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. THE TECHNICAL MATERIEL CORPORATION

C OMMUNICATI ONS E NG I NEERS

Warranty

The Technical Materiel Corporation, hereinafter referred to as TMC, warrants the equipment (ex-
cept electron tubes,” fuses, lamps, batteries and articles made of glass or other fragile or other expendable
materials) purchased hereunder to be free from defect in materials and workmanship under normal use
and service, when used for the purposes for which the same is designed, for a period of one year from
the date of delivery F.O.B. factory. TMC further warrants that the equipment will perform in a manner
equal to or better than published technical specifications as amended by any additions or corrections
thereto accompanying the formal equipment offer.

TMC will replace or repair any such defective items, F.O.B. factory, which may fail within the
stated warranty period, PROVIDED:

1. That any claim of defect under this warranty is made within sixty (60) days after
discovery thereof and that inspection by TMC, if required, indicates the validity of
such claim to TMC's satisfaction.

2. That the defect is not the result of damage incurred in shipment from or to the
factory.

3. That the equipment has not been altered in any way either as to design or use
whether by replacement parts not supplied or approved by TMC, or otherwise.

4. That any equipment or accessories furnished but not manufactured by TMC, or not
of TMC design shall be subject only to such adjustments as TMC may obtain from
the supplier thereof.

Electron tubes*furnished by TMC, but manufactured by others, bear only the warranty given by
such other manufacturers. Electron tube warranty claims should be made directly to the manufacturer
of such tubes.

TMC’s obligation under this warranty is limited to the repair or replacement of defective parts
with the exceptions noted above.

At TMC's option any defective part or equipment which fails within the warranty period shall be
returned to TMC's factory for inspection, properly packed with shipping charges prepaid. No parts or
equipment shall be returned to TMC, unless a return authorization is issued by TMC.

No warranties, express or implied, other than those specifically set forth herein shall be applicable
to any equipment manufactured or furnished by TMC and the foregoing warranty shall constitute the
Buyers sole right and remedy. In no event does TMC assume any liability for consequential damages, or
for loss, damage or expense directly or indirectly arising from the use of TMC Products, or any in-
ability to use them either separately or in combination with other equipment or materials or from any

other cause. *Electron tubes also include semi-conductor devices.

700 FENIMORE ROAD MAMARONECK. N. Y.



PROCEDURE FOR RETURN OF MATERIAL OR EQUIPMENT

Should it be necessary to return equipment or material for repair or replacement, whether
within warranty or otherwise, a return authorization must be obtained from TMC prior to
shipment. The request for return authorization should include the following information:

1. Model Number of Equipment.

2. Serial Number of Equipment.

3. TMC Part Number.

4. Nature of defect or cause of failure.
5

. The contract or purchase order under which equipment was delivered.

PROCEDURE FOR ORDERING REPLACEMENT PARTS

When ordering replacement parts, the following information must be included in the
order as applicable:

1. Quantity Required.

2. TMC Part Number.

3. Equipment in which used by TMC or Military Model Number.
4. Brief Description of the Item.

5

. The Crystal Frequency if the order includes crystals.

PROCEDURE IN THE EVENT OF DAMAGE INCURRED IN SHIPMENT

TMC's Warranty specifically excludes damage incurred in shipment to or from the
factory. In the event equipment is received in damaged condition, the carrier should be
notified immediately. Claims for such damage should be filed with the carrier involved

and not with TMC.

All correspondence pertaining to Warranty Claims, return, repair, or replacement and all
material or equipment returned for repair or replacement, within Warranty or otherwise,

should be addressed as follows:
THE TECHNICAL MATERIEL CORPORATION

Engineering Services Department
700 Fenimore Road
Mamaroneck, New York



IN-2001
Revised

RECORD OF CORRECTIONS MADE

Date: 15 May, 1965

Change No. Date of Change Date Entered Entered By
1 9/20/63 INCORPORATED IN MANUAL ---- 5/65
2 10/8/63 INCORPORATED IN MANUAL ---- 5/65
3 10/17/63 INCORPORATED IN MANUAL ---- 5/65
4 1/6/64 INCORPORATED IN MANUAL ---- 5/65
5 3/9/64 INCORPORATED IN MANUAL ---- 5/65







Addendum #1 to
ATS-2 Instruction
Manual (IN-2001)

ANTENNA TUNING SYSTEM
MODEL ATS-2A

Antenna Tuning System, Model ATS-2A is similar to Antenna
Tuning System ATS-2. The ATS-2A contains a d-c motor braking
system for its resistance stepping circuit; mechanical adjustment of
detent-sensing switch S204 is therefore less critical.

The ATS-2 instruction manual (IN-2001) will apply as written

with the following exceptions:

1. All reference to ATS-2 should be changed to ATS-2A.
2. Figure 2-5. Interconnecting Diagram, Model ATS-2.
a. Change description of W105 to:

ARMORED CABLE, 12 CONDUCTORS
AWG 18 or 20. (Supplied by customer)

b. Change table (E201-P101 connections) to read:

ATS-TU-2 TO P101
CONNECTION PIN NO.

el A

4 B

8 C

1 D

E201 Term. - 5 E

3 F

9 G

10 H

2 J

~ 6 K

E208 Term. — 1 |
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3. Items listed below should be added to the parts list (section 7).

REF
SYMBOL

DESCRIPTION

T™MC
PART NUMBER

c213

CR201

E208

R211

R212

S102

Page 7-2

CAPACITOR, FIXED, ELECTROLYTIC: 40 uf,
+100% -10%; 250 volts DC; operating temperature
range -200C to +85°C; tinned copper leads, card-
board sleeve, aluminum case, aluminum mount-
ing strap.

