OPERATING PARAMETERS
FREQUENCY RANGE
FREQUENCY STABILITY
MODES OF OPERATION
POWER OUTPUT
OUTPUT IMPEDANCE
TUNING

AUDIO PARAMETERS
SIDEBAND RESPONSE
INPUTS

CONTROL

RF PARAMETERS
SIDEBAND REJECTION
SPURIOUS SIGNALS
DISTORTION
HUM and NOISE
CARRIER SUPPRESSION

HARMONIC SUPPRESSION

SPECIAL FEATURES
REMOTE CONTROL

METERING
SAFETY
ALDC

CONSTRUCTION

TECHNICAL SPECIFICATIONS
HFT—40K

2—30MHz multi-channel or synthesized in 100Hz increments.

One part in 106 per day. Optional one part in 108 day and higher.

Cw, AM, AME, USB, LSB, 2ISB, FSK, FAX. Optional 4ISB.

40,000 watts PEP (SSB). 20,000 watts average (CW/FSK).

50 ohms unbalanced. Output network will match into a 2:1 load VSWR.
Automatic with front-panel, over-ride of all operating controls.

250—3040Hz CCIR + 1.5db. Optional 260—6080Hz CCIR; equalized filters; others.

Audio: Two independent 600 ohm channels. —20 to + 5dbm.Optional 4-channel ISB.

Mike: Front panel jack for low-level dynamic input. —55db into 47,000 ohms.

FSK: Rear panel connector of 75 baud or higher. + 42.5/85/170/425Hz shifts; others.
Input 20/60ma, 50 or 100 volts, dry contact, +/— to ground.

FAX: Rear panel connector for up to 800Hz linear shift. Input + 1 to + 10vdc.

Front panel “fader’’ controls ease selection of line or mike inputs for USB or LSB.

500Hz tone is minimum 50db below PEP in the unwanted sideband.
Minimum 50db below PEP.

Minimum 35db below either tone of a two-tone test at rated PEP output.
Minimum 50db PEP at least 120Hz removed from carrier.

Selectable at —6/—20/—30/—55db (adjustable).

Minimum 45db below PEP without accessory TFP output filter.

Full remote control frequency, mode, carrier, power output, antenna selection,
antenna direction, and keying is available with SCR or TCR control systems.
Front panel meters and indicators provide continuous status display of transmitter
operation to the module level.

Each transmitter module is fully high-voltage interlocked with fuse, overload, and
audible alarm protection. Protective plates - labelled in red - are used throughout.
Automatic load and drive control is included to improve linearity, limit distortion,
and provide a relatively constant output during input peaks or load changes.
Completely solid-state, including power supply, up to the final RF output stages.
US/Military Standard components are used whenever practicable.

ENVIRONMENTAL and INSTALLATION

COOLING

OPERATING CONDITIONS

STORAGE CONDITIONS
PRIMARY POWER

HEAT DISSIPATION
SIZE and WEIGHT

SHIPPING DATA
LOOSE ITEMS

ORDERING INFORMATION
MODELS

Filtered, forced air in semi-pressurized cabinet. Nominal 900cfm airflow.

00 to 500C. Up to 90% relative humidity at MSL.

—300 to + 750C. Up to 90% relative humidity at MSL.

230 VAC, 50/60Hz. Three-phase with + 10% taps. Nominal 70KW at 0.97pf.
Optional 380 VAC, 50/60Hz. Three-phase. Other ratings on request.

Nominal 28KW.

85 (216cm) high x 99 (215¢m) wide x 44" (112cm) deep. 5400 pounds/2455Kg.
Size and weight varies slightly with accessories selected.

Commercial packing for U.S. shipment. Special packing available at additional cost.
Sixteen (16) containers. Largest 82" x 42" x 51" .Weight/cube —10,4001Ibs./745 cu.ft.
Technical manual (2) and mating RF/signal connectors,

HFT—40K/J  Synthesized 40KW HF/ISB Transmitter.

ACCESSORY PRODUCTS are described in sections 4 - 9 of the General Catalog and include RF/antenna, terminal,
data, connector and power equipment. TECHNICAL SERVICES in design, engineering, training, and related areas
are described in section 10. OPTIONS are listed after each TMC product in part A of the Price List.
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GENERAL DESCRIPTION AND FEATURES

The HFT-40K series of TMS transmitter systems provide the capability
of long haul, point-to-point communications in the high frequency
range of 2.0 ta 29.9999MHz. The transmitters are an outgrowth of
over 30 years experience in TMC developing, manufacturing, in-
stalling and maintaining high power HF systems. From the earlier
GPT-40K series (U.S.Military AN/FRT-40), the HFT-40K series has
evolved with the technology of modern electronics until today it

is unequalled in technical performance. The many active instal-
lations worldwide attest to the proven design of the HFT-40K series.

TMC has long used the "building block" approach in the design of
its equipment. This approach enables any communications station to
expand or alter its capability without replacing entire systems.

As an example, the GPT-40K (AN/FRT-40) transmitters required

an entire side-rack of equipment to produce the RF excitation for
the 40KW linear amplifier. Today a single unit designed by TMC and
occupying less than six inches of rack space does the same job
better and is completely compatible with the older transmitters.
This building block approach is used in the HFT-40K series and in
addition to providing a variety of capabilities, results in
commonality of parts, compatibility between equipments, and sig-
nificant cost savings.

The HFT-40K series is actually an entire family of 40KW transmitter
systems, each with a broad range of capabilities. The basic models
provide either multi-channel or synthesized operation in the CW,
AME, USB, LSB or two-channel ISB modes. Operating modes for AM,
FSK, AFSK, FAX and four-channel ISB are also available depending on
the type of service required. Automated tuning of the transmitter
system is normally provided although completely manual tuning is
available. Automated transmitter systems designed by TMC can be
locally or remotely controlled. In either case, any operator can
assume complete control of the system by manually overriding the
transmitter functions at the front panel. This manual override
feature is particularly important when operating under emergency

or maintenance conditions.

A11 parts and assemblies in the HFT-40K series are-accessible from
the front of the transmitter to facilitate maintenance. No access
is required from the sides or rear. Several units are mounted on
track slides with interconnect cables of sufficient length to per-
mit full operation of the equipment when the slides are extended
to their maximum length. This feature is a result of TMC's ex-
perience with many "confining" installations where operating space
was at a minimum. The transportablecommunications vans designed
and installed by TMC for the U.S. Navy are examples of how valuable
space can best be utilized. Such experience is one reason why the
HFT-40K can provide 40,000 watts of RF power (Average) reliability
in less than 30 square feet of floor space. In fact, the HFT-40K
for its size is the smallest, lightest (5,400 pounds installed)
and most efficient 40KW transmitter available today.



The HFT-40K series of transmitter systems is grouped by capability
as follows:

Model HFT-40KE
Multi-Channel CW/AME/USB/LSB/ISB/AFSK/AFAX

Model HFT-40KJ
Synthesized CW/AM/AME/FSK/FAX/USB/LSB/ISB

Model HFT-40KJA

Synthesized CW/AM/AME/FSK/FAX/USB/LSB/ISB (4-Channel)

The following sections describe in detail the physical and electrical
characteristics of the HFT-40K series of transmitter systems.



PHYSICAL DESCRIPTION

The basic transmitter system is housed in three completely en-
closed metal cabinets capable of being operated as a single mechan-
ical and electrical assembly. A1l components of the transmitter are
housed in these cabinets with access ports cut into the base and top
assemblies for routing of RF power, primary power and external
connections. For remotely controlled transmitters, a standard cab-
inet is bolted to the left frame for control units or terminal
equipment required for operation. A11 cabinets are designed for
rigid mounting to a deck or properly constructed flooring.

