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SECTION I

REPORT ON THE

' SYSTEMS TEST OF THE MODEL OXBR (SN) RADAR

1-1
1-1-1

1-1-2

1-1-3

INTRODUGTION

During the period 16 November 1942 to
26 December 1942 the CXBR (SN) radar equipment
was glven a systems test at Chesapeake Bay
Annex of the Naval Research Laboratory as des-
cribed below. For convenience, the results of
the test are divided as follows.
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DESCRIPTION OF EQUIPMENT

The model CXBR (SN) radar equipment is
a light-weight, semi-portable, low power 8 band
radar for use on landing barges, .beach instal-
lations, and as a standby radar for use in emer-
gencies.on large naval vessele.

The entire equipment shown in Plate I,
weighs less than 300 pounds and may be carried by
three or four men. It consists of the antenna
and its assembly (including the reflector), legs
and frame for mounting, and one box cortaining
the transmitter, receiver, indicator, and associ-
ated circuits. The trarsmitureoeive box is
mounted on the frame directly below the antenna,
which is coupled to i1t by a flexible cable, The
power supply for the system may be either 115
volts, 60 cycles, or 32 volts, 60 cycles. The
power required is about 230w.atts. During the
teats desoribed below the power was takern from
the 115 volt, 60 cycles linre of the Naval He-~
search Laboratory's Chesapeake Bay Station.

The transmitter is a QL 464 grounded
grid triode, keyed through a pulse transformer by
ons half of a type 829 tube. The transmitter may
be seen in Plate II, which shows a bottom view of
the transmit—receive box. The repetition rate
is 1000 pulses per second, and is determined by
& sine wave generator in the transmit-receive
box. The pulse length is approximately 1.6
microseconds.

- The recelver is an autodyne using 2
Gl 446 grounded grid triode as the local oscil-
lator-converter. It may be seen in Plate II,
next to the transmitter. Following this are .
four stages of intermediate frequency amplifi-
cation, the second -detector, and video ampli-
fiers. The intermediate frequency is 15 mc.
The receiver doecs not use a duplexer tube, but
ie protected from the tranamitted pulse by a
gimple bridge circuit using rescorant lines.
This seems to be satisfactory for the low power
anrd type of receiver used. ,
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The indicator is a five inch cathode
ray tube using class'‘A"presentation, It is
shown in Plate III. There are two ranges avail-
able of five and twenty five miles, respectively.
Range 18 read from a scale mounted in front of
the cathode ray tube screen. Bearing ie read
from a dial coupled mechanically to the antenna.

The antenna consists of a section of
a parabola 48 by 24% inches, fed by a vertical
half-wave radiator shown in Plates IV and %
which is coupled to the transmitter through 3
short length of flexible cable. The verticil :
radiator remains fixed when the antenna is rotated,
and the reflector is rotated around it by means
of a hand crank.,

INSTALLATION

. The equipment was installed at the
Naval Research Laboratory!s Chesapeake Bay
Station according to the instruction book. The
instructions are adequats.

TUNE-~UP

The equipment was tuned up according
to the instructions on the transmitter cover. -
They are clear, and adsquate for normal operation.

DESCRIPTION OF TESTS

The following tests were performed on .
the CXBR: _

System sensitivity

Maximum range

Minimum range

Range accuracy and discrimination

Range drift during warmup.

Bearing accuracy and discrimination
Effect of a * 10% change in line voltage

SYSTEM SENSITIVITY

The equipment is not designed for high
gsengitivity, but rather for simplicity and com-
pactness. Three methods of measuring the sensi-

tivity of the equipmsnt were used, The first
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consisted of measuring the signal to noise
ratic of the equipment on a number of fixed
ehoes around Chesapeake Bay, and comparing

this 1ist with a similar one obtained on the
271 equipment, another 8 band search equip-
ment., The second methods consisted of meas-
uring the limiting range obtained orn a 44!
wooden motor boat, and comparing this range
with that obtaire& by the 271 on the same
target under the same conditlions. The third
method consisted of measuring the transmitter
power and pulse length, the receiver sensitivity
and fidelity, and the antenra pattern and gain.
These measurrments oh components were made in
the laboratory, and a figure for overall system
sensitivity was computed from them and compared

with the results obtained by the first two
nethods.,

1-6-2 The 1ist of sigral to noise ratios

§ ocbtained by the first method mentioned above
is given in Table I. As would be expected,
the CXBR was greatly inferior to the 271,

1-6-3 - The 44' wooden boat was followed
reliably by the CXBR out to about 5,500 yards.
The 271 followed the same target out to 10, 500

yards,
1-6-4 ' The following data were obtained on
the system components:
Transmitter Power output—-—--—-—- 200 to
500 watts
Pulse lerath ——————————————— 1.5 micro-
second
Raoeiver gensitivity-———===- =27 db.
I.F. Band Pagg-—-m—m——e——m— ~-down 3 db.
at 1.75 me.
Antenna gain-—————-e——- 21.5 db over a
: dipole.
1-6-5 The data of paragraphs 1-5-3 and

1-5-4 can be correlated as follows. The overall

gsensltivity of one system compared to another
can be given by the eqguation: .

S={¥N [T) r=6-26<R+R,
W, )gﬂ, T,

e

S— DECLASSIFIED



1-6-6

-5—

where W1 = ratio of output powers, expressed
T = ratlo of pulse lengths, expressed
TE— ir 4b.
& = anterra giin of first radar,

expressed in db. over a dipole)

Go = antenna gain of second radar
expressed in db. over a dipole)

Ry = receiver sensitivity of first
radar in 4b.

&
1

. receiver sensitivity of second
radar in d4db.

If we take as standard a fictitious radar having

& power output of 30 kilowatts, a pulse length of

1 microsecond, a receiver sensitivity of 20 db.,
and an anftenna gair of 20 db over a dipole, then

we can classify any radar under tests with respect
to this stardard radar. On this scale, the 271 has
ard overall sensitivity of 2.8 db., and the CXER
has an overall sensitivity of -20 db. For purposes
of comparison, it might be mentioned that the SF has
a sensltivity figure of approximately 9.4 db., anrd
the modified 8G 2 figure of 12.5 ib.

For surface targets within the optical hori-
zon, the systém sernsitivity can be related to the
limiting rarge by the equation

8 lie gy _ g5
7 i

2

where r = ratioc of limiting ranges on the
i) same target, expressed ag a
power ratioc irn d4b.
81 = System sensitivity of first
' equipment
So = Bystem sensitivity of second
equipment
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This equation is derived in Naval Research Lab-
oratory report R-2093 on BuShips Problem X-71-8.

Inserting in this equation the figures
given in paragraph 1-6-3 and 1-6-5 gives '

i = 2.8 +20
8 (rE) ab.

or fg) db. = 2.85 db.
T2/
r1 o

[eee——

rg

The actual ratio of the ranges was

10,500 _
—-5-:-5-6-6 = 1.90

in good agreement with the calculated value of
lc 925| ’

MAXIMUM RANGE

" The maximum range on land targets was 20
miles, obtalned on the Arnapolis Radio Towers.

- The maximum range on surface target® was
obtained on freighters traveling up and down Chesa-
peake Bay, These could be followed for about 12
miles.

The maximum range on a 44 foot wooden motor
boat was 7,000 yards, on one occasion. In general,
this target could be followed reliably to only
5,600 yards.

MINIMUE RANGE

The mirnimum range observed was about 200
yards.

RANGE ACCURACY AND DISCRIMINATION

The range accuracy was measured by comparing
the radar range with the range on the same target
obtained by optiocal means.

[

Yy
¥ B
A

ang
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1-12
1-12-1

q-?-a

The range accuracy is * 100 yards on the
5 mile scale and * 500 yards on the 25 mile: scale.
This 1s as good as can be expected from the ranging
method used. Considering the purpose for which the
set 1s designed, 1t is considered satisfactory.

The range reset accuracy is of the same
crder as the range accuracy, namely % 100 yards
on the 5 mile scale ard £ 500 yards on the 25
mile scale,

The range discrimination is also determined
by the method of ranging used, -and 'is about #¥ 100
yards on the 5 mile scale, and ¥ 500 yards on the
25 mile scale. ' '

RANGE DRIFT DURING WARM-UP

After a half-minute warm-up period, the set
was turned to "operate." About 20 seconds were
required for the noisé, signal, and position of the
sweep to come to normal.

- The long range sweep appearsed to stabilize
immediately within the 1limits of observational error
but the short range sweep required about half an
hour to stabilize. Durirg this time the range of
a target changed about 200 yards.