SEMICONDUCTOR DEVICE, DIODE: rectifier;
max. operating voltage 600 V; current rated at

1. 2 amps DC at 25°C; surge peak 20 amps at
259C; surge peak 20 amps at 25° C forward vol-
tage dropl 0V, 0.80 amp at 100°C; 0.22" dia. x
0. 375" long o/a

TERMINAL BOARD, BARRIER: 3 terminals,
plastic.
Page 7-3

RESISTOR, FIXED, COMPOSITION: 100 ohms,
+5%; 1/2 watt.

RESISTOR, FIXED, COMPGOSITION: 200 ohms,
+5%; 1/2 watt.

Change the following part as shown:

Page 7-7

SWITCH, PUSHBUTTON: 4PST; 2 normally
open contacts, 2 normally closed contacts.

CE103-7

1IN2071A

TMI100-3

RC20GF101J

RC20GF201J

SW347
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Figures 8-2 and 8-3 should be changed in accordance with the in-

formation shown on figures 1 and 2 respectively of this addendum.
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INTRODUCTION

Whenever information in this manual applies to both

the 50-ohm ATS(50)-2 and the 70-ohm ATS(70)-2 sys-
tems, the unit will be referred to as the ATS-2. When
impedance of a system is mentioned, 50-ohms is arbi-
trarily used. However, users of ATS(70)-2 should as-

sume the impedance to be 70-ohms.

While essentially similar, the ATS(50)-2 and the

ATS(70)-2 have two important differences.

Notes used in this manual, contain conditions

that should be highlighted.

CAUTIONS

Cautions used in this manual, contain condi-
tions which if not strictly observed, will re-
sult in equipment damage or destruction.

WARNING

Warnings used in this manual, contain condi-

tions which if not strictly observed, will re-
sult in personnel injury or loss of life.

Chart of Commercial Designation Versus Military Nomenclature

MILITARY
TMC NUMBER NAME NOMENCLATURE NAME

ATS-2-50 Antenna Tuning System AN/URA-27 Antenna Coupler Group
MCU-2 Monitor Control C-2995/URA-27 Control-Indicator
CU-2-50 Directional Coupler CU-T773/URA-27 Coupler, Directional
TU-2 Antenna Tuner *CU-T72/URA-27 Coupler, Antenna

ATS-2-70 Antenna Tuning System AN/URA-34 Antenna Coupler Group
MCU-2 Monitor Control C-2995/URA-27 Control-Indicator
CU-2-70 Directional Coupler CU-653/UR Coupler, Directional
TU-2 Antenna Tuner *CU-651/UR Coupler, Antenna

*CU-651/UR and CU-772/URA-27 are electrically and mechanically interchangeable

105652001
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1-0

20011

DIRECTIONAL COUPLER

MODEL ATS-( )CU-2

MONITOR CONTROL
MODEL ATS-MCU-2

Figure 1-1. Antenna Tuning System, Model ATS-2

ANTENNA TUNER,
MODEL ATS-( )TU-2
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SECTION 1
GENERAL DESCRIPTION

1-1. GENERAL.

The Antenna Tuning System, Model ATS-2, figure
1-1, impedance matches the output of any 1000-watt
transmitter with a nominal output impedance of 50
ohms to a 35-foot vertical whip antenna. This is ac-
complished by inserting the necessary inductance or
capacitance to resonate the antenna to the transmitter
operating frequency, in the 2- to 30-mc range.

1-2. DESCRIPTION.

The ATS-2 consists of three units: antenna tuner,
monitor control, and directional coupler.

The antenna tuner, employs (1) a helical transmis-
sion line as an inductance tuning element whose elec-
trical length is varied by a motor-driven rolling con-
tact, (2) a fixed air-dielectric capacitor, (3) a ferrite-
core autotransformer with taps selected by a motor-
driven rotary switch, used to match various antenna
resistance values, and (4) a humidity sensing circuit.

The monitor control has two meters, controlling
switches, and an overload protection circuit. A triple-
scale meter indicates the position of the motor-driven
short on the helical transmission line, the position of
the antenna resistance selector switch, or the humid-
ity in the unit. A large dual-pointer meter indicates
the forward and reflected transmitter power, and in-
dicates, at the intersection of the two pointers, the
voltage standing wave ratio (vswr). Switches are lo-
cated on the front panel to remotely control the mo-
tors in the antenna tuner. An overload circuit will
disable the transmitter to prevent damage to the equip-
ment when the vswr or transmitter power exceed pre-
set levels.

The directional coupler is a balanced radio-
frequency bridge, and is calibrated to operate with a
50-ohm coaxial line. Balancing and equalizing con-
trols are provided.

105652001

1-3. LEADING PARTICULARS.

Table 1-1 lists logistic type leading particulars of
the antenna tuning system and its major subassem-
blies. Characteristics listed cover nomenclature,
input power, dimensions, and weight. Some of the
data represents approximate or nominal values.
Blank spaces indicate unavailable valves; in which
case, the valve indicated for the next higher assem-
bly incorporates the missing valve(s).

1-4. CAPABILITIES AND LIMITATIONS.

Table 1-2 lists operational capabilities and limita-
tions of the antenna tuning system. Data cover spe-
cific functional and environmental characteristics.

1-5. EQUIPMENT SUPPLIED.

Table 1-3 lists all major equipment supplied by
quantity, TMC part numbers, and reference symbol
designations. Also a brief function of each item is
provided. Subassemblies of assemblies listed are
not called-out; identification of subassemblies can be
obtained by referring to section 7. Spare parts are
not included in the table.

1-6. EQUIPMENT REQUIRED BUT NOT SUPPLIED.

Table 1-4 lists equipment required to install
and maintain the antenna tuning system. The list
covers non-specialized installation and mainte-
nance tools, test equipment, and pheripheral inter-
equipment cabling. Non-specialized items are not
supplied, since an equipped maintenance shop should
contain them.

