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This final report on the operational evaluation of Radio Set
AN/TRT-2B(XL~1) employed as a VI-fuze jammer has been prepared by
the Electronic Warfare Department (EWD) as a part of Job 33~56~0013
(USAEPG~3 EW Systems Test) of the United States Army Electronic
Proving Ground Technical Program. The tests were conducted during
the period from October through December 1956,

Artillery support was furnished by the following organisations:
C Battery, 38th Field Artillery Battalion, Fort Lewis, Wash.; 155-mm
Howitser Section, C Battery, 12th Field Artillery Battalion, Fort
Lewis, Wash.; 8-in. Howitzer Section, A Battery, 268th Field Artillery
Battalion, Fort Bragg, N.C.; Flash Platoon and Survey Squad, A
Battery, 285th Field Artillery Observation Battalion, Fort Bragg,
N.C.; Campany D, 22nd Infantry Regiment, Fort Lewis, Wash.

The Army Security Agency Operations Center, Fort Huachuca,
Arizona, assisted in these tests., Personnel of the lst Signal
Group and EWD, USAEPG, Fort Huachuca, Arizona, operated and main-
tained the equipment,

H. McD. BROWN
Col SigC
Chief, Electronic Warfare Department
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ABSTRACT \
\/ —

The results of an operational evaluation of Radio Set AN/TRT-2B \1

(xL-1), a W-We set forth, The equipment, which
Co—p'e;ates over a frequency range of from 70 to 200 Mc)s, is a swept

cw jammer of approximately 80 watts maximum output, capable of am.
modulation with audio tones and random mew keying., The AN/TRT-2B
(XL-1) is a modification of the AN/TRT-2B that provides greater
time-on-signal to make the set effective against VI fuzes with anti-
Jjamming features. The results of an operational evaluation of Radio
Set AN/TRT-2B were published in USAEPG-SIG 920-50, September 1956,
Under optimum conditions the set predetonated 90 percent of
T-226E2/A and T-227/A VT fuzes at a range of 2,500 yards. However,

when the jamming aspect was varied, that effective range was not
consistently maintained, A total of nine firing tests was conducted
under varying parameters including simultaneous friendly and enemy
fire and NVT and CVT fuzes,

Other subjects investizated were certain technical characteristics,
operational times, ruggedness and transportability, vulnerability to

intercept and direction finding, interferencec with communications,

maintenance, and man-machine relationships.

\
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Rection L. Oummary

Radio Set AN/TRT-2B(XL-1) was operationally evaluated to
determine its usefulness as a VI-fuze jammer, The set is a swept
cw jammer of about 80 watts maximm output, capable of am. modu-
lation and provided with an URA-T1 tone generator for producing
audio tones, step-tones, audio noise, and random mcw keying.

The AN/TRT-2B(XL-1) is a modified version of the AN/TRT-2B,
upon which was published an operational evaluation report, AEPG-
SIG 920-50, September 1956, The XL-1 modification restricts the
sweep range, providing greater time-on-signal and increasing the
effectiveness of the set as a VI-fuge jammer, The modification
also eliminates the necessity of using 6 sets of plug-in coils to
cover the frequency range of 70 to 200 Mc/s by providing two bands
selected by a switch on the front panel.

Tests were conducted using three types of VI-fuze. The
T-226E2/A was used with 105-mm howitzer; the T-227/A was used
with the 8-in, and 155-mm howitzers; and the T-178E3 was used with
the 8l-mm morter.

The interference effect of the jammer on an air-to-ground am,
cammunication system was investigated. With the jammer sweeping
at 1 sweep/sec communications were maintained although the jammer
was within 1,000 yards of the ground station; both the airecraft
and the ground station were within the main beam of the jammer, and
the jammer was sweeping across the communication frequency. The
interference effect was further reduced when the ground station did
not lie in the main beam of the jammer. Since a low sweep rate was
found to be most effective against VI-fuzes, the jammer is nomally
operated at low rates.

The AN/TRT-2B(XL-1) signal was intercepted at 10,000 yards by
the AN/TLR-9 search and intercept receiver when the intercept
station was in the main beam of the jammer., At this range the
azimuth of the jammer was determined within 6. degrees by an AN/TRD-10
direction-finding set when the jammer was not sweeping. When the
Jammer was sweeping, it was difficult to obtain an accurate bearing.
Beyond 15,000 yards the jammer was not intercepied even when beamed
at the intercept site.

To simulate differing tactical situations, tests were conducted
under widely varied conditions, The jammer was placed on the gun-
to-target line with targets placed both ahead of and behind the
jammer to obtain O-degree aspect jamming., The jammer was also
placed to the side of the gun-to-target trajectory to perform 90-
degree aspect jamming. In each of these situations rounds were fired

7
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in both high- and low-angle trajectories. A further variation in test
conditions was provided by varying the arming time of the fuzes.
Fuzes that armed as soon after leaving the weapon as safety per-
mitted as well as fuzea set to arm at the mid-point of the trajec-
tory of the projectile were used. Finally, tests were conducted

with simultaneous fires from friendly and enemy gun positions,

In many cases the jammer parameters, sweep rate, modulation
frequency, antenna polarization, and antenna elevation angle were
varied to ascertain the optimum settings for a given situation, A
sweep rate of one sweep/sec and a modulation frequency of 200 cps
generally provided maximum effectiveness against the VI fuzes used,
Horizontal polarization for 90-degree aspect firing and vertical
polarization for O-degree aspect firing usually provided the maxi-
mum power transfer between the jammer and the fuze. The optimum
antenna elevation angle was obtained when the main beam was aimed
at the trajectory of the projectile in the area where jamming was
desired.

