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"Pemco Electronics, Dallas 22, Texas, 4 KW VHF LINEAR AMPLIFIER, July 25,

1962, 130 pp, including 13 1llus., and 2 tables, Final Report."

ABSTRACT

On 6 June 1961, the Federal Aviation Agency and Vought Electronics, Division
of Chance Vought Aircraft; Incorporated, entered into a fixed price contract
(FAA/BRD=UOO) to develop and fabricate a long distance VHF communication
ground linear amplifier. The procuremént specification was the specification
for Project 113-8 issued by the Development Division, Communications Branch
of the Bureau of Research and Development.

A breadboard of the amplifier was designed and tested to insure electrical
compliance with the specification requirements. After satisfactory completion
of tests on this unit, two prototype amplifiers were completed and delivered
to the FAA, Each amplifier utilizes two ceramic ML TOOT beam power tubes

in push pull cperating class AB) in a grounded cathode circuit, With the
exception of these tubes, the entire amplifier is of solid state constructionm,

The amplifier was designated type FA-5438,
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1.0 PURPOSE
The purpose of this contract was to develop & high power VHF linear
amplifier to be used in a forward seatter communication system being develop=

ed by the FAA. The amplifier was to be designed specifically

for operation
in conjunction with an FA 5270 driver and a TV=2L exciter, and was to include
space for mounting these units in order to provide an overall VHF transmitter
covering the frequency range of 118 to 136 mcps. This high power amplifier,
operating class AB was to provide 4000 watts of carrier power, (16,000 watts

P.E.P,) with an input of no more than 100 watts.

1.1 FACTUAL DATA

Table 1 gives the characteristics of the VHF amplifier developed in
this contract. The amplifier satisfactorily completed an acceptance test,
a 350 hour life test, and an environmental test. No specification wailvers
were required. Test data on both of the prototype amplifiers is included
in this repart.



ERISTICS
LKW VHF Linear Amplifier, Type FA=5438

Procurement Specification Project 113<8
Frequency Range 118-136 mcps

Input Signal One amplitude modulated RF
8ignal

Drive Requirement 100 Watts carrier power

Output Signal Oné amplitude modulated RF
Signal

Output Pover k000 Watts carrier power
Input Impedance 50 ohms nominal

Output Impedance 50 ohms nominal
Isolation 30 db minimum

Distortion 5 per cent maximum

Power Requirements Three phase, 60 cps, 208 volts,
line to line, 30 KVA

Assosiated Driver Type FA=5270 100 watt linear
amplifier

Associated Exciter Type TV-24 8-watt exciter
Weight

Crated 4000 pounds

Uncrated 3000 pounds

Table 1



2,0  SYSTEM PHILOSOPHY

2,1  Reliability

Relisbility was given prime consideration in the design of the subject
amplifier. Solid state components were used wherever practicable in
preference to tubes to inecrease the theoretical MIBF of the amplifier.
According to specification MIL-R-264Th, the following equation is used
for MTEF:

P, =30 (1006 () £ 35 2006 () £ 2 (100 () £ 0.5 (100 (x)

MTBF
where N, is the total number of tubes
N, is the total number of motors and relays
Ny 1s the total number of sémiconductors
N, is the total remaining components.
Thus; semiconductors aré considered to have a lifetime fifteen times greater

than tubes. This contributes greatly to increasing the over-all MIBF of
the unit., The calculated MFEF is approximately 2,000 hours.

2,2  Maintainability

Maintainability was also given strong consideration in the design of the
amplifier. It would be possible to package the amplifier in a smaller
enclosure than the selected cabinet. The large cabinet was selected (to

be within specification requirements) but to be sufficiently large to allow

eagy access to all components,

s o



2.3 Design Considerations
The low frequency equivalent circuit of the linear amplifier 1s as shown

Both plate and grid tuned circuits are made up of half-wave lines tuned
capacitively. The tubes are a pair of Machlett ML 7007 beam power tetrodes.
A grounded cathode circuit, instead of a grounded grid circuit, was used to
obtain a higher gain circuit., Two tubes were used instead of one because
no single tube could be found that would allow meeting all the specification

requirements, The ceramic type ML 7007 tube was used in preference to the

temperatures without failure of envelope, and because its demonstrated life-
time is longer, The ML 7007 vas designed to be physically interchangeable
with the 6166 and, as a result, has certain limitations, The filaments in
the ML 7007 are brought out on posts instead of being brought out to coaxial
rings, The inductance of the external and internal filament posts limits the

upper frequency range of the tube, In addition, this cantilever filament



structure is not as rugged as would be desired, and extreme care must be used
in installing or removing a tiube to prevent damage of the filament structure,
Even with these limitations, the ML 7007 appeared to the best available tube
for this application and, as & result, was used.

Push-pull operation was used instead of parallel operation of the tubes to
provide a lower second harmonic content. Class ABL operation wes used to
provide a more constant input impedance than would be possible with Class AB2
operation. This more constant input impedance, in turn, results in a more
over-all linear system., To allow the required power level with Class ABl
operation, a relatively high screen voltage was used (approximately 1825 voits),
This high screen voltage also contributes to a high gain amplifier,

The bilas point for each tube wvas gelected (when the amplifier is keyed) to

be as near zero as considered safe with respect to plate dissipation. This
bias point of =140 volts results in a zerc signal static plate current of
epproximately 1.25 amps. With 10 percent high-line voltage, this (worst case)
plate dissipation is approximately X0 KW which is near the 12 KW limit of the
tube. This bias point is undesirable from the viewpoint of power consumption
but 1s needed in order to provide a high signal to third order distortion
ratio needed for single sideband operation, No tube characteristics are
available from Machlett for a sc¢reen voltage of 1800 volts, Based on
extrapolation of data at screen voltages of 800 and 1000 volts, it appears
that the zero signal plate current corresponding to maximum signal to
distortion ratio for a screen voltage of 1800 volts would be approximately
1.5 amps, This would result in excessive plate dissipation for the tubes;
hence, the bias point was chosen a8 high as considered safe with respect to

plate dissipation.



In the unkeyed condition, the bias point was chosen to minimize power
consumption as far as practicable while still allowing specification
requirements to be met, It would be undesirable to completely cut off the
tubes in the unkeyed condition since intermodulation signals would be
,géﬁeratéd by the amplifier in the presence of strong interfering signals.
In the ML 7007 tube, the interelectrode capacitances evidently change
gsomevhat with plate and screen dissipation. This detunes the amplifier
and limits how low the scréen and plate dissipation can be reduced during
non-keyed conditions, A bias voltage of =160 volts corresponding to a
plate current of approximately 0.62 amps was chosen as & compromise to
reduce the power consumption to a minimum without détuning the amplifier

a significant amount,

The gain of any RF linear amplifier is a function of the screen voltage
and the filament heating., If the sereen voltage were not regulated, it
would decrease with applied RF voltage swing. This decrease im screen
voltage would, in turn, decrease the gain of the tube with input voltage
swing causing a rounding or flattening of the output wave shape of the amp-
lifier,

If the screen voltage were not regulated, the screeén voltage would also
increase with the input line voltage, The filament voltuge, 1f unregulated,
would also increase at the same time, Both these conditions would increase
the gain of the amplifier, A decrease in input line voltage would cause
the gain to decrease in a similar manner, Thus, the screen voltage vas
regulated in this amplifier to provide a more linear amplification and

to prevent variation of amplifier gain with input line voltage variatiom,
The filement voltege was also regulated to prevent amplifier gain variation
with line voltage variation.



3.0 TECHNICAL DiSCUSSION
For purposes of discussion, the amplifier can be considered to be com
1. Pover Distribution and Control
2, R. F. Amplifier Assembly
3. Harmoniec Filter
L. High Voltage Supply
5. Screen Voltage Supply
6. Bias Voltage Supply

7+ Filamént Supply

3.1 POWER DISTRIBUTION AND CONTROL
The amplifier was designed to operate from 208 volts line to line, 60 cps,
four wire source. Approximately 30 KVA is required. The power distribution

and control circuitry provides proper sequential application of this primar

y power
to the amplifier upon energization, provides protection of the amplifier dwring
overload conditions, provides interlocks for safety, and provides proper sequential
removal of primary power during shutdown of the amplifier. Provisions are incors
porated to allow connecting the high voltage transformer’s primery either in &

delta or wye connection. When delta conmected, the plate supply voltage is
approximately 7500 volts, and when wye connected the plate supply voltage is
approximately 4300 volts. The lower plate voltage is provided to allovw tuning

or reduced power operation.



