB pulse-up. Figure 107 shows the CW and pulse power

output at the point where 6 dB8 pulse-up operation was achieved.

Figures 108 and 109 show the spectrum analyzer display.

4.8.5 (U) Dual Mode Operation

(U) Purpose. The purpose of this test is to demonstrate the
dual mode capabilities of the rf chain.

(U) Results. Figure 110 shows the CW and pulse modulator
commands, and the TWT beam current. This figure shows the TWT
beam current at the CW level, with an increase in beam current
during the pulse-up command. Figures 111, 112 and 113 show
the detected TWT output. Figure 111 shows this output for CW
mode only; figure 112 shows it for pulse mode only; figure 113
shows it for CW and pulse-up operation.

(U) Additional Test Conducted. Figure 114 shows the detected
TWT output with the tube operating in the pulse mode at a 20

percent duty cycle. The tube duty cycle operation was limited
to 20 percent because of the poor performance of the tube.
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SPECTRUM ANALYZER

: DISPLAY OF TWT OUTPUT

; SHOWING CW AND PULSE

' OPERATION. PULSE

OUTPUT 6 dB HIGHER THAN
THE CW OUTPUT

SCALE 10 dB/DIV

100% CW
5% PULSE

i 156029664108
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Figure 108, (U) 6dB Pulse-up Test, Full View.

SPECTRUM ANALYZER
DISPLAY OF TWT OUTPUT
SHOWING CW AND PULSE
OPERATION. PULSE
QUTPUT 6 dB HIGHER THAN
THE CW OUTPUT

SCALE 2 dB/DIV

156-029664--109
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Figure 109. (U) 6dB Pulse-up Test, Magnified View.
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b Figure 110. (U) TWT Beam Current vs. Modulator Commands. ;
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Figure 111. (U) CW Mode Output vs. Modulator Enable. F
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Figure 112. (U) TWT Pulse Mode Output vs. Modulator Enable.
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Figure 113. (U) TWT Combined Mode Qutput vs. Modulator Enable.
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Figure 114, (S) 20% Duty Cycle Test.
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4.8.6 (C) Because of the poor TWT performance, pulse-up operation »
during the combined CW and pulse mode was 1imited to a maximum pulse ;
width of 25 us and a duty cycle of not greater than 5 percent to prevent ;*51
damage to TWT. When the 6 dB pulse-up modulator was tested separately, ;
the pulse width and duty cycle limiting features did perform as required.
These tests were not performed with the TWT.

(U) Even though the 6 dB pulse-up TWT did not meet its specifi-
cations, this testing did demonstrate the versatility of the rf chain in
: general and the tri-level modulator in particular by showing that these y
! devices are capable of pulse-up operation as well as the other modes of ' ?
: operation detailed in this report. C ]
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SECTION V
CONCLUSIONS AND RECOMMENDATIONS(U)

(U) This testing provides conclusive evidence that the standard rf
chain high band and low band LRUs meet or exceed all specifications of
the rf chain program. Although in some cases the rf chain amplifiers
did not meet specifications because of the TWTs used, comparison of the
tube specifications with the rf chain performance using those tubes
makes it clear that the rf chain could exceed its specifications in most
cases, given the appropriate tubes.

(U) The testing also showed that the rf chain met its design objec-
tives of high reliability, compatibility with various TWTs, commonality
between LRUs, and easy maintenance.

(U) Recommendations. The standard rf chain could be further improved
by using updated modulators and power supplies. This would have the
effect of making the rf chain even more compatible with TWTs - when TWTs
with higher output powers become available, the rf chain with updated
power supplies could drive them without modification. Updated modu~
lators would help cut down space requirements, and increase the effective-
ness of the rf chain in ECM applications.
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DEPARTMENT OF THE AIR FORCE T

AIR FORCE RESEARCH LABORATORY |
WRIGHT-PATTERSON AIR FORCE BASE OHIO 45433

0 2 MAY 2008

MEMORANDUM &OR AFRL/RYY - ‘

FROM: AFRL/RY

SUBJECT: Declassification of Scientific and Technical Documents Dated 1982

IAW E.O. 12958, as amended, the following technical documents have been reviewed and
determined eligible for declassification. I approve the declassification of the following -

documents to reflect unclassified.

