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IMPORTANT NOTICE

The power supply cable is color coded: a GREEN DOT is on the top side of
the connector of the AMPLIFIER end of the cable. When plugging this end of the
cable into the amplifier, make sure the green dot is UP, Similarly, an ORANGE
DOT iz on the top side of the power supply end of the cable. ALWAYS MAKE
SURE THE AC POWER CORD IS5 REMOVED FROM THE WALL SOCKET BEFORE
ATTEMPTING TO INSTALL OR REMOVE THE AMPLIFIER POWER CABLES.

TEN METER OPERATION OF THE TITAN AMPLIFIER

FCC rules permit a licensed amateur to modify his own amplifier for operation
in the 28-29.7 MHz band. (f you enclose a copy of your valid amateur radio
license with the warranty registration card for your new amplifier,
appropriate information will be sent to you without charge.

OPERATION OM THE 10, 18 AND 29 MHZ BANDS

If and when the FCC permits linear amplifiers to be used on these bands, your
TITAN will be capable of 10 and 18 MHz operation with only slight modification.
In the unlikely event that high power operation is permitted on 24 MHz, TEN-TEC
will make available information to permit safe operation of your TITAN on that
band. ANY ATTEMPT TO OPERATE YOUR TITAN IN THE VICINITY OF 24 MHZ WITHOUT
APPROPRIATE MODIFICATION MAY CAUSE SERIOUS DAMAGE .




L

A O B A = MO O M

SECTION 1
INTRODUCT {ON

The TITAN Model 425 is an advanced design linear amplifier which uses twe
Eimac 3CKB00AT triode tubes in a grounded grid configuration. This amplifier
uses a ducted forced air cooling system and operates at rated output power
with an efficiency of up to 65%. Maximum input power of 3 KW (2 KW CCS)
raqiires less than 100 watts of drive power. A high-low plate voltage switch
assures optimum efficiency at tower power {1 KW output) for tune—up or RTTY
and SSTY., Three LED status indicators display Standhy, Wait or Operate mode
and a fourth LED aleris you when the input is overdriven. Two panel meters
provide full time indication of plate current and switch selacted choice of plate
voitage, grid current, forward power or reflected power. Peak power is
indicated on a ten element LED bar graph display. Band coverage of 1.8
through 23 HHz Amateur bands is standard. Expert medel extends coverage to
29.7 MHz. The powsr supply is conservatively dasigned for cool operation
under full 1pad and employs a tape wound Hypersil® transformer for minimum
weight and size, Primary power of 220-250 volts @ 20 amperes is standard.
Fuses are provided for primary circuit and plate current protaction.
Protective interlocks are provided on the ac and high voltage tines.

SPECIFICATIONS

BaND ﬁ(fﬁ‘leF.’AGE: P,8=-2.0, 3.2-4.7, 0,%2,5, 13,4-19,6, 17,.6-23 MHz.
(Eopart model provides coverage of 17.6-26.5 and 20.68-31 MHz2 ).

POWER OUTELT: 1300 watls 3sb or ow, 1000 watts continuous RTTY, 55TV.
DRIVING POWER REQUIRED: 80 watts typical for 1500 watts out.
EFFICIENCY: 30-658%, depending on freguency, drive level and Toad.
PHPUT AND OUTPUT IMPEDANCES: 50 ohms unbalanced, VEWR ¢ 211,
CISTORTION:  ~35 dB Trom 1 EW rf ogtpul level.

HARMONICS:  -50dB typical.

CW BREAK-IN: High speed QSK capability when using a Q5K exciter.

TUBE COMPLIMENT: Two Eimac 30XB00AY ceramic external anode air cooled
triodes in grounded grid circuit.
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COOLING: Ducted forced air, vertical exhaust, using centrifugal blower.

METERING: Full time plate current. Switch selected plate voltage, grid
current, forward power or reflected power. Peak power is indicated
on a 10 element LED bargraph display.

ALC: Negative-going, adjustable threshold.

STATUS INDICATORS: Overdrive, Standby, Wait, Dperate.

PRIMARY POWER: 220-250 YAC @20 A, maximum.

PROTECTION: Primary line fuses, plate current fuse, ac Jine and high voltage
interlocks.

FRONT PANEL CONTROLS: Power OM-OFF, Mode {Standby-Operate), HY
(High—Low), Plate Tune, Loading, Band Switch, Meter Switch.

SIZE: Amplifier: HWD 5.25" x 15.25" x 197, (13.3x38.7x 76.8 cm).
Power Supply: HWD 8.25" x 13.4" x 10.25", {21 x 34 x 60 cm).

WEIGHT: Amplifier: 17 lbs, (7.7 Kg).
Power Supply: 45 1bs, {20.5Kg).
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SECTION 1l

INITIAL SET UP
UNPACK ING

Carefully remove the amplifier from the packing carton and inspect it for
signs of shipping damage. If the amplifier has been damaged, notify the
delivering carrier immediately, stating the full extent of the damage. Save sll
damaged cartons and packing material. Liabllity for any shipping damage rests
with the carrier. Complete the warranty registration form and mail to TEN-TEC
immediateiy.

Save the packing mater(al for re-use in the event that moving, storage,
or reghipment Is necessary. Shipment of vour TEN-TEC amplifier in other than
factory packing may resuit in damage which is not covered under warranty.
Accessory hardware, etc. are packed with your TITAN. Make sure you have
not overlooked anything.

: § FORMER | LLATION

Remove the screws securing the cover of the power supply using a large
phillips screwdriver. Spread the bottom edge of the cover slightly to clear the
lips on the bottom edge and lift it off. Remove the screws holding the
transformer to the shipping ptate. Orient the transformer so that the plugs
are facing the center of the supply (Do not bend or twist the transformer
wires). In the power supply, move the connectors away from the transformer
holes. <Carefully lower the transformer into the supply so that the mounting
holes are aligned, Using the hardware suppliad, install a bolt, lockwasher,
and nut at each corner and tighten securely.