3.2 R. F. AMPLIFIER ASSEMBLY

Figure ( 6 ) shows the RF amplifier assembly. Initially it was intended to
use a quarter wave shorted line for the plate tank circuit, and a half wave open
line for the grid tank circuit. Calculations were made for the plate tank c¢irs
cuit which appeared satisfactory. Using brass tubing sufficiently large to
allow finger stock contact around the anode radiator of the tube (6.5 inches
0.d.), a line spacing to provide a 131 ohm characteristic impedance, and a line
length of approximately six inches, it appeared that little difficulty would be
encountered in tuning the 118 to 136 mpcs range by use of & 5 £to 25 uuf capacitor
connected from plate to plate. Lines were fabricated, and spaced & sufficient
amount above a brass plate to simulate the 22 uuf nominal plate to screen capaci-
tance of the tube. Tests agreed reasonably close with the calculations. However,
when the tubes were received and cold tests made with the tube capacitances in
the circuit, the line length had to be reduced to such a degree that it would not
be possible to properly couple to the output balun. Tests on the tubes indicated that
the actual screen to plate capacitance was approximately 40 uuf instead of the 22
uuf listed in the tube data sheet. In view of this, one half wave length lines
vere substituted for the quarter wave length lines.

The plate lines used were 6.5 inches o.d. and spaced 10.75 inches apart.
Thie gives a characteristic impedance in free space as follows:
= 120 cosh™ D/D
= 120 cosh™t 10.75/6.5 = 131 ohms

Zop
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The actual characteristic impedance in the rf bax would be slightly different
due to the capacitance between the lines and the sides and ends of the rf box,
but the difference is smali.

At the upper end of the frequency band, 136 mcps, the ratio of the tuning
capacitance admittance, Y.j; to the line admittance, Yops 18 a8 follows:

Yo1/Yop = 2T feaZop
where ¢; is the tuning capacitance; and f is the frequency of operation.
Ye1/¥op = 2 (3.14)(20)(20)"22(131)(136)(20)°
" 1.12

This assumes that at the upper end of the frequency band a capacitance of
10 uuf 1s to be used. From the fol) ‘'ing page, it can be seen on the Smith chart
that this point is represented by point A. At this same frequency, the ratio of
the plate to plate capacitive admittance, Yo, to the line admittance Y, is as
follows:

ch/Yop- 2wt CP Zop

= 2 (3.14)(20)(20)"22(236)(20)%(231)

= 2,24
This is based on the actual tube plate to screen capacitance being 40 uuf
instead of the advertised 2Zuuf, thus giving a plate to plate capacitance of 20
uuf. This point is represented as point B on the Smith chart. Point A coarres-
ponds to 0.134 wavelengths, and Point B carreeponds to 0.316 wavelengths; the
difference being 0.182 wavelengthe. One wavelength at this frequency is as

follows:
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12
Azv/fa 310 (136)(10)6 = 2.2 meters = 86.6 inches

Thus at this frequency, with a line length of 15.8 inches whose character-
istic impedance is 131 ohms, 10 uuf capacitance will cancel out the 20 uuf capa=
citance between plates giving resonance. Since the plate of the tube is actually
between oné and two inches below the bottom of the anode radiator on the ML 7007
tube, and sinee approximately two inches more lead length is invelved in attach-
ing the capacitor plates to the lines, the brass tubes were made 12 inchés in
length

5

Plate Line

VAT T T ATV AT i/l//qu

—— Plate Radiator

T TT VTP TP Il eI T ITIIIIIIZA

Z3

- Plate Ring
. Screen Ring

Grid Ring
Filaments

With this length of line the tuning capacitance required for tuning at the

lower end of the band, 118 mcps, can now be calculated. At this frequency:
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@ 2,54 meters = 100 inches

Assuming the overall line length to be approximately 15.8 inches
15.8

22 = 0.158 vavelengths
100

Y
The point representing .°2 = 1.945 1s point C on the Smith Chart. This

. . o)
corresponds to 326 A . Goingpo 158 wavelengths toward the load on the Smith

Y _

Chart gives point D which corresponds to =S= Sl . This gives == !-M' = 1.77 at 0.168 X,
Yo, Y.,

- op op

!¢;l 6

Y = 1.77 = 2fe, z - 6,28 (cL)(13l)(118)(10)

Lop
Cl = 18.3 wf

Thus & 5 t6 25 wuf plate tuning capacitor should be more than adequate for
tuning the 118 to 136 meps range. Initially a Jennings 5 to 25 uuf vecuum capa-
citor was used in the amplifier. Even with air cooling of this capacitor, the
drift in capacitance was excessive so a higher current rating capacitor, an 8
to 4O uuf capacitor was substituted with somewhat better performance but with
stil)l excessive drift. Tests made on the capacitar revealed an excessive tem-
perature rise at the end of ‘the capacitor containing the bellows. The manufacturer
was contacted about the problem, and a fix was recommended by Temco Electronics
to allow the RF current to bypass the bellows. In the Jennings capacitor at VHF
frequencies, the bellows act as a resistor since most of the current is located
near the surface of the bellows due to skin effect. This heating from the bellows

is transferred to the connected plates, causing an expansion of these plates and

a resultant increase in capacitance. Figure (1) shows the Jennings capacitor,
and Figure (2) shows the recommended change. Due to the required time scale,
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Temeo Electronics could not afford to wait for a fix, and an air type capacitor
was substituted for the vacuum capacitor.

The air type capacitor was made of two cireular

plates 7.5 inches in diameter.
With this diameter, the capacitance as a function of plate separation, in inches,

d, is as follows:

2 1)(7:5)2 w 9,9  yus
Thus, for a capacitance of 10 wuf of 13‘6"' meps
4= 120.9; = .99 inches
and for a capaeigance of 18.3 uuf at 118 meps
d= 231'- = 54 inches
18.3
The 0.54 minimum spacing of the capacitor plates should provide a voltage rating
in air of 40,000 volts which is sufficient for the amplifier application as long
as the amplifier is properly loaded.
Actual tests on the amplifier showed the required spacing of the capacitor
plates to be approximately 0.4 inches at 118 mcps and 0.8 inches at 136 meps.
The grid lines in the 4 kw amplifier were made of brass tubing, 1.375 inches
o.d. spaced 3.25 inches apart. This gives a line impedance of 180 ohms

Zog = 120 cosh™L D/D = 120 cosh™} 3.25/1.375 = 180 obms

o8

Assuming that 7 pf will be used to tune the half wave line at 136 mcps, the
ratio of the tuning capacitive admittance, Y., is as follows:
Yoif¥og = 2T £ Cy 2,
= 2(3,14)(136)(20)8(7)(10)~12(180)
= 1.07
This point corresponds to point E on the included Smith chart. From the
tube data sheet using the 103 uuf total grid to ground input capacity, gives
approximately 52 uuf, grid to grid capacitance. The ratio of grid to grid

capacitive admittance, Y., to the line admittance, Yog» 18 a8 follove:

I
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¥, Mg = 2(3.14)(136)(10)6(52)(120)-12(280)
= 8.0

This point corresponds to point F on the included Smith chart. The difference

0.27 = 0.13 = .14 wavelength

0.14(86.6) = 12.1 inches
Allowing 0.1 inches for capacitor brackets, and assuming the lines are approxima=
tely 2.5 inches from the grid structure in the tube, leaves 9.5 inches for the line
length. The grid lines were cut to this length. The tuning capacitance required
for tuning at 118 mcps can be calculated as follows:

¥oq/¥oq =2(3.14)(118)(20)6(52)(10)~12(180)

| = 6.95

Y.y 18 the capacitive admittance of the tuning capacitor and Y, is the grid line
admittance. This ratio corresponds to point G on the Smith chart. Going 12.1/100
wavelengths toward the load gives point H which gives the required Yciﬁog = 1.4,

Yoy /Mo 141 = 2(3.14)(118)(20)5(c)(20)-12(180)

» 10.5 uuf
Thus a capacitance of 10.5 uuf is required for tuning at 118 mcps. The actual
capacitance required during test for tuning was not measured, but based on the
capacity versus turns data supplied with the capaecitor, it appears that approxi-
mately 8 wuf was required for tuning at 136 meps, and approximately 12.5 uuf was
required for tuning at 118 mecps. These figures are reasonably close to the cal-
culated values, congidering the accuracy of the parameters involved.
Initial cold tests on the RF amplifier assembly showed low isolation between

the grid and plate circuits. Insufficient voltage was available at the grid ring
of the tube to allow conventional cross grid to plate neutralization. In addition,

the problem of neutralization was complicated by the self neutralization frequency
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of the tube falling within the 118 to 136 meps range. It can be seen from the

center of the half wave grid lines is only 0.02 vavelengths from the grid. This
corresponds to 1.7 inches at 136 meps; and 2.0 inches at 118 meps. Thus the
voltage minimum on the halfwave lines 1s almost at the tubé grid ring. This
verifies that there should be very little voltage at this point for conventional
cross neutralization. Sinee this voltage maximum (current minimum( is near the
top of the grid lines, a loop was added near this point to inductively couple a
8ignal for cross neutralization. The loop worked satisfactorily except that a
reversal of phase was required in the frequency band. Repeated attempts to lower
the screen inductance by better bypassing giving shorter paths to ground failed
to raise the self neutralization frequency out of the frequency band. Only by
directly shorting of the screen ring to ground could this be accomplished. Thus,
it vas decided to ground the screén of the amplifier, and to operate the bias
and plate voltages with respect to the sereen. With the sereen grounded; the
neutralizing loop worked properly without requiring phase reversal throughout
the band. Figure (8 ) shows the neutralizing loop between and in front of the
grid lines. The movable short allows adjustment of coupling to provide optimum
isolation. The amplifier when properly neutralized has 35 to 4O db of isolation
between grid and plate circuits. For a given set of tubes the movable short,
once set, requires little if any change over the frequency band.

