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1.1 Pre-Installation Checklist for AM HD Radio
There are several considerations that must be made prior to installation of an AM IBOC
system. This section covers some of these items.

1.1.1 STL. The STL output must be in AES format in order to interface with ePAL and the
Dexstar exciter. If the STL is presently analog, as a minimum, an A/D converter (Lucent 9624
or equivalent) will be required in the package. If audio interconnect cabling is customer
supplied, it must meet specifications for low capacitance 110 ohm AES cable. Belden 1800A
(Harris Part Number 253-0132-000) is recommended.

1.1.2 Audio Processing. Existing legacy AM audio processors without AES inputs AND
outputs at 44.1 kHz cannot continue to be used, even on the analog audio chain. Qualifying
products for the analog chain include Optimod 9200-UD (with the AES option), and the Omnia
4.5am. Qualifying products for the DAB chain include the Optimod 6200, and the Omnia 6DAB.

1.1.3 Rack Space. At least 13 RU (22.75") of additional rack space will be required:
ePAL (2RU)
Dexstar (4RU)
UPS (1 RU)
DAB Audio Processor (2RU)
Future (IBOC) Modulation Monitor (4RU-estimated)
Rack must have rear rails in order to facilitate mounting the Dexstar, and should be 27" to 30" in
depth. The Harris rack is 30” deep.

1.1.3 Antenna. Impedance sweeps of the antenna system, at the transmitter output
connector from 20 kHz below carrier to +20 kHz above carrier at 5 kHz intervals, should be
available for evaluation by the station’s consultant or Harris Corporation prior to installation, in
order to determine if sufficient bandwidth and proper phase rotation of the load is present

1.1.4 Test Equipment. For customers who choose self-installation, a spectrum analyzer
(Agilent E4411B or equivalent) will be required. The analyzer must be capable of 300 Hz
resolution bandwidth, and have a dynamic range of 90 dB. A 60 MHz or higher resolution
oscilloscope will also be required to observe the modulated carrier.

1.1.5 Monitoring. Wide-band AM modulation monitors cannot accurately display analog
modulation with digital carriers on. A modulation monitor with optional 5 and 8 kHz lowpass
filters is recommended. The Belar AMMA-2 fulffills this requirement. Modulation monitors to
demodulate or measure the digital signal should be available by Spring, 2005.

1 Rev. A



IBOC Installation Procedure

HARRIS
1.2 DX-25/50 IBOC INSTALLATION PROCEDURE

1.2.1 Equipment needed.

Transmitter and Exciter under test

iBiquity Reference Receiver, Ward Beck Audio Bit Buddy ABB-1, stereo headphones or
Kenwood KDC-X579 and KTC-HR100 or equivalent receiver, audio amplifier and
speakers

DAB and AM Digital Audio Processor, ex. Orban 6200 and 9200

CD player with AES output or AES source

60 MHz Oscilloscope and 10X probe or BNC TEE connector and cable

E4402, E4411B, Agilent Spectrum Analyzer or equivalent

Frequency Counter

Optional: AM Mod Monitor with built in SKHz filter

Optional: ePAL (component of Harris IBOC HDR audio rack)

The ePAL contains a rate converter, distribution amp, and analog switch. Main functions
of the ePAL are AES audio rate conversion with multiple outputs, external sync to the 44.1 kbps
clock from the Dexstar exciter, and a switch for audio bypassing.

1.2.2 Interconnection.

A detailed interconnect diagram of the Harris AM IBOC/DAB Exciter Rack to the transmitter
is shown in Harris schematic 839-8220-464.

In the transmitter, an alternative Magnitude input connection may be made to an optional
992-8069-004 Oscillator Board. This replacement oscillator board senses a loss of magnitude
(RF drive) from the Dexstar exciter and automatically switches to one of the two selected on-
board crystals.

If you did not purchase the optional Harris HDR audio rack and require further support
material contact Harris Radio Field Service at +217 222 8200 or e-mail to tsupport@harris.com.
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Figure 1 Block Diagram IBOC Interconnection

1.2.3 DX10-25/50 Setup
1.2.3.1

1.2.3.2 Switch to External Exciter. The RF source will need to be set to external input.
This can be accomplished by changing jumper P3 from 1-3 (internal) to 1-2 (external) on the
oscillator. If your unit has the new style oscillator board, you can select external, internal, or
analog (automatic) switching. This is done by placing a jumper in the JP4, JPS5, or JP6 position,
respectively.

1.2.3.3 Bessel Filter Removal. To provide the proper audio input bandwidth, the Bessel
Filter on the Analog Input Board. Capacitors C1, C2, C3, and C4 with need to be removed.
Inductors L1, L2, L3, and L4 will need to be removed and replaced with buss wire.

1.2.3.4 Installing the RF bypass option. To allow automatic or manual switching of the
carrier source between the DX’s internal oscillator board and Dexstar, the DX requires the either
the addition of a relay in the transmitter or an Auto Oscillator Switch Kit, HPN 992-9764-508.

Harris drawing number 843-5523-908 covers addition of the relay.

Included in the Auto Oscillator Switch Kit are the 992-8069-004 Oscillator board and all

documentation. You will need to move the crystals from your original oscillator board to the new
board.
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1.2.4 Exciter Setup
1.2.4.1 Ensuring Dexstar is in AM mode. View the upper right hand comer of GUI.

1.2.4.2 Set operating frequency: On System screen, touch the password entry box
enter password “1234", then touch “enter” box will show “valid until <time>".

Go to the “System Setup” screen, then “Station Setup” screen. Touch “Carrier Frequency”
window and enter desired frequency. System will direct you to restart the exciter for the new
frequency setting to take effect; do so if the carrier frequency is not correct.

Check the carrier frequency at the AM Phase Out, A11J5, with the frequency counter.

Use the oscilloscope to measure and set the AM Phase output level for ~5vpp while operating
into the transmitters 50 ohm load. See Figure 2 for reference.

Figure 2 AM Phase Output

1.2.4.3 Exciter Presets: Navigate throughout the GUI and set the following.

I/Q scale factor = 12000

DC Offset = -1

Analog gain = 1.25

Enhanced Carrier power = Normal
Analog Modulation = ON

Analog Audio BW =

Digital Carriers = OFF

Magnitude/ Phase Delay = 12000
Magnitude/ Phase Delay Step Size = 50
SB level = 0,0
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1.2.4.4 AES Analog Processor, Orban 9200 Settings

Select appropriate preset, for example MUSIC MEDIUM or JAZZ

Less/more control =7.0

BW = 50 to 5KHz

Dig out = -3dbfs (WARNING: SEE NOTE BELOW)

Dig In REF PPM = -5.0dbfs

AGC = ON, Drive 11, AGC rel 12.0db/s, gate threshold -40db

Pos Peak = 141% (final setting for +125% analog modulation)

Equalization: LF gain 3db, MF gain O, HF curve O, HF gain 17db, Bass coupling 0%,
MB drive 7, MB release -fast, MB clip 1.4, HF clip O.

Input drive: B1-B4 all 0, Output mix B1-B4 all 0

Final clip 1.5

1.2.4.5 AES Digital Processor Settings. Install the Nuestar exciter and insert the serial
number into the Dexstar. Connection is required from the Nuestar via an RS232 to RS485
converter cable. Changing a preset on the Dexstar and seeing the change on the front panel of
the Nuestar is an easy method to determine successful communication. Also, you may make a
USB connection with the Nuestar and a PC. The Nuestar software must be correctly installed
on the PC and the password for the Nuestar entered to open the software. Specific installation
information is contained on the CD-ROM packaged with the Nuestar. Set the digital processor
output to no greater than to —3 dBFS.

IMPORTANT NOTE: Check the analog audio AES Audio Input Source level. The AES
audio source supplied to the Dexstar AES AUDIO INPUT A13J10 must be limited to —3DBFS.
Set the audio processor digital output to no greater than —3dBfs output. This will still allow for a
maximum setting of +141% positive peaks in the Orban.

Since IBOC uses phase modulation of the RF carrier, over 100% modulation on negative peaks
can cause a 180 degrees phase shift of the carrier, or phase reversal. Itis possible to overdrive
the AES IBOC/DAB or Digital Audio Input of the DEXSTAR, resulting in erroneous drive signals
and unnecessary phase reversals. This could lead to symptoms ranging from unwanted
spectrum splatter to possible transmitter stress and or failure. Excess in band emissions
coupled with a bandpass circuit in the antenna, will most likely cause the DX to exhibit VSWR
overloads. Monitor the IF/AM OUT J2 (BNC) port on the exciter with an oscilloscope and verify
no negative modulation peaks exceed greater than 98% negative.
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Figure 3 Dexstar AM/IF port, 98% 1KHz modulation

Al 065 V
|
N

Figure 4 Dexstar IF/AM Port Overdriven Example

1.2.4 System Setup

1.2.4.1 AM Magnitude setup. Monitor the transmitter output sample and exciter IF/AM
output on a dual channel scope. Modulate the Dexstar exciter with 1 khz tone at -3 dBFS from
the audio processor. The level should be set for 95% as measured at the IF/AM port.

Set the AM Magnitude potentiometer at rear of Dexstar, so the transmitter’s depth of modulation

matches that of what's observed on the IF/AM port. (95%) (Leave the transmitter's audio gain
setting at +10 dBm, to keep normal AM mono operation.)
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Note: This depth of modulation matching step must be performed before the digital carriers
levels are adjusted, since the AM magnitude potentiometer affects the digital carrier level.

Note: If adjustment of the AM Magnitude potentiometer at the rear of the Dexstar fails to match
the modulation level of the transmitter and IF/AM port, or if the adjustment is near or at
maximum, an adjustment of the DUC board in the exciter is required. Gain access to the exciter
by extending it on the slide-rails. Remove the top of the exciter. Locate R199 on the DUC
board, see Figure 5. This adjustment is typically set at or very near maximum output, or fully
CCW, to achieve an output of +14dBm. Modulation should then be reduced with the rear panel
potentiometer to allow headroom for final touch-up later. Again, the final setting of the rear
panel control should not be fully CW, as this may result in not being able to reduce the “spectral
regrowth” covered later in this chapter.

Figure 5 Dexstar DUC Board AM Magnitude Output adjust R199 location

If the password has timed out, on the System screen, touch the password entry box enter
password “1234", then touch “enter” box will show “valid until <time>".
On the Dexstar front panel GUI display, select System Setup. Select Digital Carrier ON.

Note: Add 20 dB of attenuation at the input of the spectrum analyzer. Also, reduce the
modulation monitor sample by adjusting the appropriate monitor level adjustment potentiometer.
The absolute level of the analog carrier should not exceed 0 dBm on the spectrum analyzer
display to avoid overloading or damaging the front end of the analyzer.

Connect the spectrum analyzer to the modulation monitor port.

Set the spectrum analyzer as follows:

Center Frequency: set to carrier frequency

Resolution Bandwidth: 300 Hz

Span: 100 KHz

Amplitude: set un-modulated analog carrier to top graticule

Detector: Sample, (Peak = OFF)

Video BW: OFF or highest setting

Averaging: ON, set to average 10 sweeps during tuning, 100 sweeps for final measure
Sweep: 500 milliseconds or auto
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Sample points: 400 to tune, maximum number of points for final measure

Note: Spectrum Analyzer resolution bandwidth must be set to 300Hz and span set to 100khz
for proper reference level. The peak detector function must be OFF!

On the spectrum analyzer, check the primary carrier levels referenced to the analog carrier. If
necessary, set the SB level controls so the primary carrier levels are —28.7db down. Refer to
Figure 9. Typical settings are zero, plus or minus one.

WHRS DEXSTAR-AM

GPS: UnLOCK

AM System Setup r 1
Magnitude / Phase Delay i . Sstup I
Day - & A ———
[ 11720 ‘ 25 AM
Rename l ¥ @ Sstup
Analog Gain Analog Audio BW
1.0 5 kHz l“ ByPass |
Mag. Ch. DC Offset Analog Modulation Lower/Upper SB Lvl
Phase Q. Scale Factor Enh. Carrier Pwr Lvl Sideband Indicator
]
|[ 10 f lﬂ Upper |

Figure 6 Dexstar AM Set-up Screen

1.2.4.2 Analog Gain setup. Turn the transmitter off, monitor “IF AM Out” at rear of
exciter. Apply —3DBFS 1 KHz tone from the audio processor and set Analog Gain, on AM
System Setup page, to achieve negative 98% modulation. See Figure 6. The initial set-up value
is 1.25 and the maximum is 1.35. Exceeding 1.35 will shut the RF carrier off out of the exciter to
avoid over modulation and phase reversals.

Note: Figure 7 is an example of an overdriven exciter and results in phase reversals of the
drive signal (AM Phase out). This is to be avoided. (Ibiquity directs us to set this for 100%
negative modulation at this point. A modulation depth of 98% allows some headroom to help
avoid overdriving the exciter. It is at this juncture we depend on the negative limiting capability
of the audio processor to avoid exceeding (or approaching) pinch off and thus overdriving the
exciter.)

Turn digital carriers OFF. Turn transmitter (TX) on. Check modulation level of TX, it should also
be 98%. When done, turn digital carriers back on.
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Note: The depth of modulation matching setup was done in the previous step, step 1.2.6.1, and
should not have been disturbed by the exciter's analog level re-adjustment.

1.2.4.3 Magnitude/ Phase Delay Optimization
Monitor the “spectral regrowth” area on the spectrum analyzer. This is the segment of the
spectrum about double the frequency of the digital carriers, located 20 to 30Khz above and
below the analog carrier. See Fig.7.
On AM System Setup page, adjust Magnitude/Phase Delay up/down arrows until spectral
regrowth is minimized.

Note: The Delay is preset at13455, and the step size 50. Typically, the final setting of the delay
will be around 12,400. If necessary, reduce the step size to 10 or further to ensure the delay
setting is optimized.

Make slight adjustment to the AM Magnitude adjustment on the rear of the Dexstar to insure the
regrowth is minimized.

Record spectrum occupied bandwidth. It should resemble the waveform in Figure 7.

Compare the spectrum with the AM Hybrid Emissions Limits in Figure 8. The waveform should
not exceed the mask at any point.

Ranga: 10 dBm Overewaap: 0On 27-Feb—2002 15:13
Ras BW: 280 H= VBW; DFfF Swp Tima: B14.4 mSac 5 DxIO .
As SWEPT SPECTRUM AMhkr =11 750 H=z -27. 52 dB
3.11447» AM MEG
dBm ouT Levet.
SET To
01T Svee feghTh
LogiMag
10 7= 1240
cB.
/div t \ Bee
Ll/ u PEM Mop 2 WO
-98, 868~
dBm
Cantar: 1 270 000 Hz Spar 100 00C Hz
AVERAGING AVG: 10

.Figure 7 100KHz Spectrum, Magnitude level + phase optimized
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Frequency ofsat KHz

------- Hbrid Spackal Emissions Limis

—— Norviral (gl Carier Power Spacial Derct;

= == Newinal Analog Carmer Power Specral Densty
Frequency Offset Relative to Carrier Level Relative to Unmodulated Carrier

(dBc per 300 Hz)

15 to 15.2 kHz offset -28
15.2 to 15.8 kHz offset -39 — ([frequency offset in kHz| - 15.2) * 43.3
15.8 to 25 kHz offset -85
25 kHz to 30.5 kHz offset -65 - (|frequency offset in kHz| - 25) - 1.273
30.5 kHz to 75 kHz offset -72 - (|frequency offset in kHz| - 30.5) - 0.292
> 75 kHz offset -85

Figure 8 AM Hybrid Spectral Emissions Limits

1.2.7 System Verification

1.2.7.1 Audio Proof. Test and record the results of Analog performance. Note tests to
be conducted with and without IBOC carriers on. Use response and distortion tests comparable
to the standard factory test sweep found in the transmitter factory test data.

Note: With the digital carriers on a 5khz filter is required on the detected audio sample, or use
the new Belar mod monitor with the built in DAB filter.

Test the DAB Digital broadcast service.
At this time, this is a subjective evaluation of the broadcast signal due to limitations of the IBOC
receiver. Use a Bit Buddy connected to an iBiquity Reference receiver AES digital output.

Select the split mode of operation to monitor analog audio in one channel and digital in the
other. Set the diversity delay on the Dexstar so that both audio sources are coincident.
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Alternatively, you may use a commercially available receiver in the broadcasters mode.
Consult the receiver manufacturer’s instruction manual for details.

Al

Figure 9 98% 1 KHZ sine modulation with digital carriers on
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1.2.8 Troubleshooting. As discussed earlier, overmodulation of the IBOC/DAB AES audio
input to the Dexstar exciter may produce a phase reversal that may cause excessive regrowth.
A missing RF phase or Magnitude audio component from the Dexstar exciter will also causes
excessive regrowth. Any excessive regrowth may cause an Antenna VSWR condition on the
DX transmitter.

If the spectral regrowth cannot be minimized, the likely cause may be a missing RF or
magnitude component. Figure 10 depicts the output spectrum when the magnitude (audio only)
connection is correct, but the transmitter was still operating on the internal exciter. Notice the
absence of digital carriers around the analog channel.

Ronge: 20 dBm Overewasp: On 17-Dac~2002 1258

Ras BWs 280 Hx VBW: Off Swp Timas B814.4 mSas

A1 SWEPT SPECTRUM AMkr =120 000 Hz 24,77 dB
17,1713«
d@ém
LogMag

10
dB
Zdiv {

Mﬁ“\l.
- Aot
|| | et
S e
] -« Y
el L
-82, 828
atm Gaes
- Cemntars:s 1 480 0OD0 H=z Span: 100 NOO H! h'5
AVERAGING AVG: 10 onY

Figure 10 100KHz Spectrum, IBOC Magnitude component only

Figure 11 depicts a transmitter operating with RF only from the Dexstar exciter.
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Figure 11 100KHz Spectrum, IBOC Phase component only
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Returns And Exchanges

Damaged or undamaged equipment should not be returned unless written approval
and a Return Authorization is received from HARRIS CORPORATION, Broadcast
Systems Division. Special shipping instructions and coding will be provided to as-
sure proper handling. Complete details regarding circumstances and reasons for
return are to be included in the request for return. Custom equipment or special
order equipment is not returnable. In those instances where return or exchange of
equipment is at the request of the customer, or convenience of the customer, a
restocking fee will be charged. All returns will be sent freight prepaid and properly
insured by the customer. When communicating with HARRIS CORPORATION,
Broadcast Systems Division, specify the HARRIS Order Number or Invoice
Number.
Unpacking

Carefully unpack the equipment and preform a visual inspection to determine that
no apparent damage was incurred during shipment. Retain the shipping materials
until it has been determined that all received equipment is not damaged. Locate
and retain all PACKING CHECK LISTs. Use the PACKING CHECK LIST to help
locate and identify any components or assemblies which are removed for shipping
and must be reinstalled. Also remove any shipping supports, straps, and packing
materials prior to initial turn on.

Technical Assistance

HARRIS Technical and Troubleshooting assistance is available from HARRIS Field
Service during normal business hours (8:00 AM - 5:00 PM Central Time). Emer-
gency service is available 24 hours a day. Telephone 217/222-8200 to contact the
Field Service Department or address correspondence to Field Service Department,
HARRIS CORPORATION, Broadcast Systems Division, P.O. Box 4290, Quincy, llli-
nois 62305-4290, USA. The HARRIS factory may also be contacted through a FAX
facility (217/221-7096).

Replaceable Parts Service

Replacement parts are available 24 hours a day, seven days a week from the
HARRIS Service Parts Department. Telephone 217/222-8200 to contact the service
parts department or address correspondence to Service Parts Department, HAR-
RIS CORPORATION, Broadcast Systems Division, P.O. Box 4290, Quincy, lllinois
62305-4290, USA. The HARRIS factory may also be contacted through a FAX fa-
cility (217/221-7096).

NOTE
The # symbol used in the parts list means used with (e.g. #C001 = used with C001).
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Guide to Using Harris Parts List Information

The Har  Replaceable Parts List Index portrays a tree structure with the major items being leftmost in the index.

The exe

below shows the Transmitter as the highest item in the tree structure. If you were to look at the bill of

materials ..ole for the Transmitter you would find the Control Cabinet, the PA Cabinet, and the Output Cabinet. In
the Replaceable Parts List Index the Control Cabinet, PA Cabinet, and Output Cabinet show up one indentation level

below the Transmitter and implies that they are used in the Transmitter. The Controller Board is indented one level

below the Control Cabinet so it will show up in the bill of material for the Control Cabinet. The tree structure of this
same index is shown to the right of the table and shows indentation level versus tree structure level.

Example of Replaceable Parts List Index and equivalent tree structure:

Transmitter
994 9283 001
T

Repigceable Parts List Index

Table 7—1. Transmitter 994 9283 001 7-2 — T— ]

Table 7-2. Control Cabinet 992 9244 002 7-3 [Control Cabinet PA Cabinet Output Cabinet
Table 7-3. Controiter Board 992 8344 002 7-6 992 9244 002 992 9400 002 992 9450 001
Table 7-4. PA Cabinet 992 9400 002 7-7 = I [

Table 7=5 PA Amplifier 994 7894 002 7-9 Controller Board PA Amplifier

Table 7-6 PA Amplifier Board 992 7904 002 7-10 992 8344 002 994 7894 002

Table 7-7. Output Cabinet 992 9450 001 7-12

3
PA Amplifier Board
992 7904 002

The part number of the item is shown to the right of the description as is the page in the manual where the bill for
that part number starts.