Tuning the local oscillator charges the
apparent range of a target at 1.75 miles by about
200 yards. he sweep dces not appear to move, but
the signal moves along the sweep. This same effect
wasg observed on other targets on the five mile scale

BEARING ACCURACY AND DISCRIMINATION

The bearing accuricy is about & 1°. The
bearing reset accuracy is also about * 199,

The bearing discpimiration is #5° ., That
le two targets separated by this amount car be dis-
tirguished as separate targets.

EFFECT OF * 10% CHANGE IN LINE VOLTAGE

The signral to noise ratioc of a giver target
does not change appreciably when the line voltage
is varied from 190 to 127 volts. The ranrnge also

UECLASSIFIED
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1-13-1

1-14
1-14-1

1-14-2

1-14-3

1-15
1-15-1

~8~

does not chanrge appreciably when the voltage
is varied by this amounrt.

When the voltage is hanrged from 100 to

127 volts, the receiver tuning must be changed

to compernsate. The charges required are slight,
however. .

LIGHTHOUSE TUBE TESTS

4 series of tests on the effect of replacing
lighthouse tubes in the transmitter and receiver is
in progress. - The whole problem of Llighthouse tube
operation is being studied, and in the process a
great many tubes are being tested ir this ard in
other equipments. A separate report will be written
on this problem wher the work is complete,

DEFECTS AND REGOMIENDATIONS

Wher the transmit-receive urnit is removed
from its case and placed on a2 bench, it is eagy
to damage the coupling pins of the transmitter and
receiver, which project below the rest of the unit.
a shield was placed around these pins by a company
representative after the systems test was made. _
This change has not eliminated the trouble conpletely,
however, ard it is recommended that further attempts
be made to remedy this difficulty. '

It is recommended that the change of range
with local oscillator turirg, mentioned ir parsgraph
1-10-3 be corrected. :

It is easy to break the type 464 ard 446
tubes when trying to insert them in their cavities.
It is recommended that the design of the cavities be
changed, if possible, to correct this. :

CONCL.USIONS

Corsidering the purpose for which the CX3R
is designed, it is considered satisfactory, However,
it is felt that the overall sensltivity is lower than
need be. A change to a more sensitive receiver would
improve the overall sensitivity greatly, without
addinrg a great deal to the size ard welight.
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Report No, R=2064
SECTION II

ELECTRICAL AND MECHANICAL TESTS OF
THZ MODEL CXBR RADAR TRANSMITTING
EQUIPMENT, SERIAL NO. 1
2-1, During the period 12 December 1942, to 1 February
1943, the Model CXBR Transmitting Zquipment, Serial No,
1, was subjected to electrical and mechanical tests as

discussed below, For convenisnt reference the results
of thise tests are divided as follows:

CONTENTS PAGE PAR..
Introduction. s % o W % 1 2-1
Effect of Tamperature N 3 2-2
fffect of Haumidity. . . . . « . . . L . R=3
Effect of Vibration . . . . . . . 5 2=l
BEffect of Shaock . . < 6 =5
Effect of Line Voltage Veriation. . 7 , 2=6
Power Control and Protective Circuits 8 2-7
Plate Voltage Pulse Shape 6 & W W N -8 2-8
Vacuum Tubes . . . ¥ o W i W ow 8 2=9 -
Controls . . . PR ST O 9 2=10
Component Parts vl % v . 9 2=-11
General Physical Constxuction i W 9 2-12
Bireing . i b ¢ o w5 @« % & & & w 4 10 2-13
Corrosion . . . . 11 2-14
Nameplates and component Narkings " 11 2-15
Schematic Drawing Errors. ¢ & 5 2-16
Summary of Defects and Recommendations 12 2-18
Conpluslons . ¢ : « s w-% = =+ & 15 2-19

LIST OF TABLES
Title Number
Variation in Ambient Temperature, . . . 1
Effect of Low Temperature . . v o 2
Variation in Lelative Humidity x s 3
Effect of High Humidity . . . . . . . . Ly
Variation in Line Voltage TR 5
List of Vacuum Tube Potentials . . . . 6
Check of Transmitter Oscillator .

Tubes (GLub4) . . . . Zh B B 1
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LIST OF TASLES (CONT'D)

Title

A DECLASSIFIED

Number
Power Required From the Supply Line . , g
List of Fuse Currents . . . 9
List of Weights wnd Dimensions | i w0 10
LiSt Of C‘}n‘bl‘OlS . N ® - ® 1] . a & [ ll
List of Nameplates . . . 12
List of Meters . . . ; 13
Check of Capacitors used in ﬁquipment : 14
LIST OF PLATES
Title View No,
Variation in Ambient ;

Temperatiure, ., . 1l
Varidtion in nelative

Humidity . . . 2
Variaetion of Line Voltage -3
Plate Voliage Pulse Shape. b
Complete .ssembly. . . . . Front, external . . . 5 =
Complete Assembly with Left front oblique. )

Front Cover . ., . . . . external . o -6
Complete Assembly, ;

Dismantled. . . ... . . Front, external . 7
Transmittzr-Reeeiver . + «» - Front, external ., 8
Transmitter-Receiver . ., . Front, external

: (doors open) . 9
Transmit ter-Receiver with Left front oblique,

Front Cgver . . « & . external . . v i

Transmitter-Receiver . . . Left front oblique,
_ internal . . 11
Transmitter-Receiver . . . Right front obliqua,
internal , . 12
Transmitter-keceiver , . ., Left rear oblique. .
. -internal . . W
Transmitter-Receiver . . . night rear oblique,

_ internal . . . . L4
Transmitter-keceiver . . . Top, internal 15
Transmitter-Receiver ., . . Bottom, internal. 16
Transmit ter-Receiver Cass, kight front oblique,

: external (inverted) . 17
Antenna Reflector . . . . Front , external , . 18
Supporting Members for

Complete Assembly . . . External . . & G 19

Antenna Roteting Assembly. Front, external i G & 20
2



LIST OF PLATES (CONT'D)

Title View No.

Complete Assembly Packed

in Cages . . . . . . . . Front, interior . . . . . 21
Antenna Mouating Assembly

Case

(Reflector Removed) Front, interior .

Packing Casss (Zmpty) . . Front, interior . . . . . 23

The tests involved the following units of the Model CXBR
Equipment, erial 1.

Jnit Type N@gber

 Transmitter “ ' CB-X43 AAW
Antenna Assombly CG-X664BU

2=-2.

EFFEC'’S OF TEMPERATURE,

A test was performed in order to determine the
effec:s of temperature and temperature variations upon
the Model CXBR Equipment. The complete equipment was
insta’.led in a temperature test chamber, and was placed
in oporation. Eoulpment meters were observed st definite
interrals of time through the temperature test chamber
windows. The radiated power of the transmitter was _
receired by a reflector and antenna placed adjacent to

the Model CXBs Equipment antenma. The absorbed signal

2-2-1,

DECLASSIFIED

was conducted to the exterior of the room where it was
coupled to a wavemeter for measw ement of wave length.
The output of this wavemeter was "zero-beat" with a
General radio Beat-Frequency Oscillator, the beat condi-
tion veing observed on an RCA Service Oscillograph. By
this rneans the tiansmitter repetition rate was measured.
A measurement of relative power output was obtained by
connecting the cable from the receiving antenna and its
reflector to a bolometer bridge. '

Temperature Variation. The test was started at a temper-
ature of 50°C, During a period of five and one-fourth
hours, the temperature was lowered in four discrete

steps to 0°C, The relative humidity was held to a

value which experience has shown to have no appreciable
effect on the results. It was noted that when the trans-
mitter-receiver unit was withdrawn from its cover at

0°C that the rubber gasket between the front panel and
the fiont edge of the steel cover cdhered to the steel
cover instead of to its spegielly proviued groove in the

3



fron: penel. Electrical data recorded during this test
are compiled in Teble 1. These data are graphically
pres:nted in Plate 1, Consideration of these data
indicate that temperature variations had little effect
on the results, '

2-2-2,Effest of Low Temperature. An investigation was con-

: ducted to determine the ability of the Model CXBR
Equijment to start and operate at low temperatures.