Experiments were performed with three antennas: the AS-266/
TRT-2, the AS-542/U, and the EDL folded dipole which is a compo-
nent of the AN/MIQ-8(XL-2). Varying the antenna elevation angle
showed that the effect of ground reflection on the space pattern
is a major and often unknown factor in the effectiveness of the
AN/TRT-2B(XI~1). It is evident that an antenna patiern which
minimizes the effect of ground reflection is highly desirable, It
is impractical to attempt to predict the effect of ground reflec-
tion over a large tactical area because terrain and soil variations
have a marked effect upon such reflection.

Under optimum conditions a kill of 90 percent was obtained
against T-226E2/A and T-227/A fuzed projectiles at 2,500 yards.
These ranges were not consistently maintained, however, when the
projectile trajectory and jamming aspect were varied. When both
friendly and enemy fire were present,it was possible to orient the
Jjammer antenna so that a kill of 70 percent was obtained on enemy
rounds with only 10-percent kill on friendly rounds.

The jamnmer is soundly constructed and required little main-
tenance, It is simple to operate and may be left unatiended except
when it is necessary to refuel the generator or change the operating
conditions of the jammer. The complete equipment can be transported
in a jeep with a trailer,

With further modification of the jammer and with the develop-
ment of an antenna more suited to fuze jamming, the AN/TRT-2B(XL-1)
is expected to be consistently effective against VI-fuzed fire at
ranges of 1,000 to 2,500 y&rds.
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Seoction I1I, Introduction

1, BACKGROUND

In its original form the AN/IRT=2 was & ow transmitter with a
power supply and antenna covering from 66 - 200 Mo/s in six separate
4 bands, The frequency of the transmitter was swept over the entire
band of interest, :

¢ A modified version, the AN/TRT-2B, incorporated a wodulator and
amplifier into the original design and thus provided amplitude modu~
lation of several types, This modifiocation of the AN/TRT-2B was
tested at AEFG to determine its capability in jamming VT fuses, The
results obtained were far from satisfactory, dbut none the less en~
couraging.*

The Eleotronic Defense Laboratories, a division of Sylwvania
Eleotrio Co,, performed the necessary modifications indicated by
early tests and built the AN/TRT-2B(XL-1), The set covers a fre-
Quency range of 70 = 200 Mo/s in two bands. The frequemcy can be
swept over a band of 2 to 7 peroent of the carrier frequency, When
used to jam VI fuses,the smller sweep band provides a greater time-
on-sigml and greatly increases the effectivensss of the jemmer,

2. PURPOSE OF TESTS

The purpose of the tests was to evaluate the operating charac-
teristics and limitations of the AN/IRT-2B(XL-l) when used to jam
VI fuses,

S, - SCOPE OF TESTS

The tests were conduoted to determine range and effectivensss
against T-226E2/A fuses used with the 106-sm howitser, T-227/A
fuges used with the 8-in, howitser and the 166-mm howitser, and
T-17883 fuszes used with the 8l-mm mortar,

“Hesults published in AEPG-SIG 920-50, September 1956,
¢ ,
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Section III, Description of the AN/TRT-2B(XI-1)

4. _PHYSICAL DESCRIPTION

Radio Set AN/TRT-2B(XI-l) is a compact, transportable trans-
mitting set. A photograph of the equipment is shown in fig. 1.
Its main components are a transmitter, modulation and amplifier unit,

antenna, power unit, and set of spare parts.

teristics of the set are as follows:

The physical charac-

Component

Required
(nr)

Dimensions
(in.)

Weight
(1bs)

Transmitter Chest CY-17/TRC-1
containing:

1 Transmitter T-131B/TRT-2B
(X1-1)

1 Cable CX-1911/U

1 Cable CX-1890/U

1 Cable CG-874/U

1

16 x 17 3/4 x 224

95

Modulator/Amplifier Chest CY-
1093/TRT=-2B containing:

1 Modulator MD-156( )/TRT-2B
1 Amplifier AM-583( )/TRT-
2B(XL-1)

16 x 17 3/, x 224

Antenna Chest CY-16/TRA-1
containing:

1 Antenna AS-266/TRT-2
1 Junction Box J=152/TRT-2
1 Cable CX-1889/U

13} x 16 x 46

Power Unit PU~6/TPS-1

234 x 224 x 40

235

" Spare Parts Chest CY-1420/TRT-
2B containing:

1 set of spare parts
1 Junction Box JB-451/TRT-2B
(X1=-1)

16 x 17 3/4 x 22%

11
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Antenna AS-266/TRT-2 consists of a large sleeved dipole
reflector and matching transformer. It is nondirectional without
reflector and approximately 180 degrees in beamwidth with reflec-
tor. It can be polarized either horizontally or vertically.

2. TECHNICAL CHARACTERISTICS

The transmitter of the AN/TRT-2B(XL-1) is a self-excited
oscillator and power supply contained in one package. The fre-
quency of 70 to 200 Mc/s is divided into two bands which are
selected by means of a switch on the front panel. The carrier
frequency can be swept over a frequency band of 2 to 7 percent of
center frequency, depending on the particular center frequency,
by a motor-driven sweep mechanism. This carrier can be modulated
by use of the amplifier AM-583( )/TRT-2B(XL-1).