Check both pairs of mating connectors wisually for proper mating
orientation and mate them firmly, pushing until the integral locking tabs click.
Do not twist or bend the wires or connectors unnecessarily to aveid damaging
them. After mating the connectors, position the harnesses away from the
cover and rectifier circuit board. Inspect your work, then replace the cover
using the original screws.

E ICA

The TITAN amplifier draws as much as 4KW of line power and 120 VAC
uperatfun is not recommended,




Power Cable Connection, The power cable plug provided is recommended

for 240VAC, 20A service. If another type connector must be used, the green
wire of the amplifier power cord is the chassis safety ground. [t must always
{and ONLY) be connected to the safety ground of the ac mains —— NEVER to one of
the “"hot" power wires. The black and white wires are interchangeable and
connect to the two "hot” service conductors.

Physical Locatigon, Your TITAN must be located so that a supply of cool
air is avallable for the intake along the sides of the chassis, and that the
exhaust of hot air from the top of the chassis is not obstructed in any way. A
minimum of two inches of clearance should be allowed when placing other
pieces of equipment beside the amplifier, and at least 5ix inches should be
allowed above the amplifier to permit air circulation. Be careful not to place
anything on top of the amplifier which would block the flow of air.

BLOCKING THE EXHAUST OR INTAKE AIRFLOW (S LIKELY TO
RESULT IN THE DESTRUCTION OF THE TUBES!!!

in any installation, it |s a good idea to inspect for conditions which would
result in recirculation of the exhaust air back to the intake.

Similarly, there are vent holes on the sides of the power supply cabinet.
These should not be blocked and the cabinet should be located where it will get
free air circulation.

POWER SUPPLY - RF AMPLIFIER INTERCONNECT|ONS

Two cable assemblies are supplied with the TITAN which provide
interconnection of power and control functions between the supply and the rf
amplifier chassis., They are long enough to permit the power supply to remain
on the floor while the rf amplifier is placed in a convenient operating location.
Disconnect the AC mains plug before installing these cables. Always connect
the HIGH VOLTAGE cable first before the POWER SUPPLY multiconductor cable.
Make sure that the 12—-pin cabie plugs are properly oriented before plugging in
and that the locking tabs click when properly seated.

IT CTIONS

The simplest method of connecting any transceiver to the TITAN is shown
in Figure 1. This hookup provides smooth operation in both CW and
Push-To-Talk SSB modes. If VOX operation is essential, the system shown in
Figure 2 may be used. |If any switching problems occur, use of Figure 3 will
provide improved operation.

Figure 2 shows a method for switching between the QSK cw break—in
configuration and the conventional ssb PTT or VOX operation without having to
switch cabling. The mode of operation desired is selected by simply setting the
external DPOT switch to the appropriate position.




Im n : The hot switch protection system used in the TITAN
amplifier will also keep it keyed in the “transmit® condition, even if
the T/R control line (KEY IN) is opened, or the amplifier is switched to
the standby { SBY ) position, until the rf drive power to the amplifier
iz reduced below 100 mW or so. Merely switching the amplifier to

STANDBY _is not suffictent to switch it out of the rf line unless the rr
drive power is completely removed.

FIGURE 1. TITAN Recommended hookup for CW or
Push-To-Talk 358 operation.

REY PTT
Qi% TO ANT. E'E _L‘fj’
HY KEYIN  RFOU
O 1ITAN " G'\ wv XCYR/XMTR
KEY OUT RG174 S oPTT
GND  RFIN | cso s B0 RF OUT
Cf ?ME RG174 w3 o Eil
b | _| puona patcu coro |

RG-98/U

*xx NOTE: Some transceivers may require a switch to
open PTT line when operating CW.

FIGURE 2. Easy hookup for SSB PTT or ¥OX and CW.
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FIGURE ZA. Modification of TEN-TEC Transceivers for faster switching.
T/R CONTROL RELAY REFLACEMENT:

K1
PRESE (T T/R
R
‘ 2%
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|' 1:1 NOTE; Part designations
i s are for refarence only;
b o thell will vary depending
Il CW DELAY on Model
E | F IGURE 2B.
E) REVISED CIRCIMT
f 1.} Remove C1, 33 uF

Il 2.1 Remove K1
' z) Route collector of 01
to T/R or N.O. jack
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The TITAN QSK system incorporates protective circuitry which senses the
presence of rf drive power on the amplifier input line and prevents the
amplifier T/R relays from changing state (R to T or T to R} if drive power
axceeding 100 mw i3 present., A few models of transceiver/exciters are
known to exhibit T/R sequencing such that they may deliver rf power to the
amplifier before their amplifier-contralling relay contacts close. If the easy
PTT/VOX hook-up In Figure 2 i3 used with an exciter with this characteristic,
the amplifier may sometimes refuse to awitch to "tranamit” when the exciter
does, because to do 3o would result in “hot switching™ of the amplifier T/R
relay contacts and possibly damage them. Typically, the amplifier might then
switch to “transmit® after the first brief pause in rf drive power, such as
during a ayllabic pause in ssb speech, or after the first dit or dah on cw. If the
problem cccurs and proves bothersome, the arrangement in Figure 3 should be
used even for “manual® or *VOX" controlled cw or seb. If you have trouble
lacating the correct "T/R” wire in your transceiver, contact the manufacturer
for further information and assistance.

TEN-TEC transceivers exhibit this characteristic. Figures 2A and 2B show
a possible modification which can be mada to TRITON, DELTA, OMMI, or CORSAIR
modal transceivers to eliminate this effect . The TEN-TECT service department
is avallable for assistance with these modifications if nesded. Call (613)
428-0364, BAM-4PM EST. Mo collect cells, please.