The three main cabinets are functionally separated into 1) the
10KW driver; 2) the 40KW linear amplifier; and 3) the 40KW power
supply. Each transmitter section is further described below.

Cabinet #1 - 10KW Driver

The main meter panel located across the top section of this cabinet
contains four meters that monitor the status of critical circuits
during operation of the system. They jnclude 1) PA screen current
meter; 2) PA plate current meter; 3) reflected power meter; and 4)

PA output meter. In addition, the IPA drawer, described in following
paragraphs, has a multi-meter designed to monitor RF plate currents
in the first, second and intermediate amplifier circuits.

The next section down houses the power amplifier (PA) containing

the ceramic/uniaxial power amplifier tube (4CX10000J) particularly de-
signed for sideband operation. This tube is capable of dissipating
in excess of 10,000 watts average power. The PA section houses the
output circuit - a modified parallel-L designed to match into an
unbalanced load of 50 ohms. The PA bandswitch and coil assembly lo-
cated in this compartment is constructed with self-cleaning contacts
designed to operate in excess of 10,000 times under rated loads with-
out development of imperfections or of appreciable wear leading to
erratic operation. The number of pressure contacts has been held to
a minimum while still providing the necessary redundancy to assure
reliable, trouble-free operation of the system. Automatic tuning

and loading components are also located in the PA compartment along
with an automatically switched harmonic filter which decreases the
harmonic content of the PA signal.

Under the PA compartment is the main control panel for the trans-
mitter. This panel enables direct manual control of the 10KW

driver. Located on this panel are controls for positioning of the
bandswitch, tuning and loading of the PA, adjusting ALDC, switching
high voltage on or off, and initiating the automated tuning sequence.
Lights are used to indicate when the jnterlock safety circuit is
complete; when the system is in a ready condition; and the position
of the bandswitch in the PA section.




The intermediate power amplifier (IPA) drawer, located under the main
control panel, houses the RF components for the IPA. The IPA con-
sists of two broad-band amplifier stages and a final amplifier stage
that provide approximately 500 watts drive to the PA section. The
final IPA and second amplifier tubes are air-cooled by a self-
contained blower within the drawer. Bandswitching of the IPA final
is accomplished with the same bandswitch control as is used for the
PA section on the main control panel. The 10KW driver bias supply
and 24 volt-dc supply are also located in the IPA section along

with the servo amplifiers and process control circuits for automated

tuning.

The exciter drawer under the IPA normally houses a multi-channel or
synthesized exciter which provides drive to the IPA. However, a
four-channel ISB exciter or other external source, microwave or tele-
phone terminal units, remote control units audio frequency shift
keyers, and other related accessories require additional rack space
which is available in an adjacent side cabinet. In this instance,

" the exciter drawer is fitted with a blank panel. For monitoring and
testing purposes a test, input jack, and exciter monitor jack are
mounted on the exciter drawer.

The 10KW driver power panel and power supply occupy the bottom two
sections. The power panel controls the application of primary

power, filament and screen voltages to the IPA and PA sections of

the transmitter. Also located on this panel is a high voltage aural
alarm, plate and filament elapsed time meters, and an on/off switch
controlling AC power to the exciter drawer. The high voltage trans-
former and associated power supply components which provide plate

and screen voltages to the RF amplifiers are located in this compartment.

Cabinet #2 - 40KW Final Amplifier (F/PA)

The final main meter panel 'is located at the top of the frame and con-
tains five meters to monitor RF drive voltage, plate current, filament
transformer voltage, RF plate voltage and output power.

Directly below this panel is the final power amplifier compartment
which contains all bandswitch, tuning and loading components including
the final tube, an ML6697 triode, capable of dissipating 20,000 watts
average power. The output circuit is a pi-network configuration de-
signed to match into a 50-ohm unbalanced load. The PA bandswitch and
coil assemblies are constructed with durable self-cleaning contacts
designed to operate in excess of 10,000 times under rated loads with-
out development of imperfections or appreciable wear. The number of
pressure contacts is held to a minimum while still providing the
necessary redundancy to assure reliable operation of the system. All
tuning controls for manual override are located on the front panel

of this section including lamp indicators for high voltage, ready and
fault.

The next section down is the 40KW PA Control Panel, which monitors the
interlock circuits associated with the PA and PS frames as well as con-
trolling the application of main AC power and high voltage. Other




controls enable manual release of the bandswitch and high voltage
reset. The automatic processor control is also located in this
section.

The PA bias supply under the control panel contains two power sup-
plies and adjustments for overload trip. In addition, a PA relay

panel under the bias supply is used to protect various circuits in
the PA and PS cabinets. The time delay and elapse time meters are
mounted on this panel for use with the interlock system.

Cabinet #3 - 40KW Power Supply

The entire cabinet contains the high voltage power supply, the pro-
tective crowbar circuitry, and metering used to monitor the operation
of the PA circuits. The high voltage power supply uses solid-state
rectifiers throughout. This improves reliability and reduces loss
through heat dissipation in the supply. The crowbar drawer contains
circuits which protect the transmitter against excessive discharge
currents in the high voltage supply. Various fuses and indicator
lamps provide extra protection to the supply.

The side cabinet, required for external equipment used with the
transmitter system, is normally bolted to the right end of the trans-
mitter next to Cabinet #1. This facilitates connections in the trans-
mitter control and power circuits through access ports in the base
section. The HFT-40K/JA series of synthesized four-channel ISB trans-
mitters uses such a cabinet to house the exciter and translator units.

The entire transmitter system is cooled by filtered, forced air which
enters from the bottom front of the cabinets and is exhausted out the
top. Self-contained blowers of sufficient capacity cool the equip-
ment at the specified maximum ambient temperature which would tend

to damage it or reduce its useful life. Alternate air ducting is
available to meet specific installation requirements. Environmentally,
the transmitter operates continuously in any ambient temperature
between 0°C and 52°C at any value of humidity up to 95%. The sgstem
will not be materially affected under storage conditions of -30°C to
850C and humidity of up to 95%.

The entire transmitter system is (high voltage) interlocked for per-
sonnel safety and designed to prevent personnel from accidentally
coming in contact with electrical potentials (MIL-E-16400 applies).
The outside casing and main frame, i.e. all external parts exclusive
of output terminals, are at ground potential when the system is
properly installed and in operation. A1l control knobs are in-
sulated and control shafts grounded. Primary power (1ine) input
terminals are protected by an insulating cover and identified by
warning labels attached to the equipment. Each compartment in the
transmitter system is shielded both internally and externally.

The usual method of ducting internal and external cables is through
access ports in the base assembly below the power supply. These ex-
ternal cables are then terminated on strips conveniently located to



the cable openings and readily accessible to the technician. When

not in use, access ports are covered with removeable plates. Pro-
vision has been made for alternate cable ducting depending on specific
installation requirements. In general, cable ducting through the base
compartment results in a neat and pleasing appearance from any view-
ing angle. '

The transmitter system operates from a primary power source of 230
volts AC, 50 or 60Hz, with additional taps for operation of 195 to
240 VAC or 390 to 480 VAC. A1l sources are three phase delta. Power
consumption does not exceed 75KW and the power factor is not less
than .95.

The transmitter system without side cabinet but including exciter, 4"

(8 cm) mounting base and harmonic filters has the outside dimensions

76 inches (200 cm) high x 98 inches (249 cm) wide x 44 inches (112 cm)
deep, and weighs less than 5400 pounds installed. The side rack adds

21 inches (53 cm) to the width and approximately 250 pounds (12 kg) to
the weight of the system depending on the accessory equipment installed.