A block diagram of the equipment is shown in fig. 2, and the
technical characteristics are listed in the following table:

MODULATOR AF AMPLIFIER TRANSMITTER RF
MD-156( )/ TRT-28 AM-583 ( )/ TRT-28(XL-1) T-1318/TRT- 2B (XL-~I)
13 vV AC
POWER UNIT
PU-6/ TPS-I 28V DC

Fig. 2. Block diagram of AN/TRT-2B(XL-1)
12
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Frequency Range:

Band A, 70-120 Mc/s
Band B, 110-200 Mc/s

Transmitter type:

Self excited, parallel line,
push=pull oscillator feeding
the antenna directly

Type of signal transmitted:

Unmodulated cw or am., either
of which may be swept over a
frequency range of 2 to 7
percent of the center frequency
depending on transmitting fre-
quency

Types of modulation
available:

Random noise, steptones, audio
sine wave tones, cw and mcv
random keying

Rate of sweep:

1 to 8 sweeps/sec

Power output:

75 to 100 watts, depending upon
transmitter frequency

Power input:

115 v 400 eps input 2.5 amperes
28 v dc input 1 ampere
13
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Seetdon IV, Operatlonal Tests

€, IEST L, OVEEP BATE AND OWEEP DEVIATION

The purpose of this test was to determine the sweep rate at
different positions of the sweep rate control and to determine the
sweep frequency deviation at 20-Mc/s intervals over the frequency
renge of the AN/TRT=-2B(XL-1).

The modified AM/TRT-2B(XL-l1) has a sweep rate control cali-
brated in sweeps/sec. This is not to be confused with the revo-
lutions of the sweep index indicator. One complete revolution of
the sweep index equals 4 sweeps as defined by EDL., This is because
the motor-controlled variable capacitor used to sweep a narrow band
is of the butterfly type. It cavses a complete sweep of frequencies
every quarter turn (90°), thus producing 4 sweeps per revolution.

The sweep rate control is calibrated from 1 to 8 sweeps/sec.
The sweep rate was checked at each of the positions against a
stop watch. Results are as follows:

Indicated sweeps/sec Actual sweeps/sec

1 0.9

1.9

2.8

4.0
4.8

5.6

6.4

(oSN B AN R AU R B I VR I (V)

7.2

4

The sweep deviation was measured by observing the output of
the AN/TRT-2B(XI~1) on an AN/TLR-9 receiver. The results are shown
in the following table:

JVA
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Frequency
Band Low Center High Frequency deviation
(Mc/s) | (Mc/s) (Mc/s) | (Mc/s) | (percentage)
69.7 70.0 74.0 4.3 6
A 86.9 90.0 92.5 5.6 6
106.5 110.0 113.4 6.9 6.4
105.5 110.0 114.0 7.5 6.5
125.0 130.0 135.0 10.0 7.6
B 143.9 150.0 157.0 13.1 8.6
163.0 170.0 178.0 15.0 8.9
181.9 190.0 199.1 17.2 9.1

The power unit used was a PU=-20 C/B, which operates from 110 v
ac at 60 cps and produces 110 v ac at 400 cps and 28 v dc for the
sweep motor and blower. Any variation in the dc voltage causes a
variation in sweep rate.

The purpose of this test was to measure the power output of
the AN/TRT-2B(X1L~1) as a function of frequency and to measure the
noise modulation bandwidth. A bench test was arranged as shown in
fig. 3. The power output was measured every 5 Mc/s from 100 to 200
Mc/s. At each frequency the output control was adjusted for maximum
power output as read on the wattmeter. The results of this test
are presented in figs. 4 and 5. No modulation was applied to the
trangmitter. Input voltages for the AN/TRT-2B(XI-l) supplied by
the PU-6 power unit remained constant during the test.

With noise modulation applied to the transmitter the noise
modulation bandwidth was 3 Mc/s with the noise filter in the circuit.

The noise bandwidth without the filter was not measured because the
filter could not be removed from the circuit.

8. IEST 3, RUGGEDNFSS AND TRANSPORTABILITY

The purpose of the test was to examine the AN/TRT-2B(XL~1) for

SECRET
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THRULINE TERMALINE
- WATTMETER
AN/TRT -28 . g COAXIAL Ri;lSTOR
(xL-1) MODEL 43 #8543 MODEL 82 292

BIRD ELECT. CORP. 500 :WATTS

MEGACYCLE
METER

MODEL 59 #4988

MEASUREMENT CORP.

Fig. 3. Arrangements for test of power output and noise modulation

ruggedness and transportability. The equipment was placed in a 3/4-
ton truck which had no protective covering and driven at ten miles
per hour over the 10-mile cross-country course shown in fig. 6. No
malfunctions of the equipment resulted from this movement.

With the equipment mounted in a 3/4-ton truck as shown in fig.
7, the truck was crowded, and inadequate space remained for safe
operation while the vehicle was in motion.