1-1
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Table 1-2, Capabilities and Limitations

CAPABILITIES

LIMITATIONS

Functional characteristics:

Frequency range
Power dissipation:
Antenna tuner

Directional coupler

Impedance:
Transmission line
Input
Output:

50-ohm system

70-ohm system

Efficiency

Attainable voltage standing wave
ratio

Environmental characteristics:

Operating temperature

2 to 30 megacycles

1000 watts continuous at 100%
modulation

1000 watts continuous at 100%
modulation for vswr up to 2.5 to 1

50 or 70 ohms
Nominally 50 or 70 ohms unbalanced

Matches any antenna with a resistance
of 5 to 500 ohms and - j 850 to + j 750
reactance to obtain a vswr of less than
25t01

Matches any antenna with a resistance
of 7 to 650 ohms and - j 850 to + j 750
reactance to obtain a vswr of less than
2.5to 1.

Better than 80% over the 2- to 30-mc
range, when used with the TMC
A-1486 35' antenna and Base Insulator

Better than 2.5 to 1

0° to 50° € (32° to 122° F)

1-3
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Table 1-4. Equipment Required But Not Supplied

EQUIPMENT

PURPOSE

1.

10.

11.

12.

13.

14.

Coaxial transmission lines:

a. 10-feet of RG-8/U for
ATS(50)-2 or 10-feet of
RG-11/U for ATS(70)-2;
preferably armor shielded

b. 10-wire AWG 22; preferably

armor shielded. Length deter-

mined by distance between
MCU and TU

¢. RG-8/U for ATS(50)-2 or
RG-11/U for ATS(70)-2.

Length determined by distance
between CU and TU; preferably

armor shielded.

. 35-foot vertical whip antenna

Copperweld AWG 6, 6 to 12 35-
foot lengths

. Drill, Electric

Drill bits, sizes: 1/4 and 25/64
inch

. Screws, sizes 1/4 and 25/64

(four each)

. Spin tights, assorted sizes

. Screw drivers, flat blade and

Phillips head, assorted sizes

. 100-watt soldering gun or

equivalent

Resin-core solder

Vacuum tube voltmeter, 0- to 300-

volts ac/dc, 20,000 ohms/volt

Low-capacitance r-f voltmeter
probe, 2 to 30mc

50-ohm/1000-watt resistive
load equipped with r-f ammeter
(ATS(50)-2 only)

70-ohm/1000-watt resistive
load equipped with r-f ammeter
(ATS(70)-2 only)

Connect transmitter to directional coupler

Control cable

Connect directional coupler to antenna tuner.

Antenna counterpoise radials

Drill holes for mounting CU and TU

Mounting hardware for CU and TU

Installation, testing, maintenance

Installation, testing, maintenance

Installation, testing, maintenance

Installation, testing, maintenance

Installation, testing, maintenance

Installation, testing, maintenance

Installation, testing, maintenance

Installation, testing, maintenance

105652001
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SECTION 2
INSTALLATION

2-1. INITIAL INSPECTION

The ATS-2 has been tested and calibrated before
shipment. Only minor preparations are required to
put the unit into operation.

Inspect the cases and their contents immediately
for possible damage. Unpack the equipment carefully.
Inspect all packing material for parts which may have
been shipped as "loose items''. Although the carrier
is liable for any damage in the equipment, Technical
Material Corporation will assist in describing and

providing for repair or replacement of damaged items.

The monitor control is shipped with tubes installed.
Check that all such components are properly seated in
their sockets,

2-2. 115-VS 230-VOLT POWER SUPPLY
CONNECTIONS.

ATS-2's power supply is designed for 115- or 230-
volt, 50- or 60-cps, single-phase power; it is factory
wired for 115-volts. If 230-volt operation is desired,
a minor wiring change is required. The change is
shown in figure 2-1.

2-3. INSTALLATION.

The physical installation of the ATS-2 varies con-
siderably from site to site. The three units should
always be placed so that the interconnecting cables
are as short as possible. Note that two cable lengths
are critical. The cable between the transmitter and
the directional coupler must not exceed 10 feet in
length. The cable between the antenna tuner and the
whip antenna must not be longer than 27 inches.

Dimensions for mounting the components of the
ATS-2 are shown in figures 2-2, 2-3, and 2-4.

After mounting components, connect cables as
shown in Figure 2-5.

Since the antenna tuner is normally exposed to the
weather, it is essential that cable connections to the
unit be waterproof. Cables to the antenna tuner are
passed through water-tight terminal tubes (see Fig-
ure 2-6).

Install the cables as follows:

a. Loosen and remove gland nut and gland ring
from the tube body.

b. Insert cable through gland nut, gland ring, and
tube body. Allow sufficient cable length within case
to permit connection to terminal board.

¢. Wind packing around cable and press firmly into
tube body until packing is within 3/8 inch of tube rim.

d. Replace gland ring and tighten gland nut.

2-4. COUNTERPOISE FOR 35-FOOT VERTICAL
WHIP ANTENNA.

Performance of a vertical whip antenna is unusually
improved when 6 to 12 radials, each 35-feet long, are
installed at the base of the antenna as shown in Figure
2-17. Locate the radials in the plane of the base of the
antenna at 90-degree angle to the mast, and space them
30 to 60 degrees apart. Make the radials from No. 6
copperweld wire. Join the radials at a point of inter-
section near the antenna base and connect the junction
to one of the metal mounting lugs of the antenna tuner.

Use of a counterpoise is especially recommended
for rooftop installations or in locations where ground
conductivity is poor.

2-5. INITIAL ADJUSTMENTS.

Initial adjustments of the ATS-2 are included in
Table 3-2.