FUNCTIONAL DESCRIPTION

The HFT-40K series of transmitting systems are designed and con-
structed around the "building block" principle. As a result, this
system could be described as containing three transmitters that are
integrated into one by using a common exciter for control and drive.
The transmitter system is a complete, self-contained functional
unit which requires only the application of power, signal and
antenna lines to meet all performance specifications. It is de-
signed for reliability, simplicity and ease of operation consistent
with operating requirements. As a result, the transmitter will
operate continuously under full load with a 100% duty cycle within
the environmental operating conditions specified.

The HFT-40K system consists of four functional groups: 1) exciter;
2) RF amplifier; 3) power distribution; and 4) control. Reference
is made to the simplified block diagram of the transmitter system
on the next page showing the interrelationship of each system.

The operations described in the following paragraphs are applicable
to both manually-tuned and automatically-tuned transmitters. The
only essential difference is whether an operator controls each
functional group or the operator gives command to an internal pro-
cessor that takes control of the entire tuning sequence.

Basically, the exciter, which requires no tuning or peaking, pro-
vides a low-level RF signal to drive the first amplifier stage which
in turn drives succeeding stages. The path of the RF signal is
routed through the amplifier stages, the harmonic filter, output
metering circuits and finally to a 50-ohm transmitting antenna or
dummy load. Tuning capacitors are used to resonate the higher

power amplifier stages.

One of three types of exciters is used to provide the required RF
drive:

Model SME-5 for HFT-40KE Multi-Channel Transmitter

Model MMX-2 for HFT-40KJ Synthesized Transmitter

Model SBG-4 for HFT-40KJA Synthesized Transmitter
with 4-channel ISB capability.

The following paragraphs describe each exciter and functional unit
in detail.
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Exciter, SME-5

The SME-5 exciter is used with the Model HFT-40KE transmitter and provides the
required RF drive in all operating modes.

The SME-5 is a solid-state exciter that can provide up to 100mw of RF drive in the fre-
quency range of 2.0 to 30MHz by selection of one of eight discrete channels. An inter-
nal_oscillator provides a minimum stability to the selected frequency of one part in
106 per day. Modulation capabilities (operating modes) include CW, MCW, AME, USB,
LSB, 2-channel 1SB, AFSK and AFAX with the bandwidth of either sideband, 250-
3040Hz (CCIR). Optional bandwidths are available.

An eight-position rotary switch mounted on the front panel provides for channel selec-
tion to one of eight pre-sset frequencies in the 2.0 to 30MHz range. No tuning or peak-
ing is required to obtain full output from the exciter. Outputs may also be adjusted in-
dependently depending on the operating frequencies of each channel.

The principles of operation of both LSB and USB are identical. For ease of explanation
only LSB operation is described. When following the USB operation, LSB switch S1 is
replaced by USB switch S2. Audio input from an external source is fed through input
filter A17 to the primary of transformer A20T1. The output is taken at the potentio-
meter A20R6 and fed to the LSB input selector switch S1. S1 routes the selected input
through LSB LEVEL adjust potentiometer R3 to the transformer A20T2. The output
is also fed to a metering circuit A7, through meter switch S9. The meter M1 is mount-
ed on the front panel and enables the operator to set the correct audio level. The IF
board is a modulator-oscillator. It combines the audio signal with the local oscillator
frequency of 1750kHz. The modulated output of the IF board is fed to the mixer-
doubler A13. The mixer-doubler is controlled by channel switch S4. It doubles, under
certain conditions, the input signal from the HF oscillator A12 and mixes it with the
intermediate frequency supplied by the IF board A9. The HF oscillator is also control-
led by channel switch S4. The output of the mixer-doubler A13 can be any one of the
8 channel frequencies selected by channel switch S4. The selected output of A13 is
fed to the appropriate section of RF amplifier A14. The RF amplifier consists of eight
boards, only one of which is operative at a time as determined by the channel switch.
The output of the RF amplifier is fed to the wideband amplifier A15, which delivers
the maximum RF output of 100mw PEP into a 50-ohm load, sufficient to drive any
TMC transmitter.

The carbon microphone, the dynamic microphone input or the CW input, when selec-
ted are fed through an AF amplifier and oscillator board A20. The output of A20, a
1000Hz or compressed AF signal at a level of -20dbm to +10dbm is coupled to A9 as
an audio input.

FSK inputs are first fed through input filter A18 to FSK board A1. The FSK inputs
being in the form of teletype information is converted into an audio input in the board
A1 and fed to the S1A-6 for onward transmission in the same manner as line audio
input.

VOX/ANTI-VOX is operated by switching VOX USB/LSB switch on the rear panel to
any position. A portion of audio is fed to VOX/ANTI-VOX board A3, where the pre-
determined level of audio operates relay K1 (S8 in VOX position). When energized, K1
applies +24 volts to wideband amplifier A15.

Extended line select boards A4 (LSB) and/or A5 (USB) (both optional) are provided
for remote control of the unit. When S1/S2 is in REMOTE position, +12 volts is sup-
plied to the relay in A4 (A5) which in turn routes the selected input for transmitting in
the usual manner.



Extended mode and channel select ALL (optional) is provided for selection of channel
and/or mode from remote location. This board operates when S4 is in REMOTE
position.

The SME-5 is designed for track-slide mounting in a standard 19-inch rack. All operator
controls are mounted on the front panel of the unit. The remaining controls, all con-
nectors and terminal strips are located on the rear panel. Whenever possible, electronic
components are mounted on printed circuit cards that plug into connectors on the
main chassis.

The exciter operates from a 115 or 230 volt, single phase, 50 or 60Hz primary power
source. The power supply section consists of a transformer, rectifier and regulator
which provides the +12 VDC and +24 VDC for operation. All power circuits are fused
to protect components from damage due to excessive transients or surges.
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Exciter, Model MMX-2

The MMX-2 exciter is used with the HFT-40KJ transmitter and provides the required
RF drive in all operating modes.

The MMX-2 is a solid-state exciter that can provide up to 260mw-of RF drive in the
frequency range of 2.0 to 29.9999MHz in 100Hz steps. An internal standard provides a
minimum stability to the selected frequency of one part in 108 per day. An external
standard, the CSS-2, can be used to stabilize the output frequency to one part in 109
per day (short term) and five parts in 109 per week (long term) as an option. The mod-
ulation capabilities (operating modes) include CW, AM, USB, LSB, 2-channel ISB, FSK
and FAX with the bandwidth of either sideband, 250-3040Hz (CCIR). Optional band-
widths are available depending on requirements.

Six direct-reading, digital switches mounted on the front panel provide for carrier fre-
quency selection in the 2.0 to 29.9999MHz range. The basic 1MHz signal from the in-
ternal or external standard is used to develop basic signal frequencies that synthesize
the RF carrier output.

Referring to the block diagram, the spectrum generator board Z101 develops seven ba-
sic signal frequencies from the incoming precision 1MHz signal. The 1MHz input is
amplified and sent to the mixer-divider circuits. The TMHz input is also clipped, divid-
ed by a factor of 10 and applied to a 100kHz spectrum generator; this output, contain-
ing the 100k Hz fundamental, plus harmonics, is applied to the comb filter circuits. The
1MHz input is squared to produce a TMHz spectrum containing the required harmonics
for generation of five additional output frequencies of 8, 12, 13, 14 and 40MHz. The
8MHz output is applied to the mixer-dividers; the 40MHz output is coupled to the fre-
quency translator for determination of final output frequency range; and the 12, 13
and 14MHz outputs are sent to the step generator circuits for derivation of the fre-
guency ranges.