The equipient was placed in a temperature test chamber
and .ts heater circuits were energized. The temperature
was ;hen reduced from 10°C to -31°C during a period of
7-1/2 hours, After the equipment had been supjected

to a tempereture of -31°C for a geriod of 1-3/4 hours,
all circuits were energized. Data recorded during this
test is presented in Table 2, It was noted that the
wave length had decreased from its normal value of 11.79
cm to 11.74 cm. This representg g change in frequency
of 0.425 per cent or 10. 8 megagcycles. This should
imicate the need of an "echq box" for "tuning up"
purposes. A period of 1/2 hour was reguired for the
wave length to stabilize at its narmal value, " With
the exceptim of a change in wave length, the equipment
started and functioned normally. . ,

2-3. EFFEGTS OF HUMIDITY

Tests were performed to ascertain the effects of
humicity on the Model CXBR Radar Equipment. The equip-
ment was installed in e hLumidity test chamber, and means
were provided externally to observe and monitor its
operetion. Tables 3 and 4 list the data obtained during
these: tests. * -

2-3-1.Varistion in Relative Humidity. The equipment was
subjected to a chenge in relative humidity from 20 to
97%. For the first hour the equipment was operated
in ar atmosphere of 40°C and a relative humidity of 20
per cent. At the end of this period the temperature
was naintained at 40°C and the relative humidity was
raised to 97 per cent. At tue end of an hour the
humicity was reduced toc 20 per cent anmd the temperature
was naintained at 40°C. No deleterious effects due to
humi¢ ity were ooserved. The data noted during this
test is presented in Table 3 and Plate 2,

2-3-2.Starting Equipment in High Humidity, The equipment was
alloved to remain idle for a period of two hours in an
atmosphere of 97 per cent relative humidity at a tem-
perature of 40°C., At the emd of this period, primary

— DEGLASSIFIED
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powsr was applied. Grid current and power output were
present in the GL-464 oscillator circuit two minutes
aftsr the application of power. Operati on was possible

witaout flashovers or excessive leaka ge in the high volt-
age circuits, _

2-3-3 Effoct of Spray., An-investigation was made as to the
water-tightness of the equipment by allowing it to
Tremiin in a heavy rain over night. Upon removing the
transmit ter-receiver chassis from its case, the presence
of noisture could not be detected in the equipment,

2-4. EFFiCT OF VIBRATION,

Tests were made to determine the abili ty of the
equipment to withstand the effects of vibration. The
vibration tests were made in two parts. During the
‘first part of the test the transmitter-receiver unit
was secured to a vibration test stand which was sub jected
to periods of vibration of from zero to 2000 cycles per
minute for a period of three hours, The second part of
the test involved the complete CXBR assembly which was
subjected to vibration frequencies of from zero to 2000
cyc..es per minute for e period of 3 /4 hour. The equip-
ment was energized throughout these tests.

2-4~1, Transmitter Removed from Stend, During this test a
poriion of the transmitter cutput was absorbed by plac-
ing a special antenna and reflector near the trans-
mitiing antenna., From the received ene rgy, a measure-
ment, of relative power output was obtained by means of
a bolometer bridge. The received signal was coupled
to & wavemeter for measurement of wave length  Repeti-~
tior rate was obtained in a manner identical to that
described in Paragraph 2-2, No significant changes
were observed in the repetition rate or peak power out-
put of the transmitter while it was being subjected to
vibration. However, the following mschanical effects
were observed: -

(a) Between 575 and 625 cpm the front and resr ends of
the transmitter-unit were displaced longitudinally
1/4 inch with a rocking motion. il

(b} At a frequency of 925 cpm, and at frequencies
between 1000 and 1100 cpm, the unit was displaced
longitudinally 1/8 inch with a rocking motion,

These amplitudes of motia indicate that the design
is -not such as to insure freedom from damage and faulty
operation resulting from the severe vibration encountered -
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on llaval Vessels,

2-4-2, Transmit ter Assembled on Stand. While no serious
- meclanical breakdown occurred during this test, vibra-

tion amplitudes of 1/16 inch to 3/?2 inch were present
at various points on the transmitter-receiver unit,
and on the antenna reflector. The entire supporting
structure appeared very limber when the assembly was
sub;ected to vibration. This fact may not be apparent
froo. the measured amplitudes of vibration, The desir-
ability of a stronger and more rigid supporting stiucture
was clearly indicated by the erratic manner in which
the unit vibrated. This statement is valid in only .
those instances where this equipment will be similarly
mourted aboard ship. The following amplitudes of
vibration were noted: = ' '

(a) At a frequency of 625 cpm, the transmitter-recei ver
?nig was displaced transversely a distance of 1/16
nch,

(b) At & frequency of 1050 cpm, the equipment chassis
was displs ced transversely a distence of 3/16 inch.

(c) At a frequency of 1200 cpm the antenna was displaced
transversely a distance of 1/8 inch.

2-5. EFFECT OF SHOCK.

A test was conducted to determine the capability of
the equipment to withstand the effects of shock such as
may be encountered in the Naval Service. This test was
performed in two parts, During the first part of the
test the transmitter unit was removed from its mounting
stand and bolted directly to a shock test stand. The
shock mounting provided as part of the equipment was
employed. During the second half of the test the eguip-
ment was completely assembled as a single unit and the
stand bolted to the top of the shock test taole. The .
shock test table 1s so devised that shocks may be ad-

~ministered to any of its four edges.

2-5-1.Transmit ter Removed from Stand. A4 total of 28 separate
shocks, each having a momentary peak acceleration of
250 g were administered in the following order. First,
ten were delivered tawards the right side, then six
towards the rear, six towards the left side and six
towards thne front, Each shock towards the right side
resulted 1n the unit being displaced towards the left
a distance sufficiently far to cause"bottoming" of the
shoc« mounts, During the thiid shock of this first
series the equipment beceme inoperative. Exemination

TR DECLASS
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revealed that the type 6AC7 tube (V1l3) had developed
a grid Yo cathode short circuit. During the fourth,
sixth, end tenth shock of this same series it was
necragary to re-insert the type 8294 tube in its
soclet.

During the second shock of the second series
administered towards the rear of the transmitter unit,
three failures occurred, The type 8294 tube developed
a grid to cathode short circuit which im turn caused
the resistor R156 to decrease in value from 12000 ohms
to 4000 ohms. The type GL4by oscilletor tube became
inoperative, After these items were replaced cperation
was normal. When the shocks were delivered towards the
left side of the transmitter it was deflected towards
the right sufficiently far to cause bottoming of the
shock mounts. It was also observed during this third
series of shocks that the type GL46i, tube grid current
varied. This was caused by variations in frequency of
the receiver, thereby reflecting variations in the
loa¢ impedance of the type GL464 tube, ;

The final series of shocks during this part of the
test was delivered toward the front of the equipment,
After the third and sixth shock in this series it was
necessary to retuns the tranamitter to obtaln operation.
In each case the oscillator ceased functioning.

2-5-2.Comrlete Assembly. The equipment was assembled as a
complete unit with the transmitter mounted in the
stard provided. This assemoly represented the manner
in which the equipment 1s normelly used when not
installed on shipboard, However, tests were conducted
todetermine the ability of the equi pment, when so
assemoled to withstand shock. The magnitude of the
applied shock was increased from 20 to 250 g in six
sters. A total of 9 shocks were imperted to the
equipment. Of these, the last four had a momentary
peak acceleration of 250 g. During each of the last
four shocks the antenna assembly was displaced hori-
zontelly a distance of approximately six inches., No
other deleterious effects were observed.

2-6., VARJATION IN LINE VOLTAGE.

The effects of a #10% variation in line voltage
were investigated. The equipment was adjusted for
norzal operation with the supply line voltage set at
115 volts. The supply line voltage was then reduced
to 103.5 volts. The line voltege was then incressed

B2
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in increments of approximately 3 volts to 126.5 volts,
The operation of the equipment was monitored and data
recorded after each change in line voltage, These

dats are presented in Table 5 and Plate 3. Reference

to these data reveals that a line voltage reduction of
%O% is accompanied by a power reduction of approximately
4%, ;

2-7. POWER_CONPROL AND PROTECTIVE CIRCUITS.

The following_itéms'were noted concerning the power
control and protective circuits. :

2-7-1,Fusé Currents. 4 measurement was made of all currents
through the fuses provided in the Model CXBR Radar
. Equipment. These values are tabulated in Table 9.
Voltage and current retings of all fuses were satis-
factory. No deleterious effects were noted as fuse
"plow outs" were simulated. by removing fuses from their
mounts while the equipzent was in opereation.

2-8, PLATE VOLTAGE PULSE SHAPE,

The contour of the plate voltage pulse was observed
by neans of a laboratory oscilloscope with a linear 5
micro-second servo sweep, The shape of this pulse was
traced from the screen of the cathode ray tube and is
rep:roduced on Plate 4, Sectioa 2. )

2-9. VACJUM TUBES. .