EI0!

| |

JI04 —O @

=0 ©

3 3

o o)

4 4

JUMPERS 0 15— VOLT OPERATION o}

5 5

o e}

2001-2

L 230-VOLT OPERATION —~_J

Figure 2-1. 115- vs 230-Volt Power Supply Connections
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499-|

MS-3106A-14S-2P

UG-560/U
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TO
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I

P30I
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BY CUSTOMER)
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TMC PART NO. PO-182
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RG-11/U FOR ATS-70
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CABLE NO. 22
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(CABLE SUPPLIED
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TMC NO. CA-484

TMC PART
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MP20|
ANTENNA I [
TUNER E20!
/5202
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9 G A A
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2001-6
Figure 2-5. Interconnecting Diagram, Model ATS-2
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Figure 2-6. Assembly Instructions for Terminal Tubes
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Figure 2-7, Rooftop Installation, 35-foot Whip Antenna with Radial Counterpoise
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SECTION 3
OPERATOR'S SECTION

3-1. OPERATING INSTRUCTIONS. 3-2. OPERATOR'S MAINTENANCE.

Table 3-1 lists controls and indicators of the moni- Operator's maintenance consists of lamp ar}d fuse
tor control. The antenna tuner and directional coupler replacement; refer to Section 6. All otl?er mainte-
have no operating controls or indicators. Use Table nance should be done by a qualified maintenance tech-
3-1 and Figure 3-1 while employing Table 3-2 as an nician.

operating procedure.

Table 3-1. Controls and Indicators

ITEY | CONTROLS AND INDICATORS | SYMBOL FUNCTION
1 |POWER indicator 1102 Indicator that lights to indicate that monitor control is
turned on.
2 |2A fuse F101 Protect power supply a-c input circuits.
3 |[Power meter (Standing wave M101 Dual-pointer meter with scales calibrated for forward-
indicating meter) watts, reflected-watts, and VSWR (voltage standing wave

ratio). The watts scales are calibrated 0 to 100. The
scale readings are multiplied by 10 when the POWER
(ON-SHORT-X10-X1) switch is in the X10 position. The
vswr on the transmission line is indicated by the point of
intersection of the meter pointers.

4 |RESISTANCE-OPERATE S102 Push-button switch that controls and unidirectional motor
switch that drives the selector switch in the antenna tuner for
selection of autotransformer taps to match antenna re-
sistance. The selector switch contacts resistance posi-
tions 1 to 6 in a clockwise direction and repeats the cycle.

5 {STOP indicator 1101 Indicator that indicates when maximum or minimum in-
ductances of the variable inductor in the antenna tuner

have been reached. Microswitches are incorporated in

the antenna tuner to prevent the reactance changing motor
from overdriving at either end of the moving contact travel.
These switches interrupt the motor power and energize the
STOP indicator.

6 |Resistance, reactance, M102 Three-scale meter that indicates reactance on an upper
humidity meter black scale calibrated 0 to 100, resistance on a middle red
scale calibrated 1 to 6, and humidity on a lower scale.

7 |METER (RES. - REACT. - S104 Three-position rotary switch that returns to REACT. posi-
HUM.) selector switch tion when released. When in RES. position, read the red
RESISTANCE scale of meter M102, calibrated 1 to 6. When
in REACT. position, read the upper black reactance scale
of meter M102, calibrated 0 to 100. When in HUM. posi-
tion, read the lower humidity scale of meter M102.

8 |REACTANCE (INCR. - DECR.) S103 Three-position level action switch that returns to a

lever action switch neutral-center open circuit position when released. Con-
trols and direction of the reversible motor that drives the
contact on the variable inductance in the antenna tuner.
When the switch is held in the INCR. position, the motor
shaft rotates in a direction to increase the inductance of
the DECR. position, the motor shaft rotates in a direction
to decrease the inductance of the variable inductor.
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Table 3-1. Controls and Indicators (Cont).

ITEM
No.|CONTROLS AND INDICATORS SYMBOL FUNCTION
9 | POWER (ON-SHORT-X10-X1) S101 Four-position rotary switch that turns cn monitor control,
selector switch selects watts scales factors, and shorts power meter
coils.
10 | TUNE-OPERATE switch S106 Toggle switch that limits transmitter output power to 100
watts when in TUNE position.
11 | OVERLOAD indicator 1103 Indicator that lights to indicate that relay K103 has
tripped, interrupting transmitter main power.
12 |RESET switch 5105 Push-button switch that operates relay K103 to return it
to the latched position if it has tripped due to excessive
vswr or transmitter output.

RESIST‘\/ 43 STOR

HEACT,
REACTANCE REB. .

12 e

OPEIATE . oe'y.

n .
2001-9-1

Figure 3-1. Monitor Control, Controls and Indicators
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Table 3-2. Tuning Procedure (Example For 4-Megacycle Transmitter Frequency
With Dry Antenna)

STEP CONTROL l OPERATION PURPOSE jl
CAUTION 1
|
Initial tuning, required to produce a minimum voltage standing wave ratio on
the transmission line, must be performed at low transmitter output. This will
prevent overheating of components in the directional coupler, particularly if :
the voltage standing wave ratio is greater than 3 to 1. Keep the maximum '
power output below 100 watts so that all tuning may be accomplished with *
POWER switch 9 (see figure 3-1) in the X1 position and the TUNE-OPERATE
switch 10 in the TUNE position. Do not turn on transmitter until step 9.

1 POWER switch 9 Turn to X10 position. Turns system on and selects
1000-watt range for power
meter.

NOTE
Table 3-3 indicates the approximate setting of the ATS-2 before operation,
During operation, the visual indication of voltage standing wave ratio is the
best guide.

2 METER switch 7 Place in RES. position. Sets meter to indicate auto-
transformer tap position.

3 Meter 6 Read resistance switch Determines autotransformer

position indication on tap position.
meter 6.
CAUTION
Do not operate RESISTANCE-OPERATE switch 4 unless transmitter output
is 100 watts or less.
4 RESISTANCE- Depress for 2 seconds and Changes resistance switch
OPERATE switch 4 release. Read meter 6. position one tap.
5 RESISTANCE- Repeat step 5 until resist- Establishes correct resist-
OPERATE switch 4 ance switch position is that ance switch position
determined in step 2.

6 METER switch 7 Place in REACT. Sets meter to indicate in-

position. ductance tap position.