FIGURE 3. Recommended modification of Transcelvars foar CW and PTT/VOX S5B

aperation.
oy [Partof
KEY Mode Switch) Break .
Ty T/R"wire | cONTROL
7N BOARD
SJUmpeEr wien
amplifier {2
cg-p removad ; [
PTT 4 P —
i
g;.-m KE‘IEI!_IUT T JACKS ADDED
vox [ON TITAN]

{ USE WITH FIGURE 2.)
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CONNECTOR FUNCT IONS

RE _IMPUT, A standard PL-259 ("UHF" type) plug and RG-58/U or similar
small 50 ohm coaxigl cable is required to connect to the station exciter ar
transcefver's output or antenna jack. This cable sould be a3 short as possible,
praferably 2 to T fest.

Rf QUTPUT, A stendard PL-239 plug and RG-8/U or similar targe coaxial
cabla rated for 1.5 KW is used to connect to the antenna asvstem.

ALC, For use with tubs-type Ltransmitters/transceivers having
nagative—going ALC systems. This jack is patched fo the mating jack on the
transceiver uging small cosxial cable and & suitable "RCA" or “phone” type
connactor. All TEM-TEC tranaceivers and most other modern, solid state
{brocadbsnd) transceivere UEes posttive—going tnternal ALC with & level
detector at the rf output point, This internal system normally functions
adequately to control SSB drive power to the amplifier. Most solid stale
transcievers provide no connection far ALC {nput and it |5 entirely unnecessary
to make any external ALC connection,

KEEY M. Thig jack contraols the TITAN'S transmit/recaive relay system. For
conventional operation, this jack is connected to the transciever or
transmitter “ralay”, PTT, or T/R caontacts which are normally open on rece{ve
and closed on transmit.

For cw QSK (break—in) ar AMTOR RTTY operation, the key itzelf ia pluggec
Into this jack on the rear pane! of the amptifier.

EEY OUT, When configured for Q5K operation, this jack pesses the key
information back to the transceiver. This prevents “hot switching® of the
amplifier's relay contacts. This jack is not used in conventional nop—05SK T/H
aperafion.

POWER. Connection tothe model 4255 power supply.
HIGH YOLTAGE. Connection to the model 4255 high voltage output.

DO NOT ATTEMPT TO CONMECT THE HIGH YOLTAGE
CONNECTORS WHILE THE POWER IS ON. 2200 YOLTS IS LETHAL |
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ANTENNA REQUIREMENTS

The TITAN amplifier has been designed for use with antannas rescnant at
the frequency of operation and having impedances within the limits of 25 to 100
chms, or an SWR of 2:1 or leas.

The nominal output impedance of the amplifier 1s 50 chms and the SWR of
the load should not exceed 2:1. Fost antennes exhibit an SWR range over an
entire amateur band that exceeds Z:1. For this reason, we recommend using
an antennas matching network which will enable the TITAN to work into a 50 ohm
load for maximum power transfer to the antenna. The TEH-TEC Modsl 229-A
Tuner and Model 4229 Tuner KIt are suitable compantons.

CAUTIONIH

Never attempt to operate the TITAN without first connecting a suitable
antenna or 50 ohm dummy load of sufficient powsr rating or serious damage
may result.
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SECTION 1IN
OPERATION

ROL F
BAND, Selects the desired frequency range.

TUNE. Controls the amplifier resonant frequency. A chart of the approximate
settings is given on page 3-4 of this manual.

LOAD, Controls the amplifier output loading. See chart as above.

Switch to ON to apply power. Amplifier should power up, WAIT and
STANDEY LEDa should light. OPERATE LED will come on after
approximately three minutes to allow tube filaments to heat.

MODE, OPERATE places the amplifier in the rf Iine, Selecting STANDBY, or
attempting to operate before the WAIT LED goes oul will cause the
amplifier 1o Tun in the bypassed mode.

YOLTAGE, LO aelects low voltage for tuning ar comtinuous duty operation. HI
salects high voltage {approximately 7roov) for full power operation.

HETER. ig selects grid current, 150 MADC full scale,
Ep selscts plate voltage, 3000 VDC full grala.
EWD selects forward power, 2.5 KW full scale.
REV selects reverse power, 250 W full scale.

THE OBJECT IVE OF TUME-UP

The objective of the tune—up procedure is to adjust the amplifier, and the
drive power applisd to it, so as to obtain the meximum output at (a} the
desired input power level gr (b) the maximum svailable lavel of drive power,
if that |s the limiting facter, When the amplifier Is adjusted for the maximum
attainable rf powsr output at 8 specific (fixed) level of carrier drive power
from the sxciter, it is automatically yielding the best combination of efficlency
and lingarity possible at that particular driye level. 17 a greater drive power
than that used for tune-up 5 e&pplied, the result will be flattoping,
off-frequency "splatter,” and excessive amplifier grid current.
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It is imperative that the rf drive power alwaye be adjusted to a level
appropriate for the way the amplifier has been tuned up. Grid current falls
off rapidly when drive g too low and soars abruptly when drive power is too
high. Therefore, proper grid current is an excellent indicator of proper drive
level. In the TITAN amplifier, the grid currsnt should not exceed 120 mA
undar normal CW/SSTY/RTTY conditions, ngr should the grid current peak
swings ever gxceed 60 mA under S5B voice modulation, If the grid current
reaches these 1imits befare the desired value of plete current is obtained, the
drive should HOT be incressed further.

The trip point on the OVER DRIVE indicator has been set et 120 mA of grid
current. |f this indicator is flashing under voice modulation, regardless of
what the grid current meter reading indicates, reduce drive immediglely.