Inside the actual tables, four main headings are used:

Table ##. ITEM NAME - HARRIS PART NUMBER - this line gives the information that corresponds to the
Replaceable Parts List Index entry;

HARRIS P/N column gives the ten digit Harris part number (usually in ascending order);
DESCRIPTION column gives a 25 character or less description of the part number;

REF. SYMBOLS/EXPLANATIONS column 1) gives the reference designators for the item (i.e., CO01, R102,
etc.) that corresponds to the number found in the schematics (COO1 in a bill of material is equivalent to C1 on the
schematic) or 2) gives added information or further explanation (i.e., “Used for 208V operation only,” or “Used
for HT 10LS only,” etc.).

Inside the individual tables some standard conventions are used:

A # symbol in front of a component such as #C001 under the REF. SYMBOLS/EXPLANATIONS column means
that this item is used on or with C001 and is not the actual part number for COO1.

In the ten digit part numbers, if the last three numbers are 000, the item is a part that Harris has purchased and
has not manufactured or modified. If the last three numbers are other than 000, the item is either manufactured by
Harris or is purchased from a vendor and modified for use in the Harris product.

The first three digits of the ten digit part number tell which family the part number belongs to - for example, all
electrolytic (can) capacitors will be in the same family (524 xxxx 000). If an electrolytic (can) capacitor is found
to have a 9xx xxxx xxx part number (a number outside of the normal family of numbers), it has probably been
modified in some manner at the Harris factory and will therefore show up farther down into the individual parts
list (because each table is normally sorted in ascending order). Most Harris made or modified assemblies will
have 9xx xxxx xxx numbers associated with them.

The term “SEE HIGHER LEVEL BILL” in the description column implies that the reference designated part
number will show up in a bill that is higher in the tree structure. This is often the case for components that may
be frequency determinant or voltage determinant and are called out in a higher level bill structure that is more
customer dependent than the bill at a lower level.

2-02-93



CUSTOMER NAME:

Broodcost Systems Division
WP.Q Box 4290, QUINCY, IL 62305

BILLING INFORMATION

PARTS ORDER FORM

HARRIS PHONE: 217-222-8200
HARRIS FAX: 217-221-7096

ADDRESS:

(it different from billing informotion)

TELEPHONE NUMBER:

FAX NUMBER:

PREFERRED
PAYMENT METHOD:

SHIPPING INFORMATION

SHIP TO:

ADDRESS:

TELEPHONE NUMBER:

FAX NUMBER:

SHIPPING METHOD PREFERRED:

FREQUENCY (If required):

EQUIPMENT NAME:
EQUIPMENT PART NUMBER:

EQUIPMENT SERIAL NUMBER:

GUIDE FOR ORDERING PARTS

Pleose use the following ports order form, filling is os much informotion os possible. The
complete informoiton will ollow double checking the port number for correctness or

locoting o substitude if the port is not ovoiloble.
The equipment nome, port number, ond seriol number will be found on the metol ID plote

on the bock of the unit. The seriol number MUST be included for ony ports ordered under
worronty,

Describe the port using the description in the ports list if possible, Include the schemotic

informotion, schemotic number, or number of next higher ossembly. The next higher
ossembly is usuolly o 992-xxxx—00x type.

ITEM §# 8,;; HARRIS PART NUMBER

DESCRIPTION OF PART

(PART'S NAME, DESCRIPTION, SPECIFICATION

FROM PARTS LIST IF AVAILABLE)

ITEM USED ON
SCHEMATIC REFERENCE] (NEXT HIGHER ASSEMBLY If KNOWN)
REFERENCE NAME | (e g. COO1 used on 992 8025 001,

COMMENTS
(e.g. CO01, R10O, etc) SCHEMATIC 839 8099 991)




ARNING

THE CURRENTS AND VOLTAGES IN THIS EQUIPMENT ARE DANGEROUS. PER-
SONNEL MUST AT ALL TIMES OBSERVE SAFETY WARNINGS, INSTRUCTIONS
AND REGULATIONS.

This manual is intended as a general guide for trained and qualified personnel who are aware of the dangers inherent in
handling potentially hazardous electrical/electronic circuits. It is not intended to contain a complete statement of all safety
precautions which should be observed by personnel in using this or other electronic equipment.

The installation, operation, maintenance and service of this equipment involves risks both to personnel and equipment, and
must be performed only by qualified personnel exercising due care. HARRIS CORPORATION shall not be responsible for
injury or damage resulting from improper procedures or from the use of improperly trained or inexperienced personnel
performing such tasks.

During installation and operation of this equipment, local building codes and fire protection standards must be observed. The
following National Fire Protection Association (NFPA) standards are recommended as reference:

- Automatic Fire Detectors, No. 72E
- Installation, Maintenance, and Use of Portable Fire Extinguishers, No. 10

- Halogenated Fire Extinguishing Agent Systems, No. 12A

WARNING

ALWAYS DISCONNECT POWER BEFORE OPENING COVERS, DOORS, ENCLO-
SURES, GATES, PANELS OR SHIELDS. ALWAYS USE GROUNDING STICKS AND
SHORT OUT HIGH VOLTAGE POINTS BEFORE SERVICING. NEVER MAKE INTER-
NAL ADJUSTMENTS, PERFORM MAINTENANCE OR SERVICE WHEN ALONE OR
WHEN FATIGUED.

Do not remove, short-circuit or tamper with interlock switches on access covers, doors, enclosures, gates, panels or shields.
Keep away from live circuits, know your equipment and don’t take chances.

ARNING

IN CASE OF EMERGENCY ENSURE THAT POWER HAS BEEN DISCONNECTED.

ARNING

IF OIL FILLED OR ELECTROLYTIC CAPACITORS ARE UTILIZED IN YOUR EQUIP-
MENT, AND IF A LEAK OR BULGE IS APPARENT ON THE CAPACITOR CASE
WHEN THE UNIT IS OPENED FOR SERVICE OR MAINTENANCE, ALLOW THE
UNIT TO COOL DOWN BEFORE ATTEMPTING TO REMOVE THE DEFECTIVE CA-
PACITOR. DO NOT ATTEMPT TO SERVICE A DEFECTIVE CAPACITOR WHILE IT
IS HOT DUE TO THE POSSIBILITY OF A CASE RUPTURE AND SUBSEQUENT IN-
JURY.

8-9-00 888-2290-003 i
WARNING: Disconnect primary power prior to servicing.
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FIRST-AID

Personnel engaged in the installation, operation, maintenance or servicing of this equipment are urged to become familiar with
first-aid theory and practices. The following information is not intended to be complete first-aid procedures, it is a brief and
is only to be used as a reference. It is the duty of all personnel using the equipment to be prepared to give adequate
Emergency First Aid and thereby prevent avoidable loss of life.

Treatment of Electrical Burns

REFERENCE:

8-9-00

Extensive burned and broken skin

a.  Cover area with clean sheet or cloth. (Cleanest available cloth article.)

b. Do not break blisters, remove tissue, remove adhered particles of clothing, or apply any salve or ointment.
c.  Treat victim for shock as required.

d.  Arrange transportation to a hospital as quickly as possible.

e. If arms or legs are affected keep them elevated.

NOTE
If medical help will not be available within an hour and the victim is
conscious and not vomiting, give him a weak solution of salt and soda:
1 level teaspoonful of salt and 1/2 level teaspoonful of baking soda to
each quart of water (neither hot or cold). Allow victim to sip slowly
about 4 ounces (a half of glass) over a period of 15 minutes. Discon-
tinue fluid if vomiting occurs. (Do not give alcohol.)

Less severe burns - (1st & 2nd degree)

a.  Apply cool (not ice cold) compresses using the cleanest available cloth article.

b. Do not break blisters, remove tissue, remove adhered particles of clothing, or apply salve or ointment.

@

Apply clean dry dressing if necessary.
d.  Treat victim for shock as required.
e.  Arrange transportation to a hospital as quickly as possible.

f.  If arms or legs are affected keep them elevated.

ILLINOIS HEART ASSOCIATION

AMERICAN RED CROSS STANDARD FIRST AID AND PERSONAL SAFETY MANUAL (SECOND
EDITION)

888-2290-003 iii
WARNING: Disconnect primary power prior to servicing.
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] Section |
Introduction/Specifications

1.1 Introduction

1.1.1 Scope and Purpose

This technical manual contains the information necessary to
install and maintain the DX-50 MEDIUM WAVE TRANSMIT-
TER. The various sections of this technical manual provide the
following types of information.

a. Section I, Introduction/Specifications, provides introduction to
technical manual contents.

b. Section II, Installation/Initial Turn-on, provides detailed
installation procedures and initial turn on instructions.

c. Section III, Operators Guide, provides identification and
functions of panel and board mounted controls and indi-
cators as well as of components located on the interior of
the transmitter.

d. Section IV, Overall System Theory, provides a block
diagram description of the overall transmitter and opera-
tion of the various sections of the transmitter not covered
in later sections.

e. Section V, Maintenance, provides preventive and correc-
tive maintenance information as well as alignment pro-
cedures.

f. Section VI, Troubleshooting, provides a listing of the pro-
tection devices in the transmitter as well as low power and
high power troubleshooting procedures.

g. Section VI, Parts List, provides an itemized parts list for
individual transmitter modules and the overall ransmit-
ter.

h. The following sections provide principles of operation for
boards and modules in the DX-50 TRANSMITTER:

 Section A, Oscillator (A17)

» Section B, Buffer Amplifier (A16)

+ Section C, RF Amplifier Modules (A101-A244)

» Section D, Driver Combiner/Motherboard (A14)

« Section E, Driver Supply Regulator (A22)

« Section F, RF Multimeter (A23)

+ Section G, RF Combiners: Binary Combiner/Motherboard

(A19) and Main Combiner/Motherboard (A2 through AB)

+ Section H, Qutput Sample Board (A26) and Output Mon-
itor (A27)

+ Section J, Analog Input Board (A35)

+ Section K, Analog To Digital Converter (A34)

¢ Section L, Modulation Encoders (A36/A37)

» Section M, DC Regulator (A30)

Section N, External Interface (A28)

Section P, Controller (A38)

Section Q, LED Board (A32)

Section R, Switch Board/Meter Panel (A31)

(S:ctgion S, Driver Encoder/Temperature Sense Board
19)

i. Appendix A, Lightning Protection Recommendation,
provides information on environmental hazards and pos-
sible steps to minimize their effects.

1.2 Equipment Description

The DX-50 is a solid state medium wave amplitude modulated
transmitter with a rated output power level of 50 kW. The
transmitter is capable of 60 kW and has three user-set power
levels. The frequency range is from 531 kHz to 1705 kHz.

1.3 Block Diagram
A Block Diagram description is contained in Section IV, Overall
System Theory.

1.4 Specifications
The brochure at the end of the manual gives specifications for
the DX-50 transmitter.

NOTE

Harris maintains a policy of continuous improvements on its
equipment and therefore reserves the right to change specifica-
tions without notice.
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__Section Il
Installation/Initial Turn On

2.1 Introduction

This section provides information and instructions necessary for
the installation and initial turn on of the HARRIS DX-50 ME-
DIUM WAVE TRANSMITTER, including AM Stereo Installa-
tion and Remote Control connections. The instructions are given
to minimize the installation time required. Care and precaution-
ary measures are given to prevent problems or injury from
occurring during installation.

Planning and Preparation are the most important factors in a
successful, efficient, and safe installation of a new transmitter.
This section should be read thoroughly prior to installation for a
basic understanding of the operation, circuitry, and nomenclature
of the transmitter.

The transmitter equipment installation PHASES or STAGES
should be planned before the equipment arrives and a detailed
plan worked out and written down. Determine what installation
equipment and materials are supplied with the transmitter and
what equipment the station must supply. In general, a transmitter
installation requires that the following areas be addressed:

¢ In a new installation, WILL THE BUILDING/TRANS-
MITTER ROOM BE COMPLETED? Electronic equip-
ment can be damaged or made inoperable by dust and dirt.
Interior walls should be in place, ceiling work should be
complete, concrete floors should be aged and well sealed.
Even a plastic covering placed over the transmitter rarely
keeps out concrete dust and plaster dust created from dry-
wall installation.

¢ In a new installation, WILL ELECTRICAL POWER BE
AVAILABLE WHEN NEEDED? Often transmitter instal-
lation and checkout is held up because primary power is not
available for the transmitter.

¢ Inanexisting facility, MUST AN EXISTING TRANSMIT-
TER REMAIN ON THE AIR during installation of the new
equipment? Plan how this is to be done to minimize off-air
time.

o STAGING AREA. An area should be chosen and set aside
to place all boxes and crates that contain the smaller parts
and assemblies. A separate area should be used to stage all
installation material (wire, conduit and accessories, hard-
ware, etc.). Each piece of equipment should be inspected
for shipping damage. Inventory all equipment and the con-
tents of each box and compare to the packing list.

o UNLOADING. Will the proper lifting and moving equip-
ment be available when the transmitter arrives? Will there
be enough workers to help unload the transmitter?

¢ EQUIPMENT PLACEMENT. Using a station layout draw-
ing, determine equipment placement AND IN WHAT OR-
DER EQUIPMENT SHOULD BE SET IN PLACE. If
possible, lay out equipment location with lines marked on
the floor.

e HANGING HARDWARE. Ensure that all pipe hangers,
conduit hangers, threaded rod, beam clamps, Unistrut and
Unistrut hardware is on site.

Rev. AM:8/9/2000

e TOOLS. Ensure that all necessary tools will be on site when
needed. Make sure all tools are in good shape. Check
technical manuals for the transmitter and other equipment
to see if specialized tools are required. Make arrangements
to obtain them if necessary.

¢ During the various stages of installation different personnel
may be employed, (i.e. contractors, hired help, general
labor). Since they may not be involved in the initial turn on
of the transmitter it is vital that their work be closely
supervised and checked to avoid any damage or failures to
equipment. It is extremely important to prevent debris,
especially metal filings and hardware, from getting dropped
and lodged into the subassemblies of the transmitter.

2.2 Delivery And Storage

The DX-50 is normally delivered mounted on shipping skids.
Smaller components are shipped in cardboard cartons. Any ob-
vious damage should be noted at the time of receipt and claims
filed with the carrier.

Equipment capable of handling a 3,000 pound (1,320 Kg) load
will be needed to unload the transmitter. Extreme care should be
taken during the unloading operation to prevent injury to person-
nel or damage to the equipment.

If the transmitter is to be temporarily stored, all units require
inside storage. Do not stack items except for small cardboard
cartons. The storage area should be dry and clean.

2.3 Returns And Exchanges

Damaged or undamaged equipment should not be returned un-
less aReturn Authorizationis issued. When communicating with
Harris Corporation, Broadcast Division, specify the order
number or invoice number. Include complete details regarding
circumstances and reasons for return in the request. Custom or
special order equipment is not returnable. In instances where
return or exchange of equipment is at the request or convenience
of the customer, a restocking fee will be charged. Special ship-
ping instructions and coding will be provided to insure proper
handling. All returns will be sent freight prepaid and properly
insured by the customer.

2.4 Unpacking

Carefully unpack the transmitter and save all packing material.
Inspect thoroughly for any damage incurred in shipment. Retain
all PACKING CHECK LISTS to help locate and identify any
components or assemblies removed for shipping. Remove any
shipping supports, and straps prior to initial turn on.
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Table 2-1. Recommended Installation Materials
NOT SUPPLIED

Welding Torch Set

Oxygen and Acetylene Tanks

Welder’s Mask or Goggles

Power Band Saw (can be rented) and Extra Blades
Silver Solder 1/16 inch diameter, 30%-45%, Hard Stay-
Silv #45, Aladdin #45,

HARRIS part number 099 0002 238

Paste flux (Engelhard Ultra-Flux 1 Ib jar) HARRIS part
number 099 0002 241

(HARRIS part number 086 0004 040, 16 oz bottle)
Muriatic Acid (quart)

Rubber Hammer

Garden Hose

Baking Soda (two 1-pound boxes)

Three plastic 5-gallon buckets or containers with open tops
Scotch Brite, Scuff Pad/Sand Paper

Steel Wool

Emery Cloth (roll type like plumber uses)

Basic Wiring and Installation
Wire Strippers
Wire Cutters
Lugging Tool
Socket Set 3/8 inch drive with 6 inch extension
Table or Bench
Carpenters Square
Level
Plumb Bob
Chalk Line
Hacksaw and Extra Blades
Wrenches
Prybar
Crowbar
Rope
Saw Horses or Cutting Table
Cable Hoist or Chain-Fall Hoist
Ladders
Files
25-Ft Tape Measure
Claw Hammer
M il Now Susnliad
105k VA wire (See Cabinet Outline for Size)
Copper Strap
Electrical Conduit
Transmission Line
Circuit Breaker or Fused Disconnects
Transmission Line Matching Hardware
Audio Cable
Remote Control Cable

CAUTION

KEEP THE PA CABINET EXHAUST AND ACCESS HOLES COV-
ERED DURING INSTALLATION!

2.5 Factory Test Data

During installation and initial turn on procedure, reference will be
made to FACTORY TEST DATA. This data is normally packed with
the transmitter or may be inserted in the technical manual. Itincludes
meter readings, measured performance data, frequency determined
parts and adjustments for your transmitter.

2.6 Transmitter Placement
Refer to the DX-50 Cabinet Outline, 839-7855-122, in the Draw-
ing Package for important DIMENSIONS, WEIGHT, AIR
FLOW, and ELECTRICAL information.

The DX-50 consists of three main components:

o PA Cabinet

¢ Output Network Cabinet

o Step Start Panel
The PA and Output Network Cabinets are bolted together on-site
after positioning and leveling.
Depending on the height of the doors at the site, the Cabinets
may have to be removed from their skids. Also the Combiner
Crossover bar and cover on top of the PA Cabinet may have to
be removed and re-installed later.

2.6.1 Removing the Combiner Crossover Bar

NOTE

Only remove the crossover bar if additional height clearance is
needed 1o move the transmitter during installation.

e Remove the rear access panels from the RF Amp Compart-
ment.

e Locate the combiner crossover bar on top of the Power
Amplifier Cabinet. Refer to sheet 1 of the Cabinet Outline
Drawing, 839-7855-122.

e Remove the 14 screws that hold the Combiner Cover in
place to expose the combiner bar and the Neutralization
Board. Remove the screws holding the Neutralization
Board and unplug J1.

e Remove the two 3/16 inch hex head bolts holding each end
of the crossover bar to the combiner bar and remove the bar
and Neutralization Board.

Once the PA Cabinet is in position, it will be necessary to put the
Combiner bar back in place. When tightening the hex Head bolts,
torque to 80 Inch Pounds. After the bar is installed, verify thatJ1
on the Neutralization Board is connected.

2.6.2 Cabinet Positioning

Remove shipping bolts and carefully move cabinets off of the
skids. The PA Cabinet is the heaviest and should be positioned
first. The center of gravity is near the Power Supply/Driver

2-2 888-2290-003 Rev. AM:8/9/2000
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Compartment end of the cabinet and should be fork lifted from
this end. If roller bars are used, lead with the heavier end.

CAUTION

UNIT MUST NOT BE DROPPED. MAKE A RAMP TO ROLL FROM
SKID TO FLOOR.

NOTE

ALONG THE BOTTOM OF THE CABINET FRAME ARE LEV-
ERAGE POINTS FOR ELEVATING THE CABINET TO ALLOW
HEAVIER PRY-BARS TO BE POSITIONED UNDERNEATH
THE FRAME.

After the PA Cabinet is in position, position the Output Network
Cabinet. Maneuver the Output Network Cabinet carefully when
joining the two cabinets together so as not to damage any of the
exposed fan blades. Make sure that none of the interconnecting
wires are exposed while positioning the cabinets. Shim and level
the cabinets before bolting together.

If the transmitter is to be positioned into a predetermined wall
opening, be sure to allow for the fan blades of the Output
Network Cabinet and any final leveling needed when figuring
the wall opening dimensions.

2.6.3 Cabinet Bolts

Fasten the cabinets together using the 1 inch 1/4-20 stainless steel
bolts, flat washers, split washers, and nuts provided in the instal-
lation hardware kit. Plastic plugs are provided to cover the
hardware access holes in the cabinets. These will prevent air
leakage for optimum transmitter cooling.

2.6.4 Cabinet Ground Strap

After the two cabinets are bolted together, fasten the 2 inch
copper interconnect strap from the PA Cabinet to 2E1 in the
Output Network Cabinet.

2.6.5 Cabinet Grounding Plate

Unbolt the Cabinet Grounding Plate on top of the PA Cabinet
and rotate 180 degrees. Secure to the PA Cabinet and Output
Network Cabinet with 10-32 screws, flat washers and split
washers.

Table 2-2. Transformer Tapping for T1 and Blowers
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2.7 Air System And Cooling

Refer to Sheet 2 of the DX-50 Cabinet Outline Drawing, 839-
7855-122, for information on air flow CFM, heat dissipation and
duct work dimensions.

Cooling air for the transmitter enters through the rear of the
Output Network Cabinet and exhausts through the top-front half
of the PA Cabinet. If an exhaust duct is used, static pressure in
the duct must be neutral or slightly negative. Static pressure for
air intake at the rear of the transmitter must be neutral or slightly
positive. The exhaust grill opening on the top of the PA Cabinet
must not be restricted. The dimension from the front edge of the
transmitter to the exhaust opening is only 2.3 inches (5.84 mm).
This is an important consideration when a wall will be installed
along the front of the transmitter.

2.8 Electrical Installation
Refer to sheet 3 of the DX-50 Cabinet Outline Drawing, 839-
7855-122, for electrical information.

See figure 2-1 and sheet 1 of the DX-50 Overall Schematic,
839-7855-068, for details of the interconnections between the PA
Cabinet and the Step Start panel.