The 100kHz spectrum output signal is applied to the two comb filter boards, Z102 and
Z103. Circuits on these boards produce 12 precise output frequencies from 0.8 to 1.9
MHz in 100kHz steps and apply them to the frequency switching network. These fre-
quencies are generated by exciting corresponding crystal-filters at the appropriate har-
monic of the 100kHz spectrum input.

The 8MHz basic signal is mixed with the selected mixing frequencies in mixer-divider
boards 2104, Z105 and in mixer-final board Z106; the output signal from mixer-final
Z106 establishes the four least significant digits of the output frequency and is applied
to the translator board, Z112.

The step generator boards Z110, Z111 and Z113 contain mixer and multiplier circuits
that derive the two most significant digit frequencies of the selected output frequency.
Step generator board Z113 contains the 12MHz mixer circuits and the X2 multiplier
circuits for the three frequency ranges. The three frequency ranges are combined in
this board by a summing amplifier and coupled as the 104MHz to 132MHz to the
translator 2112,

The carrier generator board 2109 receives a 1MHz standard input signal and divides
this frequency by four to obtain a 250kHz basic subcarrier signal; this subcarrier is
amplitude-modulated in AM mode of operation, is shifted in frequency by teletype
mark and space modulation in FSK mode of operation, is applied to balanced modu-
lators in the sideband generator board Z107 to derive upper and lower single-sideband
signals and is applied to the frequency shift generator board Z108 for CW mode of



operation and for carrier reinsertion when desired. The 250kHz is also multiplied by 11
on the carrier generator board to produce the 2.75MHz carrier which is applied to a
mixer circuit in the frequency shift generator board. The 2.75MHz carrier is combined
with the modulated 250kHz signal to produce an AM, a single-sideband (SSB) or inde-
pendent sideband (ISB) output with a 3MHz center frequency.

The sideband generator board Z107 contains a microphone audio pre-amplifier and an
audio impedance-matching transformer for translation of an external 600-ohm bal-
anced or unbalanced audio line to a 500-ohm audio for application to the upper side-
band (USB), lower sideband (LSB) and AM modulator circuits. Two balanced modu-
lators produce the upper and/or lower sideband intelligence from the 250kHz signal
subcarrier and the incoming USB and LSB audio signals; the 2560kHz subcarrier is sup-
pressed. The resulting USB and LSB signals are sent to the frequency shift generator
board Z108.

The frequency shift generator board Z108 contains two circuit sections: the frequency
shift generator section and the converter section. The frequency shift generator sec-
tion provides either frequency shift keyer (FSK) or facsimile (FAX) modes of opera-
tion. The FSK mode applies the 250kHz subcarrier to the keyer modulator which also
receives external teletype input via the FS Loop Switch. The 250kHz subcarrier is
modulated by the teletype current input producing a shift in frequency above and be-
low the 260kHz center frequency representing marks and spaces. This shift is rectified
and translated to a DC level which is then amplified and applied to the modulation
input of the 3MHz voltage-controlled crystal oscillator (VXCO) which produces the re-
quired frequency shift above and below the 3MHz center frequency. The FAX mode
connects an external FAX signal through a DC regulator circuit which produces a var-
iable DC level at the input of the VXCO thereby producing the required frequency
shift of the 3MHz center frequency output signal. The converter section of Z108 mixes
the incoming 2.75MHz carrier signal with the selected modulation signal (250kHz AM,
USB, LSB, ISB or CW from the carrier and sideband generator boards). The modulated
3MHz sum signal is amplified and sent as modulation to the translator board Z112.

The translator board Z112 contains an X3 multiplier circuit which produces a 120MHz
frequency from the 40MHz basic signal and mixer circuits that mix the selected carrier
frequency of the four least significant digits with the 3MHz modulator frequencies and
mix the modulated sum frequency with the selected step generator frequency repre-
senting the two most significant digits of the selected carrier frequency. When the up-
per frequency range (20 — 29.9999MHz) is selected, a ground enable is applied to a fil-
ter in series with the RF signal from the RF OUTPUT control. Therefore, the RF signal
is pre-filtered prior to being applied to RF output section Z115.

The RF output board Z115 amplifies the incoming RF carrier frequency and produces
an automatic level DC voltage (ALDC) for feedback to the translator board Z112. The
ALDC is used to control the RF output level. A metering circuit monitors the collector
currents of the three amplifiers on RF output section Z115 and the RF output level of
the selected frequency; these parameters are selected by a METER switch and display-
ed on the front panel MONITOR meter.

The MMX-2 is a direct reading device that displays all operating settings on the front
panel. These include the functions of frequency, mode, carrier suppression, and RF
output. All functions can be remotely controlled. No tuning or peaking is required
when operating frequencies are selected. This exciter provides sufficient drive for any
TMC transmitter system.

The MMX-2 is nomenclatured by the U.S. Military as MD-846/UR.
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Exciter, Model SBG-4

The SBG-4 exciter is used with the HFT-1KJA transmitter and provides
the required RF drive in all operating modes.

The SBG-4 is a solid state, dual-unit exciter system consisting
of a sideband exciter and translator. The exciter system yields
an RF output up to 250 milliwatts in the frequency range of 2.0
to 29.9999MHz at a minimum stability of one part in 10° per day.
An external standard, the CSS-2 can be used to stabilize the
output frequency to one part in 109 per day (short term) and
five parts in 109 per week (long term) as an option.

The sideband exciter portion of the system is a solid-state unit
which provides the primary stage of frequency conversion and
frequency division multiplexing in a four-channel ISB trans-
mitter system. Each unit accepts up to four 600-ohm audio in-
put signals, processes each separately, then combines them to
yield an independent sideband output that is centered at 1.75MHz.
This composite RF signal (1.75MHz) is then applied as the inter-
mediate frequency input of the RF Translator.

The RF Translator is also solid-state and generates the necessary
mixing frequencies to translate the 1.75MHz IF input to a select-
able RF output range. The translator functions as an RF frequency
exciter that provides AM, USB or ISB intelligence on an RF carrier
frequency between 2.0 and 29.9999MHz. The translator is normally
mounted directly above the sideband exciter in an equipment cabinet.

The translator and exciter are direct reading devices that display
all operating settings on the front panel. These include the
functions of frequency, mode, carrier suppression, RF output,

channel activity and channel priority. All functions can be re-
motely controlled and no tuning or peaking is required when operating
frequencies are selected. The exciter system provides sufficient
drive for any TMC transmitter system.

The sideband exciter unit supplies a 1.75MHz signal output about
which all input information is centered. A 1MHz signal from the
translator unit is supplied to a series of digital modules connected
for a divide by 4 and divide by 100. Two separate outputs are
achieved, the first supplying 250kHz output signals, the second

output supplying 10kHz signals. The 10kHz signals are applied to a
harmonic corresponding to 6.290MHz. This signal is then divided

by 1000 to produce an output of 6.290MHz which feeds a balanced

mixer which receives as its second input, a signal of 1.75kHz

(250kHz x 7). The output of the balanced mixer then consists of two
signals which are desired, and filtered through to produce outputs

of 1743.710kHz and 1756.290kHz. Four audio inputs, corresponding to
channels Al, A2, Bl and B2 are applied to separate balanced modulators.
Channels Al and Bl receive as their second input, a 1.750kHz signal. ~~
Channel A2 receives 1756.290kHz as its second input signal, and

channel B2 receives 1743.710kHz as its second input signal. This
establishes the proper relationship for each channel. The outputs

of the balanced modulators then enter their respective filters where



final processing is accomplished producing only the desired sideband
output and suppressing carrier/unwanted sideband output by 70db.
These outputs are then combined in a summing network and amplified to

approximately 100mv across 50 ohms.