7 TUNE-OPERATE Place in TUNE position.

switch 10
8 Turn transmitter on. Adjust

power output to not more
than 100 watts. If 100 watts
is exceeded, the overload
relay will trip, shutting off
the transmitter. If this
occurs, reduce power and
press RESET switch 12.

* 9 Power meter 3 Observe forward-watts Determines that power out-
and reflected-watts indi- put is sufficiently low.
cations. If less than 100
watts, turn POWER switch
9 to X1 position.

105652001
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Table 3-2. Tuning Procedure (Example For 4-Megacycle Transmitter Frequency
With Dry Antenna)(Cont)

STEP CONTROL [ OPERATION | PURPOSE

CAUTION

Observe reactance scale readings on meter 6 while performing step 11 to
make certain that reactance scale readings never exceed 20 when fre-
quencies above 10-mc are being transmitted.

10 REACTANCE Operate to INCR. or DECR. Brings antenna into reson-
switch 8 positions to minimize ance at transmitter fre-
reflected-watts and vswr quency.

readings on power meter 8.

11 TUNE-OPERATE Place in OPERATE position,
switch 10

12 POWER switch 9 Turn to X10 position,

13 Increase transmitter power

not to exceed 1000 watts.

14 REACTANCE Operate to INCR, or DECR. Brings antenna into reson-
switch 8 positions to minimize ance at transmitter fre-
reflected-watts and vswr quency.

readings on power meter 8,

15 POWER switch 9 Turnto SHORT position to Protects power meter.
prevent meter damage due
to surges in the transmitter
power output.

Table 3-3. Operating Frequency VS Resistance Switch Positioning

OPERATING RESISTANCE SWITCH POSITION
FREQUENCY
IN MC HIGH HUMIDITY CONDITIONS LOW HUMIDITY CONDITIONS

2 Through 5 1 1
6 3 3
7 4 4

8 Through 9 6 6
10 Through 11 5 5
12 3 3

13 Through 15 1 1
16 2 2

17 4 2

18 1 1

19 Through 22 3 3
24 1 1

26 3 3

28 Through 30 4 4
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SECTION 4
PRINCIPLES OF OPERATION

4-1. INTRODUCTION.

The ATS-2 provides impedance matching of a
transmitter to a 35-foot whip antenna. The
properties of the antenna that affect matching are
antenna resistance and antenna reactance. These
properties vary with transmitter frequency and
environmental conditions at the antenna site.

Matching an antenna to a transmission line
requires that:

a. The antenna be made resonant at the
transmitter frequency.

b. The antenna resistance be made equal to the
characteristic impedance of the transmission line.

If the above requirements are not met, the
length of the line will be critical with transmitter

frequency, and reflected power will result in losses.

The ATS-2 has three units. Their principles of

operation are discussed in the following paragraphs.

4-2. ANTENNA TUNER.

When the antenna displays capacitive reactance
(denoted by the symbol -j before its reactance
value in ohms), the antenna may be brought to

resonance by operation of motor B201 (see figure
4-1) to change the series inductance provided by
L201. When the inductive reactance provided by
L.201 (denoted by the symbol +j before the
reactance value in ohms) balances the antennas
capacitive reactance, the antenna becomes a purely
resistive load. Figure 4-2 illustrates the vector
relationship of an antenna whose impedance is
175-j 305 ohms.

When the antenna displays inductance reactance,
a fixed capacitor C201 is inserted into the circuit,
Variable inductance L201 is adjusted until its react-
ance plus the antennas reactance is neutralized by
C201's reactance. Figure 4-3 illustrates the vector
relationship of antenna whose impedance is r + j235
ohms. Related values are:

antenna = r + j235
L201 = 0+ j150
C201 = 0-j385
net = r+j0

Antenna resistance matching is accomplished by
autotransformer T201. Taps on T201 are selected

UNIDIRECTIONAL ANTENNA
MOTOR
FERRITE CORE 8202
AUTO-TRANSFORMER
T201 @
I L20I
| e}
INPUT 1 - .
o \
\
- | | ©
L B20I
C20! REVERSIBLE
FIXED MOTOR
CAPACITOR

2001-10

Figure 4-1. Antenna Tuner, Simplified Schematic Diagram
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—_——— Y _

+j305 F——— == ———— — —
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2001-11 Xe

Figure 4-2. Capacitive Antenna

+j235 F———————— ————
ANTENNA REACTANCE

+j50 F———m———— = ————
REACTANCE PROVIDED RESULTANT

RESISTIVE
BY INDUCTOR LOAD

» R

| +i235-j285:-150 |
(@]
——

L -j150 - ——3>c - ———-—=
RESULTANT REACTANCE
DUE TO CAPACITOR

-j385 F——————————
REACTANCE PROVIDED
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2001-12

Figure 4-3. Inductive Antenna
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by operation of motor B202 to match the antenna re-
sistance to the transmission line.

4-3. DIRECTIONAL COUPLER.

The directional coupler, Figure 4-4, provides the
monitor control with signals that are proportional
to forward and reflected power. These signals are
derived from the r-f input applied to bridge circuit
ABCD.

After the input and output connections have been
made, r-f input power applied, and input and output
impedances matched, NULL and EQUALIZER capa-
citors are adjusted to balance the bridge (voltage
measured between B and D is zero). Note that the
output load is connected across bridge leg CD.
Circuit BD provides the equivalent zero-level
reflected-power signal to the monitor control. The
circuit connected to AE provides the monitor control
with a forward-power signal proportional to trans-
mitter output power, or that essentially developed
across R301.

When the bridge is unbalanced due to input/output
impedance mismatch, the circuit between BD (C303,
L301, and CR301) causes an increased reflected-
power signal to be filtered by L302 and C307 and

4301

applied to the monitor control. The unbalanced
condition also effects the circuit between AE (C306,
1303, and CR302) such that a decreased forward-
power signal is filtered by L.304 and C308 and applied
to the monitor control. Forward and reflected

power are inversely proportional.