9, TEST 4, SET-UP AND TAKE-DOWN TIME

The purpose of these tests was to determine the set-up and
take-down time for the AN/TRT-2B(XI-1). The set-up and take-down
tests were conducted with a two-man crew. It was difficult for
two men to handle and install Antenna Assembly AS-266/TRT-2 be-
cause of its bulkiness. Under windy conditions erection is very
difficult. The average set-up time was 19 minutes with an additional

16
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FRONT
SP ARE AN/URC-17
PARTS RADI
ANTENNA bIo
CHEST SET
PACKED IN
CASE
GAS
MODULATOR
AND GAS TRANSMITTER
N
RATIONS AMPLIFIER
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warm-up time of 3 to 5 minutet required before operation. The
average take-down time was 15 minutes,

ES T UL 0 F. NC

The purpose of this test was to determine the frequency change
time of the AN/TRT-2B(XL-1). Two frequency bands are selected by a
switch on the front panel. The time required to change from one
transmitting frequency to a second specified frequency was measured.
The operator used the following procedure:

a, Switch PLATE VOLTAGE to OFF

b. Set frequency tuning control to the desired frequency
¢, Set BAND SWITCH to desired band

d. Switch PLATE VOLTAGE to ON

e, Adjust coupling control for maximum output.

Tuning the entire range of band A (70-110 Mc/s) required 32
gseconds. Tuning the entire range of band B (110-200 Mc?s) required
38 seconds. Tuning the entire range of band A and then switching
to band B required 46 seconds.

ST S TATION

The purpose of this test was to measure the signals radiated
by the AN/TRT-2B(XI~1) in the frequency range of 20 to 400 Mc/s
with the set tuned to 100 Mc/s. The signal strength was measured
with a field strength meter placed 1,000 yards from the set. Step-
tone modulation was applied to the set, which was supplying 80 watts
to Antenna AS-266/TRT-2. At 100 Mc/s a field strength of 1,600 uv/m
was measured in the main beam of the antenna and 400 uv/m in the
reverse direction. One undesired signal was observed at 78.7 Mc/s
with a strength of 5.5 uv/m in the main beam and 2.5 uv/m in the
reverse direction.

TES VU L EPT

This test was conducted to determine the vulnerability of the
AN/TRT-2B(XL-1) to intercept and direction finding.

An AN/TLR-9 search receiver and AN/TRD-10 direction-finding
set were used. The AN/TRT-2B(XL-1) was operated at 100 Mc/s with
70 watts output and was beamed at the intercept and direction-
finding equipment.

The following indications were obtained on an AN/TRD-10 placed
10,000 yards from the AN/TRT-2B(XL-1):
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Signal £ Signal modulati Asisuth

True %ﬂuﬁ%l — True Inﬂc&d True Indicated

- (Mo/s) (Mo/s) (as shomn) | (as shown) | (deg) |  (deg)

| 100 100. 35 Step-tones | Step-tones | 9 3
only

100 104.15 Sweeping Not de- 9 265
at 2 tectable
sweeps/sec
plus step-
tones

The intercept operators were told only that the frequency of the
jammer was between 95 and 150 Mc/s. On the average the operators
required two minutes to determine the frequency and azimuth of the
Jammer signal received at the intercept site.

At 15,000 yards the intercept and direction-finding equipment
was not able to intercept or locate the AN/TRT-2B(XL~-1) although
the jammer was beamed at the intercept site.

The purpose of the test was to determine the interference effect
of the AN/TRT-2B(XI~1) on an air-to-ground am. commmications system.
An ARC-12 operating at 121.7 Mc/s was used for the ground statiom,
and the AN%;I-ZB(JCL-I) was also tuned to 121.7 Mc/s.

Using the test layout shown in fig. 8 the aircraft made three
runs at altitudes of 500, 1,000, and 2,000 feet. The same effects
were noted for all altitudes. When the janmer was sweeping at
1 sweep/sec, slight interference was observed, but commmications
were not affected., With the jemmer sweeping at its maximum sweep
rate,severe intexrference was observed although commmication could
still be maintained. With the jemmer set on 121.7 Mc/s and not
sweeping, communication was not possible.

Using the test layout shown in fig. 9 the aircraft made three
runs at 500, 1,000, and 2,000 feet. The same effects were noted
for all altitudes. Although,when the jammer swept at its maximum
rate, severe interference was observed, communications could still
be maintained. With the jammer set on 121.7 Mc/s and not sweeping
severe interference was observed, but commmication was possible
provided that the aircraft was within 5 miles ground distance of
the ground station.
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Section V. Testg of Range and Effectiveness

14, GENERAL INFORMATION

The tests of effectiveness were conducted using the 105-mm
howitzer, 155-mm howitzer, 8-in. howitzer, and 8l-mm mortar.
Throughout the firing tests "aspect" is defined as the horizontal
projection of the angle between the axis of the main lobe of the
jammer antenna and the trajectory of the projectile in the direc-
tion from target to weapon., High-angle fire is defined as fire
with the weapon at an elevation angle greater than 800 mils, and
low-angle fire conversely employs a weapon elevation of less than
800 mils.

The jemming range at 90-deg aspect is defined as the distance
along the ground between the jammer and the point on the ground
directly beneath the intersection of the axis of the main beam of
the jammer and the trajectory of the projectile. The jamming range
at O-deg aspect is defined as the distance between the jammer and
the ground target.

Optimum antenna parameters are those for which the antenna is
beamed at the trajectory and the polarization is parallel to the
trajectory at the point of interest. This generally results in
vertical polarization for O-deg aspect fire and horizontal polari-
zation for 90-deg aspect fire.