The translator unit consists of a series of filters, mixers-dividers
and step generators that serve to translate the 1.750MHz IF intelli-
gence to the operating frequency. This is achieved by using an
internal (or external) IMHz standard oscillator from which is derived,
using a generator, seven fundamental frequencies phase-locked to the
standard. These outputs are 1, 8, 12, 12, 14, 40MHz and a 100kHz
spectrum. The 100kHz spectrum is fed to two comb filters which pro-
duce 12 discrete frequencies from 0.8 to 1.9MHz in 100kHz steps.
These frequencies are applied to the frequency select switch network
controlled by the six knobs on the front panel. Depending on the
position of the four right-hand switches, the output from the comb
filter is mixed with the 8MHz frequency from the spectrum generator
and the resultant frequency of 10.0 to 10.9999MHz is then applied to
the RF translator. This 10MHz signal is mixed with a 3MHz signal de-
rived from mixing the 1MHz standard output and the 1.750MHz output
from the exciter unit previously discussed. (The sideband intelli-
gence is contained in this 1.750MHz signal.) The output of this
balanced mixer is then fed to a second balanced mixer which has as
its second input the 40MHz signal from the spectrum generator. The
output of this mixer is then fed to a third mixer which has as its
second input one component of the 12, 13 and 14MHz signals from the
spectrum generator. This last signal is actually the resultant of
the 12, 13 and 14MHz signals mixed with the 0.8 to 1.9MHz output of
the comb filter as determined by the two left-hand frequency switches
on the front panel. The output of the third mixer is thereafter
amplified and becomes the 2.0 to 29.9999MHz RF output of the exciter.

Three simplified block diagrams on the next few pages follow the
path of the signal through the exciter system.

The SBG-4 consists of two electronic frequency converters, nomen-
clatured by the U.S. Military as CV-2644/URT and CV-2645/URT. The
SBG-4 is the exciter portion of the AN/URT-37(v) transmitter system
and the outgrowth of the AN/URA-30 modulator-oscillator group
developed by TMC.
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RF Amplifier

The RF output from the exciter is nominally 100 milliwatts and is
applied through an RF gain control to the grid of the first RF
amplifier stage in the 10KW driver. This stage operates as a broad-
band class A amplifier providing an amplification of approximately
five (5). The RF output at the plate of this stage is routed through
a coupling network consisting of capacitors and a transformer to the
input grid of the second amplifier stage.

The second amplifier also acts as a broadband class A amplifier
providing additional amplification. Since both the first and second
amplifiers are broadbanded, no resonate tuning to obtain output from
the plate circuits is required. The output at the plate of the
second amplifier is then coupled to the grid of the intermediate
power amplifier (IPA) stage.

The IPA operates as a class ABj amplifier and provides the required
drive to the 10KW power amplifier (PA) stages. The input to the
IPA is automatically matched throughout the frequency range by a
network inserted between the second amplifier and IPA stages. When
RF power is applied from the exciter, the IPA tune capacitor is
adjusted to resonate the IPA plate circuit to the frequency that
appears at the grid circuit. The RF signal is thereby further
amplified and routed through the previously-positioned IPA band-
switch assembly to the input of the 10KW PA stage.

The 10KW power amplifier operates as a class ABy amplifier provi-

ding 10,000 watts average or peak envelope power to the input of the
40KW final PA. The input power from the IPA is coupled to the fila-
ment cathode of the 10KW PA tube - a configuration normally referred
to as RF grounded-grid, cathode-fed. The 10KW PA output circuit
consists of a bandswitch assembly, load capacitor assembly, tune
capacitor assembly, and harmonic filter assembly. The harmonic.filter
provides harmonic attenuation while the tune and load capacitors

serve to match the output to the impedance of the 40KW final input.

As the tuning sequences through the various stages, RF indicators
located across the top level of the 10KW driver and in the IPA
drawer, monitor the performance of critical circuits in this section.
In particular the following levels are monitored:

Plate Current Meter (IPA drawer) -
First amplifier plate current
Second amplifier plate current
Intermediate power amplifier plate current

PA Screen Current Meter (Main Meter Panel)
PA screen current of the final tube
PA screen overload (illuminates at overload)



PA Plate Current Meter (Main Meter Panel)
PA plate current of the final tube.
Quiescence - set by PA bias pot.
Resonance - as point of resonace is reached
Total PA plate current at rated output
PA plate overload (illuminates at overload)

Reflected Power Meter (Main Meter Panel)
Reflected power - upper scale
SWR - lower scale

PA Output Power Meter (Main Meter Panel)
Average PA output power in kilowatts

The 40KW final power amplifier (F/PA) operates as a class AB; grounded-
grid amplifier providing 40,000 watts peak envelope power to a 50-ohm
antenna or dummy load. The input power from the 10KW driver (approx-
imately 3.2KW for 40KW out) is coupled to the filament cathode of the
40KW PA tube. The output circuit of the final stage consists of a
bandswitch assembly, load capacitor assembly, tune capacitor assembly,
and harmonic filter assembly. The harmonic filter provides harmonic
attenuation while the tune and load capacitors serve to match the
impedance of a 50-ohm antenna system or dummy load up to a normal

VSWR setting of 3:1.

RF indicators (meters) on the final PA and 40KW power supply cabinets
are located across the top level and serve to monitor the performance
of critical circuits in the 40KW final. In particular, the following
is monitored:

40KW PA Cabinet
Filament Primary Voltage
RF Input Drive Voltage
Final Plate Current (DC)
Final Plate RF Output Voltage
RF Output Current (Unbalanced Load)

40KW PS Cabinet
Final Grid Current of Final Tube
Final Grid Voltage (Bias) of Final Tube
Final Plate Voltage (DC)
Crowbar Filament Voltage
VSWR at Output (Unbalanced Load)

An important feature of the 40KW final is its bypass system which
enables the operator to route the RF around the final to the output.
Covered in more detail under "Operating Procedures", this feature is
particularly useful under emergency conditions. The output from the
10KW driver thereby becomes the transmitter system, providing 10,000
watts PEP and average to the load instead of 40,000 watts PEP and
20,000 watts average under normal conditions.



A11 bandswitching, tuning and loading is accomplished automatically
in sequence in HFTA-40K and HFTR-40K transmitter system. Tuning

time is nominally 15 seconds and less than 30 seconds under the worse
conditions.

Power Distribution

The three-phase main power supplies are located in cabinets #1 and
#3. Input terminals are provided at the rear of each compartment
for application of power. Protective interlocks are used through-
out the transmitter to prevent application of high voltage until
specific requirements are met. Such safety precautions are designed
into the system to prevent injury to personnel and damage to the
transmitter. The interlock system is described in the Control
section of this analysis. A simplified block diagram of the 10KW
driver power distribution system appears on the next page.

Phases 1 and 2 are routed through the exciter drawer to supply AC
power to the exciter independent of the position of the main power
breaker. This enables the primary frequency standard in the exciter
to maintain its specified stability even when the power amplifier
section is undergoing maintenance with no primary power applied. A
remote circuit breaker can be used to remove all AC input if required.

When the main power breaker is closed, three phase input power is
applied to the PA and IPA blowers. Air vane switches, located in the
blower air streams, are then opened, preventing a closure of phase 1
to the filament relay. Without this closure, AC input power is ap-
plied to the IPA and PA filament transformer. However, should one

of the blowers fail to operate properly, the air switch will close,
activating the filament relay and removing all AC power to the IPA
and PA filaments. This sequence prevents damage to either power
amplifier from lack of cooling air.

The interlock system in concert with the filament timer introduces
a time delay when main power is first applied. This delay prevents
the application of high voltage to the amplifier stages until the
transmitter has warmed up. Such a delay increases tube life con-
siderably and eliminates the effects of thermal shock to high power
components.