Ptay it safe. The grid dissipation 15 the weakest link in the aystem.
Extass drive power alweys generates elevated grid current, Efther reduce
the drive or increase the loading to take advantage of the extra drive to
produce more cutput power,

The manufacturer's absolute maximum ratings for a pair
of SICXB00AT's in ABZ service are :

OC PLATE YOLTAGE (under load). ........cvunn. 2500 YOLTS

DL PLATE CURRENT { singletone). .....cccoaan. 1.2 AMPERE

PLATE DISSIPATION .....-.... L e . 1600 WATTS

GRID CURRENT ... vvevannnana cessnsnse= 120 MILLIAMPERES

GRIDDISSIPATION .. oo cuvennrnrmennas T 8 WATTS
IMPORTANT NOTE: The amplifier meters are gverage—reading and cannot follow

the very rapid peak current wvariations encounlered in 538 modulation.
Therefore the PLATE CURRFNT meter will not indicate 1+ amperes when Lhis
desired level |s reached on volce peaks, but will typically swing to about 30 to
50 % of the actual peak valus depending on voice and exciter characteristics.
The swing may be somewhat greater when speech processing Is being uzed.
FCC rules presently limit amateur power in terms of outpul rather than input
power. For this reason, the TITAN amplifier features s peak reading putput
power indicator. This #liminates the calcuaitions which were necessary under
the old rules to stay within the legal power limit. The pesk power indicator
works in any transmitting mode.

CHECKS TO MAKE BEFORE TUMING UP

CHECK THE LOAD. Leave the amplifier off or in the standby mode, and use
only the exciter power for this test. Use a reliable SWR bridge or wattmater to
defermina the YSWR of the 1oad {antenna} connected to the amplifier output. If
the reflected power is less than 10% of the forward power, the YoWR is leas
then 7:1. If the raflected power is 4% or less, the VSWH is 1.5!1 or better.
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If 8 high accuracy axternal SWR metar is not avmilable, the TITANS
pulit=in wattmeier can be ysed. Although it is intended as a tuning ald and
power output indicator, this meter has sufficient accuracy for this use.
Recauss the FWD power meter scgle is 2500 wetts and the REY power scale 15
250 watts, for a YSWR of 2i1 or less it is only necessary to check that the
meter deflection in the reflected positlon is less than the deflsction in the
torward position, Bacausie of the 10:1 ratto of the meter zcale factors, this
gituation indicates 10% or lower reflected power, corrasponding to 2 YSWR of

#:1 or leas,

MITIAL TURN-OM. The follewing gleps should be followed when burning on your
TIT Ale
1] Flace the MCDE switch in the SEYT (standby ) puaiticn,
#]Place the METER switch in the Ep positicn.
1| Mace the VOLTAGE awitch in the LD position,
4] Press \he POWER switch 19 ON. i amy of the following does not
acour, oress OFF \mmediately and investigata kefore proceedind.
a) the meter shouid prumptly show 1800 volis.
b] the meter lights shauld Tium:nata.
¢ ] the plawer should stgrl immediately and pxhaust air should be
detectable frem the top cover venls.
d} the piate current meter chaukd ¢ entinue 1o read e,
5] when the warm—Up getay times oul (apoul 5 mingtesd, the WaT
LED indicater wiil g ot and the STANDEY LFD will come o0,
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Place the meter switch in the grid current position, 3.

Set the BAND, TUNE, AND LOAD controls to the zppropriate praliminary
settings shown in the table below. The finel setlings will vary with
operating frequency, load characteristics, snd drive level.

BAND TUNE LOAD FREQ (MHT]
TEDA 5.0 8.0 8
|&0E £, B.0 (I
&0 fi. 6 T4 3.3
75 T T 3.9
40 Fe 5.7 Hed
20 7.0 15, 1.7
VS 4.0 1.6 21.2
150 .5 7.5 28.%

{ * oxport modei only

1] Turn the sxciter/trensceiver drive or rf output control to zero.

1]

Press the mode switch to OPR.  The OFERATE LED should Tight.

IF AT ANY TIME IN THE FOLLOWING PROCEDURES, THE AMPLIFIER DDES
NOT RESPOND AS EXPECTED, REMOVE DRIVE IMMEDIATELY AND CORRECT
THE PROBLEM BEFORE CONTINUING.

5] Switch the exclier to “tune” or “lock key’ and slowly increase the carrier

powsr output from Zero until either the PLATE CURRENT METER indicates 0.5
Ampere or the GRID CURRENT meter indicates 50 ma,. Carefully adjust the
LOAD control Tar maximum output as viawed on the PEAX POWER LED diaplay,
ar switch the METER to read FWD power. Then adjust TUNE for maximum
of watts Indicated on the meter. Repeat this process of alternately peaking
first LOAD, then TUNE, until no further increase in rf output can be achieved
{ without incraasing drive levet ). [f the output power at this point is less
than the desired level, then glightly increasé the drive output. If the rf
output power or plate current is more than desired, thean alightly
gecrease the drive output. |n either case, repeat the alternate LOAD-TUNE
gdjustments to obtain maximum forward power. A value of 0.5 Amperes of
plate current corresponds to approximately 1KW at the LO VOLTAGE setling.
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At this point, your TITAN iz proparly adjusted for rf output powers up
to 750 watts,which is suitable for FSK/RTTY/S5TY or low power cw/ssb.If
your exciter has 2 varisble ALC threshold (TEN-TEC and others}, adjust
the ALC so that the driver output power {8 limited gt this lewel. T0
pperate s3b 8t this power evel, simply switch the exciter to the ssb mode
and adjust its ssb outpul power level 5o that the maximum GRID curreant
swings of the TITAN meter are appruxirnatew =0 mA. For further
information, refer to the discussion of meter response above.

FIMNAL FOR FU R OPERATIO

For high power operation of your TITAN amplifier, first complete the
adjustments for the low power tune-up a3 descriped above. Then return the
axciter to STANDBY or RECE IVE. Fress the Hl VOLTAGE switch and confirm with
the METER awitch in the piate voltage positien, Ep, that the HV 18 2|30 + 200
VD . Because the piale voltage is increased by 50X, this permits operating the
TITAHN at inputs of approximately 2 to # 5 times the tune-up level with only very
miner changes in tuning. Switch the exciter to the asb mode and glowly advance
the drive until the rf outpul peak meter shows 1500\ peaks. This must occur
without showing mere than 30 mA grid current peaks, 0.5 A plate current
peaks or flashing the OVERDRIVE .