2.8.1 Step Start Panel

The Step Start panel is intended to be wall mounted and should
be located as close as possible to the PA Cabinet. Conduit may
be attached to any of the four sides or the back of the Step Start
panel, however, there are no knock-out holes provided on the
back of the panel. All transmitter AC power is routed through the
Step Start panel to utilize the MOV surge protectors. The ground-
ing strap 3E1, should be connected to a good station ground with
a 2" copper strap for optimum protection.

2.8.2 AC Power

There are two separate AC power feeds needed for the DX-50: a
three phase 105 KVA input for T 1, PA Power supply transformer
and a single phase 1 KVA supply for T2, Low Voltage supply
transformer. The input voltage for T1 can be from 360 Vac to 505

PA Supply Voltage 230 VDC Blower Wires #123, #124, & #125
Line Line to Jumper Line Line Frequency
Voltage T1 Tap Voltage 60 Hz S0Hz
502 Vac 485 485 to +4% 502 Vac -4% tap 380 tap
485 Vac 485 48500 485 Vac -4% tap 380 tap
468 Vac 485 485 to -4% 468 Vac -4% tap 380 tap
447 Vac 430 430 to +4% 447 Vac +4% tap 380 tap
430 Vac 430 430t0 0 430 Vac +4% tap 380 tap
413 Vac 430 430 to -4% 413 Vac 485 tap 380 tap
397 Vac 380 380 to +4% 397 Vac 430 tap 0 tap
380 Vac 380 380t0 0 380 Vac 485 tap 0 tap
363 Vac 380 380 to -4% 363 Vac 485 tap 0 tap
Rev. AM:8/9/2000 888-2290-003 2-3
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K2 in step start panel connection

Vac, 50/60 Hz. The T2 input voltage can range from 198 Vac to
280 Vac. An optional 1 KVA step-down transformer may be
purchased if a separate 240 Vac source is not available.

Refer to page three of the DX-50 Cabinet Outline Drawing for
recommended wire and fuse size for the three phase 105 KVA
feed.

NOTE

THIS EQUIPMENT IS DESIGNED FOR CONNECTION TO A
WYE OR CLOSED DELTA THREE-PHASE POWER SOURCE.
EACH AC POWER FEED IS TO HAVE ITS OWN SEPARATE
DISCONNECT.

2.8.3 Interconnection Wiring

Refer to Sheet 1 of the DX-50 Overall Schematic, 839-7855-068,
and Table 2-3 for interconnect information between the cabinets
and Step Start panel. Wires 154, 155, 156, 121, 519, 96, and 97
are part of the wiring harness in the PA Cabinet.

The Installation Kit, 992-8102-001, provides an assortment of
wire and lugs to be used between 3TB1 of the Step Start panel
and TB3 of the PA Cabinet. Enough wire is provided for a conduit
run of approximately 60 feet (18.29 meters). See drawing 3A-10
for component lay out.

The electrical interconnection between the Step Start Panel and
the PA Cabinet should be made by using conduit runs into the
top of the transmitter. Access is available through the bottom of
the transmitter for use of a wire trough. If conduit is used, 3 runs
are needed: One for the 105 KVA 3 phase feed, one for the 1 KVA
single phase feed and one for the step start control cables. The
control cables should be kept separate from any AC input to the
transmitter cabinet. Refer to Sheet 3 of the DX-50 Cabinet
Outline drawing, 839-7855-122, for drawing details of these runs
and the location of the interconnect points.
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2.8.4 Transformer Tap Settings

Tapping information for T1 and the blowers will be found on
Table 2-2, wire and fusing information will be found on Sheet 3
of the DX-50 Cabinet Outline drawing, 839-7855-122. Tapping
information for Low Voltage Supply transformer T2 is silk
screened on the center door and labeled on the transformer.

NOTE

If the line voltage falls between the 4% taps or sags when going
from no load to full load, tap Tl down to the next voltage combi-
nation to avoid unnecessary tripping of the Over Voltage Over-
load during initial turn on.

2.9 Component Installation

Some components have been removed for shipment, and will
have to be reinstalled. These components include the PA Com-
biner Output Bar and cover and Grounding Plate. Under some
shipping conditions, Qutput Network capacitors may have been
removed. For the following information, refer to Sheet 4 of the
Overall Schematic, 839-7855-068, and Sheet 1 of the Cabinet
Outline drawing, 839-7855-122.

2.9.1 PA Combiner OQutput Bar

Slide the PA Combiner Output Bar through the feed-through
between the PA Cabinet and Output Network Cabinet. Fasten the
bar between the Combiner and L1 in the Output Network using
1/4-28 hex screws and lock washers. Make sure the hardware is
securely tightened.

Next, slide the Output Bar Cover over the Output Bar. Make
sure no packing material is left inside the cover. Secure it
using 10-32 screws, flat washers, and split washers. Install the
RF Sample Assembly (T6) on top of the cover with 6-32
screws, flat washers, and split washers. Use the silkscreen on
the back of the rear access panel as a guide to ensure that the
assembly is installed in the correct direction. Wire #96 should
be connected to T6.

After the RF Sample Assembly is installed on the Output Bar
Cover, fasten the two Close-Out Panels over the feed-through
openings. One is mounted on the PA Cabinet side and the other
is mounted on the Ouput Network Compartment side.

2.10 Transmitter Grounding

The PA and Output Network Cabinets must be grounded in
addition to grounding the Step Start panel. The transmitter must
be grounded to the station ground system with copper strap at
least two inches wide and 0.020 inch thick connected to 2El in
the Output Network Cabinet. A two inch strap connects 2E1 in
the Output Network Cabinet with E1/E2 of the PA Cabinet.

All grounding points in the transmitter have a brass block to make
grounding connections. Grounding connections external to the
transmitter should be brazed.

Rev. AM:8/9/2000
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CAUTION

THE TRANSMITTER MUST BE GROUNDED WITH A LOW IMPED-
ANCE PATH. THE OUTER CONDUCTOR OF THE RF TRANSMIS-
SION LINE IS NOT AN ADEQUATE GROUND.

2.11 RF Output Connection

The RF output connection is a 3-1/8 inch gas barrier EIA flange
connector, (Female). A bullet and O-ring are provided and
packed separately. This combination allows mating to a male or
female transmission line connector. After the RF output termina-
tion is made, make sure the spark gap, E101 in the Output
Network Compartment, is set to 0.125 inches.

2.11.1 Dummy Antenna Information

It is very useful to be able to switch the transmitter RF output to
a dummy antenna for testing. This testing frequently includes
modulating with tones. With tone modulation, 100% modulation
of a 60 kW carrier produces an average power of 90 kilowatts.
Sustained asymmetrical modulation of a 50 kW carrier, with
-100% and +140% peaks, will produce 95 kW of average power
that must be absorbed and dissipated by the load. The instanta-
neous peak power under these conditions will be approximately
304 kW. When selecting a dummy load, select a power rating
Table 2-3. Interconnect Wiring Check List

Scction II - Installation

sufficient for the type of testing to be done. The peak power
should be considered when selecting a water cooled load.

2.12 Customer Interface Connections
The following paragraphs include information on customer in-
terface connections for:

¢ Audio Input

e Frequency and Modulation Monitors

o External Interlocks

o External RF Input
Refer to paragraphs on Remote Control connections for a de-
scription of various interface connections.

2.12.1 Audio Input

Use a shielded pair audio cable for connection between process-
ing equipment and Audio Input terminal TB3 on the External
Interface. The External Interface is located at the top of the right
side wall in the Center Control Compartment.

Audio input connections are as follows:

o TB3-1: Shield (to transmitter chassis ground).
e TB3-2: Audio (+)

PA/OUTPUT CABINET INTERCONNECT
154 F17 2TBI1-1 OUTPUT NETWORK CABINET
155 F18 2TB1-2 SAME
156 F19 2TB1-3 SAME
121 A27-17 2J1 SAME
519 A27-J1 A26-J1 OUTPUT SAMPLE BOARD IN OUTPUT NETWORK CABINET
96 Al17-]13 T6 PA CABINET, PA COMBINER OUTPUT BAR AND COVER ASSEMBLY
STEP START PANEL INTERCONNECT
1 3TB1-1 TB3-1 SINGLE PHASE AC INPUT TO PA CABINET *
2 3TBI1-2 TB3-2 SINGLE PHASE AC INPUT TO PA CABINET *
3 3TBI1-3 TB3-3 GROUND
8 CONDUCTOR CABLE
SHIELD 3TB1-4 TB3-4 **
BLK 3TB1-5 TB3-5 **
BLU 3TB1-6 TB3-6 **
BRN 3TBI1-7 TB3-7 ** * NOTE: #1, #2, & #3 are 14 AWG. Electric
GRN 3TB1-8 TB3-8 ** code may require differrent wire size being
ORN 3TB1-9 TB3-9 ** used.
RED 3TB1-10 TB3-10 **
WHT 3ITBI1-11 TB3-11 ** ** NOTE: This is only a suggested order to follow.
15 3ITBI1-15 TB3-15 K1 AND K2 COIL VOLTAGE The color coding may vary between different wire
16 3TBI1-16 TB3-16 K1 AND K2 COIL VOLTAGE manufactures. (e.g. BRN substituted with
2 CONDUCTOR CABLE RED/BLK. YEL substituted with WHT/BLK.
SHIELD 3TB1-14 TB3-14 The important thing is to maintain the 1 to 1
BLK 3TB1-17 TB3-17 interconnect between 3TB1 and TB3.)
WHT 3TB1-18 TB3-18 NOTE: YEL or 8th does not need to be connected.
(Note: WHT may be clear or RED.)

Rev. AM:8/9/2000
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e TB3-3: Audio (-)
¢ TB3-4: Optional shield connection, capacitively coupled to
transmitter chassis ground.
Audio Input TB3 is shown on sheet 2 of the DX-50 Overall
Schematic, 839-7855-068. The following paragraphs include
additional information which may be useful in planning and
connecting the audio input.

2.12.1.1 Shield Connections

The audio input cable shield should be grounded at only one end,
either at the processor or at Audio Input terminal TB3-1. Con-
necting the shield at both ends can result in ground loop problems
and increased system noise. Audio Input terminal TB3-4 pro-
vides an AC coupled path to the transmitter cabinet. In some
installations, lower noise may be obtained by connecting the
audio cable shield to this terminal.

2.12.1.2 Polarity

If the audio processor has output terminals marked *“+” and *-”,
connect one wire of the audio pair (typically red) between the
processor’s “+” output and the transmitter’s “+” input terminal,
and connect the other wire (typically black) between the *“-”

terminals.

2.12.1.3 Audio Source Impedance

The transmitter uses a Bessel filter at the audio input to obtain
superior overshoot performance. Performance of this filter de-
pends on the source impedance of the processing equipment. The
load impedance of the processing equipment is not necessarily
its source impedance; for example, modern equipment may be
specified for a 600 Ohm load but have a very low source imped-
ance, 50 Ohms or less.

2.12.14 Selecting Source Impedance

A white Molex connector on audio input cable number 100, from
the External Interface, plugs intoJ 1, J2, or J3 on the Analog Input
Board. Source impedance for each input is silk screened on the
board. For optimum performance and best high frequency re-
sponse, use the jack labeled with an impedance closest to the
source impedance of the processing equipment.

This connection is NOT critical; using the wrong connector may
result in some overshoot or undershoot on square waves and a
slight change in audio frequency response (typically less than 1
dB at 10 Khz). If the processing equipment source impedance
cannot be determined, try “Rs = 600 Ohms” for older transformer
equipment, and “Rs less than 50 Ohms” for newer equipment
with direct coupled operational amplifier outputs.

2.12.2 Modulation Monitor Connection

If a modulation monitor is used at the transmitter site, run a 50
Ohm coaxial cable from BNC jack J5 on the Output Monitor to
the modulation monitor input. The Output Monitor is located at
the top of the left side wall of the Center Control Compartment.
If the modulation monitor has a high input impedance rather than
an internal 50 Ohm termination, a 50 Ohm, 3 to 5 Watt termina-
tion should be placed across the Modulation Monitor input
terminals.

Do not connect the coaxial cable to the monitor until instructed
to do so during the Initial Turn On Procedure.
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2.12.3 Frequency Monitor Connection.

If a frequency monitor is used at the transmitter site, a coaxial
cable should be run from BNC jack J5 on the Oscillator to the
frequency monitor input. The Oscillator is located toward the
bottom of the right side wall in the Center Control Compartment.
The RF sample at J5 is a 5 V peak unmodulated signal, at the
transmitter carrier frequency.

2.12.4 External RF Input

An external RF input from a frequency synthesizer or AM Stereo
exciter is connected to J2 on the Oscillator. Jumper P3 on the
Oscillator should be moved to the 1-2 position. Jumper PS5 on the
Oscillator should be used to select the correct impedance for the
external RF source. Refer to SECTION A, Oscillator, for addi-
tional information.

2.12.5 External Interlock (Failsafe)

The External Interlock should be used for any function which
should turn the transmitter OFF by turning off the high voltage
supply. Examples include Failsafe connections and safety inter-
locks on phasor cabinets or other enclosures which could expose
personnel to RF when opened.

More than one External Interlock can be used by connecting the
normally closed interlock switches in series. All External Inter-
lock switches should be closed when the interlocked enclosure
or circuit is in the safe condition, and should open when in the
unsafe or fault condition.

External (remote) Control interface connections are made at TB1
and TB2, at the top of the right side wall in the Center Control
Compartment. Terminal information is silk screened on the back
of the Driver Compartment door.

EXTERNAL INTERLOCKS should be connected between
TBI1-1 and TB1-2.

a. A CLOSED circuit between TB1-1 and TB1-2 allows the
transmitter to turn ON.

b. An OPEN circuit between TB1-1 and TB1-2 turns the
transmitter OFF by interrupting the 24 Vac coil voltage for
the External Interlock relay K3. The transmitter cannot be
turned on again as long as there is an OPEN circuit between
the External Interlock terminals. The 24 Vac is fused at 1
Amp by F24. External interlock contacts and wiring
should be rated for 1 Ampere AC current.

c. If NO External interlocks are used, a jumper must be
connected between External Interlock terminals TB1-1
and TB1-2.

NOTE

Do not use the External Interlock for antenna pattern switching,
which requires only a brief interruption of RF output. The EX-
TERNAL PA TURN OFF connection, described under Remote
Control connections later in this section, should be used for that
purpose.
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2.13 Pre-Turn On Checks
(Mechanical)

Although appropriate packaging and shipping precautions are
taken before the equipment leaves the factory, hardware some-
times works loose during shipment. The transmitter should be
checked for any debris, loose hardware and loose connections
before applying primary power. Pre-turn on checks and inspec-
tion should include:

a. Check for debris and loose hardware, both in the transmit-
ter and in the AC power panel.

b. Check for loose connections, in particular at the following:

1. Filter capacitors

2. High voltage and low voltage supply rectifier diodes
3. Output network clips, insulators, and hardware

4. PA Power supply transformer

5. Low voltage supply transformer

c. Check RF drive cable connectors. Ensure that cable con-
nectors are properly locked into their printed circuit board
sockets.

d. Check ribbon cable connectors. Ensure that cable connec-
tors are properly locked into their printed circuit board
sockets.

e. Ensure that output network connections and coil taps are
tight, especially at high current points. (Over tightening
can strip threads or break bolts, especially where brass
hardware is used).

f. Ensure that no shipping ties, blocks, or tape remain.

2.14 Pre-Turn On Checks (Electrical)
Before initial turn on, ensure that the following items have been
completed:
a. A ground strap must be properly connected between the
transmitter and the station earth ground.

b. AC input wiring must be properly connected and connec-
tions must be tight.

c. The transmitter RF output must be properly terminated
with a suitable load capable of handling rated output
power. This can be either an antenna system or a dummy
load.

. External interlocks must be satisfied.
Audio input must be properly connected.
Monitoring equipment is properly connected.

. SECTION III, Operators Guide, in this technical manual
should be read and understood.

e ™o oa

2.15 Initial Turn On Procedure

The initial turn on procedure provides checks or adjustments in
the following sequence:

Rev. AM:8/9/2000
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Low Voltage Power Supply test.
. Underdrive overload test.

PA Power Supply check.

. Fanrotation check.

Driver operation check.
Raise/Lower Function check.

. Power Amplifier turn on check.

TR oo a0 o

. Setting RF monitor levels.
Modulation check.
Setting Audio Input level.

. Audio Input phasing check.

—

Battery Backup for controller.
m. Recording normal meter readings.

If all Installation Procedures up to this point have been com-
pleted, the transmitter is ready to be powered up by the following
sequence. Each step assumes the preceding step has been suc-
cessfully completed.

IFYOUMUSTENTERANY PART OF THE TRANSMITTER EXCEPT
THE FRONT NON-INTERLOCKED COMPARTMENTS, TURN OFF
THE TRANSMITTER BY DEPRESSING THE “OFF”BUTTON, SET
THE REMOTE/LOCAL SWITCH ON THE STATUS PANEL TO “LO-
CAL,” AND REMOVE SINGLE PHASE AND THREE PHASE PRI-
MARY POWER AT THE MAIN DISCONNECT.BEFORE REMOVING
PANELS OR OPENING DOORS, VERIFY THAT THE PA POWER
SUPPLY IS DISCHARGED BY CHECKING “SUPPLY VOLTS” ON
THE FRONT PANEL MULTIMETER.

CAUTION

GROUNDING STICKS ARE PROVIDED INSIDE THE TRANSMIT-
TER AND SHIOULD BE USED TO ASSURE THAT ALL HIGH VOLT-
AGE HAS BEEN REMOVED.

CAUTION

WHEN WORKING IN THE FRONT NON-INTERLOCKED COM-
PARTMENTS, BE CAREFUL NOT TO GROUND ANY CONNEC-
TIONS WHICH ARE STILL ENERGIZED. THIS INCLUDES ALL
LOW VOLTAGE CIRCUITS IF THE LOW VOLTAGE SWITCH CIR-
CUIT BREAKERS CBI AND CB2 HAVE NOT BEEN SET TO THE
“OFF” POSITION.

CAUTION

IF ANYABNORMALITIES ARE ENCOUNTERED IN THE FOLLOW-
ING STEPS, STOP THE PROCEDURE AND REFER TO THE TROU-
BLESHOOTING SECTION OF THIS TECHNICAL MANUAL.

Find the packet shipped with the transmitter entitled Factory Test
Data. This data should be used as reference during the initial turn
on procedure.

2.15.1 Power Supply Test

This test will be the first application of single phase AC power
to T2, Low Voltage transformer. This will energize the control
circuitry and allow Low Voltage meter readings to be taken.
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TURN OFF SINGLE PHASE AND THREE PHASE PRIMARY
POWER AT THE MAIN DISCONNECT BEFORE REMOVING ANY
REAR PANEL.

a. Remove the rear access panels from the RF Amp Compart-
ment and locate the two Fuse Boards (A24/A25).

b. Remove F20 located on High Voltage Transformer T1
terminal deck; F21 and all other fuses on T1 remain.

¢. Remove F1 through F8 on the A25 Fuse Board and F1
through F9 on the A24 Fuse Board. Fuse F10 remains on
the A24 Fuse Board to provide 115 VDC for the Driver
stage. This will minimize inrush current in case of a
problem in the step start sequence or control.

NOTE
Before replacing the rear access panels, make sure nothing is
shorting out the supply. With an Ohmmeter, measure the resis-
tance of the +230 Vdc supply between the heavy copper buss bar
on the fuse boards and ground. With the positive lead on the
supply, the resistance should be approximately 500 Ohms +/-
10%, which is the resistance of the PA Discharge circuit. Re-
member that 59, $10, and 512 short out the supply when any of
the interlocked RF Amp Compartments behind the front doors
are open.
d. Replace the rear access panels and apply SINGLE phase
AC power to the transmitter at the main disconnect. DO
NOT APPLY THREE PHASE POWER AT THIS TIME.

e. Turn the Low Voltage Power Supply circuit breakers CB1
and CB2 in the Center Control Compartment to the ON
position.

f. All transmitter front panel ColorStat™ panel indicators
should be either red or green (except for the Remote LED,
which will not be illuminated when in the LOCAL posi-
tion). Indicators are bi-color LED’s (except for Local and
Remote indicators, which are single LED’s).

g. Switch the front panel MULTIMETER to the -8 Vdc, +8
Vdc, -22 Vdc, and +22 Vdc positions and check the read-
ings against the Factory Test Data. These readings should
be within 10% of the Factory Test Data readings. The
readings will be slightly lower when the +230 Vdc PA
Power Supply is energized.

NOTE
If the readings are not within 10% of the Factory Test readings,
turn off CB1 and CB2, remove primary AC power at the main
disconnect and review the connections to Low Voltage Trans-
Sormer T2.

2.15.2 Underdrive Overload Test

The following test simulates an Underdrive fault condition by
bringing the transmitter up with 3 phase primary AC OFF. The
importance of this test is to assure that the RF drive sensing
circuitry is functional. Proper drive level is critical to prevent
failures in any of the RF amplifiers, RF1 through RF128, in the
Power Amplifier stage. There are other fault conditions that will
be detected by the Underdrive Overload circuit that are not RF
related failures: i.e. A short across the PA Power Supply during
the step start sequence. Refer to Section IV, Overall System
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Theory, and Section VI, Troubleshooting, for a more detailed
understanding of Underdrive overload.
a. Single phase AC power ON, three phase AC power OFF.
b. Depress the LOW power button. Observe the following:
1. K1 step start contactor should energize, quickly drop
out, energize, then drop out a second time.
2. The Underdrive LED on the ColorStat™ panel should
change RED until the display is reset.
3. K2 in the Step Start Panel should not energize.
4. These events should all occur within two seconds.