The term "normal variable time" (NVT) describes fuzes which
are set to arm as soon af'ter the projectile leaves the weapon as
safety will permit. The term "controlled variable time" (CVT)
describes fuzes which are set to arm three seconds before impact.

Three antennas were used during these tests. The AS-266/TRT-2
is the component antenna of the AN/TRT-2B(XL-1) and consists of
a dipole with reflector. The antenna of the AN/MLQ-8(XL-2) is a
dipole with corner reflector. The AS-542/' antenna is a component
part of the AN/MRT-4 and consists of a discone with a large corner
reflector.

The results of all firing tests are tabulated in Annex A,
table I.

T EFFECTIVENESS AGAINST FIRE, ASPECT

The purpose of this test was to determine the effectiveness
of the AN/TRT-2B(XL-1) against the T-226E2/A fuze when used with
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the 105-mm howitzer at 90-der aspect and to compare the AS-266/TRT-2
antenna with the AN/MIQ-8(XL-2) antenna.

The constants of the test were:

Power output maximum

Sweep range 157-177 Mc/s

Sweep rate 1 sweep/sec
Modulation 200 cps

Fuze NVT, type T-226E2/A
Antenna parameters optimum

Weapon 105-mm howitzer
Aspect 90 deg

The results indicate that the jammer is more effective against
low-angle fire than high-angle fire under these conditions, and the
ANMIQ-8(XL-2) antenna is more effective against high- and low-angle
fire than the AS-266/TRT-2.

At 2,500 yards a kill of 66 percent was obtained on low-angle
fire with the AS-266/TRT-2 although lobing effects reduced the low-
angle effectiveness at shorter ranges. At 2,500 yards the ANAMLQ-8
(XL-2) antenna produced 88 percent kill against low-angle fire. At
2,500 yards 20-percent lill was obtained against high-angle fire
with the AN/MIQ-8(XL-2) antenna, When the AS-266/TRT-2 was used
against high-angle fire, the range had to be reduced to 1,000 ;ards
in order to predetonate 20 percent of the fire. The results are
shown graphically in fig. 10.

TEST EFFECT A VT FI ASPEC DEGREES

The purpose of this test was to determine the effectiveness of
the AN/TRT-2B(XL-1) against the T-226E2/A fuze (CVT) when used with
the 105-mm howitzer at 90-deg aspect.

The constants of the test were:

Power output maximum
Sweep range 151-165 Me/s
Sweep rate 1 sweep/sec (a rate cf 1 sweep/sec
was found ineffective)
Modulaticn 200 cps
Antenna AS-266/TRT-2
Fuze CVT type T-2206E2/A
Antenna parameters optimum
¥leapon 105-mm howitzer
Aspect 90 deg
25
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At 1,600 yards a kill of 10 percent was obtained on low-angle
fire and 40 percent kill on high-angle fire, in contrast to test 9,
where NVT fuzes were used and greater effectiveness was obtained
against low-angle fire,

When jamming NVT fuzes,the jammer is beamed horizontally at
the midpoint of the trajectory, and high-angle fire probably passes
above the effective beam of the jammer., When jamming CVT fuzes,the
Jjammer must be beamed at the target end of the trajectory, where the
projectile becomes armed and low-angle fire probably passes below
the effective beam of the jammer.

This may explain why the jammer is more effective against low-
angle NVT fire and high-angle CVT fire and less effective against
high-angle NVT fire and low-angle CVT fire. Unquestionably the
difference in effectiveness is for the major part chargeable to the
shift in the antenna pattern caused by the difference in antenna
aiming and ground reflection, relative to the projectile trajectory.

A7, TEST 11, EFFECTIVENESS AGAINST CVT FIRE. ASPECT O DEGREES ¢

The purpose of this test was to determine the effectiveness of
the AN/TRT-2B(XL-1) against the T-226E2/A fuze (CVT) when used with
the 105-mm howitzer at O-deg aspect with target areas both before
and behind the jammer.

The constants of this test were:

Power output maximum

Sweep range 155-171 Mc/s

Sweep rate 1 sweep/sec
Modulation 200 cps

Fuze CVT, type T-226E2/A
Antenna parameters optimum

Weapon 105-mm howitzer
Aspect 0 deg

The results shown in fig. 11 indicate that the jammer is more
effective against high-angle than low-angle fire, Use of the AS-542/U
antenna increases the effective range over that obtained with the
AS-266/TRT-2 antenna.

The maximum effective range (90-percent kill) ag inst high-
angle fire using the AS-266/TRT-2 antenna is 750 yards with the

target either before or behind the jammer. At 550 yards a kill of
10 percent was obtained in low-angle fire.
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Fig. 11. Effectiveness against 105-mm howitzer fire at O-degree aspect

The purpose of this test was to determine the effectiveness of
the AN/TRT-2B(XL-1) against the T-227/A fuze (NVI) when vsed with
the 8-in. howitzer and 155-mm howitzer at 90-deg aspect.