An investigation was made to determine the conditions
of operation imposed on the vacuum tubes employed in the
equipment. Table 6 presents data recorded during this
invsstigation. ;

2-9-1, Typs 8294 Vacuum Tube (V1lk). .It is to be noted that the
meximum plate voltage recommended by the manufacturer for
the type 829A tube Is 750 volts. The measured plate to
groand poterntiel applied to the type 829A(V1ly) is 3800
volts. A complete investigation of the ability of this
tube to withstand a potential of this order is recom-
mended,

2-9-2. Type GLubL Vacuum Tube (V115). During a test in which
211l the vacuum tubes employed in the equipment were
replaced with stock tubes, it was found thatl a careful
selection of the type GLubi tube (V11%) must be made,
This tube is used as the oscillator in the transmitter.

l'f _ QE;;Q:EiJﬂ%§§§§E%“E:;,



Twerty-five tubes (not GL4b64's) of a similar type
{A2199) which comprised a group that was submitted
by the RCA Manufacturing Company were tested individ-
ually in the transmitter oscillator circuit., Of this
group of 25, only 7 performed satisfactorily in the
circuit. A tube which drew a grid current of 0.3
milliamperes or more without exhibiting internel arc-
ing was considered satisfactory. The results of this
investigation are tabulated in Table 7. This date
indicates that specially selected tubes are necessary
to insure proper operation of the transmitter oscillator.
?gitigle steps should be taken to eliminate this dif-
culty. :

2-9-3.There are no labels on the pins of tube socket V1l
(82354), This leads to considerable difficulty in
identifying the proper pin while servicing.

2-10. CONTROLS,

A list of controls provided on the Model CXBR
Trensmitting Equipment is presented in Table 11. The
mechanical and electrical operation of all controls
was found to be satisfactory.

2-11. COMFONENT PARTS.

The following items were noted conoérning the
component parts used in the equiprent,

2-11-1The 1000 cycle audio frequency grid coil for V109 is
unprotected. A suitable protective cover should be
installed over this coil,

2-11-2Navy Specification RE13A372J does not permit the use
- of the flat type heater resistors that are used in the
Model CXBR Equipment, Navy approved resistors should

be employed. ’

2-12, GENERAL PHYSICAL CONSTRUCTION.

~An examination of the equipment revealed the follow-
ing items concerning the general physical construction.

2-12-1The tuning stubs mounted on the transmitter and receiver
oscillators are very lightly constructed, and may be
easily bent when the transmitter is removed from its
case. It is recommended these stubs be made with a
larger cross sectional area, and that & protective
cover be provided.




2-12-2The placement of the meters in the equipment renders
their removal and replacement exceedingly difficult.

This difficulty may be eliminzted by a more judicious
placement of parts.

‘2-12-3The BX cable clamp on the blower motor is not satis-
factory. 4n approved type of bushing should be used,

2-12-4The bend in the metal coaxial transmission line from
the antenns coupling stub of the receiver to the out-
put connector on the front of the panel has a crease
in the middle of its bend. Better workmanship should
be enployed in meking this bend in future models.

2-12-5Some means should be provided for handling the unit
when it is withdrawn from its cabinet for servicing.
4 "U" ghaped rail mounted on each longitudinal side
underneath the chassis would serve this purpose, and
would also provide a rest for the unit when it is
.withdrawn from its case.

2-12-6The steel partition on the front of the transmitter-
receiver panel between the controls and the cathode
ray oscilloscope should be in the form of a handle to
egid in the withdrawal of the unit from its case,

2-12-7It is recommended that the extermal handles provided
on the unit be of a type that will remain in their
rest position without rettling when not -in use and
wher. subjected to vibration.

2-12-81t is recohmended that the antenna rotating handle
' be noved to a lower position in order to reduce fatigue
of the operator. :

2-12-9The breaks in the rubber gaskat between the tiansmitter-
receiver unit from panel and its case should be made
in the form of a wedge to insure watertightness,

2-12-10 Sixteen holes must be drilled in the deck of a vessel
to properly mount the Model CXBR Equipment stand. It
is recommended that the mounting be modified so as to
require fewer mounting bolts. _

2-13 WIRING,

The following items ‘were noted concerning the wiring
of the equipment,

2-13-1The conductors from the blower motor to the a.c. supply
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term.nels are not properly dressed into a cable with

othe:: nearby parallel conductors., The possibility of
abiasion, short circuit, and demage to the equipment

exis:s,

2-13-2A nunber of cables come in contact with rough metallic
edges in the equipment. A serious possibility of
abrasion of these cables thereby exists.

2-13-34A11 ground comnections in the equipment consist of
individual lugs secured directly to the chassis by
means of machine screws and nuts without lockwashers.
No common bonding, other than the chassis, is present.

2-13-4The .nsulation of all conductars is pushed back from
the soldering terminals without being clamped by the
termi.nal. This practice leads to the fraying of the
ends of the insulation and does not provide the eddi-
tional support offered by this type of terminal..

2-14, CORROSION,

-~ 'fhe following items concerning corrosion were
noted in the equipment:

2-14~1Corrosion was present on the fan guard of the blower
moto.r, ]

2-14-2Corrnsion was present on the under side of the chassis
wher? the securing screws for the condenser mounting
assenbly (C156 and C157) pass thiough the chassis,

2«15 NAMEPLATES AND COMPONENT MARKINGS.

A list of all nameplates of the Model CXBR Radar
Equisment is presented in Table 12, Section. 2. These
name>lates are in accordance with Navy Specification

XA88704.

2-15-10nly a small number of the component parts of the
equi oment have component markings affixed to them.
Location of parts when servicing is thereby made
excea2dingly difficult.

2-16 SCHEVATIC DRAWING ERRORS.

- The following conflicting items were noted between
the schematic drawings and the actual wiring of the
equioment:

2-16-1The transmitter-receiver schematic drawing shows a

1l
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direct connection between the grid of the second half
of V110 (6SL7) end resistors R137 and R138. In the
actual wiring, there is a network of components between

"the grid and these resistors,

2-16-2The plate lead of the second half of V11Q(6SL7) has a

2-17

2-18

4100C ohm resistor in series with it that is not
indicated on the schematic drawing,

WEIGHTS AND DIMENSIONS,

The various units of the Model CXBR Radar Equipment
were weighed and measured, The results are tabulated
in Table 10, Section 2,

SUMMARY OF DEFECTS.

& summary of the defects noted during mechanical
and electrical tests made on the Model CXBR Radar
Transmitting Equipment together with recommendations
for corrective action are listed below, The numerals
in perenthesis refer to the paragraphs of this report
under which these items are discussed in detail.
Attention is directed to the fact that items are not
necessarily listed in the order of their importance.

2-18-1(2-2-1). The rubber gasket between the front panel

and the case of the tzansmitter-receiver should be
seculely fastened to the front panel in such a manner
as to preclude the possibility of it sticking to the
front of the case when the chassis is removed at low
temperaturss, In addition, there are various types
of "enti-seize" compounds cbtainable in st ck form
that have been found to alleviate this condition,
U.S. Rubber Co. "Anti-Adhesive" Crayon No. M-6103
has ceen found satisfactory for this purpose.

2-18-2(2-2-2). It is recommended that an echo box be supplied

in oxder thaet the receiver may be kept in tune with
varying transmitter wave length.

2-18-3(2-4-1)., Modification of the shock mounting of the

tranemitter-receiver unit is indicated in order to
prevent excessive amplitudes of vibration.

2-18-4(2-4-2)(2-5-~2). A more rigid mechanical design of the

complete supporting assembly is imdicated to prevent
erralic modes of vibration, when the equipment is
subjected to vibration, and to xevent excessive
amplitudes of displacement when the equipment is

12
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subjected to shock, This recommendation is mede with
the reservation that only shipboard instellation is
being considered.

2-18-5(2-5-1). The shock mounting of the transmitter-receiver
unit should be suitably modified s0 as to eliminate the
"bottoming™ of the shock mounts caused by shock, This
recomnendation will apply in those cases where this unit
is renoved from its stand and mounted directly by means
of the shock mounts provided,

'2-18-6(2-5-1). Vacuum tube V113(6AC7) developed a grid to
cathode short when the equipment was subjected to shock.

2-18-7(2-5-1). A sultable clamp should be provided for the
type 829A(V1lsg) tube to prevent it from becoming dis-
lodged from its socket when subjected to shock.

2-18-8(2-5-1). The 829A(V1ly) tube socket should be properly
shock mounted to prevent damage to the tube when sub-
jected to shock,

2-18-9(2-6). Suitable steps should be taken to prevent a
serious reduction of radio-frequency power output when
the eguipment is subjected to line voltages 10% below
normal,

2-18-10 (2-9). A steady state potential of 3800 volts exists
from plate to ground on the second half of tube V114
(8292). A thorough investigation should be made of the
ability of this tube to withstand potentials of this
order,

2-18-11 (2-9-1). Before the GL464 tubes (V1l5) can be con-
sidered satisfactory for use in the Model CXBR Equip-
ment, it will be necessary to improve their character-
istics sufficiently to obviate the mecessity for special
selection of tubes.

2-18-12 (2-9-2). The pins on the 829A tube (V1l4) socket
should be properly identified,

2-18-13 (2-11-1). A suitaple protective cover should be-
provided for the 1000 cycle audio frequency grid coil,

2-18-14 (2-11-2). The flat type heater resistors should be
repleced by resistors of a Navy approved type.