2.15.3 PA Power Supply Check
This test will be the first application of three phase AC power to
T1 and will energize the +230 Vdc, +115 Vdc, and +60 Vdc
supplies. It will also determine that the step start sequence is
operating properly.
a. Single phase AC power ON, three phase AC power ON.
b. Place the PA OFF switch, S2, located on the Controller, in
the OFF (up) position.
¢. Rotate the front panel Multimeter switch to the PA SUP-
PLY +VDC position.
d. Depress the LOW power button and observe one of the
following:

1. Step start sequence completes, PA supply voltage
comes up to +255 Vdc +/-5%.

or
2. Step start sequence drops out due to an Underdrive
fault. or

3. Step start sequence drops out due to an Overdrive
and/or Overvoltage fault.

e. Ifstepdl. was observed, proceed to the Fan Rotation check

f. If step d2. was observed, temporarily disable the Under-
drive overload by placing a clip lead on the LED Board
between TP8 and GND (ground), and then repeat the test.

g. If step d3. was observed, retap T1 to lower the supply
voltage and then repeat the test.

h. Depress the OFF button and observe the PA SUPPLY
+VDC on the Multimeter. The voltage should drop to zero
very quickly. If the voltage bleeds off slowly, troubleshoot
the PA Supply Discharge Circuit (Crowbar). Refer to
Sheet 1 of the DX-50 Overall Schematic, 839-7855-068,
in the Drawing Package for details of the PA Supply
Discharge circuit.

i. Repeat the procedure to verify the step start sequence is
functioning properly. The sound of K1 and K2 is propor-
tional to their size.

2.15.4 Fan Rotation Check

The fan motors are three phase and correct rotation must be
verified. If necessary, two of three AC input wires must be
interchanged at 2TB1 in the Output Network Cabinet. Use the
following procedure:
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interchanged at 2TB1 in the Output Network Cabinet. Use the
following procedure:

a. Single phase ON, three phase ON, CB 1 and CB2 ON, PA
Off switch S2 OFF.

b. Depress the LOW power button and hold a piece of paper
against one of the air filters at the rear of the Output
Network Cabinet. Correct fan rotation will pull air in and
hold the paper in place.

c. If there is incorrect air flow, the transmitter may turn off
again after 20 seconds, and the AIR INTERLOCK indica-
tor on the ColorStat™ panel will indicate RED.

d. Depress the OFF button.

e. Remove the left upper air filter on the back of the Output
Network Cabinet and observe the rotation of the coasting
fans. (The fans are located at the left side of the Output
Network Compartment as viewed from the back of the
transmitter). All four fans should be rotating CCW (coun-
terclockwise).

f. If the rotation is correct, reinstall the air filter.

g. IF ROTATION IS NOT CORRECT:

DISCONNECT SINGLE PHASE AND 3 PHASE PRIMARY POWER
AT THE MAIN DISCONNECT BEFORE REMOVING ANY REAR
PANEL.

1. Remove the left rear access panel from the Output
Network Compartment.

2. Disconnect and interchange ANY TWO of the three
wires 1, 2 or 3 connecting the fans to 2TB1. (Inter-
changing any two of three wires to a three phase motor
will reverse its direction of rotation).

3. Reinstall the access panel on the Output Network Com-
partment. Reapply single phase and three phase primary
AC power to the transmitter.

h. Ensurethat all rear panels are in place. Turn the transmitter

ON by depressing the LOW power button.

i. When the transmitter is turned ON, the AIR interlock LED
on the ColorStat™ panel will extinguish. It will then come
back on after 20 seconds, as follows:

1. GREEN: Air pressure is okay.
2. AMBER: Air pressure reduced.

3. RED: Air pressure FAULT. The fault will also turn the
transmitter OFF.

An Air Pressure Fault indicates insufficient air. Likely causes
include a back panel not installed or fastened at all points,
incorrect blower tap connections on the primary of T1 or incor-
rectly adjusted circuit on the Driver Encoder/Temp Sense Board.
Correct taps for blower wires 123, 124 and 125 are listed on Table
2-2. The adjustment procedure for the airflow switch is in SEC-
TION V, Maintenance.
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2.15.5 Driver Operation Check

If a stereo generator, frequency synthesizer, or other external RF
source equipment is used, it must already be installed and opera-
tional.

a. Remove the clip lead between TP8 and GND on the LED
Board if used in checking out the PA Power Supply.

b. The PA OFF switch S2 on the Controller should be OFF
(up).

c. Apply single phase and three phase primary power at the
main disconnect.

d. Low voltage circuit breakers CB1 and CB2 in the trans-
mitter should be ON.

e. Depress the LOW power button.

f. Rotate the front panel Multimeter switch to the RELA-
TIVE RF DRIVE position and compare the reading with
the Factory Test Data.

g. Locate the RF MULTIMETER on the inside of the Driver
Compartment door. Compare all readings with the Factory
Test Data. Voltage readings D8A and D8B may difter from
Factory Test Data, depending on the AC line voltage. If the
D8A reading is low, check to see if the AUTO circuit on
the Driver Encoder/Temp Scnse Board has turned on
Driver Module D7. This will be indicated by the AUTO
LED on the Driver Encoder/Temp Sense Board in the
Driver Compartment. This is a normal function of this
circuit and does not affect transmitter operation adversely.
If the Underdrive or Overdrive circuits on the transmitter
do not turn the transmitter OFF, the drive level is correct.
NO TUNING OF THE DRIVER STAGE SHOULD BE
NECESSARY.

2.15.6 Raise/Lower Function Check

The normal time interval for running the power level from zero
to 60 kW is approximately 50 seconds. With the +230 Vdc PA
Power Supply energized, lower the power level to zero on all 3
positions, LOW, MED, and HIGH, by holding the LOWER push
button for 10 seconds in each position, while simultaneously
depressing S1 on the Controller. Switch S1 speeds up the
RAISE/LOWER command by more then 5:1. After all three
positions have been LOWERED, turn the transmitter OFF by
pressing the OFF button.

2.15.6.1 Power Limit Jumpers

As shipped from the factory, the maximum power level for the
LOW, MEDIUM, and HIGH power positions is 60 kW. The
maximum LOW power setting may be limited to 15kW by
moving jumpers P3 and P4 on the Controller board from position
1-2 to position 3-4. The maximum MEDIUM power setting may
be limited to 30 kW by moving jumpers P1 and P2 on the
Controller board from position -2 to position 3-4.

2.15.7 Power Amplifier stage Turn On Check

If a 50 Ohm resistive dummy load is used for initial check of the
Power Amplifier stage, only minimum adjustment of the TUN-
ING and LOADING controls will be necessary. When the
transmitter is then connected to the antenna or if the antenna is
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used for the initial Power Amplifier stage check, additional
adjustments to the DETECTOR NULL (ANTENNA) circuitry
may be required.

DISCONNECT SINGLE PHASE AND THREE PHASE PRIMARY
POWER AT THE MAIN DISCONNECT BEFORE REMOVING ANY
REAR PANEL.

a. Remove therear access panels from the RF Amp Compart-
ment and replace fuse F20 on T1 and all fuses removed
from the A24 and A25 Fuse Boards.

b. Replace all rear panels and apply single phase and three
phase AC power to the transmitter. The Low Voltage circuit
breakers CB1 and CB2 should be ON and the PA OFF
switch S2 on the Controller should be OFF (up).

c. Depress the LOW power button. The +230 Vdc PA Power
Supply should come up as in the RF drive checkout.
Compare all meter readings with Factory Test Data.

d. Turn the PA OFF switch S2 on the Controller to the ON
(down) position.

e. Change the front panel Multimeter switch from the PA
+VDC to the DETECTOR NULL (ANTENNA) position.
The power meter selector switch should be in FWD.

f. Raise the output power by depressing the RAISE button.
Observe the following while raising the power:

1. Power and Current should increase.

2. DETECTOR NULL (ANTENNA) indication may be-
gin to rise depending upon the degree of mismatch
between the station load and the factory test load,
especially if the transmitter is into the antenna. This
may causc ANT VSWR trips and prevent full power
operation until this circuit is adjusted.

3. If ANT VSWR trips occur, the Antenna VSWR Phase
Angle Detector on the Output Monitor will have to be
adjusted. The Bandpass Filter VSWR Phase Angle De-
tector may also require adjusting, but should be done
after the TUNE and LOAD controls are adjusted for the
proper PA voltage/current ratio.

In brief, adjust C15 and L 12 on the Output Monitor for minimum
reading on the multimeter DETECTOR NULL (ANTENNA)
position. Adjust C16 and any of the coils (L5, L6, L7, or L8)
switched in by S7 on the Output Monitor for a minimum reading
on the DETECTOR NULL (FILTER) position. Refer to SEC-
TION V, Maintenance, for the Output Monitor adjustment pro-
cedures.

2.15.7.1 Tuning for Voltage/Current Ratio
a. At 50 kW power output, the PA Supply Current should be
between 2 10A and 245 A depending on the AC line voltage.
Refer to the Factory Test Data and use the following
information to help tune the transmitter for the correct PA
Supply Voltage/Current ratio.
1. Power Output (meter)

2. PA Voltage
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3. PA Current
4. PA Efficiency
5. # of Steps turned on

b. The RAISE control determines the number of steps (PA
Modules) turned on. When a PA Module is ON, the green
LED on the module is illuminated. With a PA Power
Supply voltage of +230 Vdc, there should be 47 PA Mod-
ules on for 50 kW output.

c. The LOADING control adjusts the PA Supply Current and
power output. With a PA Power Supply voltage of +230
Vdc, PA Supply Current should be between 220 and 230
Amps.

d. The TUNE control is adjusted for a PEAK in power output.
This control is rather broad, especially at the low end of
the medium wave band.

2.15.8 Setting Modulation Monitor Sample Levels

An adjustable 1 to 10 Volt RMS signal is available at the Output
Monitor. The RF sample is set for the proper level at the LOW-
EST operating power by adjusting 2L7 in the Output Network
Compartment. When the LOW Power sample level has been set,
MEDIUM and HIGH power levels are adjusted by R7 and R8 on
the Output Monitor.

a. Set the LOW power output of the transmitter to the lowest
power that will be required for normal operation.

b. Measure the RF voltage level at the monitor. If the level
must be increased or decreased to meet modulation moni-
tor input voltage requirements, the tap on 2L7 must be
adjusted.

TURN OFF ALL SINGLE PHASE AND THREE PHASE PRIMARY
POWER AT THE MAIN DISCONNECT BEFORE REMOVING ANY
REAR PANEL.

c. Remove the rear right panel from the Output Network
Compartment.

d. Locate Modulation Monitor sample coil 2L7 connected to
the RF output flange. To DECREASE the sample voltage,
move the tap closer to the grounded end of the coil. To
INCREASE the sample voltage, move the tap away from
the grounded end of the coil. Move the tap 1/4 turn in the
desired direction. Be careful not to short adjacent turns
when positioning the clip.

e. Replace the Output Network Compartment rear panel.
Reapply single phase and three phase AC primary power
at the disconnect switch. Depress the LOW power switch.

f. Measure the RF sample voltage. Repeat the coil adjust-
ment procedure until the desired sample voltage for the
LOW power setting is obtained.

When the LOW power sample level is satisfactory continue with
the following steps:
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Table 2-4. Minimum Recommended Control and

Section II - Installation

CONNECTION

CONTROLS:

1. TB1-22, TB1-24
2.TB1-26, TB1-28
3. TB1-30, TB1-32
4. TB1-25, TB1-27
5.TB1-29, TB1-31
6. TB1-33, TB1-35
7. TB1-38, TB1-40

METERED PARAMETERS:
1.TBI1-3
2.TB1-4
3.TBI-5
4. TB1-6

FUNCTION

HIGH power control
MEDIUM power control
LOW power control
LOWER control

RAISE control

OFF control
OVERLOAD RESET

FORWARD POWER
REFLECTED POWER
SUPPLY CURRENT
SUPPLY VOLTAGE

(Use TB1-19 for ground return for remote metering outputs).

OVERLOAD AND FAULT INDICATIONS:

1. TB2-9

2.TB2-24
3. TB2-25
4. TB2-33

LOAD VSWR occurred
SUPPLY VOLTAGE overload
SUPPLY CURRENT overload
Type 3 FAULT

(Use TB2-19 or TB2-20 for ground return).

STATUS INDICATIONS:
1.TBI-15
2. TB1-16
3.TB1-17
4. TBI-18
5.TBI1-20

LOWER indication

HIGH POWER indication
RAISE indication

MEDIUM POWER indication
LOW POWER indication

(Use TB1-13 or TB1-14 for ground return).

ADDITIONAL DESIRABLE STATUS INDICATIONS:

10. TB2-22
11. TB2-26
12. TB2-27
13. TB2-28
14. TB2-29
15. TB2-30
16. TB1-21,23

The “PA OFF” control input is normally connected to the Phasor or Antenna Switching control unit for antenna pattern switching.

EXTERNAL INTERLOCK OPEN indication
UNDER-DRIVE fault

OVER-DRIVE fault

AIR OVERLOAD

HIGH VOLTAGE SUPPLY FAILURE
CURRENTLY UNDER LOCAL CONTROL
PA OFF

Rev. AM:8/9/2000
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g. Turn R7, MEDIUM power moduiation monitor sample
adjustment, on the Output Monitor fully CCW (counter-
clockwise).

h. Turn the transmitter on at MEDIUM power, or, if the
transmitter is already on at another power level, depress
the MEDIUM power switch. Use the RAISE and LOWER
buttons to set the MEDIUM power output.

i. Adjust R7 on Output Monitor until the sample voltage at
the modulation monitor is the SAME as it was in the LOW
power position. This adjustment can be made while the
transmitter is operating.

j. Turn R8, HIGH power modulation monitor sample adjust-
ment, on Output Monitor, fully CCW.

k. Turn the transmitter on at HIGH power, or, if the transmit-
ter is already on at another power level, depress the HIGH
power switch. Use the RAISE and LOWER buttons to set
the HIGH power output.

I. Adjust R8, on Output Monitor, until the sample voltage at
the modulation monitor is the SAME as it was in the LOW
and MEDIUM position.

m. Switch between LOW, MEDIUM, and HIGH power to
verify that the Modulation Monitor sample is the same for
all three power levels. If necessary, readjust R7 or R8 so
that all sample voltages are the same.

2.15.9 Modulation Check

During the modulation check, it is helpful to monitor the RF
envelope on an oscilloscope connected in parallel with the Modu-
lation Monitor RF sample. Check for proper modulation at
various power levels, as follows:

a. Connect an audio generator to the audio input.

b. Turn the transmitter on at LOW power. Apply a low level
audio sine wave at 1 kHz. Increase the generator output
until modulation level is approximately 50%.

c. Observe the modulated RF signal on the oscilloscope. The
modulation envelope should be a smooth sinewave, with
no steps, notches, or other distortion. (If a distorted enve-
lope is observed, check the audio generator output with the
oscilloscope before assuming there is a transmitter prob-
lem. Sometimes, defective test equipment is the problem
rather than the equipment being tested).

d. Switch to MEDIUM and then to HIGH power. The trans-
mitter will maintain the same modulation level. Again,
observe the modulated RF signal on the oscilloscope. The
modulation envelope should still be a smooth sinewave.

e. Increase the modulation to 95% negative peak modulation.
Observe the waveform again at all power levels.

f. Check all meter readings against the Factory Test Data
sheets for meter readings with modulation. Meter readings
should be close to factory readings.

g. Note that the front panel CURRENT meter reading depends
on power output AND modulation level. The meter reads the
average current returning to the PA Power supply. Because
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PA voltage is fixed, PA current depends on transmitter
output power, which varies with modulation.

2.15.10 Setting Audio Input Level

The Audio Input sensitivity of the transmitter is adjusted with the
AUDIO GAIN ADJ control, R15, on the Analog Input Board.
The Analog Input Board is located below the Output Monitor on
the left wall of the Center Control Compartment. Use the follow-
ing procedure for this adjustment:

a. Determine the stations’s reference audio level for 100%
modulation. (Typical levels are O Dbm or +8 dBm, but the
transmitter can accommodate reference levels from -10
dBm to +10 dBm at 600 Ohms.)

b. Switch the transmitter to MEDIUM power. Set the output
level from the audio generator to the station’s reference
value for 100% modulation. (If you are using an output
level meter on the audio signal generator, be sure that the
generator is operating into the proper impedance. Some
audio signal generator meters are accurate only with the
correct load.)

c. Locate R15, Audio Gain Adjust, onthe Analog Input Board
and adjust for a modulation level of 100%, as read on the
modulation monitor. This completes audio input level ad-
justment.

2.15.11 Audio Input Phasing Check (Optional).

This is not a transmitter check, rather, it is a system check. The
transmitter is capable of positive peak modulation of +125% or
greater at 55 kW carrier power, and even higher positive peak
modulation at 50 kW or less. An audio phasing check may also
be included in the manuals for the audio processing equipment.

In the United States and many other countries, positive peak
modulation up to +125% is permitted. If regulations at your
location permit, and you have audio processing equipment with
asymmetrical output, you may wish to verify that your audio
input is phased correctly. Proceed as follows:

a. You will need a program source or audio frequency gener-
ator with asymmetrical output, audio processing equip-
ment capable of providing positive peaks over +100%, and
a modulation monitor with a negative 100% peak flasher
and an adjustable positive peak flasher. (An audio gener-
ator with an asymmetrical audio frequency output is ideal
for this check, but is not available at most stations).

b. Turn the transmitter on, at any power level, and modulate
with asymmetrical audio or with program. Adjust the
program level so that negative peaks just reach -100%.

¢. Observe positive peak modulation levels.

o If positive peaks are approximately 100%, you don’t have
a program source with higher positive peaks than negative
peaks, or possibly your processing equipment is not ad-
justed properly.

e If positive peaks are LESS than 100%, try reversing the two

audio signal leads, either at the audio output supplying the
transmitter or at the transmitter audio input terminals.
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o If positive peaks are GREATER than 100%, your audio
input phasing is correct.

2.15.12 Controller Battery Backup

Three AA alkaline batteries are used for Controller power mode
and power level memory backup. These will enable the transmit-
ter to return to operation at the correct power level after an AC
power failure longer than two hours at 72 degrees F (25 degrees
C). A 1 Farad capacitor supplies backup for AC power failures
shorter than 2 hours.

Thebatteries should be installed AFTER the Low Voltage circuits
have been energized to prevent battery drain by the 1 Farad
capacitor. The batteries can be installed while the transmitter is
ON. (Do NOT use rechargeable batteries, such as NiCad cells.
The cell voltage is not high enough for reliable operation).

2.15.13 Recording Normal Meter Readings

We strongly recommend that a permanent record of ALL meter
readings be made, with carrier only (no modulation) and with
modulation at one or more levels (-95% should be one level). The
form at the end of this section provides an outline. Data should
be taken using the primary or main antenna system and adummy
antenna (dummy load) if one is available, because adummy load
will provide the most repeatable set of conditions.

2.16 AM Stereo Installation and Tuning
Hints

The transmitter is stereo ready in terms of interfacing with the
stereo exciter. The most difficult part of making a transmitter
stereo ready is minimizing the IQM, increasing RF bandwidth,
and reducing L-R noise. All these were taken into consideration
in the design of the transmitter. This results in a transmitter which
essentially requires NO compromise of efficiency, tuning, or
mono performance to obtain the best stereo performance. When
most controls are set for best stereo performance, the other
performance areas are also optimized.

2.16.1 Interfacing For Stereo

Connect the RF output of the stereo exciter through a BNC cable
to J2 on the Oscillator. Move Jumper P3 to position 1-2. This
enables the external drive input. Move P5 to position 1-2 for most
TTL exciter RF outputs. This is a 20k Ohm termination. Move
P5 to 1-3 fora 50 Ohm termination needed for higher level exciter
RF outputs.

2.16.2 Bandpass Tuning 2C1

The Bandpass tuning is the only control that will affect the
Incidental Phase Modulation (IPM) of the transmitter. Normally,
the Bandpass tuning is adjusted for peak power output on the
power meter, and then turned approximately one turn counter-
clockwise off the peak on the inductive side of resonance. This
typically optimizes efficiency, IPM and mono THD and IMD.
The bandpass tuning can be adjusted while the transmitter is ON
and modulating.
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NOTE

THE TUNING CONTROL SHOULD NOT BE ADJUSTED
MORE THAN 2000W OFF OF THE POWER PEAK. MOST EF-
FICIENT OPERATION OCCURS AT OR NEAR THE POWER
PEAK. TUNING OFF THE PEAK IN THE CAPACITIVE
(CLOCKWISE) DIRECTION CAN REDUCE EFFICIENCY AND
CAUSE EXCESSIVE HEATING OF THE RF AMPLIFIER MOD-
ULES.

2.17 Remote Control Connections

The following paragraphs include basic information on remote
control interfacing. Remote Control connections (including con-
nection to extended control panels, if used) will be different for
each installation.

The Customer Interface for remote control, metering, and status
monitoring is compatible with nearly all remote control systems.

If the remote control system does not have enough channels
available for all control and status functions, Table 2-4 lists the
minimum recommended control and monitor functions.

All connections are made on TB1 and TB2 in the Center Control
Compartment. Sheet 3 of the External Interface schematic, 839-
7855-090, in the Drawing Package shows the list of remote
control functions with a letter (A through E) placed next to each
terminal number. This letter refers to the Characteristic Key on
the diagram. Each Characteristic Key provides schematics and
information which will be useful when planning interfaces to a
remote control unit or to an extended control panel. For detailed
information, including typical interfaces, refer to SECTION N,
External Interface.