The constants of the test were:

Power output maximm

Sweep range 96-108 Mc/s
Sweep rate 2 sweeps/sec
Modulation 200 cps

Antenna AS-266/TRT-2
Fuze NVT type T-227/A
Antenna parameters optimum

Aspect 90 deg
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The results shown in figs. 12 and 13 indicate that the jammer
is more effective against low-angle fire than against high-angle
fire, The maximum effective ranges with 90-percent kill are shown
below:

155~-mm Howitzer 8-inch Howitzer
High angle Low angle High angle Low angle
1,000 yds 1,500 yds 90 percent kill 2,500 yds
not obtained

=y A } o

The purpo~e of this test was to determine the effectiveness of
the AN/TRT-2B(/L-1) against the T-227/A fuze ‘CVT) when used with
the 155-mm howitzer at O-deg aspect.

Constants of the test were:

Power output maximum

Sweep range 96-108 Mc/s
Modulation 200 cps

Antenna AS-266/TRT=2
Fuze CVT type T-227/A
Weapon 155-mm howitzer
Antenna parameters optimum

Aspect 0 deg

With low-angle fire and a sweep rate of 2 sweeps/sec, no pre-
detonations were obtained at 300 yards. Changing the rate to 1
sweep/sec produced a 20-percent kill, With low-angle fire and a
rate of 2 sweeps/sec, no predetonations were obtained at 1,000
yards. Changing the rate to 1 sweep/sec resulted in a 50-percent
kill.

With high-angle fire and a sweep rate of 2 sweeps/sec,a 30-
percent kill was obtained at 1,000 yards. Using 1 sweep/sec a
kill of 30-percent was also obtained at this range. With high-
angle fire and a rate of 1 sweep/sec, a kill of 20 percent was ob-
tained at 300 yards.

TEST FFECTIVENESS AGAINST T-178E ZE, ASP D

The purpose of this test was to determine the effectiveness of
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the AN/TRT-2B(XL-1) against the T-178E3 fuze (NVT) when used with
the 81-mm mortar at 90-deg aspect.

The constants of the test were:

Power Qutput maximum

Sweep range 134=146 Mc/s
Sweep rate 1 sweep/sec
Modulation 200 cps

Fuze ‘NVT, type T-178E3
Weapon 81-mm mortar
Antenna parameters optimum

Aspect ‘ 90 deg

With high-angle fire at 1,000 yards,30-percent kill was obtained
using antenna AS-266/TRT-2. Under the same conditions 20-percent
kill was obtained using the antenna of the AN/MIQ-8(XL-2). The antenna
elevations were varied to determine optimum elevations. The best
results were obtained with horizontal polarization using antenna
AS-266/TRT-2 at O-deg elevation and the AN/MIQ-8(XL-2) antenna at
45-deg elevation.

The purpose of this test was to determine the effectiveness of
the AN/TRT-2B(XL-1) against the T-178E3 fuze (NVT) when used with the
8l-mm mortar at O-deg aspect.

The constants of the test were:

Power output maximum

Sweep range 134-146 Mc/s
Sweep rate 1 sweep/sec
Modulation 200 cps

Fuze NVT, type T-178E3
Weapon 8l-mm mortar
Antenna parameters optimum

Aspect O deg

With high-angle fire a kill of 80 percent was obtained at 200
yards using the AS-266/TRT-2 antenna., Under the same conditions
100-percent kill was obtained with the AS-542/! antenna, which has
higher gain and is therefore expected to provide greater effective-
ness than the AS-266/TRT-2.
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The purpose of this test was to determine the effectiveness of
the AN/TRT-2B(ML-1) against the T-226E2/A fuze with simultaneous
friendly and enemy fire at 90-deg aspect. The 105-mm howitzer and
the NVT type T-226E2/A fuze were used by both friendly and enemy
artillery. The siting arrangements are shown in fig. 14.

The constants of the test were:

Power output maximum

Sweep range 155-171 Mc/s
Sweep rate 1 sweep/sec
Modulation 200 cps

Fuze NVT, T-226E2/A
Weapon 105-mm howitzer
Antenna parameters optimum

Aspect 90 deg

A kill of 10 percent of enemy rounds and no kill of friendly
rounds resulted when using the AS-266/TRT-2 antenna (horizonval
polarization, O-deg elevation) at a range of 1,500 yards from the
jammer to the enemy trajectory. Under similar conditions 50-percent
kill of enemy rounds and no kill of friendly rounds resulted when
using ;he AN/MLQ-8(XL-2) antenna (45-deg polarization, 20-deg ele-
vation).

The jammer was oriented to obtain 90-deg aspect with enemy
fire and approximately 135-deg with friendly fire while the dis-
tance along the axis of the main beam of the jammer to the enemy
trajectory was 1,500 yards and to the friendly trajectory, 1,300
yards. A greatly increased kill of enemy rounds resulted from the
greater coupling of jammer to fuze obtained at 90-deg aspect.

S OUS F AS D

The purpose of this test was to determine the effectiveness of
the AN/TRT-2B(XL-1) against the T-226E2/A fuze with simultaneous
friendly and enemy fire at O-deg aspect. The 105-mm howitzer and
the early arming T-226E2/A fuze were used by both friendly and
enemy artillery. The test siting is shown in figs. 15 and 16, The
enemy weapons fired low-angle fire, and the friendly weapon fired
high-angle fire,

The constants of this test were:
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Power output maximum

Sweep range 115-171 Mc/s

Sweep rate 1 sweep/sec

Modulation 200 cps

Fuze CVT, type T-226E2/A

Weapon 105-mm howitzer

Antenna parameters O-deg elevation; vertical polariza-
tion

Aspect 0 deg

A Xill of 70 percent of enemy fire and 10 percent of friendly
fire was obtained.