A11 voltages are derived from the high and low voltage supplies in
the system. The plate and screen bias voltages in particular are
full-wave bridge rectified and then fully filtered to remove resi-
dual ripple. Zener regulators provide constant voltages to the
plate and screens of the amplifier stages. DC return for the supply
voltages are through the screen circuit breaker for plate voltages;
the screen overload circuit for screen voltages; and fuses for the
bias and 24 VDC control voltages. The 24 volt DC supply in the IPA
drawer provides the control voltage for the entire transmitter sys-
tem. During band changes, this control voltage is prevented from
reaching the PTT switch by the bandswitch interlock system. The



amplifier stages are thus kept at maximum bias, close to cutoff so
that no RF power can be transferred through the switch contacts.
This extends the useful 1ife of the bandswitch and prevents inadver-
tent overload during band changes.

Control

Interlock and overload circuits provide protection for both operating
personnel and equipment by preventing the application of any high
voltage. Basically, the interlock/overload system is a series of
switches located at strategic points throughout the transmitter
system. Unitl all interlock switches are closed, no control volt-
age can be applied to the transmitter. Once all conditions are met,
i.e. all interlocks mechanically closed and the time delay elapsed,
the 24-volt control voltage is applied to the high voltage relay.

If any interlocks open, such as might occur during excessive heat
buildup or an inadvertent opening of a drawer or panel, the trans-
mitter is automatically placed in an overload condition which pre-
vents the application of high power. The high voltage switch must

be depressed twice to restore high voltage once the fault is corrected.

The ALDC circuits (Automatic Load and Drive Control) provides negative
feedback to the exciter to prevent excessive RF output. The ALDC
threshold Tevel can be adjusted by potentiometers. The ALDC voltage
is derived by sampling the RF output at the harmonic filter.

The IPA, PA and F/PA bandswitches are also controlled by the appli-
cation of 24 volts DC. By providing a ground to the bandswitch, AC
voltages will be supplied to the PA bandswitch motor resulting in a
stepping action of the bandswitch. While this indexing is taking
place, the interlocks and relays prevent application of high voltage.
The transmitter is thereby biased at or close to cut-off.

Automated tuning of the HFT-40K series is accomplished with a servo
system controlled by two processors. Tuning time is nominally 15
seconds from the application of high voltage with a maximum 1imit of
30 seconds in the worse condition. The exciter operating frequency
acts to pre-position the bandswitch as the front panel switches are
either manually rotated or DC switched from a remote location (See
RCST-1 for Transmitter Remote Control systems). Carrier suppression
and operating mode are similarly selected but have no effect on the
automated tuning of the transmitter. Once all exciter functions have
been selected, the automated tuning sequence can begin.

Automated tuning, whether controlled locally or remotely, is initiated
by the application of high voltage at the main control panel. This
causes the IPA servo amplifier to go into a "search" mode while ad-
justing the tune level control to the RF drive at which the trans-
mitter will auto tune. The IPA tuning capacitor begins turning as

RF voltage is developed at the plate of the IPA output tube. The
first two class A amplifiers are broadbanded and require no tuning.



to develop the necessary RF level to drive the IPA. When sufficient
RF is developed at the IPA plate, a plate trigger will cause the
tuning sequence to enter the "servo" mode. In this mode, a DC cor-
rection voltage fine tunes the IPA by comparing the phase relation-
ship between the grid and plate circuits. As resonance is approached,
the correction voltage drops to zero, the tuning sequence enters the
"operate" mode, and the PA servo amplifier is triggered, going into
its "search" mode.

The 10KW PA tune capacitor now begins its search for resonance. As the
resonant point is approached, the resulting RF trigger voltage de-
veloped at the PA plate triggers the “servo" mode. A DC correction
voltage from the PA phase detector adjusts the tune capacitor to
resonance. When this correction voltage reaches zero (resonance of

the PA), the "operate" mode is triggered and the load capacitor,
previously held at minimum, is adjusted for correct loading.

With the 10KW driver in the "operate" mode, sufficient RF is developed
at the output to trigger the "search" mode of the pre-positioned

40KW final. As resonance is reached in this stage, the PA plate RF
triggers the "servo" mode. A DC correction voltage from the final PA
phase detector adjusts the tune capacitor to resonance. The "operate”
mode is triggered when this correction voltage reaches zero and the
load capacitor is adjusted for correct loading. When proper loading
is reached, the RF drive is adjusted for 20KW average power and the
servo system is placed in a quiescent condition. - The "READY" light

is turned on and the transmitter is now ready for operation.

If a fault occurs in the tuning sequence, the sequence will halt for
60 seconds and then go into a "FAULT" condition, biasing the trans-
mitter off. The sequence is reactivated by depressing the high volt-
age switch twice.



OPERATING PROCEDURES

Normal Conditions

Each TMC transmitter system consists of an exciter and a high power
linear amplifier as a minimum. The method of tuning each system can
be by manual adjustment or automated adjustment. At any time, the
transmitter can be controlled locally - even with remotely controlled,
automated systems - since all are equipped with a manual override
feature. The next paragraphs outline the operations required for
tuning the transmitter by manual/local control, automated/local con-
trol; or automated/remote control.

TMC transmitters are designed to operate continuously, the 24 hours per
day, and should be placed in a stand-by (high voltage OFF) condition
when not in use. As a consequence of this, TMC transmitter systems

do not normally have motor-driven main power breakers. To prevent
damage to the transmitter system, all connections from the power

mains to ground and to the antenna system should be inspected prior

to the application of power. Once an operator verifies that all is

in order and RF properly routed through patch panels to a load, the
main power and screen breakers should be placed in the ON position

and the aural alarm turned OFF. The transmitter requires a few

minutes to warm up before high voltage can be applied. When the inter-
lock indicates all operating conditions are met, the transmitter is

in a STANDBY condition, ready for the application of high voltage and
keying information. A visual inspection of the transmitter system

can also be made by the operator to verify that indicator lamps

operate properly and overload needles are set to proper values.

Manual tuning of the transmitter by local control is accomplished as
follows:

1) Optional preliminary check for quiescent operation
a) Set exciter output to minimum
b) Index bandswitch to verify operation
c) Press high voltage ON
d) Check PA PLATE meter for 500ma approximate
e) Check IPA PLATE meter for 60 (220)ma
(Tever switch up or down determines value)

2) Reduce RF gain control to minimum and select operating
frequency, operating mode, and carrier suppression
level on exciter. Increase exciter drive to 100 mv
approximate

3)' Select proper band by indexing IPA, 10KW PA and 40KW PA
bandswitches.

4) Increase RF GAIN for indication on IPA meter

5) Adjust IPA TUNE control for a current peak on the 10KW PA
PLATE current meter.



6) Rotate 10KW PA TUNE control for a resonant on the 10KW PA
PLATE current meter.

7) Rotate 10KW PA LOAD control for maximum reading on the 10KW
PA OQUTPUT meter.

8) Readjust IPA TUNE control for a peak reading on the 10KW PA
OUTPUT meter.

9) Rotate the OUTPUT control on the 40K PA control panel for a
PLATE CURRENT indication.

10) Adjust 40KW TUNE control for a dip on the PLATE CURRENT meter.
11) Readjust 10KW TUNE for a dip on the 10KW PLATE CURRENT meter.

12) Adjust 40KW LOAD control for maximum reading on the 40KW PA
OUTPUT meter.

13) Repeat 10.

14) Repeat 12 and 13 until OUTPUT meter peaks for a 50-ohm load.
15) Increase RF GAIN control to increase PA output power level.
16) The transmitter is now tuned and ready for operation.