THE LAST LED OF THE PEAK OUTPUT POWER RARGRAPH DISPLAY HAS BEEN
CALIBRATED TO LIGHT WHEN THE 1500 WATT LEGAL LIMIT |8 EXCEEDED.

Occasionally check the owR while operating Lo make sure it remains balow
2:1. Also, monitering raflected power is useful in that any sudden change
provides warning of antenna problems such @s bad cennections, antenna
coupler faulls, transmigsion line flaws, oF trap or bslun failure.
Particularly 'n the case of flashover {arcing) problems, the reflected power
indication may flicker sharply upward only on high power voic® pesks.

ALC

when the TITANS negative—going ALC 18 used (usually with tube outpul
types of exciters and \ransceivers), adiustment of the ALC threshold is
accomplished using the ALC ADJ control located on the pback panel of the
amplitter. |f the axciter menufacturer does not provide instructions for
adjustment of the ALC with a linear amplifier, than the following procedure

should be satisfactory:
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aet the TITAN'S ALC control te yield the desired amplifier PLATE CURRENT swings
on volce crests, while alternately adjusting the exciter microphone gain (or Its
rt output control, if it has such a control independent of the mike gain) to
provide the desired degree of exciter ALC action, With gxciter/transcelvers
having no means to menitor internal ALC action, fallow the manufacturer's
instructions for achleving "normal’ exciter/transceiver operation. It is
desirable in such & case to have a friend lsten to your signal “on the air® 1o
confirm that excesshve ALL “pumping’ does not result. |f it does, the gnlulion
is ta reduce the microphone gain until the “pumping” is barely noticeable.
CAUTION: Be sure that your listener doss not confuse ‘pumping® in his
racaiver's AGC with ALC action = recaiver AGC should be turned off during such
a# listening test.

OPERATING NOTES

The ICXBODAT's ceramic/metel triodes are very rugged and
narmally operate with a large marqgin of safety in the TITAN amplifier. They
will deliver outstanding service for many years if not damaged by abuses —-
gspacially excessive grid current (which leads to exceseive grid dissipation)
or binckage of the cooling alrflow Jeading to anode heating and possible seal
failure. KEEP THE AR INTAKE AND EXHALST VENT AREAS COMPLETELY CLEARIS

DO NOT ALLOW the PLATE CURRENT indication to ever
excaed 1.2 Amperas tor more than 3 geconds.
D0 HOT ALLOW the GRID CURRENT ever o exceed 150 maA (full scale in
the METER lg position)inormal opsration reguires only 20 - 80 mA.

INIERLQCES, The TITAN is equippsd with interlock switches intended to
shut off the power and to short out the high voltage power supply when elther
cabinet cover is not securely fastened in place, These protective interlocks
are provided to protect you against a POTEWTIALLY FATAL FLECTRIC SHOCK
resulting from accidental contact with lethal voltages Inside the amplifier and
power supply. HOWEVER, you should never depend on the interlock switches
alane to protect you by removing dangerous voltages ! ALWAYI DISCONNECT THE
AC LINE CABLE 70 THE TITAN POWER SUPPLY BEFORE REMOYING THE COVERS.

WARMING!!  The amplifier SHOULD MEVER BE ENERGIZED WITH THE
COVERS REMOVED except by thoroughly knowledgesable service personnel!

FUSES. Except in rare instances of component failure, blowing one or
poth primary line fuses indicates thait the maximum safe averags power
capability of the amplifier has besn subgtantiglly excesded.

_
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SECTION 1Y

MAINTENANCE AND TROUBLESHOOT [MG

Most problems and apparent failures with TEN-TEC amplifiers result from
the operator's failure to read and thoroughly understand the contents of the
instruction manual ... 83 well a3 basic lnear amplifier principles ... rather
than from actual equipment defecis. Should some problem arise, the
troubleshooting hints in TABLE 2 will help isclale the nature of the problem.

The amplifier compartment, particularly areas around high voltage
compenents and rf compartment, should be ¢leaned frequently enough (using a
soft bristle brush and vacuun cleaner) to prevent visible accumulation of dust.
DO NOT blow air directly inte the fan blades; you can over-rev the fan and
damage the bearings. If extremely dusty conditions prevail, it may be
advisable to secure & thin plastic foam air filter, of the Lype commeonly used in
window air conditioners, and tape it across the air intake perforations on the
sides of the cabtnet. Make certain that the fiter material does not restrict Lhe
air flow into the amplifier.

TABLE 2 . TROUBLESHOOTING BINTS
SMPTOM POSSIBLE  CAUSE/CURE
I. Will not turn on; nothing happens &) Fuse missing or open.
when the ON switch 1s pressed. b] Interlock open, cover not tight.
¢] Houge wiring incorrect or breaker
open.

d] Power cable to amplifier missing.

2. K1 {and possibly KZ) closes but a] RZ or RS in power supply opan.
no high voltage et turn—on. b1 HY short to ground.
c]l Shorted tube,

3. k1 clogses at turn—on, but line al HY shorted al crowbar or elsawhere

fuse(s) blow immediately, bl Shorted tube.
cl Malfunction in ZBY supply.

4, Relays close, fan starts, HY a] Defective time delay component an
noermal, but WAIT LED doas not Relay pc board B1218.
go out; T/R relays stay in RCV.

5. Relays close, fan starts, HY al Interelectrode short in tube.
meter deflects downscale, b] Shorted or deformed HY electrolytic
fusals) may blow, filter capacitor,
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. Amplifier won't drive, zero grid
and plate current, nigh input SWR.

7. Amplifier drives saeily, but grid
meter pins at 1ow drive.

8, Amplifier difficult to drive,
qrid currant 1ow, high input SWH.