2-18-15 (2-12-1). The tuning stubs on the transmit ter &nd
receiver oscillators should be made sturdier, ana should

13
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be pirovided with a protective cover,

2-18-16 (2-12-2). Modifications should be made to expedite
the removal and replacement of the panel meters,

2-18-17 (2-12-3). 4n approved type of oushing should be sub-
stituted for the BX ceble clamp on the blower motor.

2-18-18 (2-12-4). More careful workmanship should be employed
in making the bend in the metal coaxial line fiom the
antenna coupling stub of the receiver to the coaxial
output connector on the front panel.

2-18-19 (2-12-5), It is recommended that a "U" shaped rail
be mounted on each longitudinal side underneath the
chassis to provide a rest for the unit and to expedite
hendling when the unit is withdrawn from its case.

2-18-20 (2-12-6). A sultable handle should be provided on’
the front panel of the t ransmit ter receiver to aid in
the withdrawal of the unit from its cass.

2-18-21 (2-12-7). Modifications should be made %0 insure
; that the handles on the side of the transmitter-receiver
unit remain in a fixed position when subjected to
vibration. '

2-18-22 (2-12-8). The antenna rotating handle is located in
such a position that the operator will tire easily when
operating from a seated position., It is recommended
that this handle be lowered, '

2-18-23 (2-12-9), It is recommended that the breaks in the
rubber gasket between the transmitter-receiver unit
fror panel and its case be made in the fomm of a wedge
to insure watertightness,

2-18-24 (%-12-10). The method of mounting the assembly to
the deck of a vessel should be modi fied so as to require
fewer mounting bolts, '

2-18-25 (s-13-1). The conductor fram the blower motor to the
a-¢ supply terminal should be properly dressed into a
cable. :

2-18-26 (#-13-2). Buffers should be provided for all cables
in positions where the cables contact rough metellic
edgos.

2-18-27 (2=13-3). A more suitable method of connection
should be provided to conmect all ground terminals

le



to the chassis.

2-18-28 (2=13-4). The insulation of all conductors should be
. firmly grasped by the soldering teminals,

2-18-29 (2-14~1)(2-14=2), The transmitter-receiver chassis
and the blower motor fan guard should be plated in a
manner to prgvent cor;osion. -

2-18-30 (2-15-1). All component parts should be properly
identified by suitable component markings, :

2-18-31 (2-16-1)(2-16-2). The transmitter-receiver schematic
drawings should be altered to conform to the actual
wiring of the unit,

2-19. CONCLUSIONS,

. The Model CXBR Radar Equipment can be assembled and
bplaced in operation within one-half hour. The égquipment
can be readily transported in its carrying cases and is
simple and compact in construction. However, continuous
operation cannot be expected of this equipment when it
is subjected to shock such as is encountered in the
Naval Service, The type of vacuum tube employed as the
transmitter oscillator requires a considerable amount
of pre-selection., This condition is undesirable. Con-
sidereodle modifications are necessary before the CXBR
can be considered suitable for the Naval Service,
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Table 5
-Sestion: 2
Model CXBR Radar Equipment
Variation in Line Voltage

Osc,

‘ Povwer Output Fil. Grid Grid  Line Power
Line = ZAver, eak Prim Cur, Voltage Cur. Input -

(Volts (Mw) . (Watts) YVolts (Ma) (Volts) {amps) (Vatts)
103.5 be 16 g, - 104 0.05 - 2 1,74 162
106.0 20,2 14,0 107 0.10 -16 1.80 170
108.0 37.3 25,8 108 0.17 -23 1,85 172
110.0 52.8 36.6 110 0.34 ~54 1, 86 182
112,5 68.7 47.6 112 0.48 -68 1.94 194
115.0 76.2 53.0 115 0. 51 ~-72 2.00 202
117.5 86.0 60.0 117 0.57 -84 2.05 212
120,.0 91.0 63,2 118 Q.58 -85 2.14 218
122, 5 110.0 76.5 121 0.60 -85 2.15 226
124. 0 114,0 79.0 123 0.62 -87 2,20 232
126, 5 115.0 80.0 124 0.62 -89 . BlS 240

The following remained constant during the test.

Repetition Rate - 1040 cycles/sec.
Pulse length - 1.38 microseconds
Duty cycle -~ 0, 1lu4%

Wave length - 11,82 cms




Table 6
Section 2

Model CXBR Rader Equipment

List of Vacuum Tube Potentials

Screen
Grid Filament

Voltage Voltage Voltage Voltage Voltage _Where Used

_Tube
Cire. Type Plate Cathode Grid
Sym.-_ _Tube
V109 6SHY 250 0
V110%* 6SL7CT 45 0
V110* 150
V1lil 6SHT Tt 0
V1lz 6SH7 92 0
V1il3 6ACT 258 9.3
Vilg-1*% 829: 268 -250
V1il4-2% 292 3800 -250
V115 GL-4€4 Pulsed .0
A\ABE:; SULG
V119 6X5GT

* Twin Tube

-36

...13

-67 T4

~ 3.5 92
0 258

300 258

435 258

-60

All voltages measured to groand.

OF O OO
WD\

6.35
6.35

L]

ooon

- -
o\
wrAn\n

vy QO

-

1000 cyc.osec.
1st and 2nd
clippers.

Clipper Amp.
Clipper Amp,
Clipper
Limiter snd
Pulsge Amp,
Pulse Driver
Pulse Modu-~
lator,
Pulsed Osc.

w Voltage
Power Supply
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Table 7
Section 2

Model CXBR Radar Equipment
Check of Transmitter Oscillator Tubes (GLy 64 )

Remarks

Did not oscillate.

Did not oscillate,
Did not oscillate. Cathode cold.

Internal arec,
Decreased to 0,15,
Did not oscillate.

Intermittent internal arc.
Did not oscillate.

Feeble and srratic oscillation.

Feeble oscillati on,
Feebls oscillation.
Oscillated for shart time. Gassy.

Varying.
Cathode ring too large to fit equipment.

S

F{‘L
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Table 8
~ Sectdon 2
Model‘GXBR Radar Equipment
Power Required from the Supply Line

: Line Line
Line Amps. . Amps. Watts
Unit(s) . . Volts  Nommal Surge Input
Transmit ter-Keceiver ' '
Operate 115 1.88 2,05 191
Calibrete 115 1,88 1.90 191
Heaters (117 Volt Unit) 115 0.33 0.33 38

gy DECLASSIFIED



Table 9
Seotion 2
Model CXBR Radar Equipment

List of Fuse Currents

Operating

. Rating on Conditions
CAT, Fuse _ : . Amps,
Symb, ¥ Zmp. Voit Volt Surge Nor,
F101 N 5 250 15 - 2,55 1.8
F102 N 5 250 115 2.55 1.85
F103 N 0.5 250 115 0.64 0.64
F104 N

2 250 @ * SPECES -

All fuses 1/4" diemeter, 1 1/4™ long.

* 32 yol%; supply not available.

#N indicaties non-~refillable type fuse.

DECLASSIFIED

iwkuikﬂ

_Fuse Circuit

Main Line to
Transmitter
Main Line to
Transmitter
117 Volt Heater

- Circuit.

32 Volt Heater
Circuit,



Table 10
Section 2
Mcdel CXBR Radar Equipment
List of Welghts and Dimen sions

Overall
Dimensions in Inches Weig%t
Unit Height _Widt Depth Pounds
Antenna Reflector 24-3/4 48 15-1/2 33.5
Antenna Support 25 - 33 31 \
Transmitter-Receiver Case 17-3/4 16-1/2 23-1/2{124
Supporting Stand 56 38-3/4 37
Transmitter-Receiver Chassis 17-3/4 16-1/2 24 108. 5
Overall~Asisembled 88-3/4  52-1/2%
Total Weight of Equipment ' 266

* Diameter 6f reflector circle,



Cont.
let, _Control Merking

8101 (off, Standby,

S105 Operate, Celibrate

S102 Range Switch

8103 Grid Me

S104 Voltage Control

‘Handwheel

. Table 11
Section 2

List of Controls

Circuit Controlled

Model CXBR Radar Bquipment

Control Calibration
or Positions.

'Mein Power, Heaters,

and H,V. Primary

Selects Differentiation

Circuit

Grid Circuit of GL-u64

Primary Tap Position
on Transformer T-lOl

Rotation of Antenna
and Reflector.