Automated tuning of the transmitter system follows generally the
same sequence of operations by using a series of servo-feedback
circuits that control bandswitching, tuning, loading and gain. The
operator performs two basic operations after running a preliminary
check (if required):

1) Press high voltage OFF and select operating frequency, .
operating mode, and carrier suppression level on exciter.

2) Initiate the tune sequence by pressing the high voltage ON.

3) In less than 30 seconds, the transmitter is ready for
operation and the tuning systems are again placed in a
standby condition waiting for the next tune (trigger)
command.

NOTE: No adjustment of RF gain is required since the transmitter will
automatically increase drive to a 40KW output level. This
feature, however, can be overridden by selecting one of four
previously-positioned output levels at the main control panel
on the 10KW driver. These levels are adjusted by the operator.

Automated transmitters occasionally do not complete a tuning sequence
successfully. In this case, TMC transmitters go into a FAULT condi-
tion and the high voltage does not turn on. By pressing the high



voltage twice or performing the same operation at a remote site

once the readback indicates a fault condition, the tuning sequence

is again initiated. The procedure can be repeated as often as neces-
sary until it is determined that maintenance is required on site.

Remote control of the automated transmitter is identical to local
control except that the operator is using a program panel to select
exciter functions and initiate the tuning system from a remote loca-
tion. Under remote control, the automated transmitter receives
command via a local control unit (decoder) which is placed next to
the exciter. The exciter functions are DC switched. The trans-
mitter system must be placed in a remote mode - an operation simply
accomplished by throwing a remote/local switch on the main control
panel. Similarly, Tocal control of the transmitter can be assumed
by using the same switch. A second pair of contacts determines
whether the transmitter is to be manually or automatically tuned.

A detailed explanation of the remote control system is covered in
the Technical Analysis of Transmitter Remote Control System, Series
RCST-1 for synthesized transmitters and RCMT-1 for multi-channel
transmitters.

The next page covers typical operating levels of the transmitter at
various frequencies.

Emergency Conditions

The probability of Tine or copy failure in the transmitter system is
extremely small as is failure of the servo tuning mechanism. However,
should there be a failure, all functions of the transmitter can be
controlled from the front panel, locally, by the on-site operator.
The transmitter system as previously discussed, is designed to pro-
tect itself first by kicking down if the malfunction could cause
electrical or mechanical damage. This protection occurs for such
conditions as loss of a primary power phase, excessive heat buildup
in the final amplifier, overload at the output, or accessing the
transmitter when it is in operation. No damage can occur if the
exciter output is lost. By manual override of all functions, the
transmitter can be returned to full operation in a matter of minutes.

TMC transmitters also consist of interchangeable building blocks.
One exciter works equally well in any transmitter system. This
feature of commonality of units and compatibility between systems
reduces the threat posed by failure of any one sub-system. By
interchanging assemblies or complete sub-systems, an emergency con-
dition can be handled with ease.

The HFT-40K transmitter systems also contain a manual bypass circuit
which routes the RF of the 10KW around the 40KW final amplifier in
case the latter should fail.

Maintenance Conditions

The HFT-40K transmitter system is designed so that maintenance can
be performed in place without moving equipment. A qualified tech-



nician can isolate any malfunction and correct it while the trans-
mitter is in an operating test condition. This can take place only
if the transmitter system interlocks are overridden mechanically by
the technician. Access to the transmitter is through the front
panel. The functional drawers, including exciter, are on track slides
which enable complete, unrestricted access to the transmitter when
fully extended. Monitor jacks and input/output terminal strips are
provided in convenient locations if it becomes necessary to check
out the system with an external exciter or an external programmer.
Routing of the transmitter RF output to a dummy load gives an

added benefit in enabling full test of the transmitter system at
fully rated output without radiating power. Troubleshooting is
covered in the next section.
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MAINTAINABILITY

Technical Manual

TMC technical manuals perform an important function in successfully
maintaining HFT-40K transmitter systems. As a minimum, each manual
consists of seven sections: :

General Information
Installation

Operating Procedures

Principles of Operation
Maintenance and Troubleshooting
Replacement Parts

7) Drawings and Schematics

DU WN =
e e e e e e

This breakdown simplifies the maintenance function by providing a
ready reference for both operator and technician. Each manual is
based on the actual equipment supplied and is updated by addenda
sheets as changes in design occur. The manual can also be used as a
training guide and as a reference for the ordering of spare parts.

The following pages are extracts from the HFT-40K Technical Manual
showing contents and troubleshooting techniques. All of these
features indicate the ease with which TMC transmitter systems are
maintained when using the technical manual.

Preventive Maintenance

A key factor in the successful operation of this transmitter system

is the degree to which preventive maintenance is performed. Dust,
dirt or other destructive elements can cause the equipment to fail

if conditions are allowed to continue over an extended period of time.

At periodic intervals, the equipment should be pulled out on its
slides for internal cleaning and inspection. The wiring and all
components should be visually inspected for accumulations of dirt,
dust, corrosion, grease and other harmful substances. Removal of
these elements by dusting or treating with a solvent is essential to
extending the useful life of the equipment.

Troubleshooting and Repair (MTTR)

An important feature of the TMC transmitter system is the number of
front panel indicators visible to the operator. Virtually all critical
circuits are monitored by meters or lamps. The use of these indicators
simplifies the troubleshooting process by directing attention to a
specific area. Corrective action can then be taken immediately with

a minimum of down time. In addition, all fault indications are

listed in the technical manual with probable causes and suggested
remedies.



Extender cards are provided for all printed circuit boards so that
test points can easily be accessed by the technician. In addition,
adjustment controls for automated tuning, overload, output, bias and
ALDC are brought out to the front panel for ease of access by the
technicians. A1l test points and adjustment controls are normally
covered to protect both the operator and the equipment.

A11 Tow power circuits are mounted on removeable circuit cards
mounted on slide-retainers. The higher power circuits up through

the final amplifier section are composed of a series of interlocking
assemblies that can easily be removed from the main frame. The

final tube can be removed with ease from its socket. Test points are
located in full view of the technician at specific locations through-
out the system. These test points are clearly shown on technical
manual schematics.

The Mean-Time-To-Repair (MTTR) is nominally forty (40) minutes for

the entire transmitter system and is based on actual test times taken
in the engineering laboratory under operating conditions. This MTTR
figure will vary depending on the degree of the failure and the avail-
ability of spare parts. Interchangeable assemblies can be used to
reduce MTTR further.
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TABLE 3-8. RELAY COIL RESISTANCES

RELAY TERMINALS RESISTANCE (OHMS)
K7601 E7607-E7608 (Ovld winding) Less than 1
ET7601: 7-8 1,100
K7602 ET7609-E7610 (Ovld winding) 170
E7602: 15-16 1,100
K7603 E7602: 17-18 1,000
ET7603: 23-24 10, 000
K7604 ET7603: 25-26 1, 000
E7604: 31-32 10, 000
K7605 E7604: 33-34 11,000
K7606 E7605: 39-40 1,800
K7607 E7605: 45-46 Less than 1
K7608 E7611-E7612 Less than 1
K7609 ET7606: 57-58 2.4
TABLE 3-9. CROWBAR DRAWER TROUBLESHOOTING
ITEM INDICATION PROBABLE TROUBLE PROCEDURE

1 No reading on vtvm with No primary power applied | Check fuse F8301. If fuse is open,
switch S8301 in either the to transformer T8301. check for shorts in crowbar drawer
FILAMENT or RESER- before replacing fuse. If fuse is good,
VOIR position; POWER check continuity of inductors L8301
indicator 18301 is not lit. and L8302.