G, Amplifier drives eastly, qrid
current 1ow, little or no output
( may be accompanied by “frying
sound).

10. Plate current flows in RCY or
standby condition,

I1. Amplitier drives normally,
PLATE CURRRENT wery high.

17. T/R relays remain in transmit
aeven in SBY condition.

13, Low output, exciter drive
seams lower than normasl,

i4, Flaghover in rf compartment,
ugually between TUNE or LOAD
capacitor plates.

a] Defective cable from driver to
amplifier input.

b] Input resd relay not closing (K31,

¢l Damage to input network.

al Grid current metering resistor RI9
open or damaged by severe overdrive
or insufficiant 1oading of amplifier.

a] BAND switch In wrong position.

b] befective input coax cable.

cl Contacts of K3 not closing.

d} Zener diode OZ open or defective.
&] Damaged input network.

f] Interetectrode short in tuba.

a] Arc-over of component in rf tank.

b] Defective output vacuum T/R relay.

¢] Amplifier bandswitch in wror)
position.

d] Excessively high Toad SWR.

z] O1 or 11 on Bias Switch shorted.
o] 013 in power supply shorted.

g] Plate meter shunt resistors
RI5-RI7 damaged.

al Rl drive power is present from
gxciter,
b] @7 on Bilas switch bd shorted.

al Amplifier ALC sensitivity get too
high {excessive ALC voltage).

a] Excessive load SWR — wrong ant.

b] befective rf output cables.

¢} Improper tune—up procedure and/or
excessive drive from exciter.

4] Dirt or other foraign matter pelweesn
eapacitor plates.

&] BAND switch in wrong position.

f] Defective output T/R relay k4.
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13, Dislorted ssb output signal, a] Excessive load SWR.
possibly with severe TVI. b] Detective rf cables, connectors.

c] Improper tune—up - especially
excessive drive from exciter,

d] Antenna trap, balun, or fesdline
arc-over on voice peaks.,

g] RF feedback from antenna or feedline
into exciter/microphone.

16. No indication on multi-meter, a] Meter damaged or open.

17. No indication of FWD or REY a] Diodes on SWR bridge open.
power on METER or PEAK meter, b] Null capacitor shorted.

18. Wattmeter highly inaccurate. al Yery kigh SWR.

b] SWR null capacitor misadjusted.
¢] Multi-meter damaged.

19. Amplifier will not key to a] RF appears at RF Input jack before
transmit condition using T/R line closure from exciter. See
conventional PTT or YOX control Section 11,
hookup for cw or ssb (stays in b] Defective G2 on Bias board,

SBY mode). c] Defective gutput T/R retay k4.

200 In 5K, exciter keya im- a] Kb contacts welded due to damage.

mediately when amplifier OPR bl @3 on RELAY board shorted.

ewitch ie pressed.

Z1. With G5K hookup, exciteris not &) Resistance of contact protection
fully ksved, or will not key by the resistor Rl ton large Lo permit full
amplifer KEY OUT 1ine, exclter keving, Use a smaller value.
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SECTION ¥
THEORY OF DPERAT ION

RE_AMPLIFIER SECTION.

TUBES. Ceramlc/metal triodes ¥1 and ¥Z are paratiel-connected in a class
AB—Z grounded grid configuration. Cut-off bias of +28 volts is applied to the
cathodes through L8 during non~transmit periods. The biag is reduced to about
8 volts whenever the T/R relays are actuated, RF darive is applied to the
cathodes through the Input Matching network board #1727, These are switched
by the BAND switch to insure the proper load for the exciter, reduce distortion
and improve efficiency at lower frequencies,

Pi-l. Network, The full pi-L plate output network 3 awitched by threes
sections (S1A-5IC) of the bandawitch. This connests the TUHE and LOAD
capacitors, CI4 and C21 respectively, to the appropriate taps on the pi and L
inductors. The resulting pl-L network has excellent harmonic refection, » 30
dB.

Internal RF Wattmeter., An rf diractional wattmeter coneisting of T1 and

associated components on the SWR hoard 81217, senses forward and reflectad
power in the rf output line. Trimmer capacitor €27 permits the SWR bridge to
be nulled when the output is terminated in 3 50 ohm nonreactive load. Trimpet
R13 provides calibration of the FWD metar scale, and trimpot R14 provides
cslibration of the REY meter scale.

WARNING! POTENTIALLY LETHAL VOLTAGES, both rf and de exist vary
near the SWR pc board. If adjustment of the NULL or calibration trimpots
should ever become necegsary, it should only be performed by experienced
and knowledgeable persannel!

& et - ALU deteclor and filter circuit, C1, €2, DIi1, and
associsted circuitry on the Bigs switch pc board 81218, develops &
negative-going ALC voltage whenever the present rf input voltage excesds the
thresheld level set by the ALC ADJ control on the rear panel of the ampliifier.
The threshold is adjusted to suit the exciter in use,

P SUP .

Transformer. The TITAN powser transformer (T1} is & 1.8 KA CCS,
Hipersil® core unit which supptes all of the required operating voltages in the
ampliter. Mo wiring changes sra required for oparation from eithar the U.5.
standard 117=N-117 ¥, or from typica] over—seas 234 y {nommnal) two-wire
systems with or without 2 "central® neutral wire, |n any cage, the third powsr
cable wire (green) must alwgys be connscted only to ground, for safety
purposes.
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3upply Voltages. The high veoltage supply for the tubes is provided by a
full-wave bridge rectifier, D3-D12, and is filtered by a composite 50 uF,
3.BRY capacitor bank consisting of 8 computer-grade electrolytic capacitors,
C10-C17. Resistors R7-RZ3 provide both bleeder and voltage equalization for
the capacitor bank,