2.17.1 Control Inputs

Control Inputs are isolated by optoisolators on the External
Interface. This permits maximum flexibility, allowing use of
voltage sources provided on the External Interface or external
voltage sources. Control inputs can be a relay contact closure,
switch closure, or transistor switch. Control inputs may be iso-
lated from ground, or can be switched to ground by a positive or
negative voltage. Each remote control input uses a “+” and *-”
terminal on TB1 or TB2. Applying a voltage between the termi-
nals is the same as depressing the corresponding button or
operating the corresponding switch on the transmitter. Voltage
applied to these terminals should be between 15 and 29 Volts;
corresponding currents are 40 to 70 milliamperes. For conven-
ience, +15 Vdc and -15 Vdc sources (at 175 mA maximum
current) are provided at TB1-11 and TB1-12, respectively.

2.17.2 Analog Monitoring Outputs

These remote meter readings monitor voltages, currents, power
levels, and other analog parameters. When a high impedance
remote control system input is connected to a Monitor Output
terminal, the nominal output will be +3.4 Volts (or -3.4 Volts to
monitor -22 V and -8 V supplies) when the transmitter is operat-
ing at 50 kW. This allows for some increase in readings while
still remaining within the 4 Volt input limit of remote control
systems such as the Harris Sentinel. If the remote control system
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input is not high impedance, the loading on the monitor output
will reduce the output voltage.

2.17.3 Status Monitoring Outputs

These are open-collector outputs to ground. When the corre-
sponding status indicator is illuminated at the transmitter (or
when a ColorStat™ panel LED is RED), the transistor turns ON
and provides a current sink from the status output to ground.
These status outputs can switch a 6 or 12 Vdc low-current relay,
or can provide a logic LOW output when a pull-up resistor to +5
to +15 Vdc is used. Maximum safe voltage at a status output
terminal is +15 Vdc and maximum safe current into a status
output is 100 mA.

2.17.3.1 Explanation Of Selected Remote Control Functions
Most remote control functions and monitor outputs are the same
as the corresponding functions or indications in the transmitter.
Some indications and functions will, however, be explained here
to aid in planning and installing a remote control system.

a. OFF Control: Use for normal transmitter turn-off, for
example, at the end of the operating day. The external OFF
control operates the same as the front panel OFF button
and turns off the PA Power supply.

b. EXTERNAL PA TURN OFF: Use to remove RF output
during antenna pattern switching or for other RF switching
operations. Because the transmitter RF output returns as
soon as the PA Turn Off control input voltage is removed,
PA Turn Off MUST NOT be used for failsafe or safety
interlock purposes. A PA Turn Off input turns all PA
Modules OFF through modulator section action, causing
RF output to go to zero. The PA is held OFF as long as the
External PA Turn Off input is active. As soon as the
External PA Turn-Off signal is removed, the transmitter
immediately comes back up to its pre-set operating power.
The External PA Turn-Off command does NOT turn off
the PA Power supply and will NOT result in any red LED
indication on the ColorStat™ panel. However, segment
nine of DS1 on the Modulation Encoders (A36/A37) will
illuminate RED whenever there is an active PA Off com-
mand. The External PA Turn-Off provides the same func-
tion as the PA OFF switch S2 on the Controller.

NOTE
PA TURN OFF should NOT be used for FAILSAFE purposes, for
interlocks, or for routine transmitter turn off. It is intended to
remove RF output during antenna switching operations.

c. EXTERNAL INTERLOCK is used for Failsafe and for
safety interlocks on any enclosure which would permit
contact with RF output, such as phasors or antenna switch-
ing equipment.

d. TRANSMITTER ON does not use a separate ON switch.
The transmitter comes ON at the desired power level when
a momentary remote control input (at least 100 mS long)
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is provided at the LOW, MEDIUM, or HIGH terminals on
TB1. If the transmitter is already ON, providing another of
these inputs will change power level without interrupting
RF output.

e. RAISE/LOWER inputs change the RF power. A RAISE
input will cause transmitter power output to INCREASE
for as long as the control input is provided, or until the
transmitter power output reaches the maximum power
limit. ALOWER input will cause transmitter power output
to DECREASE for as long as the control input is provided,
or until the power output reaches zero.

NOTE

When remote control and monitoring is used, delays in data
transmission can delay the remote output power reading while
the RAISE or LOWER controls are being operated. This can
cause the remote output power reading to continue to change for
a short time after the RAISE or LOWER command is stopped.

f. FORWARD and REFLECTED POWER (Remote Meter
Reading) outputs correspond to the transmitter FOR-
WARD and REFLECTED power meter indications. Note
that the transmitter power meter scale is not linear. The
voltage outputs at Forward remote output TB1-3 and Re-
flected remote output TB1-4 are proportional to the RF
output voltage which is proportional to the square root of
the RF power.

g. BANDPASSFILTER VSWR and ANTENNA VSWR (Re-
mote Meter Reading) outputs are uncalibrated, relative
readings from the VSWR phase detectors on Output Moni-
tor.

1. BANDPASS FILTER VSWR corresponds to the DE-
TECTOR NULL (FILTER) reading on the transmitter
front panel multimeter. A change in the Bandpass Fil-
ter/Output Network of the transmitter will cause the
reading to increase.

2. ANTENNA VSWR corresponds to the DETECTOR
NULL (ANTENNA) reading on the front panel mul-
timeter. A mismatch in the antenna system will cause
the Antenna VSWR reading to increase. Antenna
VSWR is an uncalibrated, relative reading, but is more
sensitive than Reflected Power.

h. RF DRIVE ESTIMATE (Remote Meter Reading) is an
UNCALIBRATED sample of the RF drive to the PA
Modules and corresponds to the RELATIVE RF DRIVE
position on the front panel Multimeter.

i. MONITOR SIGNALS: +22 Vdc,-22 Vdc, +8 Vdc, And -8
Vdc (Remote Meter Readings) are samples of unregulated
voltages from the low voltage power supply, and will
indicate +3.4 Vdc for positive supplies and -3.4 Vdc for
negative supplies during typical operation.
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DX-50 METER READING LOG

Table 2-5. Initial Turn-On Meter Readings
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Section |l
Operators Guide

3.1 Introduction

This section contains information on day-to-day operation for
the non-technical operator.

3.2 Operating Procedures
These procedures describe normal daily operation of the DX-50
AM TRANSMITTER, including:

a. Daily pre-operational checkout

b. Transmitter tum-on procedure.

¢. Transmitter turn-off procedure.

d. Transmitter operations.
It is important that the operator be aware of normal transmitter
operation and performance, and note any changes or fault
indications. Changes in operation may indicate a need for
maintenance or corrective action before more serious problems
develop.

ALL SERVICE SHOULD ONLY BE PERFORMED BY QUALIFIED
PERSONNEL. DANGEROUS VOLTAGES OR CURRENTS MAY
BE PRESENT INSIDE WHEN DOORS ARE OPEN.

Normal operation and monitoring of the transmitter is accom-
plished through front panel controls, meters, and indicators,
read SECTION IIIA: Controls and Indicators.

NOTE
If remote/exsended control of the transmitter is used, the station
chief engineer or qualified technical staff member should pro-
vide instructions for operator use.

3.3 Daily Preoperational Checkout
The following paragraphs describe checks to be made before
normal daily turn-on.

a. Check the transmitter maintenance log to make sure that
maintenance performed on the transmitter, or other abnor-
mal conditions, do not place any restrictions on transmit-
ter operation. An example is a requirement to operate at
reduced power.

b. Ensure that the transmitter rf output is properly terminated
into the antenna. This may include determining that an-
tenna pattern switching is correct.

c. Check the ColorStat™ panel on the center front of the
transmitter. If the transmitter is ready for operation, all the
status, interlock, and overload LEDs will be green. If any
LEDs are red, note which indicators are red so that infor-
mation may be entered into the station maintenance log,
then press the RESET button. All indicators should

change to green when the RESET button is pushed and
released. If any indicators are still red after operating the
RESET, do not attempt to turn on the transmitter and
contact qualified maintenance personnel.

3.4 Transmitter Turn-On Procedure

When the Preoperational Checkout has been completed and no
problems are present, the transmitter is ready to turn on.

a. Set the selector switch below the POWER meter on the
meter panel to FORWARD, if it is not already in that
position,

b. Depress the LOW, the MEDIUM, or the HIGH button,
depending on power level desired. Each of these buttons
will turn the transmitter on at the power level which has
been preset.

¢. The button operated should illuminate green, and power
will come up the preset level. (You should also hear three
*clicks’ as contactors operate, then the blowers should
start, then power will come up.)

NOTE
During the Step Start sequence, you should see the power meter
2go tlo 172 of the power selected, then reach the desired power
evel.

d. Should FORWARD POWER not be correct, verify that
you have selected the correct power level (LOW, ME-
DIUM, or HIGH). If not, press the proper power level
button, and check forward power again.

e. When the correct power level has been selected, but an
adjustment in power is still needed, press the RAISE
button to INCREASE power, or the LOWER button to
DECREASE power. When you press the button and watch
the FORWARD POWER indication, the power will
change slowly. Hold the button until the power is correct.

NOTE
RAISE and LOWER buttons will only change power level if the
transmitter is operating in the HIGH, MEDIUM, or LOW func-
tion. This new power level will become the preset power until it
is changed again. The Raise and Lower buttons will adjust
power from zero to 60 kW on each selected power level.

f. Check transmitter panel meter readings for normal values.

If an abnormal meter reading is obtained, qualified main-
tenance should be contacted.

3.5 Transmitter Turn-Off Procedure
a. To turn off (de-energize) the transmitter, depress the OFF
button.
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b. The HIGH, MEDIUM or LOW lamp will go out, you
should hear the contactor as it de-energizes, and the
blowers will stop.

c. With the POWER switch in the FORWARD position, the
Power meter should indicate zero power. Supply voltage and
supply current meters should both indicate zero readings.

3.6 Transmitter Operations
The following is intended to make the operator aware of some
basic operational characteristics of the transmitter.

3.6.1 Routine Meter Readings

A sample log sheet is provided in Section II, Installation/Initial
Turn On. Copies can be made of the log sheet for station records.
Readings should be taken monthly, at a minimum. However,
more frequent logs can be an important tool in assisting main-
tenance personnel.

3.6.2 Fault Conditions

The following describes normal transmitter actions for certain
possible fault conditions. It is very important that operators log all
abnormal operation, such as incorrect meter readings, overloads,
fault indications, and transmitter shut-downs. A log or record of
abnormal operating conditions will be useful to technical personnel
in locating and correcting transmitter or other system problems.
3.6.2.1 Transmitter Shuts Off

The operator should first check for overload or fault indications
that are RED and log any fault indications that are found. Press
the RESET button on the ColorStat™ panel to clear fault indi-
cations. ColorStat™ panel indicators should change from RED
to GREEN.

If any LEDs are still RED, contact qualified maintenance per-
sonnel.

When the fault indicators are GREEN, follow the normal turn-
on procedure.

If the transmitter shuts OFF again, and the same overload or
fault indication comes on, try turning the transmitter ON by
using the LOW power button. Under some conditions, a trans-
mitter may operate satisfactorily at reduced power. If it will not
come on at LOW power, contact qualified maintenance per-
sonal.

3.6.2.2 AC Power Failure

If Battery Backup has been installed in the transmitter, no
operator action is required for ac power failures less than
approximately 96 hours. The transmitter will automatically
return to an on-air condition, at the same power level as before
the power failure.

If Battery Backup has not been installed in the transmitter, no
operator action is required for ac power failures less than
approximately 2 hours. The backup capacitor will hold trans-
mitter memory for this time and the transmitter will automati-
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cally return to an on-air condition, at the same power level as
before the power failure.

If ac power failures greater than approximately 2 hours occur
and no Battery Backup has been installed, the transmitter will
remain OFF after ac power returns, and operator action will be
required to turn the transmitter ON and to reset power levels on
the LOW, MEDIUM and HIGH positions.

3.6.2.3 Power Supply Current Fault

During a Current Fault condition the transmitter will shut off
and the indicator will change to RED. The transmitter will
attempt to restart once by itself. If the fault is no longer present,
the transmitter will remain ON. If the fault is still present when
the transmitter attempts to restart, the transmitter will turn OFF
and operator action will be required to restart the transmitter and
possibly correct the problem.

a. If the transmitter turns back on and stays on, check
program modulation level. If overmodulating on positive
peaks, reduce audio level to reduce modulation.

b. If the transmitter shuts off again and no longer automati-
cally restarts. Log or record the fault, RESET the fault
indicator, and try turning the transmitter on.

c. If the fault occurs again, try operating at LOW power. If
the transmitter will operate at LOW power, operation may
continue on a temporary, emergency basis.

3.6.2.4 Power Reduction
The transmitter will reduce the power output during certain fault
conditions.

If the power output has been reduced, the transmitter has re-
sponded to one of the following faults.

3.6.2.5 VSWR Faults
If the BANDPASS VSWR, ANTENNA VSWR, OR VSWR
TEST indicators are RED, the following may be the cause:

a. This may be a normal occurrence during a thunderstorm,
rain storm, blowing sand, or under conditions of ice on
the antenna and will stop when the weather conditions
improve.

b. The indicators may flash RED when overmodulation
occurs. Reducing modulation to normal levels may cor-
rect the condition.

c. If the indicators remain RED and weather conditions or
overmodulation are not the cause, transmitter and/or an-
tenna problems are indicated.

3.6.2.6 Temperature Faults
If the TEMP FAULT LED on the Driver Encoder/Temp Sense
Board, inside the Driver Compartmentdoor, is RED, the follow-
ing may be the cause:

a. Failure of the building cooling system (high ambient

temperatures).

b. Possible transmitter mistuning
3.6.2.7 Air Flow Faults
Ifthe AIR FLOW indicatoron the ColorStat™panel is AMBER
the following may be the cause:

888-2290-003
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Section III - Operation

a. Obstruction of air flow at the air intake on the transmitter RESET. The fault must be corrected to clear the fault indication.
rear doors oOr at the air outlet on the transmitter top. Continue normal operation and contact qualified maintenance
b. Dirty or clogged air filters. personnel.

3.6.2.8 RF Amp Fuse
The transmitter will continue to operate safely, although power
output will be slightly reduced. The fault indication can not be

888-2290-003
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Section llIA

Controls and Indicators
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Figure 3A-1. DX50 Front View, Controls and Indicators

Table 3A-1. DX50 Transmitter, Controls and Indicators

T
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REF. CONTROL/INDICATOR

FUNCTION

1 LOAD Control Control for matching load to 50 Ohm transmitter impedance.
2 TUNE Control Control for matching load to 50 Ohm transmitter impedance.
3 Switch Board/ See Table 3-2 and Figure 3-2.
Meter Panel

4 ColorStat™ Panel See Table 3-3 and Figure 3-3.
5 Driver Control Compartment
6 Ceater Control Compartment
7 Left Control Compartment
8 Output Network Compartment

Errata: 03-24-98 888-2290-003 3A-1
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Figure 3A-2. Switchboard/Meter Panel

Controls and Indicators

Table 3A-2. Switchboard/Meter Panel

Controls and Indicators

REF. CONTROL/INDICATOR FUNCTION

1 VOLTAGE multimeter Indicates voltages at points selected by the Multimeter Switch (Ref. 11).

2 SUPPLY CURRENT meter Indicates the 230V supply current being supplied to the Power Amplifier.

3 POWER meter Indicates either FORWARD or REFLECTED power at the transmitter output, whichever is
selected by the POWER METER selector switch (Ref. 4).

4 POWER, selector Selects Forward power output or Reflected power, to be read on the POWER meter.

OFF, pushbutton Used to turn the transmitter off. (Low voltage supplies remain on as long as AC primary power
is applied).

6 LOWER, pushbutton Used to adjust power level. When the transmitter is in the LOW, MEDIUM, or HIGH power
mode, depress to LOWER power output and hold until desired power is reached. INDICA-
TOR illuminates while power is being lowered.

7 RAISE, pushbutton Used to adjust power level. When the transmitter is in the LOW, MEDIUM, or HIGH power
mode, depress to RAISE power output and hold until desired power is reached. INDICATOR
illuminates while power is being raised.

8 HIGH, pushbutton Used to turn the transmitter on at the preset HIGH power level, or to change power to the
preset HIGH power level. INDICATOR: The pushbutton will illuminate when in the HIGH
power mode.

9 MEDIUM, pushbutton Used to turn the transmitter on at the preset MEDIUM power level, or to change power to the
preset MEDIUM power level. INDICATOR: The pushbutton will illuminate when in the
MEDIUM power mode.

10 LOW, pushbutton Used to turn the transmitter on at the preset LOW power level, or to change power to the
preset LOW power level. The pushbutton will illuminate when in the LOW power mode.

11 MULTIMETER switch Selects the desired point to be monitored by the VOLTAGE multimeter.

3A-2 888-2290-003 Errata: 03-24-98
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Figure 3A-3. ColorStat™ Panel
Controls & Indicators

Table 3A-3. ColorStat™ Panel
Controls & Indicators

REE CONTROL/INDICATOR FUNCTION

1 LOCAL/REMOTE, switch Selects LOCAL or REMOTE control of the transmitter. (Remote monitoring is operational
in either the LOCAL or REMOTE switch position.)

2 LOCAL, status indicator Indicates that the remote control inputs to the transmitter are disabled, and only local control
is possible.

3 REMOTE, status indicator Indicates that the transmitter remote control inputs are active. (The transmitter may still be
controlled with the panel pushbuttons as well.)

4 AUDIO INPUT board, -15V Bicolor LED indicator. Indicates status of -15 Volt supply on the audio input board. GREEN

supply status indicator. indicates normal operation; RED indicates -15 Volt supply fault.

5 AUDIO INPUT board, +15 V Bicolor LED indicator. Indicates status of +15 Volt supply on the audio input board. GREEN
supply status indicator. indicates normal operation; RED indicates +15 Volt supply fault.

6 OSCILLATOR, rf output status Bicolor LED indicator. Indicates oscillator board rf output status. GREEN indicates normal
indicator if output; RED indicates low or no rf output. (Note 1)

7 BUFFER AMP, 1f output status Bicolor LED indicator. Indicates buffer amplifier tf output status. GREEN indicates normal
indicator rf output; RED indicates low or no rf output. (Note 1)

8 PREDRIVER, rf output status Bicolor LED indicator. Indicates predriver rf output status. GREEN indicates normal rf
indicator output; RED indicates low or no rf output. (Note 1)

9 RF AMP, indicator Bicolor LED indicator. Red indicates a failure of an RF Amplifier. Green indicates a normal,

no fault condition. (Note 2)

Rev. F2: 06-08-94 888-2290-003 3A-3
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Table 3A-3. Status Panel, Controls and Indicators (Cont.)

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

REE. CONTROL/INDICATOR

OUTPUT MONITOR,
BANDPASS FILTER VSWR
indicator

OUTPUTMONITOR, +5V sup-
ply status indicator

OUTPUT MONITOR, -5V sup-
ply status indicator

OUTPUT MONITOR, ANT.
VSWR, status indicator

VSWR SENSOR, “STATUS”
indicator (VSWR Self-Test re-
sult)

VSWR SENSOR, MANUAL
TEST, pushbutton

OVER DRIVE, status indicator

UNDER DRIVE, status indica-
tor

SUPPLY FAULT, overload indi-
cator

OVER CURRENT, overload in-
dicator

OVER VOLTAGE, overload in-
dicator

RESET pushbutton

DOOR INTERLOCKS, status
indicator

AIR INTERLOCKS, status in-
dicator

EXT. INTERLOCKS, status in-
dicator

MODULATION ENCODER,
CABLE INTERLOCK, status
indicator

FUNCTION

Bicolor LED indicator. GREEN indicates that there is low reflected power at the input of the
bandpass filter; RED indicates that reflected power at the filter input is above the level set by
the VSWR trip adjust control.

Bicolor LED indicator. Indicates status of +5 Volt supply on the Output status Monitor board.
GREEN indicates +5 Volts present; RED indicates +5 Volt supply fault.

Bicolor LED indicator. Indicates status of -5 Volt supply on the Qutput status Monitor board.
GREEN indicates -5 Volts present; RED indicates -5 Volt supply fault.

Bicolor LED indicator. Indicates VSWR status. RED indicates that VSWR at the transmitter’s
50 Ohm point is above the threshold set by “VSWR Trip Adjust” control. GREEN indicates
low VSWR.

Bicolor LED indicator.Indicates result of “VSWR Self-Test.” RED indicates VSWR logic
fault, GREEN indicates VSWR protection logic is functioning normally. (“VSWR self-test”
can be initiated manually with “VSWR SENSOR, Manual Test,” and is performed automat-
ically whenever ac power is restored.

Used to test operation of VSWR logic, result of test is displayed on VSWR SENSOR,
STATUS indicator (Ref. 14, above). When the pushbutton is depressed, both the Bandpass
Filter and Antenna VSWR status indicators will momentarily go red, then Sensor Status
Indicator will indicate green if VSWR logic is functioning properly. DO NOT TEST WHILE
TRANSMITTER IS ON AIR.

RED indicates excessive rf drive level to the Power Amplifier. GREEN indicates drive level
is below the Overdrive threshold.

RED indicates low rf drive level to the Power Amplifier. GREEN indicates drive level above
the preset threshold. Red can also indicate a short in the PA power supply.

RED indicates that the Power Supply Protection circuit has detected a PA Power Supply fault
(an imbalance in three phase voltages from transformer T1, caused by loss of one phase or
phase imbalance on incoming primary power. GREEN indicates no fault.

'GREEN status indicates normal status; RED indicates that either average or peak supply

current has exceeded preset levels.

Bicolor LED indicator. GREEN indicates normal status; RED indicates main power supply
voltage has exceeded 260 Volts DC.