2 No reading on vtvm with - Transformer T8301 Check resistance of T8301 windings.
switch S9301 in either the defective.

FILAMENT or RESER-
VOIR position; filament of
tube V8301 does not light;
POWER indicator 18301
lights normally.

3 No reading on vtvm with Filament circuit of Check winding 3-4 of T8301. If open,
switch S8301 in the FILA- V8301 defective. replace T8301. I filament of V8301 is
MENT position, normal lit, check R8308 and FILAMENT con-
reading in the RESERVOIR . tact of S8301. ;
position.

4 No reading on vtvm with Reservoir circuit of Check winding 5-6 of T8301.
switch S8301 in the RESER- V8301 defective. .

VOIR position; normal -

reading in the FILAMENT Check continuity of RESERVOIR ADJ

oy control R8305.

position.
Disconnect the meter from pins C and
D of J8301 and connect it across pins
1 and 4 of the V8301 tube socket. If
the reading is normal, check R8307
and the RESERVOIR contact of S8301.
NOTE Reconnect the meter to pins

C and D of J8301.

5 Incorrect reading on vtvm RESERVOIR ADJ con- Adjust R8305 for vtvm voltage reading
with switch S8301 in trol R8305 not set stamped on thyratron V8301.
RESERVOIR position. properly.

6 No reading on vtvin with Meter circuit in crow- Disconnect the meter from pins C and
switch S8301 in either the bar drawer defective. D of J8301 and connect it across pins
FILAMENT or RESERVOIR 1 and 4 and then 1 and 5 of the V8301
position, but filament ap- tube socket. If the readings are normal,
pears lit in thyratron V8301. check the continuity of switch S8301

and resistor R8309.

009640319
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RELIABILITY

Equipment and Circuit Design

Designed into all TMC products is quality. From the time a circuit
is first sketched on a drafting table, meticulous attention is given
to minimizing the number and density of components while maximizing
the functions performed. Whenever possible, solid-state components
including large scale integrated (LSI) circuits are used. All of
the modern TMC equipment is solid state except for the final tube
circuits in the higher power linear amplifiers (1KW and above). This
includes such sub-systems as the exciter, driver amplifiers, power
supplies, and control circuits as well as such accessory equipment
as frequency shift keyers and test generators. Maximizing the use
of solid state components increases overall reliability by reducing
the number of components needed to perform a given function and
reducing the power requirement (stress) on the system. This im-
provement in reliability is reflected in a higher MIBF value (see
below). Costs also decrease as the overall reliability improves
since downtime, maintenance and the requirement for spare parts are
all reduced. With each proven advance in modern technology, TMC
modifies its designs to reduce cost and improve reliability while
maintaining compatibility with older systems. Consequently, the
reliability of TMC equipment; already well-known, improves with age
as modern technologies are incorporated in designs. This attention
to designing reliability into its transmitter systems is one reason
why TMC equipment is selected more often to perform the most de-
manding jobs. ;

The reliability of electronic equipment is defined as the probability
the equipment will perform properly for a desired length of time

under the conditions (operational and environmental) for which it is
designed. There are basic assumptions which underlie the construction
of a mathematical model to be used to predict the reliability of
equipment: '

(1) Part failure rates are constant;

(2) Probability of part survival or part reliability
follows a Poisson or exponential distribution;

(3) Parts within a particular equipment or the equip-
ment within a particular system have a series
relationship. That is, each part or each equip-
ment must operate properly so that the function
for which they are used can be performed.

Mathematically, the reljability of an item of equipment or a complete
system is a function of the sum of the failure rates of the parts
constituting the equipment or the equipment constituting the sys-
tem. Normally, failure rates can be predicted for specific parts.
~ However, for equipment in systems, failure rates are less precise
since the time interval for which the equipment reliability is being



determined is usually not well defined. Mean-Time-Between-Failure
(MTBF) is used in this latter case and is equal to the reciprocal
of the failure rate for the equipment.

The following steps were taken to calculate the reliability and the
MTBF of the transmitter system:

(A) A Tist of all parts used in the design of the
transmitter was compiled from material lists
stored on magnetic disks on an IBM computer system.

(B) The failure rate of each part was determined using
MIL-HDBK-217 Reliability Stress and Failure Rate
Data for Electronic Equipment. In the case of
equipment for which adequate test time was not
available, a 1ist of components with typically
average failure rates was used. This list ap-
pears at the end of this Section.

(C) The predicted failure rate of each part was
recorded on a magnetic disk. The summation of
these failure rates yielded the failure rate
for the entire equipment.

(D) The MTBF was then calculated by taking the
reciprocal of the summation of the failure rates.
Since the transmitter system has been operating
well over 10,000 hours in the field, failure
rates were calculated by computer and then
modified to reflect actual performance.

The data for MTBF on the HFT-40K transmitter system was derived from
actual installations in the following areas:

Nairobi, Kenya United Nations

Bangkok, Thailand United Nations

Ottawa, Canada Government of Canada

Tel Aviv, Israel Government of Israel

Dixon, CA, USA US Government, Dept/Defense
Santiago, Chile Government of Chile
Annapolis, MD, USA US Government, Dept/Defense
Ismir, Turkey US Government, Dept/Defense

Experienced over a period of 1,000 to 10,000 hours after acceptance,
the transmitter average failure rate in terms of percent per 100,000
hours of operation is 1.64 including tubes. Without tubes, the
failure rate reduced to 1.48. The calculated MTBF is 610 hours with
tubes and 676 hours without tubes. Calculated from a computer
analysis of the transmitter system using known stress values, the
MTBF becomes:

594 hours with tubes
658 hours without tubes



The difference in values can be attributed to the type of service the
transmitter system is used in. The computer analysis assume 24-hour
per day operation at fully rated loads under severe environmental
conditions. In actual fact, transmitter systems are routinely shut
down for periodic maintenance such as cleaning and minor adjustment.
This procedure serves to extend the useful life of the system.

Two important factors further affect MTBF values: (1) the age of the
equipment, and (2) the degree of preventive maintenance. TMC has
found through experience that new equipment (Tess than one year oper-
ating) and old equipment (greater than seven years operating) have
more failures than normal for a given period of time. The "burning
in" of new parts and the normal wear of old parts are the primary
factors which contribute to this condition. Once corrected, the sys-
tem gives extremely reliable service particularly if the basic pre-
ventive maintenance procedures are conscientiously followed through-
out the 20-year 1ife of the equipment.



TYPICAL AVERAGE FAILURE RATES*

Estimated Failure Rates
% per 100,000 Hours of

Components Operation
Capacitors (general purpose)............... 0.01 - 0.6
Capacitors (electrolytic)..........cvevenes 0.02 - 2.0
Crystal diodes.....ocevinnunnnnnaeriennnnns 0.05
RF NdUCEOrS..cveeeeneenennnreceocnacaecans 0.05
Integrated circuits....coovvieneeeennannnes 0.1
L] =) T R L EEE R R L 0.2
Motor/generators...; ....................... 0.04
Potentiometers....coeeerernencasoconnocencs 0.3
RETAYS. s evveeerosnnnnansacansesaenarscnnnns 0.001 - 0.5
Resistors, fixed.....ccoeeeneeeieennnnonnns 0.01 - 0.3
R Ao (1= P R R 0.01 - 0.1
TransformersS. cveeeeeaeaeenaccnsonnancsacens 0.05 - 2.0
Transistors..eeeeeereeeeeaceaoeseacnnencncs 0.2
Tubes (receiver types)................ s 1.0 - 2.0

Tubes (high power, transmitting)........ ... 1.0 - 20.0
Soldered joints (dipped)......ccoeeveiennnn 0.0001

Wrapped JOints........oeveieieneeeenennen. less than 0.0001

*Based on actual performance from TMC

field engineering and maintenance records