4-4. MONITOR CONTROL.

a. POWER SUPPLY CIRCUIT. - The power sup-
ply circuit, Figure 4-5, provides operating voltages
for the circuits in the monitor control and antenna
tuner. The circuit operates on 115- or 230- volt ac,
60-cycle, single phase power.

With a-c power applied and POWER switch S101
placed at SHORT, X10, or X1, a-c line voltage is
connected to the primary windings of T101. The
secondary voltage (117- or 123- volt ac) of T101 is
applied to the half-wave rectifier/filter /regulator
circuit; the result is a regulated 105-volt d-c bias
and plate voltage. The secondary windings also
provide a 6.3-volt a-c filament voltage, and a 117/
230-volt a-c for monitor control relays and the
antenna tuner.

b. HUM./REACT./RES. METER CIRCUIT. - The
meter circuit, Figure 4-6, provides visual indica-
tions of humidity, amount of reactance added, and
resistance switch position in the antenna tuner.

T

1

FROM

~___RF-INPUT A
TRANSMITTER

C302

PART
F
c306 FORWARD J§03
L304 POWER h
A
R30I CR302 'y To
B| MONITOR
I ' CONTROL
°
J302
R-F OUTPUT
5 T TO ANTENNA
! TUNER
Iy

EQUALIZER

C305

PART
oF
REFLEZTED
L3o2 Power Y393 1o
I D MONITOR
200113 CONTROL

13307

Figure 4-4. Directional Coupler, Simplified Schematic Diagram
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When S104 is placed at HUM., meter M102 meas-
ures the voltage across the bridge circuit consisting
of R107, R108 and humidity sensing element in the
antenna tuner, R109, and R110. Initially R108 is
adjusted (in conjunction with a dry antenna tuner) so
that the meter needle deflection is minimum. If
humidity increases, the bridge circuit becomes un-
balanced and the meter produces an indication pro-
portional to antenna tuner humidity.

When S104 is set at REACT., meter M102 is
provided with a signal tnat is proportional to the
amount of reactance the antenna tuner is adding to
the antenna.

When S104 is set at RES., meter M102 indicates
the position of the antenna tuner resistance switch
(essentially the amount of resistance being added
to the antenna).

c. CONTROL, POWER/VSWR METER, AND
OVERLOAD CIRCUIT. - This circuit, Figure 4-7,
controls the antenna tuner. Also, the circuit pro-
vides overload protection against excessive forward
and reflected power. The circuit covers two ranges
of transmitter output power: 0 to 100 watts (X1) or
0 to 1000 watts (X10).

Initially, R120 is adjusted so that the maximum
permissible reflecter -power signal (proportional
to a vswr of 2:1) turns V102B on, Next, S106 is set
at TUNE and R122 is adjusted so that a forward-
power signal (proportional to 100 watts) turns V102A
on; similarly S106 is set at OPERATE and R121 is
adjusted so that a forward-power signal (proportional

4-4

to 1,000 watts) turns V102A on, For purpose of
simplifying the discussion, it is assumed that S101

is set at X10. Resistors R102 through R105 are
adjusted with POWER switch S101 in respective X1
and X10 positioi:s, so that meter M101 is calibrated
to indicate amounts of forward and reflected power.
RESISTANCE/OFPERATE switch $102 and REACT -
ANCE switch S103 are also initially operated to h~ve
the antenna tuner add the necessary impedance co -
ponents to resonate the antenna to a specific trans-
mitter operating frequency. If the STOP lamp lights,
it indicates that one of the maximum physical react-
ance extremes have been reached in the antenna tuner;
to extinguish the lamp, REACTANCE switch S103
must be set at INCR. or DECR. and it may be nec-
essary to press S102 (select a different resistance
range) and retune the ATS,

Under these initial conditions and if the forward
power exceeds 1,000 watts, a positive-going forward-
power signal causes: V102A to conduct, relay K101
to energize, contacts 1 and 6 of K101 to close, set
windings of K103 to energize, contacts of K103 to
open and turn the transmitter off, and overload con-
tacts 1 and 5 of K103 to close and light OVERLOAD
lamp 1103. Subsequently, the loss of the positive
forward-power signal on grid of V102A (due to
transmitter turn off) restores the initial V102A cut
off condition; relay K101 de-energizes. To fully
restore operation, RESET switch S105 must be
pressed to reset K103, restore continuity in the
interlock circuit, and permit the transmitter to be
turned on again at reduced power.

If reflected power exceeds a level that is pro-
portional to a vswr of 2:1, and positive-going signal
causes: V102B to conduct, relay K102 to energize
and result in the same circuit operation outlined for
excessive forward power.
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2001-15

Figure 4-6. HUM./REACT./RES. Meter Circuit, Simplified Schematic Diagram
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SECTION 5
TROUBLE-SHOOTING

5-1. GENERAL.

A systematic troubleshooting chart (Table 5-1) is
given to localize a cause of trouble to a particular
circuit, section, or component. However, the units
should first be visually inspected; common causes of
trouble such as arcing in the r-f circuits and mechan-
ical defects in switches and other components may
usually be determined in this manner. Where correc-

tion involves realignment, see Section 6 of this
manual. Tube voltage and resistance data are given
in Figure 5-1. Figures 5-2 through 5-7 may be used
to simplify component identification.

NOTE

Check the stability of line voltage, absence
of power, and condition of fuses and electron
tubes before extensive troubleshooting.

VO
R23K(64K)
V 100 V414
Y1.0(3.2) RIOK(IOK) R IK
R 7K 7 8
vO ¢ ¥ e
RO+ s O |
4 VIO
v g Vi2(AC) 3 2 R 14K(I5K)
R RI+ VO
Vv 1.0(3.2) R28K(64K)
R<IK (<IK)
BOTTOM VIEW
2001-17
Notes:

1. Resistances are in ohms, voltages and resistances are measured from tube socket pins
to ground with a 20,000 ohms-per-volt meter. For resistances only, measurements are

made with main power disconnected.