The friendly artillery fired high-angle fire, allowing the
friendly projectiles to pass over the jammer at a considerable
height and preventing them from entering the beam of the jeammer
until they had passed a distance beyond the jammer. However, the
low-angle enemy fire came within the main beam as it approached
the jammer. The greatly increased kill on enemy rounds resulted
from orienting the jammer antenna so as to provide maximum coup-
ling to the low-angle enemy projectile,
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Section VI, Maintenance Problems

The two AN/TRT-2B(XL-1) sets, serial nrs 1 and 2, were found
to be generally rugged and reliable. Over a period of three months
three repairs were performed at EWD, The breakdowns and corrective
actions are listed below:

a. High voltage transformer T-l in transmitter T-131B/TRT-2B
(XI-1), serial nr 1, burned out and was replaced.

b. Tubes V-207 and V-208 (both are type 807W/5933) in empli-
fier AM-583( )/TRT-2B(XI-1) became faulty and were replaced in
serial mr 1.

¢. A short circuit developed in the RF output cable of trans-
mitter T-131B/TRT-2B(X1-1), serial nr 2, and was repaired.

Capacitor C-9 has a tendency to arc over, but no damage to the
equipment resulted from this deficiency. A capacitor of higher
voltage rating will eliminate this difficulty.
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The purpose of this test was to evaluate the operating ease of
the AN/TRT-2B(XL-1). Four trained AN/TRT-2B(XL-1) operators and
four experienced radio communications operators were queried for
suggestions on facilitating operation of the equipment.

The operators commented on the difficulty of setting up antemna
assembly AS-266/TRT-2, The desirability of obtaining a metal mast
which could be ground- or vehicular-mounted was suggested. The metal
tripod provided with the AN/MIQ-8(XL-2) was found to be satisfactory
for use with the AS-266/TRT-2 antenna.

All operators commented favorably on the ease of operation of
the transmitter and modulator. The AN/TRT-2B(XL~-1) has two fre-
quency bands selected by a switch on the front panel instead of the
six bands and six sets of coils used with the AN/TRT-2B. This mod-
ification greatly increased the ease of changing frequency bends.
However, it is time-consuming to tune frequency with the present
frequency tuning mob, A crank handle that would fold into the
knod when not required would save tuning time,

Simulated user tests were given the operators under the fol-
lowing conditions: operator wearing gloves, operation in total
darkness; and putting equipment into operation at maximum speed
under time pressure.

Wearing of gloves had a negligible effect on operation effi-
ciency. Total darkness markedly increased the time required to put
the equipment into operation because no panel lights are provided
on the equipment and the luminous markings provided were not legible,

No effect on efficiency was noted when the men were told to put
the equipment into operation at maximum speed.

The purpose of the test was to evaluate the operator training
and crew requirements of the AN/TRT-2B(XL-1).

If a more suitable antenna and mount are provided, the AN/TRT-
2B(XL-1) can be operated by a two-man crew. A jeep-mounted antenna

such as is furnished with the AN/MIQ-8(XI-2) would be suitable for
use with the AN/TRT-2B(XL-1).
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A lesson plan consisting of five 50-minute lessons and one 4-
hour practical exercise has been developed by the 1st Signal Group
for training AN/TRT-2B(XI~1) operators. This course is intended for
an operator already familiar with conventional communication equip-
ment, The AN/TRT-2B(XL-1) is easier to operate than the AN/TRT-2B
because bandswitching in place of plug-in-coils is provided.
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Section VIII, Conclusions

The results of %7e [iring tests are summarized in tabular form
in Annex A, Al.hough the AN/TRT-2B(XL-1) is seen to have ob-
tained an occasional kill of 90 percent, its effectiveness was
erratic. Changing antennas and varying the elevation of a
given antenna caused changes in the effectiveness of the set.
These results indicate that variations in the antenna pattern
caused by ground reflections were at least partially and
probably in the main responsible for the erratic results,

Yhen the transmitter was sveeping, the power output varied
widely over the sweep band. The variations were much smaller
wvhen the transmitter was connected to a resistive load than
when connected to the AS-266/TRT-2 antenna, This result indi-
cates that the load presented to the traensmitter by the AS-266/
TRT-2 antenna varies with frequency, causing the power output
to vary accordingly. The variation in power output will reduce
the effectiveness of the jammer against fuzes that operate in
those parts of the sweep band where the power output is low. A
more even power output will insure uniform effectiveness over
the entire sweep range,

The combination of ground reflection and nonuniform power output
resulted in the erratic and unpredictable effectiveness of the
AN/TRT-2B(XL-1) as a VT-fuze jammer. Correcting these deficien-
cies by the selection or development of an antenna whose pattern
is less affected by ground reflection and by improving the in-
ternal circuitry to provide uniform power output over the sweep
band will enable the jammer to perform reliable and effective
VT-fuze jamming.,

The jammer can be used effectively in situations where both
friendly and enemy projectiles are passing through the same
area., By properly orienting the jammer with respect to the
friendly and enemy fire and properly beaming its antenna, a
large kill can be obtained on enemy rounds with a much smaller
effect on friendly rounds.