{U).EO SAM Simulator. Volume.II,-dtd-Apr82
(U) EO SAM Simulator. Volume I, dtd Apr 82 ‘/
(U) Face Pumped Laser Slab Mounting Development, dtd Feb 82 v/

(U) Future Directions in Computer Modeling Aircraft for RCS Prediction, dtd Mar 82 v~
(U) Molecular Flare Feasibility Study, dtd Apr 82 V/ .

(U) FLIR Technology Demonstration (FTD), dtd May 82 v/

(U) Radio Frequency Radar Cueing, dtd Apr 82 v/

(U) RF Chains Demonstration, dtd May 82 v

(U). SAW Receiver Final Report, dtd Oct 82

(U) Power Sharing: Phase 11, dtd Nov 82 ~

(U) Solid State Aperture Module Development Program, dtd Dec 82 v/

(U) Passive Optical Expendable Countermeasures, dtd Apr 82 v/

(U) RF Chain Final Technical Report, dtd Jan 83 v~

(U) Low Cost Arrays for the Detection of Infrared. Phase II, dtd Jan 83 ¥
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DEPARTMENT OF THE AIR FORCE

AlIR FORCE RESEARCH LABORATORY
WRIGHT-PATTERSON AIR FORCE BASE OHIO 45433

FROM: Det. 1 AFRL/WSC(STINFO) 28 MAY 08
2261 Monahan Way, B.196, Rm.1
‘Wright-Patterson AFB, OH 45433

The following technical reports are now unclassified, Statement B, Test and Evaluation ,
Controlling office: AFRL/RYJW ; EXPORT CONTROL

EO SAM Simulator AFWAL TR 82 1002 VOL. I ADC029419
EO SAM Simulator AFWAL TR 82 1002 VOL. I ADC029420
Passive Modulated Expendable Optimization AFWAL TR 82 1048  ADC030479

The following technical reports are now unclassified, Statement D, Test and Evaluation,
Controlling office: AFRL/RYJT ; EXPORT CONTROL

FLIR Technology Demonstration (FTD)‘ AFWAL TR 82 1019 ADC029216
Low Cost Arrays for the Detection AFWAL TR 82 1165 ADC033455

The following technical reports are now unclassified, Further dissemination only as
directed by the Sensors Laboratory (AFRL/RYJW) or higher DoD authority. EXPORT

CONTROL

Passive Optical Expendable Countermeasures AFWAL TR 82 1157 ADC031190

The following technical reports are now unclassified, Statement C, Critical Technology;
Controlling office: AFRL/RYJW ; EXPORT CONTROL

Face Pumped Laser Slab Mounting AFWAL TR 82 1006 ADC030426

The following technical reports are now unclassified, Statement E, computer software;
Controlling office: AFRL/RYJW ; EXPORT CONTROL

Molecular Flare Feasibility Study AFWAL TR 82 1017 ADC951650

The following technical reports are now unclassified, Statement X, all other requests for
this document shall be referred to AFRI/RYRE; EXPORT CONTROL

RF Chains Demonstration AFWAL TR 82 1052 ADCO029911



The following technical reports are now unclassified, Statement A, Controlling office:
AFRL/RYRE :

RF Chain Final Technical Report AFWAL TR 82 1160 ADCO032271

The following technical reports are now unclassified, Statement B, Test and Evaluation;
Controlling office: AFRL/RYRR; EXPORT CONTROL

Radio Frequency Radar Cueing AFWAL TR 82 1022 .ADCO030697
SAW Receiver Final Report AFWAL TR 82 1101 ADCO030747
Solid State Aperture Module Development AFWAL TR 82 1153 ADCO031011

The following technical reports are now unclassified, Statement B, computer software;
Controlling office: AFRL/RYRT ; EXPORT CONTROL

Power Sharing: Phase II AFWAL TR 82 1106 ADC030865
The following technical reports are now unclassified, Statement D, critical technology;

Controlling office: AFRL/RYS ; EXPORT CONTROL

Future Directions in Computer = AFWAL TR 82 1015 ADC029416