Resets the overload indicators; when depressed, overload indicators will change from RED
to GREEN if the cause of the overload has been cleared. Depressing the RESET button will
also reset the Bandpass and Antenna VSWR fault indicators.

Bicolor LED indicator. GREEN indicates all doors are closed; RED indicates that a door is
open, or not fully closed.

Bicolor LED indicator. GREEN indicates proper air flow, RED indicates “air flow fault.”

Bicolor LED indicator. Indicates status of external interlocks. GREEN indicates a completed
circuit; RED indicates an open circuit.

Bicolor LED indicator. Indicates status of cables between the MODULATION ENCODER
board and the Combiner/Motherboards. It also indicates when any RF Amplifier module is
not properly inserted into the motherboard. GREEN indicates all cables and modules are
properly installed; RED indicates that a cable or module is not installed or connected.

3A-4
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Table 3A-3. Status Panel, Controls and Indicators (Cont.)

REF. CONTROL/INDICATOR

26 DC REGULATOR, B+ supply
status indicator

27 DC REGULATOR, B- supply
status indicator

28 A/D CONVERTER, +15 V sup-
ply status indicator

29 A/D CONVERTER, -15 V sup-
ply status indicator

30 A/D CONVERTER, CONVER-
SION ERROR, status indicator

31 A/D CONVERTER, +5V sup-
ply status indicator

FUNCTION

Bicolor LED indicator. Indicates status of +5 Volt supply on the DC Regulator board. GREEN
indicates normal operation; RED indicates +5 Volt supply fault.

Bicolor LED indicator. Indicates status of B- supply on the DC Regulator board. GREEN
indicates normal operation; RED indicates B- Volt supply fault.

Bicolor LED indicator. Indicates status of +15 Volt supply on the A/D Converter board.
GREEN indicates normal operation; RED indicates +15 Volt supply fault.

Bicolor LED indicator. Indicates status of -15 Volt supply on the A/D Converter board.
GREEN indicates normal operation; RED indicates -15 Volt supply fault.

Bicolor LED indicator. GREEN indicates normal operation of analog to digital (A/D)
converter. RED indicates conversion error in A/D converter.

Bicolor LED indicator. Indicates status of +5 Volt supply on the A/D Converter board. GREEN
indicates normal operation; RED indicates +5 Volt supply fault.

Note 1
Use S4 on the LED board to display current RF status when PA supplies are off.
Note 2
This indicator is tied to red (blown fuse) indicators on the RF Amplifiers in the]
PA section. Refer to Section C.

Rev. F2: 06-08-94
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Table 3A-4. Boards Listed in Alphabetical Order

Table 3A-5. Boards Listed in Numerical Order

Binary Combiner Motherboard
Main Combiner Motherboard
Driver Combiner Motherboard
RF Drive Splitter

Buffer Amplifier

Oscillator

IPA Splitter

Driver Encoder/Temperature Sensor
Driver Supply Regulator

RF Multimeter

Fuse Board Assembly 001
Fuse Board Assembly 002
Output Sample Board

Output Monitor Board
External Interface

DC Regulator

Switch Board/Meter Panel
LED Board

A/D Converter Board

Analog Input

Modulation Encoder/Binary
Modulation Encoder
Controller

Power Distribution Board
Neutralization Board

T6\T7 RF Sample Assembly

Analog Input Board A35 Al
A/D Converter Board A34 A2 thru A8
Buffer Amplifier Al6 Al4
Combiner Motherboard Binary Al Al5
Combiner Motherboard Main A2 thru A8 Al6
Combiner Motherboard Driver Al4 Al7
Controller A38 Al8
DC Regulator A30 Al9
RF Drive Splitter AlS A22
Driver Encoder/Temperature Sensor Al9 A23
Driver Supply Regulator A22 A24
RF Multimeter A23 A25
External Interface A28 A26
Fuse Board #1 A24 A27
Fuse Board #2 A25 A28
IPA Splitter Al8 A30
LED Board A32 A3l
Modulation Encoder/Binary A36 A32
Modulation Encoder A37 A34
Neutralization Board A40 A35
Oscillator Al7 A36
Output Monitor A27 A37
Output Sample Board A26 A38
Power Distribution A39 A39
Switch Board/Meter Panel A3l A40
T6/T7 RF Sample Assembly A4l A4l
3A-6 888-2290-003
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Center Control Compartment - Front View
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Figure 3A-7

Driver Compartment - Rear View

839 7855 126
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Step Start Panel, Unit 3
839 7855 139
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Section IV
Overall System Theory

4.1 Introduction

This section presents the overall principles of operation for the
DX-50 AM TRANSMITTER, including a review of Digital
Modulation, and circuits not described in SECTIONS A through S.

4.2 Block Diagram Description

Refer to Figure 4-1, DX-50 Block Diagram. Most of the blocks
on the diagram represent printed circuit boards in the transmitter.
The Overall Schematic Diagram, 839-7855-068, in the Drawing
Package, includes many of the same blocks identified as printed
circuit boards.

The Block Diagram description is divided into four sections:

a. RF Section

b. Audio and Modulation Section
¢. Controller Section

d. Power Supplies

4.2.1 RF Section

The RF Section includes the Oscillator through the Power Am-
plifier (128 rf amplifiers), Bandpass Filter, and Pi Matching
Network.

The RF Section generates an rf signal, then amplifies the signal
to a level high enough to drive the Power Amplifier stage. In the
Power Amplifier stage, the rf amplifier outputs are combined,
and fed to a Bandpass Filter/Output Network and then to a 50
Ohm rf output point. The Pi Matching Network allows conven-
ient matching to loads that are not exactly 50 Ohms.

4.2.1.1 Oscillator

The rf signal path begins at the Oscillator from a crystal oscillator
or from an external source, such as an AM Stereo Exciter or
Frequency Synthesizer. The Oscillator output is fed to the Buffer
Amplifier.

4.2.1.2 Buffer Amplifier
The Buffer Amplifier amplifies the Oscillator output and pro-
vides a stable input signal to drive the Predriver stage.

4.2.1.3 Predriver

The Predriver stage uses one of the 143 identical and inter-
changeable rf amplifiers used in the DX-50. The Predriver
amplifies the Buffer Amplifier signal to a high enough level to
operate the 14 rf amplifiers used in the Driver stage.

4.2.1.4 Driver Stage

The Driver stage consists of the combined output of up to 14 rf
amplifier modules. One of the rf amplifier modules is utilized as
a spare and two operate in a reserve capacity to compensate for
ac line variations. One of these two Driver Modules operates as
a“coarse” adjustment, “ON” or “OFF,” while the other provides
“fine” adjustment for the Power Amplifier stage drive level. This

Rev. AF: 11-11-96

Driver Supply Regulator provides a variable dc supply for this
module.

4.2.1.5 Driver Supply Regulator

The Driver Supply Regulator is part of a loop which controls rf
drive level to the power amplifier. An “RF Sense” feedback
signal from the rf splitter controls the regulator output voltage to
control the Driver stage output.

4.2.1.6 Driver Encoder/Temp Sense Board

The Driver Encoder/Temp Sense Board provides the turn-on
signals for the 14 Driver Modules. The “RF Sense” feedback
signal from the rf splitter is also fed to this board for automatic
control of one module. Other circuits on the board monitor heat
sink temperature of PA Modules RF1 and RF2 and air flow from
the four cooling fans.

4.2.1.7 RF Status Indications: RF Sense Data Lines

Three rf status indicators on the transmitter ColorStat™ panel
indicate Oscillator, Buffer Amplifier, or Predriver output. AFault
in any section will cause that LED indicator on the ColorStat™
panel to turn RED.

The ColorStat™ panel indicators are normally GREEN. Some
indicators will turn AMBER under certain temporary overload
conditions. If a Fault or abnormal condition exists, the indicator
will turn RED.

Additional indicators are located on the rf amplifiers. Each tf
amplifier is fused, and if an amplifier fault causes a fuse to open,
a red LED will illuminate to indicate the location of the open
fuse.

4.2.1.8 Driver Combiner and RF Splitter

The outputs of the 14 rf amplifiers in the Driver stage are
combined by the Driver Combiner and fed to the RF Splitter. The
RF Splitter provides separate rf drive signals to the individual rf
amplifiers in the Power Amplifier.

4.2.1.9 Power Amplifier (128 rf amplifiers)

The Power Amplifier consists of 128 identical rf amplifier mod-
ules. For “Digital Amplitude Modulation,” encoded audio sig-
nals turn on only as many rf amplifiers as required at any instant
to generate the carrier and the modulating signal. The 128 rf
amplifiers are referred to as “Steps.”

The physical location of the rf amplifier modules in the Power
Amplifier stage creates a combination of 123 equal rf voltage
“Big Steps” and five fractional rf voltage “Binary Steps”.

4.2.1.10 PA Combiner

The 128 rf amplifier modules plug into seven Main Combiner
motherboards and one Binary Combiner motherboard to make
up the PA Combiner. The module outputs are series combined by
a torroidal transformer to develop the total rf voltage. The rf
signal is then fed to the Output Network.

4.2.1.11 Output Network
The Output Network transforms the low impedance of the PA
Combiner output to a 50 Ohms output impedance. The imped-

888-2290-003 4-1

WARNING: Disconnect primary power prior to servicing.



DX-50

ance transformation is accomplished in two sections: the Band-
pass Filter stage and the Pi Matching stage.

The Bandpass Filter stage completes the digital to analog con-
version by filtering out the individual “step” voltages generated
by the rf amplifiers.

The Pi Network provides for impedance matching into antenna
systems that are not perfect 50 Ohm loads.

The Output Network also includes rf sample circuits for the
Output Monitor circuitry to provide protection against high
VSWR conditions and power monitoring.

4.22 Audio and Modulation Section

The Modulation Section of the transmitter accepts an analog
audio input signal and converts it to a digital signal. The digital
signal is then processed, or “encoded”, to control the rf amplifi-
ers which produce the “Digital Amplitude Modulation”. Circuit
boards in the Modulation section include the Analog Input
Board, Analog to Digital Converter, Modulation Encoders, and
DC Regulator.

4.2.2.1 Audio Input

Audio is fed into the Analog Input Board where it is processed.
This processing includes attenuating the high audio frequencies
for Medium Wave Band channel spacing, and adding a dc
component to determine the carrier power. This (Audio + DC)
signal is sent to the Analog to Digital Converter. A second (Audio
+ DC) signal is sent to the DC Regulator.

4.2.2.2 Analog to Digital Converter

The (Audio + DC) signal is sampled at a 400 to 800 kilohertz
rate, depending on the transmitter operating frequency, by the
Analog to Digital Converter circuits. The Analog to Digital
Converter converts the (Audio + DC) signal into a 12 bit digital
signal.

4.2.2.3 Modulation Encoders

The Modulation Encoders convert the 12-bit digital audio infor-
mation into control signals which turn the rf amplifier modules
in the Power Amplifier stage ON and OFF, to generate the
transmitter carrier and the instantaneous modulation level.

Other inputs to the Modulation Encoders include a PA OFF
signal from the Output Monitor. Supply voltages for the Modu-
lation Encoders are supplied by the DC Regulator.

The PA OFF signal immediately turns the Power Amplifier
control signals OFF, if a VSWR condition is detected, to protect
the rf amplifier modules. The OFF signal only lasts as long as
the VSWR condition is present, and the transmitter will imme-
diately return to normal operation.

4.2.2.4 DC Regulator

The DC Regulator produces the B+ (+5 Vdc) and B- voltages
used by the Modulation Encoders. The (Audio + DC) sample
from the Analog Input Board “modulates” the DC Regulator
“B-" output voltage. The Modulated B- is a bias voltage for the
rf amplifier modules in the Power Amplifier stage which varies
the turn on/turn off times of the modules to optimize distortion
and noise performance.
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4.2.3 Controller Section

The Controller section consists of the Controller, LED Board,
External Interface, and the Switch Board/Meter Panel.

4.2.3.1 Controller

The PA Tumn-On/Turn-Off command is recognized by the Con-
troller from any of the LOW, MED, HIGH, or OFF buttons on
the Switch Board or from external inputs. Circuits on the Con-
troller energize the main contactors for the PA Power Supply and
provide carrier power control.

4.2.3.2 LED Board

The LED Board contains fault and overload sensing and logic.
It provides 26 LED ColorStat™ panel indications to monitor
transmitter operation. These status indications are also available
as remote status outputs from the External Interface. Many status
indications are “latched” to provide fault indications until they
are “reset,” even if the transmitter is turned OFF. A battery
backup supply holds status indications in memory if ac power
fails or is turned off. The backup supply also enables the trans-
mitter to automatically restart when ac power is restored.

4.2.3.3 External Interface (Remote Control)

The External Interface provides “remote control” inputs, status
outputs, and selected metering outputs. The External Interface
isolates transmitter circuits from remote control inputs to mini-
mize the possibility of damage if improper voltages are acciden-
tally applied to the terminal boards.

4.2.4 Power Supplies

Power Supplies are derived from two transformers: T1 provides
the PA Power Supply voltage and T2 provides the Low Voltage
supply.

4.2.4.1 Low Voltage Supplies

The Low Voltage supply includes +30 Vdc, +22 Vdc, -22 Vdc,
+8 Vdc and -8 Vdc unregulated supplies. These supplies are
regulated on individual modules for circuit supply voltages.

4.2.4.2 PA Power Supply

The PA Power Supply includes +230 Vdc, +115 Vdc and +60
Vdc supplies for the 123 “Big Step” and five “Binary Step”
amplifiers.

4.3 Low Voltage Power Supply: Circuit

Description
Refer to Sheet 1 of the DX-50 Overall Schematic, 839-7855-068,
in the Drawing Package.

A 208 to 270 Vac input is protected by Metal Oxide Varistors
RV1 and RV2in the Step-Start panel, fed to Low Voltage circuit
breakers CB1 and CB2 and then to transformer T2 in the trans-
mitter cabinet.

Low Voltage Supply transformer T2 has two secondary wind-
ings. One winding provides 24 Volts ac to bridge rectifier CR15.
The bridge rectifier positive output is +30 Vdc and filtered by
C37. The +30 Vdc output is used for contactor status and supplies
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DX-50

the Buffer Amplifier. The winding also supplies 24 Volts AC for
the interlock circuit relays.

The other secondary winding is tapped to provide two different
output voltages for bridge rectifiers, CR13 and CRI14. The
center tap is grounded, so that each rectifier provides a positive
and negative output voltage. Rectifier CR13 provides +8 Vdc
and -8 Vdc and CR14 provides +22 Vdc and -22 Vdc. Large
electrolytic filter capacitors are used for all Low Voltage sup-
plies. Each capacitor has a bleeder resistor connected across its
terminals to discharge the capacitor when the supply is turned
off. All transmitter circuits, except Power Amplifier and Driver
Modules, operate from the Low Voltage supply.

4.3.1 Power Distribution Board, A39

The Power Distribution Board distributes the +8 Vdc and +22
Vdc outputs to individual printed circuit boards, where +5 Vdc
and +15 Vdc regulators and zener diodes provide required
voltages for circuits on the boards. The -8 Vdc and -22 Vdc
outputs are also distributed to individual boards where they are
regulated to -5 Vdc and -15 Vdc.

4.4 PA Power Supply: Circuit Descrip-
tion

The PA Power Supply contactors K1 and K2 in the Step Start
panel are driven by transmitter logic circuits to provide a step-
start function on turn-on. Auxiliary contacts on K1 and K2
operate the PA Supply Discharge Circuit (Crowbar) to discharge
the supply when it is turned off. The PA Power Supply trans-
former T1 supplies +230 Vdc, +115 Vdc and +60 Vdc for the
Power Amplifier and Driver stages. Refer to Sheet 1 of the
DX-50 Overall Schematic, 839-7855-068, in the Drawing Pack-
age, for the following description.

4.4.1 Step Start Panel

Eight identical MOVs (metal oxide varistors) are mounted in the
Step Start panel to absorb transient voltages on the incoming AC
lines. Two are used on the single phase 1 KVA feed, and the
remaining 6 are paired up and placed across the 3-phase lines.

When the PA Power Supply is energized by turn-on/turn-off
logic on the Controller, the single phase AC input voltage
energizes step-start contactor K1 through K101. AC power is
supplied to transformer T1 through three low-resistance high
wattage resistors (R1, R2 and R3). The series resistance limits
surge current as power supply capacitors charge.

When K1 energizes, an auxiliary contact also closes and pro-
vides a +30 Volt “KI1 has closed” logic signal back to the
turn-on/turn-off logic on the Controller.

After approximately one second, the turn-on/turn-off logic en-
ergizes contactor K2 and applies primary power directly to
transformer T 1, completing the step-start sequence. An auxiliary
contact provides a +30 Volt “K2 has closed” logic signal to the
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turn-on/turn-off logic. Approximately one-half second later,
step-start contactor K1 de-energizes.

4.4.2 PA Supply Discharge Circuit (Crowbar)

This circuit is comprised of four power MOSFETS operating in
parallel to discharge the PA Power Supply anytime K1 and K2
are deenergized.

When the PA Power Supply is energized, transistors Q101,
Q102, Q103, and Q104 function as open switches. In this
condition, K1 is deenergized and K2 is energized. The AUX
contact of K1 is closed and the AUX contact of K2 is open. When
K2 deenergizes, the AUX contact closes and applies a control
voltage from the +230 Vdc supply to the gate of each MOSFET.
This voltage switches the MOSFETs ON and discharges the
supply through resistors R101, R102, R103, and R104. Each
MOSFET has a zener diode from gate to source to limit the gate
voltage to 10V.

Resistors R105 and R106 provide a secondary discharge path
with a faster time constant than the combination of the individ-
ual bleeder resistors mounted across each filter capacitor. The
+115 Vdc supply is also discharged through the PA Supply
Discharge Circuit through CR24.

4.43 Power Supply Shorting Switches

Switches S9, S10 and S12 short the +230 Vdc supply bus to
ground if any Power Amplifier or Driver Compartment inter-
locked door is open.

4.4.4 PA Power Supply Transformer T1

Transformer T1 is a three-phase, open frame power transformer
with multiple windings in the primary to allow an input voltage
range from 360 Vac to 505 Vac. Three sets of secondary windings
provide AC for the +230 Vdc and +1 15 Vdc rectifier assemblies.

4.4.5 Interphase Transformer T3

The +230 Vdc, six-phase rectified outputs are combined through
interphase transformer T3. The use of an interphase transformer
reduces the losses in the supply transformer and rectifiers.

4.4.6 +230 Vdc Supply

The +230 Vdc 12-phase output of T3 is fed to the distribution
bus on Fuse Boards A24 and A25. A 12-phase rectifier assembly
provides a DC output with a small ripple component at 12 times
the power line frequency and reduces the supply filtering re-
quired. A parallel supply reduces the peak current requirements
of the rectifiers. To further improve overall efficiency, the total
number of rectifiers in each assembly is doubled. Each rectifier
is fused separately to provide built in redundancy.

4.4.7 +115 Vdc and +60 Vdc Supplies

The third secondary of T1 is wired in a WYE configuration to
provide the +115 Vdc supply and the neutral of this winding
supplies +60 Vdc. The third secondary of T1 feeds the rectifier
assembly CR16 thru CR21. The +115 Vdc output of CR16,
CR18, and CR20 is sent to the A24 Fuse Board for the Driver
and Binary Modules and filtered by C19 and C7. The neutral
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provides +60 Vdc for the Predriver and Binary Amplifiers and
is filtered by 10 mH choke L3 and capacitors C10 and C42.

4.4.8 Supply Current Meter, M2

The negative sides of the rectifier assemblies are tied to the PA
Power Supply current meter shunt SH1 in the Driver Compart-
ment. The total +230 Vdc supply current returns to ground at
this point. The Supply Current meter (M2) on the transmitter
front panel is connected across the shunt.

The voltage across the shunt is proportional to supply current
and also goes to the supply current overload circuit on the LED
Board from the Switch Board/Meter Panel. The current over-
load circuit also provides a remote supply current metering
output. Refer to SECTION Q, LED Board, for a description of
the supply current overload circuit.

4.4.9 Secondary Winding Fuses

The secondary winding of the PA Power Supply is protected by
fuses mounted on the top of transformer T1: 250 Amp fuses F1
through F12 protect the secondary windings from a short circuit
in the +230 Vdc rectifier assemblies or output bus and 35 Amp
fuses F13,F14, and F15, protect the secondary windings for the
+115 Vdc and +60 Vdc supplies.

4.4.10 Supply Fuses

Two 25 Amp fuses, F20 and F21 mounted on top of transformer
T1, protect the +60 Vdc supply to the Predriver and the Binary
rf amplifiers.

The +230 Vdc supply is fed to the A24 and A25 Fuse Boards
where 16 individual 50 Amp fuses feed 5,100 vF filter capaci-
tors mounted near the Combiner Motherboards. Each capacitor
supplies filtering for eight rf amplifier modules.

The +115 Vdc supply for the Driver and Binary rf amplifiers is
fed to the A25 Fuse Board. The +115 Vdc Binary supply is fused
by 25 Amp fuse F9 and the +115 Vdc Driver supply is fused by
30 Amp fuse F10.

On each Fuse Board, a series diode and parallel resistor provide
a fast discharge path for the capacitor if a fuse opens.

4.4.11 Fan Motor Fuses

The fan motors B1 through B4 are fused separately by 1| Amp
cartridge fuses F11 through F13, F21 through F23, F31 through
F33 and F41 through F43. Fuses F17,F18, and F19 are 15 Amp
cartridge fuses and protect the wiring between the primary of
T1 and the fan motor fuses.