_ Type of Control
& Position Switeh

{Long-Shoxt) 2
Position Switch

(Rec-Trans, ) 2
Position Switch

Multi-Position
Switch. '

360° Azimuth Scale



Table 12
Section 2
‘Model CXBR Radar Equipment
List of Nameplates

Model CXBR Radar Equipment
Supply 115V 19 60 Serial 1
Equipﬁent consists of accessories and the following

1 -- CG-X43AAW Radar Transmitter-Receiver
1 ~- CG-X664ABU Antenna Assembly

See license notice inside
NAVY DEPARTMENT
BUREAU OF SHIPS
CONTRACTOR
~ GENERAL ELECTRIC
Schenectady,IN.Y. Mede in U.S. 4,
Contract Number Contract Date
NKs 4753 May 11, 1942
(2-3/4" X 3")

— DECLASSIFIED



Table 12 {Cont'a)

Type CG-X66ABU
Antenna Assembly
103 Pounds Serial 1
A Unit of Model CXBR Radar Equl pment
Manufactured for
NAVY DEPARTMENT - BUREAU OF_SHIPS
By Contractor
General Electiric
Schenectady, N.Y. Made in U.S.A.
Bridgeport Plant
Contract Number Contract Date

NXs 4753 May 11, 1942

(3" X 2")

L



Table 12 (Cont'd)

Type CG-Xu3AAW
Radar Transmitter-Receiver
Input 115/1/60 3,1 Amps. 300 Watts
153 Pounds Serial 1
! Unit.of Model CXBR Radar Equipment
Manufactured for
NAVY DEPARTMENT -.BUREAU OF SHIPS
By Contractor
General Electric
Schgnectady, N. Y. Made in U, S.A.
Bridgeport Plant
Contract Number Contract Date
NXs 4753 May 11, 1942
(2" X 1-1/2")

fccepted by Navy Placed in Service

See Instruction Book Regarding Guarantee
(2-1/4" X 3/8")

' Gl 3 ﬁﬁ%% FIED



Taole 13 - Section 2
Model CXBR Radar Equipment
List of Meters

Meter

Cire. Range Meter Circuit _Meter Dial Marking

M10L 0-2 MA. D, C, Grid Circuit of 0-2 Milliamperes, General
transmitter and @bﬁcfric, Type DWgl Model
receiver oscilla- 4
tors

M102  0-150 Volts 4.C, 1Iine voltage 0-150 A.C. volts, Genersl
across trans- Electric, Type AW4l Model

former primary 84WL 1,

v
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SECTION 3

REPORT ON ELECTRICAL Asw MECHAVICAL TEST OF
MODZL CXBR (SN) RADAR, RECEIVZR-INDICATOR
EQ02PUETTT

Enclosure: Table 1, and Figures 101 to 105.

3-1. The lodel CXBR Microwave Radar is a low-power, short range S band radio
detection equipment. It may be used to locate surface vessles or
partially submerged submarines. With certain modifications the equip-
nent could prove invaluable as a navigation aid for small craft, landing
boats, etc. Great versatility in application is afforded by the equip=-
ments portability and compact physical construction. Satisfactory
operztion can be obtained wherever 90-130 V a-c¢ is available.

S=1-1. The Model CXBR Redar, Serial No. 1 was manufactured under
s contract NXs-4753 with the General Electric Co., Schenectady,
E.Y. The tests described herein were performed during the period

from January 4 to February 16, 1943, The tests conducted include
the following:

Paragrapvh ¥o.

Sensitivity 1 3=2
Selectivity 3=3
Video Fidelity . S=d
Resonant Overload - - 35
Image Re jection Ratio : 3=6
Frequency Coverage of Tuning

Control &=T
Test of Suitability for use as

Favigation Aid 3-8
Receiver Oscillator Warm-up Drift 3=9
Vacuum Tubes 3-10
Effects of lLine-voltage Variation 3-11
Effects of Temperature Variation 3-12
Effects of Humidity Variation 3-13
Effects of Vibration 3~14
Effects of Shock ‘ 315
General Physical Construction 3-16
Weights and Dimensions 3-17
Power Requirement ' 3-18

3-2. Sensitivity =

The sensitivity of the CXBR (in db below an ideal receiver) was determined.
Zeference Fig. 101. The Signal + Noise curve was obtained by comnecting
the output cable of the 1AL S-band Generator, ¥o. 1 directly to the
antenna input jack of the transmitter-receiver unit and recording the

diode (second detector) load voltage for various values of c-v input.

The true signal curve was obtained by subtracting (vectorially) the zero-
input noise (0.3 v) from the signal + noise output values. The equivalent
noise input was determined graphically as shown and its ratio to the

-1- (Seetion 3)



thefmal noise, in the input circuit, was computed. The receiver sensitivity
obiained as described above was 31 &b.

3-3. Selectivity

To determine the receiver's i-f pass-band characteristic the output of the
l{easurements Corp. Model 65-B, No. 108 signal generatar was inserted in
series with the grid resistor for the type GL 446 autodyne detector tube.
Th: generator output was adjusted to produce = 2/1 signel/noise ratio of
second detectar load voltage with the generator tuned to the resonant
intermediate frequency (approximately 15 Mc). For increased values of
input the generator frequency was varied above and below the resonant
frequency to the points where the constant resonant output was obtained.

A curve t.;f input ratio vs. frequency in Me was thus obtained. (Reference

3-3-1. The i-f channel band width, determined as deseribed above, was
found tec be 1.8 Mc at the half-power point with the receiver gain
in the maximum position. With the receiver gain reduced 3 db
below maximum the band width was 1.7 lic and the band center
shifted about -50 kc.

34, Video Fidelity

Two signal sources were employed to determine the frequency response of
the video amplifier system of the CXBR Radar: the General Radio Company
model 713-B beat-frequency oscillator, No. 766 for the 100 c.p.s. - 7 ke
range and the General Radio Company model LN signal generator o, 42 for
the 10 ke - 8 Mc range. The input was connected to the second detector
load resistor (R120) through a 0.1 microfarad paper condenser and was
held constant at 0,15 V. The output was taken from the plate of the
final video (V108) through a 0.002 microfarad condemser. The input
frequency was varied and the outout voltage was read on the General
Hsdio Company model 726-A vacuum tube voltmeter, seérial To. 149. A curve
(Fig. 103) of output referred to the l-ilc response vs. input frequency
was thus obtained.

3-5. Rescnant Overload

The output cable of the S-band generator was connected directly to the
artenna imput jack on the CXBR transmitter-receiver unit, Diode {second
detector) load voltages were recorded for increased r-f c-w input

velues, a plot of second detector output vs. r-f input thus being obtained.
During this test the a-c power switch was in the "stand-by" position ~
i.e., the transmitter and cathode-ray oscilloscope were inoperative. The
r-f gain control was in the maximum position, the noise output being

0.3 v for that condition.

3-5-1. As will be noted in Fig. 104, the maximum diode.load voltage
(6.6 v) is realized at an input of 3 mv and the output falls to
3 db below the maximum -at an input of 6.8 mv.

-2- (Section 3)

ﬁ*—;}'l " f |ﬁa e F g s o
—— N B ﬂ-&;—“J é%.} E&mﬁ [ . _:r;j

o



3-6, Imaize Rejection Ratio

With the output cable of the S-band generator connected directly to ‘the
antenna input jack of the CXBR equipment, the generator frequency was
adjusted to the image frequency (i.f. ~ 30 Me). The r-f c-w input was
then adjusted to produce a 2/1 signal/noise ratio of dicde load voltage
with the gain control in the maximum psotion. The ratio of this input

to the input for a 2/1 signal/noise ratio at the nominal siznal frequency
was determined.

3-6-1. The image-frequency rejection ratio as determined zbove was 4.6 db.
Ho provision is made for image~frequency rejection.

3-7. Frejuency Coverage of Tuning Control.

By ase of the wave-meter incorvorated in the S-band generator it was
Getermined that the CXBR receiver was capable of operation throughout
the range of minus .08 cm. and plus .58 cm referred to the base wave

lenzth. The receiver sensitivity varies quite widely within the tuning
range,

3-8. Test of bil T e a v 0 :

To investigate the possibilities of using the Model CXBR Radar as an aid
to navigation of small craft the equipment was installed temporarily

and operated on the bridge of the PYe-7 (Aquamarine) during a round trip
from ¥RL to Quantica, Va. Good operation was obtained. The PYc-7's
entire officer persomnel (no radio training) quickly learned to operate
the unit proficiently, demonstrating the equipments ease of operation.
Saturation echoes from large buildings were received at a maximmn '
12-mile range. CBannel-marker buoys and small bhoats were distinguishable .
at 1 mile 2nd produced saturation echoes at 1/2 mile on the Radar.

3-8~1. The test served to prove that a Radar unit similar to the CIBR
would be an invalusble aid in the navigation of small craft, landing
boats, etc. if the bearing indicator were synchronized with a
gyro-compass repeater so as to give all bearings directly as gyro
readings. The corrections and calculations necessary to navigate
with bearings given relative to a ship's bow render such a method
too cumbersome to be practicable. '

3-9. Receiver Oscillator Werm-up Drift (Reference Fig. 105).