Due to the physical size of lines, cabling, brackets, etc, in the RF ampli-
fier, it was not possible to rcmove all the rescnances in the VHF-UHF frequency
range. For example, in Figure (8 ), it can be seen that the filament leads, the
wires attached to the grid chokes, the grid chokes, the input balunm, capacitor

brackets, etc. ere all going to be resonant in this frequency range. All these
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resonances that could not be removed were staggered so that no resonance in the
grid circuit was near the same frequency as any resonance in the plate circuit.
Resonance tests were initially made with a 50 ohm dumy load attached to the ine
put balun, and as a result, some resonances in the plate circuit of the FA 5270
driver were overlooked: One resonance near 350 meps together with a 350 meps
resonance in the plate cireuit of the U kw amplifier caused an oscillation at
this frequency. To remove this instability, a quarter wave trap was added to the
input balun. The harmonic filter in the output coaxial cable of the U KW amplifier
was also moved 66 that the £irst inductive element vas more nearly an odd number
of quarter vavelengths from the output balun. This was done to provide more of a
load on the amplifier at this frequency, thus lowering its gain.

be required of this frequency to insure that it is at least 60 db down from the
fundamental. In this 4 KW amplifier, the second harmonic frequency was approxi-
mately 54 db down with no filtering. Due to this the harmonic filter need not

have a sharp cutoff characteristic in crder to suppress both the second and third
barmonics. The low pass filter used was made up of four constant K sections
mounted in 3 1/8 inch coaxial housing. - The filter with its outer conducter
removed is shown in Figure (10). Design of the filter was conventional. Cutoff
frequency was chosen to be 200 mcps, and the filter was designed for 50 chms to give
minimum insertion loss at 127 mcps, the center of the band. The spacing between
the capacitive elements and the inside of the coax outer conductor is approxi-

mately 0.312 inches. Assuming "needle gap"characteristics due to the sharp

edges of the elements, this gives approximately 9000 volt breakdown voltage.
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The filters were actually tested at 10,000 volts without breakdown. The required
power rating of the filter is 16,000 watts corresponding to the peak envelope
power. Assuming 20,000 watts for safety, this gives a voltage requirement as
follows: |

E2/50 = 20,000

E s 1000 volts rms

[

E 1414 volts

peak
This assumes no standing waves in the filter. With a high vswr, assuming the
same forward power, the voltage at a standing vave maximwm could reach twice
this value or 2628 volts. Thus, the 10,000 volts breakdown should be more than
adequate even considering humidity, altitude, and temperature ranges. The fil=
ters characteristics are as shown in Figure (3 ). The actual cutoff frequency
of the filter agrees reasonably close to the 200 mcps calculated value. This
high cutoff frequency was chosen to minimize insertion loss over the 118 to
136 meps passband, and also to provide a load on the amplifier at higher fre-
quencies for stability considerations. The point of minimum insertion loss
appears to be approximately 10 meps higher than thel27 mecps calculated.
3.4k HIGH VOLTAGE SUPPLY

The high voltage supply is a conventional three phase supply utilizing
full vave rectification with a series choke input filter. The primary windings
of the plate transformer are capable of being connected in either a Wye or Delta
connection to provide either 4300 or 7500 volts plate supply valtage. The supply
1s entirely of solid state construction utilizing six stacks of silicon diode
cells for rectification. Each diode 1s bypassed capacitively and resistively

to equalize inverse voltages. To limit surge currents through the diodes,
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resistors are initially placed in series with the filter capaciters. The re-
sistors are shorted by & vacuum switch two seconds after the high voltage supply
is energized. This protective feature may not be required for the rectifiers
being used, but in view of the cost of a set, the time scale for delivery, and
the limited quantity of amplifiers being built, it was incorporated in the two
prototype units.

Ten per cent line reactance is provided in the primary of the plate trans-
former to limit the surge current that can be drawn from the transformer. Thy-
rite varistors are connected across the dec chokes and liné to line across the
secondary of the supply to limit voltage spikes which otherwise could possible
exceed the peak inverse voltage rating of the rectifiers. Each rectifier stack
18 rated at 20,000 volts peak inverse voltage which should be considerably more
than required in this power supply.

Overload protection of the supply is obtained by the high reactance of the
transformer and from a series overload relay. Due to the ten per cent reactance
of the transformer, less than 30 amps can be drawn from the supply under short
circuit conditions. The rectifiers will withstand this overload current suffiy
ciently long for the overload relay to de-energize the supply. This overload
protection was unintentionally satisfactorily tested in the breadboard amplifier
when the plate supply voltage was shorted to ground due to insulation melting
in the RF amplifier. The polyethylene insulation melted due to rf heating. As
a result of this, teflon insulation was used in place of the polyethylene.

3.5 BSCREEN VOLTAGE SUPPLY

The screen voltage supply is a series regulated, solid state power supply.
The input voltage for the supply is furnished by three constant voltege trans-
formers. The series regulator in the supply maintaine a constant output voltage

voltage frequency varies plus or minus 1.5 cps from the nominal 60 cps.




3.6 BIAS VOLTAGE SUPPLY
The bias voltage supply is also a series regulated solid state supply.
The input to the supply is regulated 115 volts ac, 60 cps, single phase. The
bias and screen supplies are interlocked so that ioss of bias voltage diseconnects
the screen voltage from the amplifier. In keying the amplifier, the bias voltage
Test results on the bias and screen voltage supplies are given in Pable (2)s
3.7 FILAMENT SUPPLY
Each filament draws 180 amps at 5 volts from an individual transformer.
A separate filament transformer 1s used for each tube to allow monitoring indis
vidual cathode currents. The primery

winding of each transformer is suppl’ 4
vith regulated 115 volts ac from constant voltege transformers. The high re=
actance of the constant voltage transformer limits the inrush current to a safe

value vhen filaments are first energized.
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h,0 SUMMARY
A 4 XW carrier power (16 KW P.E.P,) VHF linear amplifier was developed which
covered the frequency range of 118 to 136 mcps and which satisfied the require=
ments of the FAA apecification for Project 113<8, With the exception of the
two ceramic beam power tetrodes, the entire amplifier was of solid state
constructions Two ML TOO7 tubes operating Class ABL in a grounded cathode
c¢ircuit were used in the amplifier, An RF harmonic filter made of varying
Z. line sections vas used to reduce the second and third harmonic content of
the amplifier to the specification levels. Sufficient metering circuitry
was included to allow easy set up and tuning of the amplifier., Power
distribution and control circuitry vas included to automatically sequence and
interlock the applied voltages during starting and stopping of the amplifier.
All components in the amplifier were significantly derated for relisbility
considerations.,
Two of the amplifiers were completed, satisfactorily tested to insure
compliance with the specification requirements, and delivered to the Federal
Aviation Agency. The first unit was shipped from Temco Electronics on
25 June 1962, The second unit was shipped from Temco Electronics on 26 July
1962,
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25°C
57°C
60°c
61°c
25°¢C
¢
10°C
6*c
-1°C
=15°C

26°c
31°c
Lkosc
50°C
66°C
21°C
=6°C
-10°C

-19°C

PERCENT VARIATION

o
=.05%
=.06%
- .06%
o

+:.07%
+.09%
+.0%
#1.0%
+1.0%

 OUTRUT
VOLTAGE DC

131.0 VDC
130.4 VDC
130.2 VDG
130.2 VDC
131,06 VDC
131.9 VDC

op
op
+.035%
+,065%
+.095%

-+035%

-.095%

Table 2

VOLTAGE DC

1625.0
1625.0
1630.0
1635.0
1640,0
1625.0
1620.0
1615.0
1610.0

REGULATOR

VOLTAGE DROP

33:0 VI
34.5 VDC
36.0 VD0
33.0 VIC
33.0 VD
32.0 VDC
31.7 VDC
32,0 VBC
32.0 VDC
34.5 VDC

VOLTAGE DROP

157.0 VDC
156.0 VDC
160.0 VDC
155.0 VbC
147.0 VDC
143.0 VDC
145.0 VDC

157.0 VDC

24

50 mv PP
50 ®v PP
50 mv PP
50 mv PP

50 mv PP

50 mv PP

50 @v PP
50 mv PP
50 mv PP
50 mv PP

1.0 VFP
1.0 VPP
1.25 VPP
1.25 VPP
1.50 VPP
1.0 VPP
0.75 VFP
0.T5 VFP
0.75 VPP
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PART II
RECOMMENDATIONS