Relay K2 selects high or low valtage taps on the high voltage secondary winding
of the power trensformer, and i2 controlled by the YOLTAGE HI/LO switch on the
amplifier front panel. Interlock switeh 51 prevents activation of the primary
power relay K1 unless the power supply cover s In place. Additional operator
protection is provided by the safety “crowbar™ which ghorts out the high voltage
supply and discharges the filter capacitors when the cover is opened,

DI-D4 and C4 provide the +Z8VDC for the warious bies and control circuits,
including the time delay and T/R functions,

TRO MET <}

Bower OQN/QFF. The power switch on the fromt panel of the amplifier is
connected in serieas with both of the cover interlock switches for operator
protection, If all of the covers are on when the ON switch Iz presged, line
voltage 15 applied to powsr control relay K1 in the power supply. Resistors B2
and R3 limit the inrush current surge and also provide a continuing prolection
from line voltage transients which might otherwise damage the high valtage

rectifiers, RI 2 & dropping resistor which permits cpesration of relav K1 from
a 240 ¥ line.

[ime Delay. The 3CXBO0A7 tubes are protected from cathoge current flow
during thelr MANDATORY heater warmup time (3 minutes nominal) by tha time
delay circuit located on the Relay pc board 81218, The untunction transistor
Q5 fires SCR Q6 after a gate charging time determined by RIO/CB, SCR 06
activates relay K5 which enables the amplifier T/R circultry. When K3 closes,
the WAIT LED goes cut and the OPERATE or STANDBY LED will come on, depending
on the position of the SBY/OPR mode switeh,
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HMetering ang Bias. The circuits used for metering and hiasing can be most
easily understood by refering to the simpiified schematic shown below.

+26Y
POWLE
SUPPLY

The plate current meter (MI, 0=1.3 ADCY is in series with the nagative
raturn of the high valtage power supply, and it indicates plate current only
(not cathods current, grid plus plate). Grid current is monitored separately
by sensing the voltage drop (lg x R19) across resistor RI9 on Lhe Bias po
board. {This voltage drop is too small by itself to drive the metar directly ao
it is amplified by op amp UIA on the metsr swilch pe board, }

Wwhen the TITAN is in SB8Y or receive, the bias switching transistor Q1 is
off, resulting in cathode—to-grid veltage of +28 V which bizses the tubes past
cut=off. When @1 1z turned on by keying the amplifier T/R relay Une (KEY MY,
bias voltage ta awitched to the operating level of approximately + 8.5 YDC.

High woltage fault current limiting is provided py R1 in the amplifier
chassis, and by RZ, R3, and 013 in the power supply. Should the positive high
voltage line be accidently grounded, the resistors limit the fault current to &
safe jevel and D13 provides 8 return fault current return path to the power

supply.
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C AK-|N {0OSK) SYSTE

Simply stated, the GSK system combines a vary fast relay T/R switching
function with @ system which prevents these relays from being switched while
rf energy is present, (hot switching}. The amplifier will not key on if thare is
drive present BEFQRE key down, and will not unkey if there is drive present
AFTER the key is up. In most other respects, It performs much llke
conventional linear amplifier T/R systems.

The oparation of the Q5K system 5 best underatood by following through
the sequence of events that occur when the KEY [N line is tirst closed, and then
opened. Placing the mode switch in the DPR position closes the T/R enable
relay K5, on the Relay pc board, getivating the T/R system.

1] Immediately upon closure of the KEY IN line, 34 turns off because its
base is pulled to ground through R4. Q3 on the Bias pc board also turns
off causing Q1 and G2 to turn on by tha base current provided through
R7, R14, and Ri&.

z] G4 on the Bias pc board is normally turned on by Lhe current through
R&, R12, and D3 whenever the EEY IN line {s open, provided no rf drive
power {5 present at the amplifier RF IMPUT jack. |f the "pre-K3 rf
detectar” does provide a negative voitage as a rezult of the presence of
rf drive, then G4 will be turned off thus preventing the completion of
the sequence In 1] above. NOTE that oncs o4 1z turned on, @5 must
slways be off since 04 clamps the bess of 05 to ground. Thus Q4/G3
serves only to prevent the ¢losing of the T/R relay in the event that rf
power is present at the amplifier input before the KEY IN hine is closed.

Z] Assume that no rf was present at the input ipitially, so that @1 and G2
on the Blas board are turned on. Then the collector of G2 will go to
near ground, sctivating both K3 and k4 (via plug #80), and tne
collactor of @1 will pull the cathods voltage down to the level
astablished by the voltage drops across R13/R1Y, R19, and zener dinde
pZ. Thus, Q1 snd 02 switch the amplifier into its “transmit™ condition.

4] @4 on the Relay pc board can be turned on by two sources - via R4 and
D4 as explalned above, and via R3 and BZ. The first source goes to 2ero
whan the amplifier is keyed. The second source goes to 2ero when the
output T/R relay F4's normally open contacts cloge, This latter path to
ground is via plug #9i through L9, L10, the M.0 conlacts of K4, L1 and
L12. MOTE: The forward drop scross diodes 01-D3 on the output relay pc
poard is sufficlent to maintatn a \ow impedance de path to ground as a
safaty measure — io prevent high vollage dc from appearing on the
output coax line in the event of 3 blocking capacitor failure.



5] Once Q4 has turned off after the closure of K4, 33 immenlately turns on
and energizes the coll of KB, the KEY OUT exciter keying relay.

5] When the KEY IN jack opens, Q4 turns on instantly, which turns off G3
and opens the KEY OUT contacts of K6. HOWEWVER, if the “post K3 rf
detector” (RZ,D8,D9 and associsted components) sense the continuing
presence of rf drive after the key opens, the resulting negative voltage
gt the base of @3 on the bias pc board prevents Q3 from turning on { and
thus prevents Q1 or Q¢ from releasing theT/R relays and cutoff bias)
untt] the rf drive from the exciter drops below about 75 mw. Thus,
once the rf from the driver nears 2ero, Q3 turns on, Q1 and Q2 turn off
and the ampliffer returns to Lhe receive or Eey-up condition.