4.4.12 A24 and A2S Fuse Board sample circuits

Five +230 Vdc sample circuits are located on the two fuse
boards. These five samples are routed to the LED Board, Analog
Input Board, and Driver Supply Regulator. The Analog Input
Board sample is located on the A25 Fuse Board and the other
four samples are located on the A24 Fuse Board.

4.4.12.1 Analog Input Sample
A dc power supply compensation signal for circuitry on the
Analog Input Board comes from R22, R23, R24, R27, and C3.
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Refer to SECTION J, Analog Input Board, for the circuit de-
scription.

4.4.12.2 Driver Supply Regulator Sample

Parallel resistors R25-R26 from the +230 Vdc supply are col-
lector load resistors for the Driver Supply Regulator Q2 circuit.
Refer to SECTION E, Driver Supply Regulator, for the circuit
description.

4.4.12.3 Supply Fault Sample

An ac sample of power supply “ripple” for the power supply
protection circuit on the LED Board is provided by voltage
divider R14 and R15. Capacitors C1 and C2 block dc and form
an ac voltage divider. Transzorb CR 11 provides overvoltage or
transient protection. Refer to SECTION Q, LED Board, for a
description of the Power Supply Protection circuit.

4.4.12.4 PA Supply VDC sample

Resistors R16, R17 and R18 form a voltage divided signal for
remote and local PA Supply VDC readings. The signal passes
through the LED Board and then to the Controller. A voltage
follower amplifier on the Controller provides outputs to the
front panel multimeter and to the External Interface for remote
supply voltage metering. Refer to SECTION P, Controller, for
a description of the PA Supply VDC metering circuit.

4.4.12.5 PA Supply Overvoltage Sample
Resistors R19, R20 and R21 form a voltage divider for the

overvoltage circuit on the LED Board. Refer to SECTION Q,
LED Board, for a circuit description.

4.4.13 AC Power Protection Circuits

The following information highlights circuits that function as a
result of variations in ac line conditions.

4.4.14 Overvoltage and Undervoltage Protection

The “PA Power Supply” dc overvoltage protection on the LED
Board will shut the transmitter OFF in case of overvoltage
conditions. If high or low supply voltages to the Driver stage
results in excessive rf drive level changes, RF Overdrive or
Underdrive circuits on the LED Board also shut the transmitter
off.

4.4.15 Loss of Phase and “Brown-Out” Protection

Circuitry on the LED Board provides protection against loss of
phase or line imbalance (Brown-out). If either condition is
detected, a circuit will turn off the PA Power Supply and a
Supply Fault will be indicated on the ColorStat™ panel. Refer
to SECTION Q, LED Board, for a description of the Power
Supply Protection circuit.

4.5 Air System and Sensing Circuits

Refer to the DX-50 Cabinet Outline drawing, 839-7855-122,
and Overall schematic, 839-7855-068. Additional information
is also available in SECTION II, Installation/Initial Turn-On,
SECTION V, Maintenance, and SECTION S, Driver En-
coder/Temp Sense Board.
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4.5.1 Fans

Four fans, B1 through B4, are used in the DX-50 for transmitter
cooling. Each fan uses a 1/3 HP, dual voltage 3-phase motor,
powered when T1 is energized. T1 primary taps also function
as an auto transformer when the line feed is greater or less than
the +10% tolerance of the motor.

4.52 Air Flow and Temperature Sensing

Air flow reduction or loss and over temperature conditions are
sensed by circuitry located on the Driver Encoder/Temperature
Sense Board. The two separate and independent circuits are
detailed in SECTION S. A brief description of their system
operation is as follows:

4.5.2.1 Air Flow Sensing

Circuitry on the Driver Encoder/Temp Sense Board will cause
the AIR INTERLOCK LED on the ColorStat™ panel to illumi-
nate AMBER if one fan has failed, or if the air flow is reduced
to that level. A “Blower Fault” status output is generated by the
External Interface for remote monitoring. Solid state air flow
device U17 on the Driver Encoder/Temp Sense Board sends an
active LOW signal to the LED Board if two fans fail or if air
flow is further reduced. The AIR INTERLOCK LED on the
ColorStat™ panel indicator will illuminate RED and the trans-
mitter will turn OFF. An “Air Fault” status output is generated
by the External Interface for remote monitoring.

4.5.2.2 Temperature Sensing

Two temperature probes are attached to the heat sinks of PA
Modules RF1 and RF2. The temperature is sensed by circuitry
on the Driver Encoder/Temp Sense Board which sends a
“LOWER” power command signal to the LED Board if the
temperature rises above a preset threshold. The amount of
power reduction is determined by the severity of the over
dissipation. As the power is stepped down, the heat sink tem-
perature will decrease until it is under the threshold of the
sensing circuit, at which time the LOWER command will stop.
The POWER must be increased to the original level by an
operator induced RAISE command. A “Temperature Caution”
or “Over Temperature” condition will illuminate LED’s on the
Driver Encoder/Temp Sense Board. A dc temperature sample
voltage from the RF1 sensor is available at TB1-10 for remote
temperature monitoring.

4.6 Interlocks

The interlock circuits protect personnel and external equipment
from dangerous or unsafe conditions. For a description of inter-
lock circuits and logic, refer to SECTION P, Controller. The
interlock circuitry is detailed on the DC Regulator schematic,
839-7855-163, and the DX-50 Overall Schematic, 839-7855-
068, in the Drawing Package.

4.6.1 Door Interlock Circuit

The door interlock circuit turns the transmitter OFF if any of the
three interlocked RF Amp Compartment doors are opened. The
DOOR interlock LED on the ColorStat™ panel will illuminate RED.
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4.6.2 External Interlock Circuit

The external interlock circuit turns the transmitter OFF if any
external interlock interrupts the normally closed connection
between TB 1-1 and TB 1-2. The EXTERNAL interlock LED on
the ColorStat™ panel will illuminate RED.

The EXTERNAL interlock circuit includes relay K3, 1 Amp
fuse F24, pull up/pull down resistors on the DC Regulator and
interlock logic on the Controller. External Interlock connections
are detailed in SECTION II, Installation/Initial Turn-On.

4.7 RF Circuits
Refer to Sheet three of the DX-50 Overall Schematic, 839-7855-
122, for the following circuit information.

Most of the rf drive circuits are detailed in their own sections.
The Block Diagram Description has already explained how
each section contributes to the drive system in the DX-50,
therefore no further information is necessary in this section.

Refer to the following sections for more information:

Oscillator Section A
Buffer Section B
Predriver Section D
Driver Section D
Driver Combiner Section D
Driver Supply Regulator Section E
Driver Encoder/Temp Sense  Section S
RF Multimeter Section F

4.7.1 RF Drive Splitter, A15

The combined rf output from the Driver stage feeds the RF
Drive Splitter. The splitter provides 256 outputs, two for each
of the 128 PA Modules. An additional connector (J17) on the
splitter assembly provides three rf sample signals to other parts
of the transmitter, as follows:

a. To the Driver Supply Regulator and Driver En-
coder/Temp Sense Board: An rf sample for the rf drive
Automatic Gain Control (AGC) loop.

b. To the Analog to Digital Converter: A synchronizing
signal for the analog to digital conversion process.

c. To the LED Board: An rf drive sample, for Overdrive and
Underdrive Fault sensor circuits and for “Relative RF
Drive” Metering.

4.7.2 RF Drive Cables

The rf drive splitter outputs, at connectors J1 through J16, are
very low impedance, and the 256 separate rf drive cables to the
PA Module inputs provide additional isolation so that a fault at
one module input will have little or no effect on other rf drive
signals.

The 16 connectors from the splitter provide connections for two
sets of eight coaxial cables. Each group of eight cables from
each connector form a cable bundle which goes to an input
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connector on a PA Combiner/Motherboard. All rf drive cables
are the same length, so that all PA Module inputs are in phase.

4.7.3 Power Amplifier Description

In the Power Amplifier stage, the digital information con-
structed by the Analog to Digital (A/D) converter is used to
switch 128 rf amplifiers ON and OFF. The output combiner
sums the individual units of rf voltage developed by each
amplifier.

The Power Amplifier stage may be thought of as a Digital to
Analog (D/A) converter, where the output is a high power,
amplitude modulated, rf signal.

The action of the rf combiner and rf amplifier modules produce
if voltage “steps” at the combiner output. The power output of
each rf amplifier depends on the total number of modules
switched ON at any time. Switching on twice as many rf
amplifiers will produce TWICE THE VOLTAGE output and
FOUR TIMES THE POWER output. If a small number of
modules are switched on, each module has a small power output.
If a large number of modules are switched on, each module has
a larger power output.

The DX-50 uses a 12-bit digital “word” to control the rf ampli-
fiers. If the Power Amplifier stage consisted only of binary
“weighted” amplifiers, each bit would control one amplifier and
it would requre 12 rf amplifiers to represent the digital word.
However, the rf voltage delivered by the amplifier representing
the most significant bit would have to be equal to one-half of
the peak rf voltage created with all 12 modules ON. In an f
voltage combiner, all rf voltages are added in series. The same
current flows through all outputs as through the load, and
one-half the peak voltage is also one-half the peak power. The
largest “step”, then, would have to be able to deliver over 150
kilowatts, the next over 75 kilowatts, and so on. It is more
practical to use a larger number of smaller power amplifiers.

The DX-50 uses 123 equal 1f voltage “Big Step” amplifiers and
five “Binary Step” amplifiers. The binary amplifier outputs
equal 1/2, 1/4, 1/8, 1/16 and 1/32 of a “Big Step” amplifier
output and are controlled by the five least significant bits of the
digital word. The seven most significant bits control the total
number of “Big Step” amplifiers ON at any time. Typically, 47
rf amplifiers are ON for a SOkW carrier.

However, AM transmitter PEAK output power requirements are
much greater than the transmitter CARRIER power. Also,
broadcasters may require additional transmitter power to over-
come antenna system power losses. For this reason, the carrier
power output of the DX-50 is rated at up to 60kW. The positive
peak modulation capability of an AM broadcast transmitter
depends on the maximum peak power output available from the
transmitter. For example, a +100% modulation peak represents
a peak output power of four times the carrier power, or 200kW
for a SOkW transmitter. This requires that double the number of
amplifiers be ON for the peak as compared with the carrier level.
Therefore, at the 100% positive peak modulation of a 50kW
carrier, 94 rf amplifiers are ON. With a carrier power of 60kW,
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a 125% positive peak requires a peak output power of 303.8kW
and additional rf amplifiers are tumed ON.

SUMMARY: The more “steps” or rf amplifiers that are turned
on, the more power will be transmitted. The DX-50 uses a
combination of 123 equal rf voltage “Big Step” amplifiers and
five binary weighted rf voltage “Binary Step” amplifiers to
develop the modulated rf envelope. The modulated rf output is
made up of equal VOLTAGE steps, not equal power steps.
Assuming that the supply voltage remains the same, the rf output
VOLTAGE from each module remains the same no matter how
many other modules are on. Since the combiner secondaries are
in series, the TOTAL RF VOLTAGE induced on the combiner
rod will increase by the number of STEPS turned on. With a
constant combiner impedance of approximately 8 Ohms, an
increase in rf voltage will increase the rf current in the combiner
and increase the power. The power output from each amplifier
module changes, however, depending on the total number of
amplifier “steps” that are switched on.

4.7.3.1 Switching rf amplifiers On or Off

RF amplifiers are switched ON or OFF by applying or removing
rf drive to the module with a solid state switching circuit.
Because low voltage, low current circuits are used in the switch-
ing process, very little power is consumed.

4.7.4 Combiner Description

Sheet 4 of the DX-50 Overall Schematic, 839-7855-068, iden-
tifies motherboards and module numbers as viewed from the
rear of the transmitter.

The Power Amplifier stage is made up of 128 plug-in rf ampli-
fier modules. These include 123 “Big Step” modules RF1-
RF123 and five “Binary Step” modules RF124-RF128, which
plug into seven Main Combiner/Motherboards, A2-A8, and one
Binary Combiner/Motherboard, Al.

Sixteen ferrite core toroid transformers on each motherboard
combine the rf voltage outputs of the modules through a solid
copper rod which which passes through the center of the trans-
formers. The eight Combiner/Motherboards are divided into
two columns connected together at the top of the transmitter by
the combiner crossover bar.

The PA Combiner rf ground point is at the bottom of column #1.
When the A/D Converter sample frequency is one-half carrier
frequency, a parallel reaonant circuit consisting of L4 and C4
present a high impedance to the half-carrier frequency.

Two Modulation Encoders take the digital output from the
Analog to Digital Converter and convert it into control signals
for the rf amplifier modules. Because of the modulation se-
quence, the Modulation Encoder that controls the five “Binary
Steps” must also control the last “Big Step”, RF123. Modulation
Encoder A36 controls “Big Steps” RF1-RF32 and RF97-RF123
and “Binary Steps” RF124-RF128 in PA Column #1. Modula-
tion Encoder A37 controls “Big Steps” RF33-RF96 arc in PA
column #2.

The PA Modules are also identified by step number on the
interlocked module access doors in the Center Control Com-
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partment and Left Control Compartment. Each module has two
LED “fault” indicators, visible through openings in the access
door. If a shorted MOSFET causes a fuse to open, the “fault”
indicator for that fuse illuminates. When a module is switched
ON, a green LED indicator illuminates.

Refer to the following sections for additional information on the
Power Amplifier:

a. SECTION A: RF Amplifier Module.

b. SECTION G: RF Combiners

4.7.5 RF Samples from the Output Combiner

Four rf samples from various points on the rf combiner are
distributed to various circuits elsewhere in the transmitter. Refer
to Sheet 4 of the DX-50 Overall Schematic, 839-7855-068, to
locate the following sample transformers.

4.7.5.1 T9: Bandpass Filter VSWR Detector

An rf current sample from T9, near the rf ground point in the
combiner, is fed to the Output Monitor and compared to the rf
voltage sample at the output of the Bandpass Filter section of
the Output Network. During a VSWR fault condition, a phase
shift in the rf current and voltage samples will be detected by
the phase angle detection circuitry. Refer to SECTION H,
Output Monitor, for additional information on VSWR protec-
tion.

4.7.5.2 Té6: Oscillator Sync Signal

During a VSWR fault condition, all power amplifier modules
are quickly turned OFF. Because of the resonant circuits, *‘ring-
ing currents” will continue to flow in the output network, and
in the rf combiner secondary, for several rf cycles. For maxi-
mum MOSFET reliability during this condition, Q1/Q12 and
Q2/Q9 in all PA Modules must switch in phase with these output
network ringing currents. This is accomplished with the Oscil-
lator Sync circuitry on the Oscillator.

A current sample from ferrite inductor transformer T6 at the
combiner output is fed to J3 on the Oscillator. A phase shift
network, amplifier stage and an analog switch are used to
synchronize rf drive phase with output network ringing current
during VSWR shut-downs. Refer to SECTION A, Oscillator,
for additional circuit information, and to SECTION V, Mainte-
nance, for adjustment procedures.

4.7.5.3 Ti: Neutralization Board

T1 on the Neutralization Board is a ferrite toroidal transformer
similar to the ones used in the rf combiner and is only used for
IQM reduction for AM Stereo operation. The transformer is
wired to the Predriver output splitter T8.

4.8 Output Network Description

The Output Network of the DX-50 is comprised of a Bandpass
Filter and Pi Matching network and contained in the Output
Network cabinet.
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4.8.1 Bandpass Filter

The bandpass filter/output network serves as both an impedance
matching network and filter and consists of L1, C1A, and C1B.
At the very high end of the medium wave band, 1500kHz and
above, C6 is also a part of the bandpass filter. Vacuum variable
capacitor C1A is brought out to the front of the transmitter as
the TUNE control. The TUNE control is adjusted for a peak in
output power. The combiner output impedance is low, approxi-
mately 8 Ohms, and is matched to approximately 50 Ohms.

The bandpass filter also ““smooths” the small steps in the output
signal that remain after the Digital to Analog conversion by the
Power Amplifier stage. Any other harmonic and spurious sig-
nals in the rf output are also attenuated by the bandpass filter.

Refer to SECTION V, Maintenance, for information on tuning
and adjustment of the bandpass filter if required by a frequency
change or major component failure.

4.8.2 PI Matching Network

The PI Matching Network consists of C2A, C2B, L3, C3A,
C3B, C4A, C4B and CS5. Parallel capacitore C2A and C2B

comprise the first leg of the 7T network. Inductor L3 and capaci-
tors C3A, C3B, and, at some frequencies, C5 are adjusted and

tuned to 3f.. The parallel resonant circuit provides further
attenuation of the 3rd harmonic to FCC specifications while
passing the carrier frequency. Vacuum variable capacitor C4A
is brought out to the front of the transmitter as the LOAD
control. The LOAD control adjusts the amount of Power Am-
plifier current.

4.8.3 Spark Gap, E2

A spark gap at the output of the transmitter protects against high
transient voltages caused by lightning or electrostatic discharge.
This does NOT substitute for proper dc grounding chokes, ball
gaps, and other protection at the towers.

4.9 Digital Modulation Principles

4.9.1 Digital Terms and Concepts

The discussion of Analog to Digital and Digital to Analog
Conversion includes terms, abbreviations, and concepts which
may not be familiar to some Broadcast Station engineers and
technicians. Most terms will be explained in the discussion, but
a summary is included for review or reference.

a. ANALOG refers to a continuous range of values. Exam-
ples include audio signals from a microphone, a turntable
cartridge, CD, etc.

b. DIGITAL is related to digits, or discrete quantities. An
analog signal changes continuously, but a digital signal
changes in steps. An analog signal has an infinite number
of possible values, and a digital signal has a finite, or
limited, number of possible values.
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¢. BINARY: Has only two possible values. A BINARY
NUMBER is represented using only the digits O and 1.
This is useful because a circuit can be two states, either
ON or OFF.

d. BINARY can alsorefer to a series where each step is either
multiplied or divided by two to get the next step. An
example in the transmitter are the Binary rf amplifier
steps: the 1/2 step; 1/4 step; 1/8 step; 1/16 step; and 1/32
step. In this series, each step is divided by two to get the
next step. A Binary series could also be 1, 2, 4, 8, 16, etc.

e. BIT: A Binary digit, O or 1.

f. DIGITAL WORD: A digital word is a group of bits repre-
senting a complete piece of digital information. The term
“DIGITAL WORD,” when used here, will always refer to
a binary number, which is a series of ones and zeros. The
number of bits in a digital word refers to the total number
of digits (ones and zeros).

g. MSB: Abbreviation for MOST SIGNIFICANT BIT. In a
digital word, as in a decimal number, the first digit repre-
sents the largest change, and is the MSB.

h. LSB: Abbreviation for LEAST SIGNIFICANT BIT. In a
digital word, as in a decimal number, the last digit repre-
sents the smallest change, and is the LSB.

i. BIT 1, BIT 2, etc: In a 12-bit digital word, the bits are
numbered from | through 12, where Bit | is the MSB, and
Bit 12 is the LSB.

j- A/D: Also written “A to D.” Abbreviation for “Analog to
Digital.”

k. D/A: Also written “D to A.” Abbreviation for “Digital to
Analog.”

Some Basic Digital Circuit Concepts used in the following
discussion, and in circuit descriptions, are also included for
review or reference.

In logic circuits, representing a digit by either zero or one is
useful because it can be represented by a switch or a circuit that
is either “OFF” or “ON.” The digits “zero” and “one” may also
be represented by a voltage that is LOW for “zero” and HIGH
for “one.”

In circuit descriptions and on schematic diagrams, the terms
“logic LOW” and “logic HIGH” are used. These terms are also
represented by the letters “L” and “H” on schematic diagrams.

In most logic circuits, normal TTL (transistor-transistor logic)
levels are used. In these circuits, a “logic LOW” is represented
by a voltage between approximately zero and one Volt, and a
“logic HIGH” is represented by a voltage between approxi-
mately +3.5 and +5 Volts.
On block diagrams and on schematic diagrams, when a signal
description is followed by “-L” or “-H,” the letter indicates the
logic state when the signal is ACTIVE. Examples:
a. “RESET-L” indicates that when the signal is logic LOW,
aRESET will occur, or aRESET command is being given.
b. “VSWR-H” indicates that when the signal is logic HIGH,
a VSWR fault has occurred.
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A DIGITAL WORD can represent only a finite number of
quantities, or steps, depending on the number of bits in the
digital word.

a. If n= the number of bits in the digital word, then: 2" = the
number of quantities that may be represented by that
word, including zero. For example, if a digital word has
7 bits, it may represent 2'=128 quantities. If adigital word
has 12 bits, it may represent 2'2=4096 quantities.

b. “VALUE” OF EACH BIT: The least significant bit (LSB)
represents one unit. The next least significant bit repre-
sents two units. The most significant bit represents one-
half of the total quantity that the word can represent. For
example, in a 7 bit “digital word”, the number of quanti-
ties that may be represented is 2'=128:

Bit | (MSB) represents 64 units

Bit 2 represents 32 units

Bit 3 represents 16 units

Bit 4 represents 8 units

Bit S represents 4 units

Bit 6 represents 2 units

Bit 7 (LSB) represents 1 unit.

Nk W=

4.9.2 Analog to Digital Conversion

An (Audio + DC) signal from the Analog Input Board is con-
verted into a series of 12 bit digital words by the Analog to
Digital Converter. The digital signal is then processed by the
Modulation Encoders to provide signals to turn individual rf
amplifier modules ON and OFF. The Power Amplifier stage acts
as the Digital to Analog converter to create a high power,
amplitude modulated, rf output signal.

The dc component of the (Audio + DC) signal controls the
number of amplifiers on for carrier power and is adjusted using
the RAISE and LOWER buttons on the front panel. The audio
signal is then added to the dc component. The (Audio + DC)
signal is then sent to the Analog to Digital Converter.