1.0 In future units, consideration should be given t6 using different type
rectifiers in both the sereen and high voltage supplies. Improved silicon
rectifier stacks are now availabe that are smaller, have higher peak current
ratings, and do not require resistor and capacitor bypassing of individual
cells,

In future units. an investigation should again be madé concerning the
use of a vacuum variable plate tuning capacitor. A new line of variable
capacitors in development by Jennings uses ceramic instead of & glass housing.
These capacitors are supposed to have higher RF current ratings for a given
size than their present units., The vacuum variable capacitor would be easier
to tune than the present air type, would cover a wider capacitance range,
and would probably bée less expensive,

The gain of the amplifier is somewhat lower at 136 meps than at 118
mepe. This is believed dué primarily to increased transit time loading,
When the amplifier is used in conjunction with the FA-5270 driver, it is
recommended for maximum over-all system performance that the FA=5270 driver
be adjusted to provide approximately 120 watts instead of 100 watts output
at the upper end of the frequency band. With this higher input power, the
output coupling can be made tighter while still maintaining 40OO-watts
carrier output, This tighter coupling (steeper load line) gives a wider
RF bandwidth and also minimizes downward carrier shift with maximum

modulation,
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1,0  ACCEPTANCE TEST SPECIFICATION

1.1 General Provisions

Tests will be made on one of the two prototype amplifiers to demon=
strate that it satisfactorily meets the requirements of the FAA Specification
for Project 113=8, These tests will be perforiied at the manufacturer's
facility and will include the following:

&. General Performance - Prior to either the environmental tests
or the life test, general performance tests will be run to check out the
amplifier at approximately 2 meps increments across thé frequency band.

b, 350 Hour Life Test = One of the two prototypes will be subjected
t6 a 350 hour life test in accordance with paragraph 4.3.1 of the specifi=
cation for Project 113<8, Records will be maintained and submitted to the
Federal Aviation Agency prior to delivery. Data readings will be recorded
it 12 hour intiervals. Completed records will contain information on operat-
ing time, adjustments, malfunctions, replacement, and corrective action,

if required.

1.2  Approvel of Tests - This specification shall be approved the Federal

Aviation Agency prior to conducting tests,

2,0  GENERAL PERFORMANCE

One of the prototype amplifiers will be tested in conjunction with

one VAF exciter, type TV-2k, and one linear VHF driver, type FA-5270.



2,1 Test Conditions = The conditions under which the equipment will be
tested are noted in the following paragraphs unless otherwise noted in the

deséription 6f an individual test.

2.,1;1 Line Voltage = The line voltage will be adjusted by variable transformers

to insure 208 volts 60 ¢ps line to line.

2,1.2 Amplifier Input = The éxciter and driver will be adjusted as required

to provide 100 vatts £ O percent, <5 percent.

2.1,3 Amplifier Output - With an RF carrier power input of not more than
100 watts, the amplifier output will be adjusted to provide at least 4000

watts carrier power into a 50 ohm resistive load,

2,1.4 Modulation applied to the low level TV<2h exciter will be such as to
provide 90 percent modulation, Modulation will be checked at 300, 400, 700,
1000, 1300, 1600, 1300, 2200, 2500, 2700, 2900, and 3000 cps modulating
frequency. These tests will be performed at low, medium, and high frequencies

in the 118 to 136 mc band.

2,1.5 Test Frequency - Tests will be repeated at approximately 2 meps
increments across the 118 to 136 mcps frequency band unless otherwise

specified.

2.1,6 Anmbient Temperature - Ambient temperature will be normal laboratory

temperature,

2.2 Carrier Power Output - The carrier power output shall be at least

4000 watts at each of the test frequencies,
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2,3  Carrier Shift with Line Voltage - The line voltage (1line to line) shall
be varied from 182 to 225 volts. Carrier power shall not vary more than 40O

watts from the nominal 4OOO watts,

2.k Carrier Bhift with Audio Modulation = Carrier Bhift shall be less

than 40O watts from the nominal 4000 watts at up to 90 percent modulation.

2.5 Audioc Distortion = The distortion of the signal input to the amplifier
shall be measured, as well as the distortion of the signal output. The output
distortion shall not be more than five percent greater than the input

distortion,

2,6 Isolation = With no power applied to the amplifier, the grid and plate
circuits will be tuned to resonance, A sighal will be applied at either the
input or output and the attenuated signal will be measured at the other

connector, The attenuation of the signal will be at least 30 db.

2,8  Load VSWR - Using a load to provide a VSWR of 2/1, the amplifier
will be tested. Power output shall not decrease by more than 400 watts
from the nominal 4000 watts as the coax line length to the load is varied

in approximately 0.1l wavelength steps,

2.9 Low Power Operation - At one of the test frequencies, the amplifier
will be changed to allow low power operation. The output of the amplifier
will be less than 2000 vatts with no more than 100 watts input. Carrier
ghift with audio wmodulation (90%) will be less than ten percent. Audio

distortion added by the amplifier will be less than five percent,

2,10 Input Impedance = With the grid circuit tuned to resonance, the input
VEWR shall be less than 1.6 to 1,
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2,11 Spurious and Harmohic Radiation = Tests shall be made at each of the
test frequencies to insure that spurious and harmonic radiation are at least

60 db down from the fundamental frequency.

3.0 350 HOUR LIFE TEST
The 350 hour life test shall be conducted at & frequency of 127 mcps (nid=band),

The test will be continucus, 24 hours a day until completion of the test.

3.1 Test Cycle = The exciter; driver, and amplifier will be set up at
the test frequency. With 100 watts £ O = 5 percent input, the amplifier will
be adjusted to provide in exceéss of LOOO watts output., A test cycle will be
set to provide automatically the following repetitive sequence.

(a) ten minutes carrier off

(v) five minutes - carrier on

3.2 Test Data = At 12 hour intervals, the following tests will be made and
all pertinent information recorded. Retuning should not be required during
this entire test.

(a) carrier power output

(v) carrier shift with modulation

(c) modulation distortion at 300, 1000, and 3000 cps
4,0  ENVIRONMENTAL TEST

4,1  Temperature and Line Voltage - Install the amplifier in the altitude
chamber and set up at the test frequency of 127 mcps for 4OOO watts carrier
power. Reduce the temperature to -10°C with powég applied to the equipment

but with no keying. Allow the chamber to stabilize st -10°C for thirty minutes,
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arrier on by keying the exciter, and measure carrier power, Reducz
the line voltage to 182 volts and repeat. Increase the line voltage to
225 volts and repeat, Reecord test data. Turn the equipment off and reduce
temperature to «55°C. Allow the chamber to stabilize et this temperature

for 30 minutes.,

k.1.1 Increase the chamber temperature to room temperature and turn the
amplifier back on. Operate for five mimites at this temperature to determine

any possible malfunction due to the low storage temperature,

4,1.2 Increase the chamber temperature to 60°C and allow it to stabilize
for 30 minutes. Turn carrier on and measure output power. Check output
power also at 182 volts and 225 volts line voltage. Record test data.
Turn the amplifier off and increase the temperature to 70°C. Allow the

chamber to stabilize for thirty minutes at this temperature.

k.1.3 Return the chamber to room temperature and operate the smplifier for

5 minutes to determine any malfunction caused by the high storage temperature,

k.2 Altitude = At room tewperature and normal line voltage, decrease
the pressure in the chamber to simulate 10,000 feet altitude. Allow the

chamber to stabilize for 30 minutes. With carrier on, record test datas.

k.3  Humidity - With amplifier on buy unkeyed, bring the relative humidity
up to 95% at room temperature and pressure equivalent to sea level altitude,

Leave the amplifier in the environment for four hours. Apply carrier

5 minutes out of each 15 minute period. Record test data at one hour intervals,

5.0  TEST PROCEDURES
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5.1  Isolation = The following test procedures are t¢ be used in performing

tests given in paragraph 2.6 of this specification,

5.1.1 Basic Test Setup = Refer to Figure 1A and connect the b KW linear
amplifier as shown. The following equipments or their equivalents are required
for this test:

Equipment Quantity

VHF Signal Generator (HP 608D) 1

"_l!