Na arbitrary or unnecessary time dalays are introduced by the QSE
system, since "break” or return to “recelve” after the key line is opened is also
delayed only the minimum time requirad for the exciter output to drop to zero
after the exciter key contacts apen. Keying speed is Timited only by the closing
time of K4 (about 2 m3) and of K6 {about 0.5 mS), and by the “break” shaping of
the exciter keying characterisitc. Even so, propar sequencing of keylng
tunctions is assured and it is virtually impossible to “hot switch® the T/R
relays. Full break-in keying is possible to speeds well in excess of 50 WPM —-
provided that the exciter has equivzlent capability, which all TEN-TEC
lransceivers do,

IMPORTANT NOTICE: The contacts of the exciter keying relay KB are
protected ggainst damage by an R-C network consisting of R1, RZ, and C3, On
rare occasions an exciter meay be encountered which will not key properly (lo
full output ) with 100 chmsz in series with the key line. In such a case, the Relay
pe board may be removed and A1 changed to a smaller resistance. Use the
largest value which permite normal exciter keying, and not less than 47 ohma
unless absolutely necessary.

Finally, when the TITAM ia OFF or in SBY, the KEY IN jeck i connected
directly through to the KEY OUT jeck {via relay K5). This permits keving the
exciter without changing the interconnecting cables when the amplifier iz not
an.
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T+ iz essential that the Titan be keyed on beforc the exciter and keyrid
off aftrr the excitor. If thi=s sequenee lg not assured rhe vacuum relay
in the Titan can be destroyed. It is also possible to drive the Titamn
without a proper load copnerlsl Lo the ouput whnich can gause the hand
sWiteh to arc owyer and be destroycd. The gerics hock-np of the PTT oo
Contral line ohown below will assure the proper Lorn-on segquencde. Tha
RF scencolng cireuvit im the Titan will prewvent turno off if DRP is present
ar the ilnput wl bLhe Titan.

-

In most caszes, the oW key apd PTT line can bBe monnected Ln parallsl tTo

simpl ify station inter-connectbions. 1f your exciter will not operatc
with these lines in parallel, it will be nuocessary te install a line
select Bwitch or change ronrlrol cable hook-up when you change modes.
Mobtoes to schematleg

-ATL hook-up is not reqnired with TEN-TEC Transcelvors.

ed PTT, T/R vcoptrol, amplificre control,
It 15 tho vormally open relay conbacls
gwitched to the Lrianswit mede.

*fThis control ling may be zall
key=Line and other desigoalbor
that close when the station 1

0.
=]

2IF Lhie cw key and the PTT line are connected in parallel, Lhis can be
eaally deonc using a RCA phons "Y" adaptor.

¥Suuwe bransceivecs may rogquire a swWitch tn oselect between ow key an#g PTUT
functions-

T ANT
o T = oy
HY KEY=IM [F
CUT
L
5
— 5= ¥
b Cr W
Bl KE'f=CUT
TILTAHN | YR- T
[neerface [or [FooketT, P: ! RSN
hmber of ainilar diyital - t
t.:.ﬁ|'.‘.ﬂiﬂﬂ i, ™ HI:—':H
i
N !
= er——— O PTT
LI 1
' /717 ALS ' I
ko s 1 KEY Lo 7
| AL
OUTEUT JACHK | ¥ s ?




TIEAN, alternate Luning method .

Lhe critical parameter is the grid current of the power
amplificr tubes. Excess grid current ewven for a relatively
short period of time can and will destroy the tubes. 0On the
ovther side of the coin, if grid corrent limits are not
exceaded, the Eimac 3CXE00 Lubes will deliver many years of

trouble free service., We saggest Lhat the following
proceduras be used,

1. Always monitor "grid current” using the multi-meter.
Considar the "overdriyve" warning LED on the front panel as a
"back-up" system only. Use the oeak reading watbmeter LED
display to monitor forward e r

2. For tune up, simply monitor power out with the LED
bargraph display and grid current with Lhe multi-moter, Drive
the amplifier with reduced sower and tune for maximom power
out and minimum grid curcent. You will find that these valucs
are not always synchronized. flways chose the lower grid
vurrent adjustment even. if e Powar output is slightly less,

d. Many opsrators prefer to "rag chew" at reduced power
levels (500 wdtts, or so0, cutput] but want the option to
abruptly increase power g 1500 watts (new country mode)
without re-tuning. To do this ¥ou must first Lune the Titan
for 1500 watts output. You ean then reduce power to Lhe
desired lavel hy reducing the drive from Yyour exciter, The
grid current will go down as you reduce drive and that is 0K,
The amplifier will not be quite as efficient at reduces pOwWer
levels using this method but the JCXB00 tubes will not bhe
damaged. - The afficiency (drive recuired for 500 watts output)
can of course be restared by re-tuning the ampliflier Zor
Gperation at the 500 watt level but remember, 1f you then
incredase the driwve ¥ou must re—tune the amplitier,

ELOWER HI/T.O SPEED. You may always use LO speed when
operating 85B. MNormal CW duty eycles at 1000 watts or less,
output, can also use LO speed. CH at 1500 wattsz should have
the benefit of HI speed hlower operation. "Key down"” modas,
such as RTTY should always use HI spoed blower position,

TEANSFORMER RATINGES, The transfaormer used in the Titan is a
tape wound Hypersil that we manufacture in-house., it is rated
a4t 2.5 KVA COC5 (continuous commerciz] service), It weighs 41
lbs. The weighi ol a transformer is direclly proportional to
the capacity of that transformer. 2 35 pound transformer

Of the same type may be rated higher by another manufacrurer
but only if different standards arc applied, such as heat
rise. Just tor comparisun, if our transformer were rated for
TWS | intermittent voice service) or S55B operation only, it
would be 9 KEVA, In Summary, your power supply is adequate.