2. Voltages not in parentheses are measured with tune-operate switch in tune position;
voltages in parentheses are measured with tune-operate switch in operate position.

3. Resistances not in parentheses are measured with power switch in Xl position; resist-
ances in parentheses are measured with power switch in X10 position.

4, Voltages are dc unless otherwise indicated.

Figure 5-1. Voltage and Resistance Diagram
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Table 5-1.

Trouble-Shooting Chart

TUNE-OPERATE switch
S106 is in OPERATE
position.

matched to antenna.

STEP TROUBLE PROBABLE CAUSE REMEDY
CAUTION
When performing resistance checks, do not attempt to measure the internal
resistance of meters M101 and M102 with an ohmmeter. The meter move-
ment can be damaged by excessive current flow,
1 No antenna radiation when Transmitter cut off because Antenna radiation can be
TUNE-OPERATE switch overload relay in monitor reestablished by performing
S$106 is in TUNE or OP- control is tripped. one or more of following
ERATE position. procedures:
(1) Reduce transmitter output.
(2) Push RESET pushbutton on
monitor control.
(3) Check threshold adjust-
ments for overload relay
K103 as discussed in
section 6.
(4) Check main power supply
to monitor control.
Defective system interconnec- Solder, tighten, or replace.
tions.
(1) Loose or improperly
connected cables (see
Figure 2-5)
(2) Broken or defective plugs,
jacks, and connectors.
Replace if necessary.
Defective directional coupler. Repair.
Defective antenna tuner. Check antenna tuner for open
or shorted r-f line.
2 Low antenna radiation when Transmitter improperly

Adjust as follows:

(1) Adjust tuning to obtain
minimum vswr indication.

(2) Above 10 mc readjust
tuning to obtain REACT-
ANCE indication less
than 20 on meter M102.

Incorrect monitor control
vswr meter indication

1. Improper vswr voltages
from directional coupler
give low power reading.

2. Faulty monitor control
vswr meter circuit.

1. Check directional coupler.

2. Check meter circuit.

5-8
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Table 5-1. Trouble-Shooting Chart (Cont.)

STEP TROUBLE PROBABLE CAUSE REMEDY
4 Excessive power in TUNE Overload plate relays K101 and Check and adjust or replace.
or OPERATE positions K102 improperly set or inopera-
does not activate overload tive.
protection circuits
Latching relay K103 does not Check and replace, if neces-
release on overload. sary.
Tube V102 defective. Check and replace, if neces-
sary.
5 POWER indicator 1102 does Defective connector J104. Replace connector.
not glow when POWER
switch S101 is set at Fuse F101 blown. Replace fuse.
SHORT, X10, or X1.
Defective POWER switch. Replace switch S101,
Defective power transformer. Replace transformer T101,
Terminal board E101 con- Rearrange jumpers for 115-
nected for 230-volt operation volt operation as shown in
when 115-volt supply is avail- Figure 2-1.
able at connector J104.
Defective neon lamp 1102 or Replace lamp or socket.
socket.
Open current-limiting resistor Replace resistor R106.
for neon lamp.
Short to ground through one of Replace defective capacitor.
following capacitors: C101,
C102, C107, or C113,
6 POWER indicator lamp 1102 | Current-limiting resistor Replace resistor.
glows purple when POWER R106 shorted or reduced in
switch S101 is set at value.
SHORT, X10, or X1.
Terminal board E101 connected Reconnect for 230-volt opera-
for 115-volt operation when tion as shown in Figure 2-1.
230-volt supply is available at
connector J104,
7 VSWR meter M101 does not Transmitter inoperative or See Figure 2-5 for proper

read power on either scale
when POWER switch S101
is set at X10 or X1.

intersystem connections
defective.

Defective directional coupler.
Defective POWER switch.
Open circuit in potentiometer

R102 or R105.

Open circuit in potentiometer
R103 or R104.

connections; replace defective
connectors or cables.

Replace directional coupler.
Replace POWER switch S101.
Replace potentiometer when
there is no reading in X1
position only.

Replace potentiometer when

there is no indication in X10
position only.

105652001
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Table 5-1. Trouble-Shooting Chart (Cont.)

STEP TROUBLE PROBABLE CAUSE REMEDY
ki One of following capacitors Replace shorted capacitor.
(Cont) shorted to ground: C103 through

C106, C110, or C118,

Defective vswr meter M101. Replace meter when either
meter movement is defective.

8 VSWR meter M101 gives Zero settings incorrect. Remove power and set
abnormal indications with pointers at zero.
POWER switch S101 set at
X1 and X10. Defective directional coupler. Replace directional coupler.

High-resistance contact or Replace POWER switch S101

loose contact on POWER when contact cannot be

switch S101. cleaned or tightened.

Defective potentiometer R102 Replace potentiometer when

or R105. trouble occurs only in X1
position.

Defective potentiometer R103 Replace potentiometer when

or R104. trouble occurs only in X10
positicn.

One of following capacitors Replace defective capacitor.

defective: C103 through C106,

C110, or C118.

Defective resistance selector Return to factory for replace-

switch S201 in antenna tuner ment of resistance selector

unit. switch S201.

Open or shorted impedance- Repair or replace.

matching transformer T201.

Open or shorted tuning coil Return to factory for replace-

L201. ment,

Open loading coil 1L.202. Return to factory for replace-
ment.

Defective capacitor C201. Replace when abnormal indica-
tion on vswr meter occurs at
tap position 2, 4, or 6 of
resistance switch.