Coax Reducer (31/8 to N connector, Andrews #2262)
VSWR and DB Meter (Hewlett Packard L15B) 1
Crystal Holder (PRD 613D)

Crystal (1N21B)

-

Attenuator, 6 db
Coax Cables (RG<8, RG=87, or equivalent) -

Coax Connector (Barrel Type-N) 1

5.1.1.1 Detailed Test Procedures - Set the modulation frequency of the signal
generator to 1000 cps. Set the signal generator on the desired frequency,

118 meps. First set the variable attenuator on the signal generator initially

to 0 db, Peak the output level with the TRIMMER then reduce the power with

the OUTPUT LEVEL knob, Set the MOD LEVEL knob to give 90 percent modulation,

On the DB meter, set the BOLOMETER-CRYSTAL knob to the CRYSTAL position, and d
set the DB scale to the O db range, AdJust the GAIN control on the DB Meter

to give a zero db indication. If zero db cannot be reaeched, increase the «
output level or modulation level of the signal generator; or drop down to

the -10 db scale on the DB meter and zero the DB meter on this scale with the
GAIN control., Disconnect the two coax cables from the barrel connector and

connect as shown in Figure 1B,
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Use the same coaxial cables as previously used, and 4o not disturb the settings
on the signal generator. Remove the lower front panel from the 4 KW RF box and
practically no neutralization of the amplifier. Replace the panel. Using the
GRID TUNE and PLATE TUNF dials;, tune the amplifier t6 peak the reading on the
DB meter. Initially, drop to & lower scale on the DB meter to allow peak meter
tuning. After the amplifier is tuned, again remove the front panel from the
1over section of the amplifiér and lower the short on the neutralizing loop

to the point corresponding to 118 meps. Replace the front panel, and check

the reading on the DB meter. The difference between this reading and O (or

=10 depending on the initial scale used) gives the isolation between the

input and output of the amplifier. This isolation should be at least 30 db.
Repeat this entire procedure at 2 meps increments from 118 mcps to 136 meps,
Isolation at each frequency should be at least 30 db, NOTE: (1) Isolation

is independent of modulating frequency; but since a tuned amplifier is used

in the DB meter, a modulating frequency of 1000 cps must be used, and (2)

tests are to be wade with no power of any kind on the amplifier., (Previous
tests have shown practically no difference between tests with and without

filement voltage, the isolation being one to two db greater with filaments on,)

5.2 Carrier Power Output = The following test procedures are to be used

in performing tests given in paragraphs 2.2, 2,9 end 2,10 of this specification.

5.2.1 Baslc Test Setup = Refer to Figure 2 and connect the 4 KW amplifier
and assoclated equipment as shown, Set the input line to line voltage to
208 volts. The following equipments or their equivalents are required for

this test,
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Equipment Quantity
TV=2L Exciter 1
FA=5270 Driver 1

Dummy Load and Wattmeter (Bird Electtonics 2
Model 67C)

Power Divider (Temco) 1

5.2,1,1 Detailed Test Procedures - Sét up the TV=2hk exciter and the FA=5270
driver at a frequency of 118 meps in accordance with the applicable handbooks
covering these units. After set up, adjust Rl3 in the TV-2L to obtain exactly
100 watts carrier power out of the FA=5270 driver, using the 4 KW linear
amplifier with power on as a load, Before final adjustment of R13, adjust
the GRID TUNE on the 4 KB amplifier for minimum VSWR as read on the FA-5270
driver meter, This VSWR should be less than 1.6 to one. If the minimum VSWR
is higher than this, shut down the amplifier, and readjust the coupling
between the input balun and the grid lines of the 4 KW linear amplifier,
Repeat VSWR measurement. Adjust the PLATE TUNE dial on the 4 KW amplifier
for maximum output power as read on the two wattmeters., If the power 1s

less than 4OOO watts or significantly more than 4OOO watts, shut down the
amplifier and adjust the coupling of the output balun, or the position of

the short on this balun, Repeat this procedure until the output power is
between 4000 and 4500 watts for am inmput power of 100 watts. After this

test 18 complete, proceed to tests as outlined in the following sections
before changing frequency. (At one of the test frequencies, throw the PLATE
VOLTAGE TUNE-OPERATE switch to the TUNE position; and using this same basic
test setup, demonstrate low power operation.)

/

5,3  Carrier Shift with Line Voltage - The following test procedures are

to be used in performing tests given in paragraph 2.3 of this specification,

it
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9:3.1 Basic Test Setup « Use the same test setup as given in paragraph 5.2

above,

5.3:1:1 Detailed Test Procedures = S8et the input carrier power to the 4 KW
emplifier to no more than 100 watts by adjustment of R13 in the TV-2h exciter
to obtain exactly LOOO watts carrier power. Adjust the input line voltage
(1ine to line) to 182 volts. Readjust R13, if required, to maintain constant
carrier input power. Measure and record the carrier power out of the U KW
emplifier. Repeat this procedure with an input line to line voltage of 225
volts. Reset the line to line voltage to 208 volts before proceeding to

further tests,

5.k Carrier Shift with Audio Modulation and Audio Distortion = The following
test procedures are to be used in performing tests given in paragraphs 2.4

and 2,5 of this specification.

S.4.1 Basic Test Setup - Refer to Figure 3 and change the test setup from
the one previously used as required. The additional equipments or their
Equipment Quantity
Transfer Oscillator (Hewlett Packard 54OB) 1

Audio Oscillator (Hewlett Packard 200CD)

[

Adjust, Attenuator (General Radio 8Th«GA)

[ ad

Adjust,. Attenuator (Genmeral Radio 8Tk=GA)
(Modified for Instl., in 3 1/8 coax)

]

Crystal Detector Mount, PRD 613D 1
Crystal Detector, 1N21B 1
Distortion Analyzer, Hewlett Packard 330B 1

Oscilloscope (Hewlett Packard 130A) 1
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5.4,1.1 Detailed Test Procedures = Set the audio oscillator frequency to 300
eps, with carrier on (input power 100 vatts or less, output cerrier power
4000 watts), Throw the KEYING switch at the top of the main cont¥ol panel to
the TEST position. Adjust the AMPLITUDE control of the audio oscillator to
give 90 percent modulationas measured on the osecilloscope, With the distortion
analyzer, measure the percent distortion of the modulation envelope out of the
FA=5270 driver as follows: Set the INPUT dial on the analyzer to the AF
position. Using the FREQ RANGE and the COARSE frequency dial, set the analyzer
to the modulation frequency (300 c¢ps in this case), Set the FUNCTION switch
to the SET LEVEL position. Using the INPUT SENSITIVITY knob, adjust the
signal level to give a 100 percent reading on the meter. Switch the FUNCTION
gwiteh to the DISTORTION position. Using the FINE frequeney control and

the BALANCE knob alternately, adjust until the meter indication is nulled,

The meter reading is the distortion of the modulation envelope. The METER
RANGE control will probably be on the 10 percent scale for this reading,
Remove the cable from the variable attenuator out of the FA-5270 driver

and connect the cable from the variable attenuator out of the 4 KW amplifier
to the distortion analyzer. Switch the FUNCTION switch back to the SET LEVEL
position. Do not disturb the INPUT SENSITIVITY control. Adjust the variable
attenustor in the 3 1/8 coax to obtain & 100 percent reading on the distortion
anulyzer meter, Switch back to the DISTORTION position on the FUNCTION

switch and proceed to measure distortion as before, The difference in the

two distortion measurements is that contributed by the 4 KW amplifier,

Repeat these tests at modulating frequencies of 400, 700, 1000, 1300, 1600,
1900, 2200, 2500, 2900, and 3000 cps. At one of these modulating frequencies
(1000 cps), record input and output carrier shift as the modulation 1s added

and removed,
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5.5 Load VSWR = The following procedures are to be used in performing
tests given in paragraph 2.8 of this specification,

5.5.1 Basic Test Setup = Use the same test setup as given in section 5.4
with the following exception. Shut down the amplifier. Remove the dummy
lcad from the output coax connector of the 4 KW linear amplifier and
connect & 3 1/8 to N type reducer. Connect a teflon type coaxial cable
(RG-89, cVC 6020 or equivalent) to the reducer. Conneect an N type Tee to
the other end of this cable, Out of the Tee connect the two wattmeters.

This gives a 25 ohm load on the amplifier which, in turn, gives a 2/1 VSWR.

5.5.1.1 Detailed Test Procedures - With this load on the amplifier, test
the distortion contribution of the amplifier and carrier shift using 300 cps
audio modulation. Test procedure will be the same as given in paragraph fah.
Adust the output balun for minimum carrieér shift and distortion., Both must
be within spec. requirements beforée proceeding., Record input and output
carrier power for five different cable lengths betweén the N type Tee and
the Coax reducer, the cable lengths differing consecutively by approximately

0.1 wavelength,

5.6  Spurious and Harmonic Radiation - The following procedures are to
be used in performing tests to insure compliance with paragraph 2,11 of

this specification.