To determine the time required for the receiver to approximate stable
operation, line voltage was epplied after having allowed the receiver to
stznd idle several hours. The wavelength of the receiver oscillator was
monitored during the warm-up period by means of the FRL Calibrated
Vavemeter, these wave-length values being converted to Mec drift to obtain
the plot' shown in Fig. 105.

-3- (Section 3)
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3-9-1, The first reading of local oscillator wave-length was obtained one
- minnte after applying the line veltage. Subseguent readlngs showed
that the oscillator drifted a maximum 3.6 Mc (twice the receiver pass-
band width) above the initial freguency, twenty (20) minutes being
required to approximate stable operation.

3-10..Yacoum Tubes (Reference, Table 1)

All vacuum tube types employed in the receiver-indicator appear on the
Army-ilavy Preferred List of Vacuum Tubes as of March 1, 1943, The tube
electrode potentisls are listed in Table 1. None of the electrode poten~

tials appear.to be higher than the manufacturer's recommended maximum
valoes.

5~10-1.The tube accessibility for replacement is considered, in general
to be good. However, it is desired that the tube sockets be kept
reasonably clear of components to facilitate socket replacement
when necessary. Further, sockets with Grade G (or better) ceramic
insulation would be preferred in lieu of the fiber-insulation wafer
sockets now used in the i-f channel,

3-10-2.5everal type GI446 tubes were substituted in the autodyne detector
circuit. The cavity tuning was adjusted for maximum echo response
vith each tube and the sensitivity (2/1 signal/noise ratio) was
determined. The maximum variation in sensitivity for the tubes
thus tested was approximately 10 db. This variation is apparently
not prechibitive; however, it is not definitely kmown that the tubes
used are representative.

2-11. Zffects of Line-~voltage Variation

The a-c supply voltage was varied from 100 - 130 v and determinations
were made of sensitivity, receiver oscillator frequency drift, and change
in range calibration.

3-11-1.The receiver was inoperative with input voltages of 100 v and 103 v;
however, operation was obtained for inputs of 107 - 130 v. The
sensitivity did not vary sporeciably for the range of input voltage,
107 - 130 v. The receiver oscillator frequency drifted a maximum
of 43,9 HMc at 107 v to -2.0 Mc at 130 v. The range calibration
(on the "Long" or 25-mile scale) changed a maximum of -2-1/2 miles
at 107 v to 41-1/2 miles at 130 v.

3-12. Effects of Temperature .Variation

The subject equipment was operated in the ambient temperatures of +50° C,
+3E° €, 420° C, and 0° C for a one-hour pericd at each temperasture, total
time required for the test being 5 hours and 15 minutes. The ambient
relative humidity was maintained below 20% for the entire test.

3-12~1.The range calibration did not appear to change during the tempera-
ture cycle, but the receiver oscillator did not¢ function at tempera-
ture of +20° C and lower. At these temperatures it was impossible
to obtain oseillation at any frequency within the entire range.

-4~ (Section 3)
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3-13,

3~-14,

3-15,

3-16.

L DECLASSIFIED

Lifects of Humidity Veriation

The equipment wes subjected to a variation in smbient relative humidity
of 20-97-20%, total time for the cycle being 4 hours and 15 minutes.
The ambient temperature was maintained at +40° C during the test.

3-13-1. The receiver oscillator frequency did not change appreciably
during the humidity cycle, but the renge calibration changed
#1-1/2 miles on the 25-mile scale at 97% humidity.

Sffec of r

It-

The transmitter~receiver unit was bolted to the vibration table and
subjected to vibration at frequencies from 400 - 1800 cpm while the
equipment was operating. The unit resonated at 550, 925, and 1050 cpm

with amplitudes of vibration from 1/16" to 1/4%,

3-14-1. Continued vibration for a period of 1/2 hour to 1 hour at each
of the three resonant frequencies did not produce any undesirable
effects on the receiver indicator operation.

Effects of Shock

Six (6) shocks were delivered toward each of the four faces of the
transmitter-receiver unit. The approximate equivalent acceleration is
250 5. Several shocks were also given the equipment with the transe

mitter-receiver unit in place on the four-legged support provided for
operation. ;

3=15-1. The operation of the receiver-indicator did not appear to be
affected by the shocks delivered to it. However, on several
shocks during the test, one or both of the hinged covers on the
calibration and oscilloscope controls.on the front panel came
open. 1o other effects were noted.

General Physical Construction

In general, the construction of the subject unit, due to its portability,
ig of a compact nature. However, the equivment does not present as

neat an appearance as is desirable with regard to wiring and physical
construction. Specifically, the following construction practices are
considered worthy of consideration for modification:

3-16~1. Wafer-type switches do not have ceramic insulation and the
Plating on the contacts does not appear to be of sufficient
thickness to afford positive contact for long periods of
service.

3-16-2. Some termimal strips are mounted flush with the chassis.

3-16-3, Many compohents are inaccessible for replacement without
extensive disassembly.

~-5- (Section 3)
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3-16-4, Fuses are clip-mounted at rear of chassis. To replace a fuse

requires withdrawal of chassis from cabinet and placinz chassis
on i%{s side.

3+16-5. Some of the cabled leads are subjected to chafing by being bent
-sharply around corners of the transformers.

3-16-6. The mounting holes on some of the solder lugs sre provided with
internal teeth - no separate washers are provided,

3-16-7. The power transformers and filter chokes are not potted and
sealed,

3-16-8. Many soldered joints are not clean and show evidence of excess
solder. ;

3-16-9. The type of hook-up wire employed does not have a homogeneous
insulation for protection against the effects of noisture.

3-16-10.The adjustment screw on the antenna-coupling capacitor does
not appear to be of sufficient diameter to preclude the
posgibility of being ensily bent when withdrawing or replacing
the chassis in the crbinet.

3~16-11.The inductors employed in the i-f amplifiers have bakelite
. insulating forms which are not waxed or otherwise adequately
protected against the effects of moisture.

3-16-12.Fot 211 leads are crimped at their soldered joints.

3-16-13.In some instances, more than three leads (counting component as
one) terminate at a single soldered joint,

3-16-14.No provision is mande for reducing the dust content of the air
intake to the bleower-fan.

3-16-15.Not 211 components (resistors, condensers, etc.) are mounted
on terminal boards. '

3-16-16.Some components with pig—iéil leads do not have between
1/8" and 1/2" clearance between the edge of the. component
and soldered joints.

2-16-17.The pig-tail leads on some components do not extend axially
at least 1/8" before being bent.

2-16-18.The part numbers (as designated on the circuit disgrom) are
not provided adjacent to components on the chassis,

3-16-19.1any long sections of cabled leads are not securely anchored
in place.

-6- (Section 3)
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3-16-20, The meter ports are not provided with non-glere glass.

3-16-21. The design of the front panel is such as to render the
electrical indicating meters invisible from many normal
operator positions, '

3-16-22. The numerals and markings.on the bearing indicator are not
suitably illuminnted.

3-16~-23. The size of the power supply components does not appear to be
comménsurate with the current-drain requirements of the equin-
ment. It is believed that smaller components could be
safely employed. '

3-16-24. Replacemsnt of many mica capacitors with approved ceramic
capacitors appears to be feasible.

3-16-25. The 1/16" thickness of the circular plate connection to the
type GL446 vacuum tube does not appear to afford sufficient
surface contact to properly conduct heat from the plate.

3-16~26. The silver plating on the inductance-tuning sleeve on the
type GL446 vacuum tube has worn off completely during the
course of the tests at this Laboratory. '

3-16-27. The soldering lugs employed on the terminal boards are not
as sturdy as would be desired.

3-16-28. o Allen-head wrench is provided to fit the control-knod
set screws.

3-16-29. Not all of the mounting screws are of sufficient length to
extend 1-1/2 threads beyond the retaining device.

3-16-30. Some paper capacitors are employed that are not sealed in
netal containers.

3-16-31. Spaghetti tubing hes been used for insulation in some instances.

3-16-32. The connector provided on the antenna cable does not appear
to afford positive contact for the ground connectioa.

3-16-33. Several of the bakelite forms for the i-f coils were split
by screws securing them to the chassis., These screws were
threaded into the forms which were apperently not of
adequate thickness and strength to permit of this type of
mounting.