9 No step advance shown on Defective RESISTANCE Replace switch.
multiple indication meter OPERATE switch S102.
when RESISTANCE
OPERATE switch S102 is Defective METER switch S104. Replace switch.
depressed METER switch
S104 is held in RES. Defective multiple indication Replace meter.
position meter M102,

Open or high-resistance Replace resistor if open or

current-limiting resistor R113. above 378,000 ohms.
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Table 5~1. Trouble-Shooting Chart (Cont)

STEP TROUBLE PROBABLE CAUSE REMEDY
9 Switch S201A, or associated Switch S201A in resistance
(Cont) resistors R203 through R209, transformer and capacitance
defective or open, switch assembly of antenna
tuner is not replaceable, In-
dividual resistors, when
accessible, can be replaced.
Motor B202 inoperative. Check motor and replace
when necessary.
Shorted capacitor C205, C206, Replace capacitor.
or C212,
10 Reactance indication does Defective meter M102, Replace meter.
not increase or decrease
when REACTANCE switch Defective METER switch Replace switch.
S103 is held in either INCR. S104.
or DECR. positions.
Defective potentiometer R201 Replace defective potentiom-
or resistor R202, eter and resistor.
Defective motor B201, Replace motor,
Shorted capacitor C202, Replace capacitor.
C208 or C211,
Defective microswitch S202 Replace microswitch,
or S203.
Open or high-resistance Replace resistor when open or
current-limiting resistor when resistance is above
R114, 168,000 ohms.
11 STOP indicator 1101 does Defective lamp. Replace lamp,
not glow when meter M102
reads 0 or 100 on REACT - Shorted capacitor C108 Replace capacitor.
ANCE scale.
Open resistor R101. Replace resistor.
Defective microswitch S202 Replace microswitch,
or S203.
Shorted capacitor C207. Replace capacitor,
Microswitch actuating arm Tighten arm after resetting
slipping on shalft, as discussed in section 6.
12 Abnormal indication when Defective humidity-sensing Replace humidity-sensing
meter switch S104 is held element R210. element.
in HUM. position.
Defective switch S104, Replace switch.
Defective resistor in humid- Replace defective resistor
ity sensing bridge, resistors
R107 through R112,
Defective capacitor C111 or Replace defective capacitor.
C203.
Shorted capacitor C209. Replace capacitor.
105652001 5-11/5-12







SECTION 6
MAINTENANCE

6-1. INTRODUCTION

a. CLEANING. Inspect interior of units for dirt,
dampness, charring, or corrosion. Correct any de-
fect. Clean the electronic components with a clean,
soft brush moistened with trichloroethylene.

WARNING

When using trichloroethylene, make certain
that adequate ventilation exists. Avoid pro-
longed contact with the skin.

b. VOLTAGE AND RESISTANCE TESTING. Test
voltages and resistances as discussed in paragraph
5-2. Investigate any large discrepancies from values
given.

c. ELECTRON TUBE TESTING. Test each elec-
tron tube with a reliable tube tester or by substitu-
tion. Replace each satisfactory tube in the socket’
from which it was removed. Discard defective elec-
tron tubes.

d. DESSICANT. A 16-unit bag of dessicant is at-
tached to the antenna tuner cover to prevent moisture
from gathering on the internal components. Should

the humidity meter show that a change of dessicant is
necessary, replace with a fresh bag. Allow time for
dessicant action to change the indication on the hu-
midity meter.

The dessicant may be reconditioned by baking the
bag(s) in an oven.

e. SPARK GAP. Make sure the spark gap adjust-
ment in the antenna tuner is set at a 1/8 of an inch.

f. LAMP AND FUSE REPLACEMENT.

CAUTION

Do not replace fuse with a fuse of higher
rating. If the fuse blows immediately after
replacement, do not replace again until the
trouble has been corrected.

In the event of lamp or fuse failure replace with
exact replacement.

6-2. ALIGNMENT.

Table 1-4 lists the test equipment required for
alignment of the antenna tuning system. Tables 6-1
through 6-4 outline the alignment procedures for
the antenna tuning system.

Table 6-1. Complete Calibration Procedure for VSWR Meter

STEP OPERATION PURPOSE

1 Couple system cabling as shown in figure Readies system for calibration of vswr
2-5. Do not connect antenna tuner. meter.

2 Connect the 50-ohm, ATS(50)-2, or 70- Loads the transmitter. i
ohm, ATS(70)-2, resistive load to J302 i
of the directional coupler.

3 Connect r-f vacuum tube voltmeter across Permits measurement of r-f voltage across
resistive load at J302 of the directional resistive load. !
coupler.

4 Rotate all potentiometers on rear of Prepares monitor control for calibration. t
monitor control fully counter clockwise.

5 Zero meter M101 pointers by turning Zeros vswr meter.
screwheads at pointer hubs.

6 Set power switch of monitor control at X10, Selects 1000-watt range for VSWR meter. 5
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Table 6-1. Complete Calibration Procedure for VSWR Meter (Cont)

STEP OPERATION PURPOSE
7 Tune transmitter to an output frequency Applies r-f energy through directional
of 6.0-mec. coupler.
8 Increase transmitter power until VITVM at Brings transmitter output power to 1000
dummy load indicates 224 volts, ATS(50), watts.
or 265 volts, ATS(70).
9 Adjust R104 until vswr meter indicates ap- Increases sensitivity of reflected power
proximately 3/4 scale on reflected power indicator.
(red) scale.
10 Adjust null capacitor C302 in directional Nulls r-f bridge in directional coupler.
coupler until meter M101 indicates minimum
power on the REFLECTED-WATTS scale.
11 Repeat steps 9 and 10 until no further reduction | Nulls r-f bridge in directional coupler.
in reflected power indication can be obtained.
12 Rotate R104 fully counter clockwise. Reduces sensivity at reflected power indi-
cator.
13 Turn transmitter off. Interchange coaxial Interchanges resistive load and transmitter
cables at the directional coupler by connecting output.
resistive load to J301 and the transmitter to
J302.
14 Turn transmitter on. Increase power until Applies r-f energy through directional
vtvm indicates as in <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>