5.6.1 Basic Test Setup - The test setup for monitoring spurious and harmonic

from that previously given are as follows:
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Equipment Quantity

Noise end Field Intensity Meter 1
(Empire Devices NF=105)

VHF Low Pass Filter (Temco L01<70009=1) 1

5.6.1.1 Detailed Test Procedureés = On the Noise and Field Intensity Meter (NFI
meter), set the attenuator to the 80 db position. Use the 20 to 200 meps head
on the NFI meter, Tune the head to the carrier frequency., AdJjust the variable
attenuator from the 4 KW amplifier to provide a full scale reading on the NFI
meter. Tune the head across the 20 to 200 meps range and monitor and record
the relative level in db of any possible spurious radiation. Disconnect the

I KW amplifier from the NFI meter and conne¢t the signal generator. Set the
frequency to 200 mcps. Set the signhal generator level to provide a certain
level on the NFI meter. Leave the generator at this frequency and power

level, Switcéh the head on the NFI meter with the 200-k00 mcps head. Tune

this head to the generator frequency and nmote and record any difference in

db in signal level from that previously obtained with the lower frequency

head. This difference will then be edded or subtracted, as required, to

readings obtained over the 200 to 400 mcps frequency range.
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Enclosure (1)

Test Equipment
4 KW VHF Linear Amplifier

DESCRIPTION

VHF Signal Generator (Hewlett Packard 608D)
Transfer Oscillator (Hewlett Packard 54OB)
Audio Oscillator (Hewlett Packard 200CD)
Distortion Analyzer (Hewlett Packard 330B)
VBWR and DB Meter (Hewlett Packard 415B)
Oscilloscope (Hewlett Packard 130A)

Noise and Field Intensity Meter (Empire Devices
Products Corporation, NF=105)

Dummy Load, 0-6000 Watts
Adjustable Attenuator (General Radio Type B7U«GA)

Adjustable Attenuator (General Radio 874=A, Modified
end Installed in 3 1/8 inch Coex

Crystal Holder (PRD 613D)
Crystal (1N21B)

Coax Reducer (Andrews #2262)

NO. REQ.

I R I
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LEW LIOZAR ANPLIFIER

Test Engineer_ C. A, McMullen

par___ A+ R, Cleveland

Project B

Piate Tune
Grid Tune

S S e e Sttt o T -

1.0 Test Data

_1)92 ’I@;@: = ,_,;f;,)’l——-_,g,:g;.b. S~ ..m. M ’“. " l,’p.: .I,/e; 'igc,hfe‘v-g nigi

SRt LSRR S soinpesasnsainy )

PIPINVRE TN W



52

| 1300 |72 .

] 7 1.30] 140

$ Modulation
1.7 Pover Out Btability
Input Voltage Input Pover

208 volts

;.8 Audio Distartion

205
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1.9 Spuirious and Baymonie Radistioco

Bpurtous Sigmal Level Below
k000 Latt Chirier

B Y “Imeges

2.0 Output Load Variaticn vith 2:) VBMR

Line Btretcber _ Output Balmm , n“ﬁ muitter Output

0.0 T it ,;;;:;:‘ ——— 4“

0.1

0.2 5 380 | wmeo |
0.3 —l2 3020 1 _3%0 1
0.4 6 4000
0.5

2.1
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LXV LOSAR APLIFIER

Co As MCMullen Date_ 5-31-62

Project |

Acceptance Test Specification

i - . o i . e ]

Grid Pune

S s g ~ e ]

- Output balun short up 6.0" Neutr. Short up 7/8"

Detail Test Procedure is fowd 4o _____

A e e B i R S S o e ]

1.0 Test Data

L!L mi‘r hqm-—“s ..llA.'lo,‘_ e o e o

Prequeocy 119.10 Output Power __ 1000

B T .

o ot



55

1 ¥+ XL | K2 | Boreen_

) oo t.r0 78 4 gm0 { ey 166 |

$ Moaulation 1000
90% Modulatico __booo
Ingut Yaltage Ingut Pover Output Pover Varsaticn
208 volts 100

1.8 Audio Distartion

T ; | { 1
= Yol Yo) o) ) ) S | + B |
k | | i i K N K 4. g
T+ F ¥ ! & ey
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1.9

2.1

Output Load Variation vith 2:1 VSR

0.0

0.1
0.2
0.3
0.5
0.5

Output Bala
Shors Position

Bpuwricus 8ign) Level Below

- kOO0 Watt Carrier

ke )

-614 .3 } Rcvr. o

B0ad

56

Altitude . : S R
Bmidity - oo
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: Frequensy 120.93332
LKW LYIKEAR AMPLIFIER T

Tost Eng

¢ Cs A McMullen

Date___ 5-31=62
Project Engineer__ A. R. Clevelsnd Date_ 5-31<62

Acceptance Test Bpecification

Retarks (Discuss Equipment Failures, etc., bere) I
Plate Twne _ ) . — -

arid Tune ,
_ Output balun short 6"

Neutr. Shart 7/8"wp

Acceptance Test Specification

1.0
1.1
1.2 -

1.3




1.5 Amplifier Bfficiency

1 B

e

id|

—Screen |

.58

-—vc » Tﬂ:, 'T'.‘ i&l‘

1.39]

1 o0 s

1.55 |

1.6 Carrier level Shift

%

Modulation

908 Modulation
1.7 Pover Out Btability
Input Voltage

208 volts
1.8 Audioc Distortion

Input Power
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1.9 Spuricus and Earmonic Rediation
' Spuricus Bignal Level Below
k00O Watt Carrier
=627

EN

S N —
i —— -~ =

2.0 OGutput Load Variation with 2:) VIR

0.0
0.1
0.2
0.3
0.h

0.5

_Output Balum
ghort Position

-1 -

2.1
m——— pon
_ - —— -l me——— o _




Resarks (Discuss Equipment Fallures, etc., bere) ———

Plate Tune _ 7000 e e

Orid Tune 0559

e e A S’ o RS S AR AP

balun ’S:héitg ,7/8-:"""’ i R s - MR

Detail Test Procedure 48 fomd & ______ . of

1.0 Test Data
PRoBo.______ ) Line Voltags 208
2.1 Currier Prequency_ 1230

Frequency___ 123.0 Input Powver, 2100

o R e S i e

Wpesvem 1ol s 1

Frequency 1230 Output Pover 4000
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1.5 Amplifier Efficiency
1 B J®T T K5 | Boreen | iiel [ Tiia ] G1] G5 .

908 Modulation 30
1.7 Pover Out Btability

Input Valtage Input Power Output Power Variation
182 volts. “'“;0”9* s ‘

208 volts L 100
&s mt. ’;‘I”*;ﬁ.’@f i

1.8 Audio Distartion
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1.9 Spurious and Barmonic¢ Radiation

‘Frequency Bpurious 8igaal Level Below

1 sy som
. s )

2.0 Output Load Vartation vith 2:1 VS

Wave Length Bhort Position




PERPQCEIANCE TEST REPGRT

Test Englneer  C. Ao McMullen

Date_

63

Acceptance Test Specification_ _—
Resarks (Discuss Bquipment Failures, etc., bere) — —
Plate Tune _ 123k — R
Orid fune 0561 — — .
__ Output balun short up 5 7/8" ) o

Reutr, Shert up 7/8" ) _
Detail Test Procedure is found 10 _ e o N - of
Acceptance Test Specification e e .

1.0 Test, Data

1.1

1.2 Isalation ___ >30db

1.3 Carrier Pover Input

Frequency _ 125.0 Input Pover _ ___ °

e A

it

. 'm‘, m Pos.

s

1.b -Caxrier Pover Output
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1.5 Amplifier Bfficiency

s

ool a9 | e | os6 | 160 | o

0 | 1.2] 1.53*- s 1238 | wo ) oo )

$ Modulatica
182 volts
208 volts

225 volts
1.8 Audio Distortion

e



ek

1.9

2.0

»
*
 d

Output Load Variation with 2:1 VSR

Line Stretcher ~ Output Balun
Wave Length Short Position

65

Bpurious Signal Level Below
4000 Vatt Carrier

-80 db -

Mttede
Bumidity, i — .




Toot Bugineer __ C. A, MiMullen Date_______ 5-30-62

Project Bagineer__ __ As R. Cleveland Date___ _5-30-62
Acceptance Test Specification -
Resmrks (Discuss Bquipment Pailures, etc., bere) L — _
Flate Tune __ 726.6 . e ——
Gridftwme % 0 — o
Output balun short 6 1/8" o )
M. S w 8

Acceptance Test Specificetion

e NgRioRmmim e

1.0 Test Data

1.1

1.2

1.3 Carrier Pover laput

Prequency_  126.0 _ Ingut Pover, 100
Input VBMR 1.01 1 —

i.h Carrier Pover Qutput
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1% Apliftier Rfficiency

e poo | onl as | s | 29 | 160
Srris 170 Jusolako | e Loy | wo
o] , , 1108 1

LTI L2 W T

0
7200 faus{ase | s fawoi | wo | o |

$ Modulation
90% Modulaticn
1.7 Pover Out Stadility

208 volte
1.8 Audio Distartion




1.9 Spurious and Barmonic Radiation

Prequency Spurious 8ignal Level Below
Yatt Carrier

k557 ¢
R

6200 Ty
25¢  Becond Harm. _-Bod ]

A
Third Harm. =85 ab

L _ _ _ A ___
S ———— it it i

S ——————— o s SO A

2.0 Qutput Load Variation vith 2:1 VSR

Line Stretcher ~ Output Balum Tranguitter Output

‘Wave Length Shors Position Yamod.. Md. | Pever Inpus

0.0 o.!