3-17. VWeights and Dimensions

The gross weight of the Model CIBR tronsmitter receiver unit is
155 pounds. The overall dimensions of this unit are as follows:
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height - 15-3/a®
width - 16-1/2%
depth - 23-1/2"

3-18. Egrer Requirement

- The power requirement for 115 - v, a-c ocperation is shown belov for the
three positions of the power switch: *

Power

Switch _ ‘

Pogition - Yolts Amps . ¥atts Power Factor

"Standeby¥ 115 1.74 180 0,90

"Onerate® 115 2.06 205 .865

"Calibrate® 115 2.08 205 «865
3-19, Summary of Defects and Recommendations

It is recommended thet consideration be given to the incorporation of

the follo
equipment

3-19~1.

3~19-2,

3<19-3,

3~19-4,

3-19-5.

3=19-6,

5-19-7.

wing changes or improvements in subsequent units of the CXBR

It is believed that the receiver sensitivity could be made
considernbly better than the present 31-db value without
entailing too much difficulty. This improvement in sensitivity
would be very desirable. (Ref, Por. 3-2 and Fig. 101),

An improvement in the 4.6-db imnge-rejection ratio would be
desirable. (Ref., Par. 3-6).

The sudbject equipment could be used to better advantage as a
nevigation aid for small creft if the PPI type of presentation
were employed. (Ref., Par. 3-8).

The receiver oscillator should be operative at temperatures

in the 50-0° C range. In its present condition receiver
operation is impossible at +20° C and lower. The most spparent
neans ¢f improvement is the provision of more suitable heaters
on the transmitter-receiver chassis. (Ref., Par. 3-12),

A more suiteble type of locking catch should be used on the
hinged covers on the calibration and oscilloscope controls to
prevent the covers swinging open under conditions of shock.
(Ref., Por, 3-15).

Preferably, the insulation on the wafer-type switches should
have ceramic insulation and Elkonium Type 18 or Oak PSolid
Silver® contacts. (Ref., Par. 3-16-1).

It is desirable that all terminal boards be mounted with at
least 1/4% clearance from the chassis. (Ref., Par. 3~16-2).
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3--19-8,
3-19-9,

3-19-10.

3-19-11,

3:19-13,°
3.19-13.
| 3.19-14.
3-19-15.
3-19-16.

3-19-17.

3-19-18.
3-19-19.
2-19+20.

2=19-21.

a-19-22.

G=19-23 .

All components should be so mounted as to be eésily replaceable
without disassembly or disturbance of other circuits. (Ref.,
Par. 3-16-3). )

The cartridge-type fuse, replaceable from the front ponel of

the equipment, is preferred to the clip~mounted type.
(Ref., Par. 3-16-4).

Cabled leads should not be bent around sharp corners of
components. (Ref., Par. 3-16-5). '

The use of internal teeth on solder-lug mounting holes is not
considered satisfactory. Separate lock washers should be
provided., (Ref., Per. 3-16-6).

Power transformers and filter reactors should be potted and
senled by spproved meens. (Ref., Par. 3-16-7).

All goldered joints should be clean and all excess solder re-
moved. (Zef., Par. 3-16-8).

Hook-up wire with homogeneous insulating covering is preferred.
(Refl| Par. 3‘16-9)0

A sturdier screw-adjustment should be provided on the ontenna
coupling capscitor. (Ref., Per. 3-16-10).

The inductors used in the i-f amplifier channel should have
wax-treated ceramic insulating forms, (Ref., Par. 3-16-11).

All leads should be properly crimped at soldered joints so
that the mechanical strength of the joint does not depend on
the solder. (Ref. Par. 3-16-12). :

Mo more than three leads (counting components) should terminate
in a single soldered joint. (Ref., Par. 3-16-13),

A dust filter on the blower fan air intake would be desirable,
(Ref ., Par. 3-16-14).

Except where electrically impracticable, all small components
should be mounted on terminal boards. (Ref., Par. 3-16-5).

At least 1/8" and not greater than 1/2% clearance chould be
provided between edges of components and soldered joints where
pig-tail leads ore used. (Ref., Par, 3-16-16).

A1l piz-tail lerds should extend axially at least 1/87 before
being bent. (Ref., Par. 3-16-17).

Components should have their part designation numbers clearly
and permanently marked adjacent to them on the chassis.
(Ref., Par. 3-16-18). '
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3=-19-24,
3"19"25 ®

3-19-27.

3-19-28.

3-19-29.
3-19-30.,

3-19-31.

3-19-33.
3-19-34.

3“19“"‘35 ®
3-19-386.

3-19-37.

All lengths of cnbled leads should be properly aachored to
the chassis. (3ef., Par. 3-16-19).

All meter ports should be provided with non-zlare claes.
(Ref., Par. 3-16~20).

Consideration should be given to locating the electrical
meters so as to moke them visible from more varied operator
positions. (Ref., Par. 3-16-21).

The numerale snd markings on the bearing indicator shoul d
be clearly visible from the operating position. (Ref.,
Par. 3-16-22).

It is believed that smaller power-supply cormponents could be
used satisfactorily. (Ref., Par. 3-16-23).

In view of the current shortage of suitzble types of mica,
consideration should be given the substitution of approved
substitute capacitors where practicable. (RBef,, Par. 3-16-24).

To more satisfactorily conduct heat from the type GL446
anode, more surface contact should be provided on tiae plate
connection. (Ref., Par. 3-16-25).

Thicker silver-plating of better adnerence is desired on the
poarts of the tuned-cavity mssembly. (Ref., Par. 3-16-26).

A sturdier, approved type of soldering lug should be employed
on the terminal boards. (Ref., Par. 3-16-27).

An Allen-head wrench to fit the control-knob set-screws
shorld be provided, mounted in an easily accessible position
on the chassis. (Ref., Par. 3-16-28). '

All mounting screws should be of sufficient leagth t0 extend
at least 1-1/2 threads beyond the retaining device. (Ref.,
Par. 3-16-29).

Paper capacitors should be sealed in metal containers in an
approved manner. (Ref., Par. 3-16-30).

Spaghetti tubing is not considered a satisfactory means of
insulation. (Ref., Par. 3-16-31).

A more suitable, approved concentric-cable connector should
be provided on the sntenna cable.(Ref., 3-16-32).
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5-20.

CONCLUSIONS

‘The subject equipment does not appear to fulfill the contract require-

ments that: (1) the design shall be such as to permit sasy and rapid
replacement of component verts, servicing, and repzair, and (2) the
equipment shall utilize Havy-approved components and materisls, Further,
satisfactory operation should be afforded at ambient temperatures of
50-0° C, whereas the receiver is inoperative, in its present comdition,
at temperatures below 20° C. Greater core should be tsken with the
electricel and nechanical construction of the units. thile Radar
equipment of the type tested could undoubtedly prove to be of great
value in the Waval service, numerous improvements should be made to
insure satisfactory continued operation.

Section Head, Receiver Section.
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TABLE 1
VE-GI0UND TUBE ELUCTRODE POTEITIALS
Model CXBR

Hadar Receiver
Ser. llo, 1

G. E. Co., Schnectady, ¥. Y.

Voltmeter: R.C.A. "Voltohmyst, Jr.", Fo. 1986.
Gein control: Moximum gain position.

Sunores-
Gir?uit Diagram  Tube Heater Cathode Grid Screen sor Plote
Desizpation _  Ivpe Function (V,a-¢) (¥, d-¢) (V.d-c) (v.d~c) (v,d-e) (V.é-c
Viol GI446 Autodyne 0.0 -4.,5 - - 171
Detector 5.9
vioz BAC7 1lst i-f 5.9 1.42 0.0 113 0.0 235
Amplifier '
V103 6AC7 2nd i-f 5.85 1.61 0.0 140 0.0 247
Amplifier :
V104 6ACY 3rd i-f 5.85 1.7 0.0 125 0.0 237
Amplifier
V105 6AC7 4th. i-f 6.0 1.75 0.0 127 0.0 215
Amplifier
Vigs 6SL7GT 2nd Detec- 1.5 0.0 - - 0.0
tor lst 6.0 1.5 1.5 - - 164
Video : ’
V107 6AC7? 2nd Video 5.9 0.0 -1,15 58 0.0 252
Vios 6V6GT Final Video5.9 21.2 0.0 264 - 250
V109 6SH? 1LUU0-cps 5.9 0.0 =35 238 C.0 270
Ogecillator _
V110 BSL7GT lst & 2nd 5.9 0.0 =20 - - 40
Clipper-amm. 0.0 <15 - - 160
Vvili 6827 3rd Clipwer 5.95 0.0 =65 73 0.0 73
amplifier
7112 | 6SH7 4th clipper 5.95 0.0 =3.6 85 0.0 85
amplifier
Vile 65K7GT Push-pull 5.9 0.0 -4.2 - - 110
S\'Tee‘p A'ﬂp. 0-0 -3 .9 b - 110
vlis S5U4G Low-voltage
Rectifier 4.85 273 - - - 280v,
. o=
MOTE: Shells of all metel tubes (each plate)

at ground potential.
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