An air-to--ground am, communication system using a ground radio
station such as the ARC-12 can operate within 1,000 yards of the
jammer under normal operating conditions, With the jammer sweep-
ing at 1 sweep/sec, communications were maintained although the
cammer was beamed at the ground station and was sweeping across
its frequency. The interference effect is lessened when the
ground station is placed out of the main beam of the jammer,
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The interference increases when the sweep rate is increased,
However, singe a low sweep rate was found to be most effective
against VI-fuzes, the jammer is normally operated at its lower
rates.

The jammer signal can be intercepted at 10,000 yards when the
intercept station lies in the main beam of the jammer, but it
is difficult to obtain an accurate azimuth on the jammer when
it is sweeping; fairly accurate bearings may be obtained when
the jammer is not sweeping. Beyond 15,000 yards it was not
possible to intercept or locate the ground-based AN/TRT-2B(XL-1)
from a ground site even though it was beamed at the intercept
site,

No receiver is provided for monitoring and search purposes. A
good rapid-scan type of intercept receiver such as the AN/TLR-9
is needed to furnish the jammer adequate monitoring and search
capability.

The AN/TRT-2B(XL-1) is generally rugged and well constructed,
but the present antenna assembly AS-266/TRT-2 is awkiard to
handle. The use of a jeep- or truck-mounted antenna such as
the dipole antenna and corner reflector supplied with the AN/
MLQ-8(X1~2) would simplify the antenna handling. A team of
tyo men can operate and maintain the AN/TRT-2B(XL-1) if an
antenna more suitable for two-man installation is furnished.
A1l equipment and personnel can be transported in a 3/4-ton
truck or in a jeep with trailer.

Before modification the AN/TRT-2B proved to be useless as a
VI-fuze jammer against such modern fuzes as the T-226E2/A and
T-227/A. The modifications which produced the AN/TRT-2B(XL-1)
have brought about a limited capability against VI-fuzes and
more reliable operation and have greatly reduced the time ard
difficulty of changing frequency. With a more even power out-
put not influenced by frequency and with the development of
better antennas, the jammer is expected to "wrovide reliable op-
eration against VI-fuzed fire at ranges of 1,000 to 2,500 yards.
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ANNEX A
Table I. Results of firing tests
Test | Arming| Fuze Aspect | Weapon Angle | Jammer | Kill
of
(nr) (deg) fire | (yds) | (percent)
1,000 30
High -
2,500 20
9 NVT | T=226E 2/A 90 | 105~mm
howitzer 2,500 66
low
2,500 88*
High | 1,600 40
10 CVT T-226E 2/A 90 | 105-mm
howitzer | Low 1,600 10
High 750 90
1 CvT T=226E 2/A 0 | 105=mm
howitzer | Low 550 10
High | 1,000 90
155-mm
howitzer | Low 1,500 90
12 NVT | T-227/A 90
High | 1,500 60
8«in.
howitzer | Low 2,500 90
300 20
High
1,000 30
13 cvT T=227/A 0 | 155-mn
howitzer 300 20
Low
1,000 50
) VA NVT T-178E3 90 | 8l-mm High | 1,000 30
mortar
15 CcvT T-178E3 0 | 8l-mm High 200 80
mortar 200 100

* The antenna provided with the AN/MLQ-8(XL-2) was used in these two
tests; Antenna AS-266/TRT-2 was used in all others. In addition, the
AS=542/U was used in Test 11 and in Test 15.

SECRET




SECRET

1. The transmitter T-131B/TRT-2 was completely redesigned. Major
modifications were as follows:

a. Oscillator plate voltage was lowered from 2,000 to 1,000
volts. '

b. Oscillator tubes were changed from type HK=54 to type
4X150A.

¢. Oscillator tuning was accomplished by shorted parallel lines,
as shomn in fig. 17, and adjusted by calibrated fromt-panel dial.
The unmodified transmitter T-131B/TRT-2 had used plug-in type coils
as shown in fig. 18 and had no frontepanel dial to indicate fre-
quency.

d. RF output was taken off through a bifilar link,

e, Frequency range was divided into two bands selectable by a
band switch on the front panel.

f. Frequency sweep deviation was limited to a maximum of 7 per-
cent of center frequency.

2. The Amplifier AM=583 ( )/TRT-2B(XL~l) was only slightly modified.
The changes were as follows:

a. The grid bias supply circuit was redesigned so that when
BIAS control R=202 is turmed fully counterclockwise, there is still
some bias voltage on the amplifier tubes, thus protecting the tubes
from excessive plate currents.

b. Ruggedized type 807W/5933 tubes were substituted for the
807 tubes.

c. Amplifier plate voltage was reduced.

d. Amplifier power output was reduced to that required for 60-
to 70-percent modulation of the transmitter.

3. The Junction Box JB=451 was modified to include the ac line

voltmeter and the ac voltage control formerly in the transmitter
front panel.
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Fig. 17. Top view of AN/TRT-2B(XL-1) showing tuned parallel lines
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ANNEX B. (cont)

4. The Antenna AS-266/TRT-2 was altered to eliminate the necessity
of installing or removing the shorting bar as described in paragraph
1-B (3) of ™=11-270. A slot was cut in the case of the matching
transformer, through which a sliding shorting bar can be moved to
the feed end of the transformer for operation below 160 Mc/s, or to
a point 5 inches from the feed end for operation above 160 Mc/s. A
knurled screw permits locking the slider in the desired position.

CONFIDENTIAL Photograph

Fig. 18. Top view of AN/TRT-2B after first field modification at
AEPG showing plug=in coil assembly
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