0. 0.2

u N . - o it g it it ——

b o 332 0 3650 L hoo ] 100

0.5

2.1
Altitude R ——

Roams; * These frequencies not: actually pr

3= 3 el 1€ o weeT e Idl

esent, bat are due to receliver

TR LI T I P il
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PERPAICIANCE TEST REPGE

Tost Englneer__ C. A. McMullen Date_ 523062 _

o A. R. Cleveland

Acceptance Test Specification

mn (m”u. xq\lifﬂﬁt mim.’ m" heré)m”“‘““*”‘*“'" i ]
?"nt. m o ~»$~_7h18 iy
Grid Twme 0615

___Output balun short 5 7/8" o o N

1,0 Test Dita

1.1

Prequency___ 128.0 Output Pover hooo
Gutprt VBMR ____ 1.28 : et e




1.5 Amputier Bfficiency

EL T

70

N j‘r*ﬁB;'
: 7hso‘“"

69)

78] 1845

7200

| 130

1o | 1845

7160

155 | 185

1.6 Carrier Level Shift

i Bodulation

1.7 Pover Ot Btability

Input Voltage
182 volts
208 volts

Input Pover

1.8 Audio Distartion

Y



1.9

_ Output Palmn

Wave Length Bhort Position

.0 o.!

01 az /L -

G

Epuricus Biceal Level Below
LESO Latt Carrier

__=bk - RCVR

<7045 |

- =867

,':,_',3: §/!! it

0.2 0.3

s

"

OJ& 0.5 s 3 1/2




T2
REDUCED POWER OPERATICN

PERPQCILCE TET REPGRT
LKW LIISAR AMPLIPIER

Project Engineer_ A. R. Cleveland Date__ 6-6-62

Acceptance Test Specification  CVA 40501063 - —

Resarks (Discuss Equipment Failures, etc., bere)__ (Zow /o

_ i it i

Grdd Tune  Output balun up!6 inches

i Vs — - - - o
o . L _ ___ _ L

- " R

Detail Test Procedure is found in ____

Acceptance Test fpecificatisn_

e e et ittt T e e

1.2 Isolation _____>30d __ __ Neutr. Shert Pos,

Input Pover_ 60

P



Y

1.5 Agplifier Efficiezsy

N Y f‘ -~
Ml P S nd '"‘f‘ 3

-

W87 | 1870

Garrier

;Q;i i 1. 38 7 1860 B

| l 1&6 -1870

1.6 ‘Carrier leval Shift

$ Ecaulation
903 todulation

b Y A Pover Out Stability

Input Yaltage
182 volts
208 volts
225 volts
1.8 Audio Distartion

Input Pover

_Jine Stretchor Wave Length

FA-52lO 12U I R




1.9

Spuricus and Barmcnic Radiatios

256

OQutput Load Varsation vith 2:1 VBR

Line Btreteher

Wave Length

0.0
0.1
0.2
0.3

Output m—
o't Postsion

M=

™

Spuricus Bi.ml um. ch.w

0. ) _
o"s np— —
{
2.1
BT - o - e = ———




Test Englneer_ __ _ C, A, McMullen

Acceptance Test Specification s ———————
Remarks (Discuss Bquipment Failures, etc., bere)

Plste Tune
Grid Tube

ine l,‘f‘""’,’f A":——.iiTR%.ff Ci’ej’:’e;——:mi" e

LEN LIOAR AXPLIFTER

15

ut balun short 5 1/2"

1.0

1.1

1.2
1.3

1.h

o

s as



1%

Wt Sl
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1.9 - 8purious and Barmonic ic Readiation

Bpm'ieus Birmal Level Below
m Latt Carrier

109 . s 1 ROVR _
22 -633

2.0 Output Load Variation vith éai m

0.0

0.l

0.2

0.3

0.h

0.5

2.1 Envirooneot

Altitude S — e
Bmidity — — - - S
ERRRES: s — — - -




Test Engineer

Project Engineer_ A. R, Cleveland
Acceptance Test Specification

Grid Tune

78

“mm. M m“j‘é.tm i.—"‘,f s

e A e —

o R N T et

1.0

&_1‘ ..o,. L l, L

..
1.2

1.3

1.4

e e

Imti@' i -,,‘5 @; i

n
|
{

Frequency 132.0
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$ Eodulation
90% Eadulation

1.7 Pover Oust Btability

208 volts

Input Pover

e ’lm Sl




Bpuricus Bignal Level Belov
K000 Watt Carrier

2.0 OQutput Load Variation vith 2:) VSRt

0.l

0.h

- - - —
o e SE —— - ———
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FERPCCIANCE 250 REPCT
LI LESAR ATLITER

Project Engineer _ A. R. Cleveland ______ Date__

Plate®une __ 780 e

Grid Tune __ 06Ul

__ Output balun short 4,5"; Neutr shart 1.0"; Plate cap.spacing 075" -

Acceptance Test Specification_  _ CVA<405-01063

1.0 Test Data

1.1

1.2

1.3
Input Pover_ 100




Amplifier Efficiency

i,
..

! ,71 S

| ms0

1.28) )

7050_

139 1.

ii?o

$ Bodulaticn

908 Kodulatie
 Pover Ot Btability

182 volts

208 volts

1.8

Audio Distortion
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1.9 Spurious and Harmonic Radiation

Eouricus Sismal |
4000 Tatt Gnrrier N, AL

562 /"{ ,‘"”“T,i’—iiw'—'

=63 PCVR.

o ]

2.0 Output Load Variation vith 2«i Ve

ihvn Len;th Short Poutinn Ur=ode | 2ds Pover Imput

0.0 et . hooo  f 3600 | 100
0.1 50 booo 1
0.2 - »7;:6 0" , “000

0.3 h l/h‘" i 3300/ ,L“j',ff,;: f 3650 savacaa ", - lm ——

O.h

0.5

2.1

Mtitede_____ — —~




Project Engineer__ A, R, Cleveland Date_ 5-26-62 __ __

Acceptance Test Specification  CVA 405-01063 _

Remarks (Discuss Equipment Pallures, etc., bere)

Orid Tune  Output balun short up 4 1/2 inches

o o " - o S e e i

o

De 11 Test Procedure s fowmd in ___

g i — - o
N

1.1’ Miu Mm,,‘—m,*,,< R e

1.2 Isolation 37.8ab ___  Neuwtr. Short Pos. _

m m %'_wa - :, - R R ———

PR SN PVENIIUPRIIOPT S

— __AA. e

bt T

(R

.
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1.5 heplitier Bficiency
1 B TET s [ gmees il 15 reTTER T
oo o}l 84} 1850 f - 28 159 o | o |-

7200 ]1.34 1‘#&7 1650 | 200 | Vll#OA_‘l»»—%Q,,.;“ B e

o fome e d e oo lose

1,5/; Pover Out ;f mﬁ




> “
W
:

1.9 Spurious and Earmonic Radiatica

LOOO Vatt Carrier &

=75 _

Not measurable

S - - e d

2.0 Output Load Variaticn vith 2:1 VE\R

Line Btretcher ~ Output Palun
Wave Length Bhort Position

0.0

e Y L SN - Wi

86

Courdeus £i-na) Level Lalow
C db.

0.1 6

. - i B e e S T o e

0.2 51/% kooo | 3600

0.h - k12 3800 | 3600
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Tost Engineer ___ C. A. MeMullen Date____ T1-5-62
Y A; R, Cleveland o —m“«AA )

Plate Tuse
Grid Tuoe

e i s e

Detail Pest Procedure is fownd tn ____ o

Acceptance Test Specification CVA 405-01063

|

1.1 Carrier Frequency  118.05

'1.2 I’mim g _,'30@ A —— .‘m. M ,“. N ’Vhl/,f:" S

1.h Currier Pover Output
Proquency 118,05 Output Pover 100
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1.5 Amplifier Efficiency

1 B TRY T %5 T Foreen J 0oL | Tovs ] 01 ] &3 T~ 1
] 7350 § 6] 65| 185 | 10 | 1260

Eﬁ’-{é}c~ - T == ‘ S A Sy
MR | qos0 Ja.2| 18| ams | 100 | 130
POREREIR 1 000 faa] 150 | 1815 | 160 | 139

1.6 Carrier level Shift

1.7 Pover Out Btability

Input Voltage Input Pover Output Power Variation
182 volts
208 volts

1.8 Audio Distortion




1.9 'monice kadiatics

.5 - -48,5 1B _ y
% =h6 DB
01 =78 _DB___

236 .Znd Harmonic. =80.5

354 3rd Harmonic 3

Is

8

5k =88 m

2.0 Output Load Variatiem.vith 2:1 VBGR ,
Wave Length fhort Position Unaod. tods |  Power Imput

0.0

\
i

0.1

0.2

0.3
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PERFCIAICE TR RPN

LKW LIIZAR ATLIVIER

Test Engineer C. A. McMullen o Date_____T7-5-62

Project Bngineer__ A. R. Cleveland Date__ 7562

Acceptance Test Specification_  CVA=U05-01063 _ e

e S —— _

e

Acceptance Test Specification  CVA=405-0106

1.4 -Carrier Pover Qutput
H 1




Amplifier Bfficiency

91

$ Modulation

Pover Out Btability

208 volts
Audio Distartion

Input Pover Output Pover Varfatica

-————"]'-QQ i

Lo Z:jtgo

00
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1.9 Spurious and Harmonié Radiatioca

Frequency Spurious B8ignal Level Below
5000 #itt Carrier

2.0

2.0 Output Load Varjation vith 2:1 VSR

o.o i

0.1

0.2 s N e i B e o e

0.4

0.5

Asbiest Texperature - e I

Bmtdtty —
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PERPCECALCE T2ST REPGT

LXe LITAR ALPLIFIER

Pest Engilneer  C+ A. McMullen

Project Eugineer_A: R Clovelont Date

Acceptance Test Specification  CVA=L05-01063

Resarks (Discuss Bquipment Failures, etc., bere) _Unit Number 2
Plate Twne e _ — s

Grid Tune

e - g e o oy i

. Output balun 1/2" fwd. short up 6" from myclex

A it et i e S O

Detail Test Procedure is fowd in __

Acceptance Test Specification__  CVA<hO5

1.0 Test Data

1.2 I.mtim@‘ o ‘39 - @ O ———" 'Qm, M —P“. it ,,,,,;’1,'/,2,',.»,,;‘,,, D

Imput VR 101 s 1

1.h -Carrier Pover Qutput




15

Amplifier Bfficiency

| B T®I [ ®? 1 Ceorcen 1=l [0 -3

9l

| ) o6

1570

208 volts
225 volts

1.8

Carrier Level Ghift

$ tdulation
Pover Out Btability

Auvdic Distortion

Input Power
10

!

By lecles ;

{ |

i
|

i I
i i 4 K It o N
| R B R | |
N 1 1. i N
Johofoct I \O
:rz" | | DAY (A of
Lot Lot | ek Ay
i ) | ]
111




1.9

2.0

Spurious and Harmonic Radiation

9

242 .2nd Barmonie

363 3rd Harmonic

Output Load Variaticn vith 2:1 VE@

Bhort Position

t’" "7“7‘ E‘mf<|; —lﬂ N
Yave Leogth

0.0

0.1

95

Spuricus Bignal Level Below
k00O att Carrier

- - hls';swdb REC.

'<70.0 TB REC.

0.2 e i ISV - - -
0.3 — i -
0.4 S -
0.5 - — T
2.1 Eanviromment
Asbient Temperature - B S
Altitude — . e —
Bmidity - , - —
EEARKS: = _ e —e e i




PERPCCIUICE TS RpCT
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Preguesey,123.0

LI LETAR APLIPER

Tost Engineer_ _ C. A McMullen

Acceptance Test Specification

Remarks (Discuss Bquipment Failures, otc., bere)

Grid Tune

Qutput balun 1/4" fwd. short 6" up from myclex e

e —
e S iiind s miiossiindi - — — - . Mg

1.0

e e un. 'Olw

28

1.1 Carrier Frequency, 1230
1.2 Isalaticn _30d  Houtr. Short Pos, ___ /2"

1.3

: 1 L
1.h Carrier Pover Output
3.0 Output Pover MO0
1.05 : 1




Amplifier Dfficieacy

1

- T JoT T Ea T SEPES W OBECIN M V=S S AT M

700
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Acceptance Test Specification__  CVA=L05-01063

Remarks (Discuss Bquipment FPailures, etc., bere) _ _ Unit Number 2
Plate Tune _
arid Tune

AA———

Output balun }/4" fwd, Shart 5 3/4" up from myelex

e A

Detail Test Procedure is found in ____

e e = P

1.0 Test Data

e e i

1.2 Isolation_____30db  Wewtr. Shart Pos. __ M2

Prequency__ 125.0 Input Pover____98_

Input VR __ 1,02 s 1

1.b Carrier Pover Qutput
Prequency _125.0 Output Pover __ 1000
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 C, A, Mgtéiqllen Date 7-2-62,

Project Engineer___ A. R Cleveland Date_____7-3<62

Acceptance Test Specification___  CVA=405-01063

Rovarks (Discuss Equipment Pailures, etc., bere) _  Unit Nawber 2_

Plate Tune
Grid Tune

—

Output balun 1/4" fwd short up 5 1/2" from Myclex

Acceptance Test Bpecification CVA-405-01063

1.0 Test Data

126.0

1.1 Carrier Frequency

St

1.2 Isalstion 300  MNeutr. Short Pos. V2"

1.3 Carrier Pover Input
ncy. . 126.0 , Input Pover 100

Imput YeLR 1.0l ' 1

1.h Carrier Pover Qutput

Prequescy__ 160 Output Pover ___ "0
OQutput VMR ___ 1.01 S 1
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1.9 Spuricus and Barmonic Radiation
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s Aes Re Cleveland Date  T7=3-62

Acceptance Pest Specification_  CVA=MO5-01063
Rewarks (Discuss Bquipment Pailures, etc., bere) _  init Mygher 2 . . -
Plate Tune e R . .
Orid o0 —

_Output balun 1/W" fwd 5 3/8shortwp )

Detail Test Procedure is found in ____ — i of

ke@mi ““ éwiric‘tia' o "cv'Aiugsf'o‘;g'é; e e A A i s ]

1.0 Test Data
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PERFCCSIALCE TS REPCEY

WY LIAR AZLIFICR

Project Bngineer__A. R. Cleveland

Acceptance Test Bpecification_  CVA=405-01063

=

Reparks (Discuss Bquipment Pailures, etc., bere) Unit Number 2
Plate Tune _

Grid Tune

i et

___Readjusted output and input balun 1/4" fowd, Short 53/8"wp

Detail Test Procedure is fowd an ____ of

_ . i e s

Acceptance Test Bpecification  COVA-h05-01063 ==~

- — e b — RN iR e -

1.2 __ Neutr, Short Pos. _____1/2"

1.3

. 1
l.b
Output Poucr “000 —

[P PR TR RIS RNIOr- ;- S
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1.5 . Amplirier Bfficiency
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PERFURAICE TEST REPORT

W LIMRAR ANPLIFIER

Test Engineer_ C. Ac McMullen Date____ ,
Project Bngineer__ A. R. Cleveland _ Date_ T=3=62

Acceptance Test Specification CVA-h05-01063 e

Remirks (Discuss Bguipment Pailures, etc., bere) U"it N“"’ber 2 e
Plate Tune _

Grid Tune e _ e e s _
_ Output balun ex, back posit:lon. « Shart 5 1/h" frembottom )

Detafl fest Procedure ¢ fomd in _________ o

Acceptance Test Specificatiom_ cVl\-‘*°‘5-°1°63

1.0

.1

1.2

1.3

b e

i e e e o
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Amplifier Efficiency
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Spuricus Signal Level Below
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Remarks (Discuss Bquipment Failures, etc., bere Lj,f\:,;;. Number 2
Plate Tune
arid Tube

S . e P I PP P

. Output balun max.

m h“ mm ‘. tm 'm e e R SRR &
Acceptance Test Specificatiom _  CVA-h05-01063

1.0 Test Data
RoBo._ 3 Line Voltage__ 208
1.2 Isalatin_____ >30ddb _  Neutr. Bhort Pos, ___1/2"
Prequency 14,3 Ioput Pover 100
pey____ 1343

output VB __ 1.5 o r




1.5 Amplifier Bfficiency

Y Bereen | 83 ] bine | G168 T
1855 | w0 f 0 | o | o

Carrier 700 122|129 | 185 | 205 | 18 | o] o]

odulation 1 7050 fasfama | aes | o faw | o | o

1.6 Carrier Level Bhift

1.7 Pover Qut Btability
Input Voltage Input Pover output Power Variation
182 valts 0 :

w 701“ wisaniiie ‘ o




1.9

2.0

2.1

Spurious and Harwonie Radiatios

) 2 7»2 29d Harmonic

3rd Harmonic

Output Load Varsation vith 2‘1 sk

Output Balmm
Rors Positiea

Line Btretcher
Wave Length

0.0

0.1 L

116

Bpurious 8ignal Level Below
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Project Bugineer __A. R. Cleveland

Acceptance Test Bpec ification__ __ CVA-405-01C 53

Remarks (Discuss Equipment Pailures, etc., bere) Transistors installed
Geta e 052300
kit My Back

_in sereen supply

_ Short b 1/4" uf

S _

e e i i e i i e i S

1.0 Test Data
m b. At — '.?ﬂﬂ, D"

1.1 Mic ’mm,_‘,;;,lss.o e e e O A AR
1.2 Isalation ___ >30d Newtr. Shart Pos, __1/2"

Prequency 136.0

]
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FIGURE 4 - FOUR KW AMPLIFIER, FRONT VIEW
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FIGURE 7 - PLATE TANK CIRCUIT, RF UNIT
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FIGURE 8 - GRID TANK CIRCUIT, RF UNIT
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FIGURE 13 - BIAS VOLTAGE SUPPLY