The Analog to Digital (A/D) conversion process takes place in
three steps:
a. Divide the time scale into equal intervals by a high speed
sampling circuit.
b. Ateachtime interval, sample and record the amplitude of
the analog signal.
c. For each recorded sample, construct a 12-bit digital word
that represents the analog sample amplitude.

4.9.3 RF Amplifier Control
Refer to SECTION L, Modulation Encoders, for additional
information.

The 12-bit digital word is “encoded’” on the Modulation Encod-
ers to control the 123 “BIG STEP” and five “BINARY STEP”
rf amplifiers. The 12-bit digital word is divided into two groups
of information: The first seven bits, B1 through B7, form a
seven bit digital word and are used to control the 123 “BIG
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STEP” rf amplifiers; the last five bits, B8 through B12, each
control a “BINARY STEP” rf amplifier.

On the Modulation Encoders, bits B1 through B7 are used to
address ROM, Read Only Memory, address locations. In turn,
the data at each address location controls the 123 “BIG STEP”
rf amplifiers. The seven most significant bits of the 12-bitdigital
word represent the total number of “BIG STEP” rf amplifiers
ON at any time. For example:

a. 0101111/XXXXX = 47 BIG STEPS ON
b. 1011110/XXXXX =94 BIG STEPS ON
¢. 0000000/XXXXX = 0 BIG STEPS ON

The five least significant bits, B8 through B12, each control a
“BINARY STEP” rf amplifier. If the bit is a “1”, the associated
amplifier is ON. For example:

a. XXXXXXX/00001 =B12: ON

b. XXXXXXX/00011 =B11,B12: ON

c. XXXXXXX/10011 =B8, Bl1,B12: ON
The RAISE and LOWER controls on the transmitter front panel
set the dc component of the (Audio + DC) signal. Under ideal
conditions, for 50 kW carrier, the Analog to Digital Converter
samples the dc component of the (Audio + DC) signal and turns
47 “BIG STEP” rf amplifiers ON and all the “BINARY STEPS”
are OFF:

« 0101111/00000
When audio is applied to the transmitter, the audio component
of the (Audio + DC) signal is sampled by the Analog to Digital
Converter and the “BINARY STEP” amplifiers begin turning
ON until the five least significant bits of the 12-bit digital word
are all “LOGIC HIGH™:

e 0101111/11111
As the audio component keeps increasing, the “BINARY
STEP” tf amplifiers turn OFF and another “BIG STEP” rf
amplifier turns ON:

« 0110000/00000
This process repeats until the positive modulation peak is
reached. For 100% modulation of a S0kW carrier, this will
require twice the number of “BIG STEP” rf amplifiers ON as
are required for carrier, or 94. At that instant, the digital word
would be:

e 1011110/00000
At this point, the audio component of the (Audio + DC) signal
begins to decrease, and rf amplifier modules begin turning OFF.

Refer to SECTION J, Analog Input Board, and SECTION K,
Analog to Digital Converter, for additional information.

4.9.4 Amplitude Modulation in the DX-50

The transmitter Power Amplifier stage uses 128 solid-state rf
amplifier modules. Each rf amplifier can be switched on and off
very quickly. The rf voltage outputs of the 128 rf amplifiers, or
“steps”, are combined to produce the total transmitter rf voltage
output. The output of an AM transmitter is an rf voltage which
varies according to the audio modulating signal input. Each rf
amplifier provides a fixed voltage, and the rf output can be
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changed by switching the appropriate number of amplifiers ON.
A fixed number of amplifiers are switched ON for carrier. If the
audio signal increases, more amplifiers are switched ON. If the
audio signal decreases, amplifiers are switched OFF. As the
audio signal changes from instant to instant, the number of rf
amplifiers that are ON changes.

a. For carrier only, no modulation, only enough rf amplifiers
to produce the required rf voltage for carrier power are
switched ON.

b. A positive modulation peak requires a high rf voltage at
the transmitter output and a large number of amplifiers
are switched ON.

c¢. Fora 100% negative modulation peak, which corresponds
to zero rf voltage output, all the amplifiers are switched
OFF.

SUMMARY: Amplitude modulation in the DX-50 is accom-
plished by turning on only enough rf amplifier modules at any
time to produce carrier and the audio modulating signal at that
moment.

4.9.5 Power Amplifier Stage

The transmitter Power Amplifier stage contains 128 identical rf
amplifier modules. The amplifier modules are used as 123 equal
rf voltage “BIG STEP” amplifiers, and five fractional rf voltage
“BINARY STEP” amplifiers. The five “Binary Steps” are:

a. B8: =1/2 “Big Step” rf voltage

B9: = 1/4 “Big Step” rf voltage

B10: = 1/8 “Big Step” rf voltage

B11: = 1716 “Big Step” rf voltage

. B12: = 1/32 step “Big Step” rf voltage

As the 123 “BIG STEP” amplifiers are turned ON and OFF, the
rf output changes in equal VOLTAGE steps, not in equal power
steps, because of operating characteristics of the output com-
biner. For a 100% positive modulation peak, the rf output
voltage of the combiner must double. For a 100% negative
modulation peak, the rf voltage of the combiner must be zero.

For a typical carrier of 50 kW, approximately 47 “BIG STEP”
rf amplifiers are ON. As audio is applied, 94 “BIG STEP” rf
amplifiers turn ON for the 100% positive peak and all modules
turn OFF for the 100% negative peak.

The “BINARY STEP” amplifiers are switched in sequence to
provide smooth transitions between the equal rf voltage steps
created by the “BIG STEP” amplifiers. When all “BINARY
STEP” amplifiers are ON, their total amplitude equals 31/32 of
a “BIG STEP” voltage.

o a0 o

4.9.6 Summary: Digital Modulator
The amplitude modulation process in the transmitter takes place
in three steps.

First, The audio input signal is converted into a digital data
stream, a series of 12-bit digital words, by an Analog to Digital
Converter. This digital data stream is the “digital audio” signal.
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Second, the digital data from the Analog to Digital Converter is
encoded by the Modulation Encoders to provide the control
signals required by the Power Amplifier stage.

Third, the control signals from the Modulation Encoders are
used to switch individual rf amplifiers ON or OFF. The individ-
ual rf amplifier module outputs are combined in the rf combiner.
The rf output of the Power Amplifier stage changes in very small
steps, or discrete quantities, and is passed through the bandpass
filter to smooth the step transitions.
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4.9.6.1 Digital Modulator Characteristics

The patented Harris Digital Modulator uses new technology
which produces a very high quality, low distortion amplitude
modulated signal for AM broadcasters.

Overall ac to f efficiency of the DX-50 is very high, because
the digital modulator uses very little power and the rf amplifiers
are high efficiency, solid-state, Class D switching amplifiers.

The transmitter has little or no overshoot or tilt with square wave
modulation, even at very low audio frequencies and the modu-
lation envelope accurately reproduces the audio input signal.
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} Section V
Maintenance/Alignments

5.1 Introduction

This section provides general system preventive maintenance
information, board replacement and alignment procedures and a
transmitter frequency change procedure.

5.2 Maintenance

The importance of keeping station performance records cannot
be overemphasized. Separate logbooks should be maintained for
operation and maintenance. These records can provide data for
predicting potential problem areas and analyzing equipment
malfunctions.

5.2.1 Maintenance Logbook

The maintenance logbook should contain a complete description
of all maintenance activities required to keep the equipment in
operational status.

The following is a list of maintenance information to be recorded
and analyzed to provide a data base for a failure reporting system:

DISCREPANCY
Describe the nature of the malfunction including all observ-
able symptoms and performance characteristics.
TIME/DATE
Time of day and date discrepancy occurred.
CORRECTIVE ACTION
Describe the repair procedure used to correct the mal-
function.
DEFECTIVE PART(S)
List all parts and components replaced or repaired and
include the following details:
a. TIME IN USE
b. PART NUMBER
¢. SCHEMATIC NUMBER
d. ASSEMBLY NUMBER
e. REFERENCE DESIGNATOR
SYSTEM ELAPSED TIME
Total time on equipment
NAME OF REPAIRMAN
Person who actually made the repair
STATION ENGINEER
Indicates Chief Engineer noted and approved the repair of
the equipment

5.2.2 Preventive Maintenance

Preventive maintenance is a systematic series of operations per-
formed periodically on equipment and consists of six operations:
inspecting, feeling, tightening, cleaning, adjusting, and painting.

¢ INSPECT. Inspection is the most important preventive
maintenance operation because it determines the necessity
for the others. Become thoroughly acquainted with normal
operating conditions in order to readily recognize and iden-
tify abnormal conditions. Inspect for the following:

Errata: 05-03-00

1. Overheating, which is indicated by discoloration, bulg-
ing of parts, and peculiar odors.

2. Oxidation.

3. Dirt, corrosion, rust, mildew, and fungus growth.

e FEEL. By checking for overheating, lack of proper venti-
lation or other defects can be detected and corrected be-
fore serious trouble occurs. Become familiar with operat-
ing temperatures in order to recognize deviations from
the normal range.

» TIGHTEN. Tighten loose screws, bolts, and nuts. Do not
overtighten.

e CLEAN. Clean parts only when inspection shows that
cleaning is required and only use approved cleaning solvent.

¢ ADJUST. Make adjustments only when inspection shows
that they are necessary to maintain normal operation.

¢ PAINT. Paint surfaces with the original type of paint (us-
ing prime coat if necessary) whenever inspection shows
rust or broken paint film.

5.2.3 Maintenance Of Components

The following paragraphs provide information necessary for the
maintenance of components.

5.2.3.1 Transistors and Integrated Circuits

Preventive maintenance of transistors and integrated circuits is
accomplished by performing the following steps:

CAUTION

USE CARE TO AVOID THE BUILDUP OF STATIC ELECTRICITY
WHEN WORKING AROUND INTEGRATED CIRCUITS.

a. Inspect the surrounding area for dirt. Accumulations could
form leakage paths.

b. Use compressed dry air to remove dust from the area.

ALWAYS WEAR SAFETY GOGGLES WHEN USING COM-
PRESSED AIR.

c. Examine all transistors for loose connections or corrosion.
Tighten the transistor mounting hardware to no more than
5 inch-pounds. Overtightening the transistor hardware will
cause the insulators to short. Torque specification for tran-
sistor mounting hardware is 5 inch-pounds.

5.2.3.2 Capacitors
Preventive maintenance of capacitors is accomplished by per-
forming the following steps:

a. Examine all capacitor terminals for loose connections or
corrosion.

b. Ensure that component mountings are tight. Do not over-
tighten capacitor mounting straps as excessive pressure
could cause internal shorting of the capacitors.

c. Examine the body of each capacitor for swelling, discol-
oration, or other evidence of breakdown.
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d. Use standard practices to repair poor solder connections
with a low-wattage soldering iron.

e. Clean cases and bodies of all capacitors.

f. Inspect bleeder resistors when inspecting electrolytic ca-
pacitors.

5.2.3.3 Fixed Resistors
Preventive maintenance of fixed resistors is accomplished by
performing the following steps:

a. When inspecting a chassis, printed-circuit board, or dis-
crete component assembly, examine resistors for dirt or
signs of overheating. Discolored, cracked, or chipped com-
ponents indicate a possible overload.

b. When replacing a resistor, ensure that the replacement
value agrees with the schematic diagram and parts list.

c¢. Clean dirty resistors with a small brush.

5.2.3.4 Variable Resistors
Preventive maintenance of variable resistors is accomplished by
performing the following steps:

a. Inspect the variable resistors and tighten all loose mountings,
connections, and control knob set-screws (do not disturb knob
alignment). Sliding taps on adjustable resistors should be
snug, but not excessively tight. Overtightening can damage
the resistor.

b. Clean dirty resistors with a small brush.

c. Whendirt is difficult to remove, clean with a lint-free cloth
moistened with an approved cleaning solvent.

5.2.3.5 Fuses
Preventive maintenance is accomplished by performing the fol-
lowing steps:

CAUTION

USE ONLY AN EXACT REPLACEMENT FUSE. FUSES OF THE
SAME SIZE AND/OR RATING FROM A DIFFERENT MANUFAC-
TURER MAY NOT FULFILL THE REQUIREMENT FOR EXACT
REPLACEMENT.

a. When a fuse blows, determine the cause before installing
a replacement.

b. Inspect fuse caps and mounts for charring and corrosion.
Remove dirt with a small brush.

e o

. If necessary, tighten fuse clips and connections to the clips.
Fuse clip tension may be increased by pressing the clip
sides closer together.

5.2.3.6 Switches
Preventive maintenance of switches is accomplished by perform-
ing the following steps:
a. Inspect switch for defective mechanical action or loose-
ness of mounting and connections.
b. Examine cases for chips or cracks. Do not disassemble
switches.
c. Check contacts for pitting, corrosion, or wear.
d. Operate the switches to determine if they move freely and
are positive in action.
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e. Be sure to include an inspection of the power supply
discharge switches S9, S10 and S12 located in the inter-
locked RF Amplifier and Driver Compartments.

5.2.3.7 Indicators and Front Panel Switches
Preventive maintenance of indicator lamps and control switches
is accomplished by performing the following steps:

a. To remove an indicator bulb (LOW, MED, HIGH, RAISE
or LOWER) pull out on the indicator button. The indicator
lamp may then be removed. When re-installing the button,
care must be taken to avoid disrupting normal operation.

b. Replacement of a front panel switch requires removal of
the Switch Board behind the meter panel.

5.2.3.8 Printed Circuit Boards
Preventive maintenance of printed circuit boards is accomplished
by performing the following steps:

a. Inspect the printed circuit boards for cracks or breaks.
b. Inspect the wiring for open circuits or raised foil.

¢. Check components for breakage or discoloration due to
overheating.

d. Clean off dust and dirt with a clean, dry lint-free cloth.

e. Use standard practices to repair poor solder connections
with a 40 Watt soldering iron.

5.2.3.9 Air System
a. The air filters should be routinely washed with soap and
water. Intervals between cleaning will depend on the envi-
ronment.

b. Replace filter when it shows signs of deterioration.

5.2.3.9.1 Fan Motor Bl Through B4 Replacement

It is very probable that the fan blade will be locked or “frozen”
to the shaft of the motor after years of operation. Because of this
it will be necessary to remove the fan frame and blower assembly
to service the motor.

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

a. Remove the rear panels of the Output Network Compart-
ment.

b. Disconnect the three wires from the failed motor to the fuse
block.
c. Remove the inner fan cage panel which will allow any of
the four fans to be pulled straight back.
d. Remove the 4 screws fastening the fan frame to the cabinet
and remove the fan assembly.
Strap the replacement motor in the High Voltage configuration
(460 Vac) shown in Figure 5-1. Wire the motor as shown on the
Overall Schematic, 839-7855-068, to ensure the motor will rotate
in the same direction as the other three.
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Figure 5-1. Blower Motor Strapping

5.3 Module Replacement/Alignment

DX-50 modules can be grouped in three categories when replace-
ment is required:

¢ Modules which can be replaced with no adjustments.

e Modules which require preset switch settings or jumper
plug positions

¢ Modules which require adjustments.

5.4 Modules Which Can Be Replaced
With No Adjustments

The following modules may be replaced, or components on them
can be replaced, without making any adjustments, measure-
ments, or preset switch or jumper plug settings:

o Buffer Amplifier (A39)

¢ Predriver (A10)

¢ PA Modules (RF1 through RF128)
¢ External Interface (A28)

e RF Multimeter (A23)

o Fuse Boards (A24/A25)

¢ Output Sample (A26)

¢ Drive Splitter (A15)

¢ Power Distribution (A39)

5.4.1 Buffer Amplifier (A16)

The Buffer Amplifier is broad-band, with no frequency deter-
mined components. If the Buffer Amp is replaced and a drive
fault is still indicated on the ColorStat™ panel, check the drive
level to the Predriver Module using the procedure outlined under
Frequency Change Procedure in this section.

5.4.2 Predriver

The Predriver Module is one of 143 identical RF amplifiers used
in the Driver and Power Amplifier stages, and therefore can be
interchanged if required. No adjustments are necessary if the
Predriver is replaced. Turn the transmitter ON and measure both
the Predriver voltage and current on the RF MULTIMETER to
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verify that they are near the measurements indicated on the
Factory Test Data sheet.

NOTE

Adjustment of Predriver tuning control L1 is NOT required when
replacing the module. Changing the Predriver tuning can affect
the setting of the Oscillator sync used for VSWR protection.

If the Predriver is replaced and a Predriver Fault is still indicated
on the ColorStat™ panel, it is advisable to check the output to
the Driver stage using the procedure outlined under the Fre-
quency Change Procedure in this section.

5.4.3 PA Modules

The RF amplifiers used in the Power Amplifier stage are com-
pletely interchangeable as required. This can be done quickly by
depressing the OFF button, and opening the interlocked RF Amp
Compartment door inside the Center or Left Control Compart-
ment. Remove the defective RF amplifier by pulling it out and
then insert the replacement RF amplifier. The inner door can then
be closed and the transmitter returned to operation.

If the low voltage is left on when an RF amplifier is removed, the
ColorStat™ panel Cable Interlock LED will illuminate. Depress
the reset button to clear the Interlock indication. If the transmitter
will not turn on and the Cable Interlock LED remains red, check
to make sure the replacement RF amplifier is fully inserted. A
definite resistance should be felt when an RF amplifier is re-
moved or inserted in its slot.

For optimum performance the drive level to the PA Modules must
be correct. Itis possible to get an idea if a replacement PA Module
is operating efficiently by operating the transmitter at full power
with normal modulation for 5 minutes. Shut the transmitter
down, turn off the Low Voltage at CB1 and CB2 and quickly open
the interlocked inner door. Compare the temperature of the
heat-sink on the replacement PA Module with other PA Modules
in the same area. If the PA Module is hotter than the others, drive
level and phasing should be checked. For Drive Level and
Phasing measurement procedures see “Measuring RF Drive
Level” and “Measuring RF Drive Phasing” paragraphs in the
Troubleshooting section.

5.4.3.1 Handling MOSFET’S

Due to the fragile nature of the gate of a MOSFET, special care
in their handling is required. The gate junction may be destroyed
by static electricity if it is allowed to discharge through the
MOSFET.

NOTE
MOSFET 1ransistors which are in circuit are immune to this
damage.
The MOSFET transistors are shipped in anti-static packaging.
The transistors should remain in this packaging until they are to
be used or tested.

5.4.3.2 Testing MOSFET’s
The MOSFET’s will have to be removed from the circuit in order
to perform the following test.

Observe the precautions in the paragraph entitled “Handling
MOSFET’S” in this section.
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The following test applies to all MOSFET s used in the transmit-
ter, but is not necessarily applicable to MOSFET"s used in other
equipment.

The MOSFET's used in the transmitter may be checked with an
Ohmmeter. However there is a requirement which restricts the
use of some Ohmmeters. If the battery voltage is too low (under
3V) or too high (over 20V) the Ohmmeter cannot be used. A
battery voltage less than 3V will not give an operational check
of the transistor and a battery voltage greater than 20V may result
in damage to the transistor under test. A Simpson 260, which uses
a 9V battery on the Rx 10k scale works quite well.

This test will show how a MOSFET can be switched “on” and
“off” by charging and discharging the gate of the MOSFET.

Connect the positive lead of the Ohmmeter to the drain or case
of the transistor. Connect the negative lead to source. Alternately
touch a jumper from gate to source and then from gate to drain.
The Ohmmeter should read towards infinity or at least 2M Ohms
when the MOSFET is switched off and less than 90k Ohms when
the MOSFET is switched on. (To switch the MOSFET on hard,
near zero Ohms, use +5 Vdc gate to source signal.) When doing
this test, lay the MOSFET on a flat surface or hold sides of the
case. The resistance of your finger tips and skin will affect the
readings when you touch the leads.

5.4.3.3 Replacing MOSFET’s

When repairing an RF amplifier, it is recommended that all four
MOSFET’s of the failed half of the RF amplifier be replaced.
Even though only one or two of the four MOSFET’s are found
to be shorted, the remaining MOSFET’s may have been stressed
internally and may fail when supply voltage is reapplied. The
repair process would then have to be repeated which can be very
frustrating. A Blown fuse on one half of the amplifier does not
affect the other half of the amplifier.

MOSFET’s that appear to be undamaged after testing should be
kept as spares for use if new replacements are not available. Also
keep in mind that the amplifiers used in the Driver stage and
Power Amplifier stage are identical except that the Driver Mod-
ules operate at half voltage. This allows you to rotate a repaired
RF amplifier into a Driver position if so desired.

NOTE

In most cases, the transistor will stick to the heatsink because of
seal created by the transistor pad. This seal will have 1o be bro-
ken before a heatsink can be removed. Pry the transistor out,
away from its heatsink. DO NOT TRY TO PRY THE HEATSINK
AWAY FROM THE PC BOARD WITH TRANSISTORS STUCK
TO THE HEATSINK OR THE PC BOARD MAY BE DAMAGED
AND THE HEATSINK MAY DISTORT. Sometimes the transistor
pad will tear when the seal is broken. Remove stuck pieces and
replace the pad.

a. Remove all the screws from heatsinks and transistors.

b. Remove the heatsinks one at a time starting with the outer
most sink. Break seals on transistor pads as each pair is
exposed.

c. Replace failed transistors. Save and reuse the ferrite bead
on the center leads of Q3/Q10 and Q4/Q1 1. Do not solder
leads until heatsinks are in place.
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d. Reattach heatsinks in reverse order as they were removed.
Tighten heatsink and pc board screws firstand then tighten
transistor screws (torque to 3 inch-Ibs).

e. Make sure the ferrite beads are on the center leads of
Q3/Q10 and Q4/Ql 1.

f. Solder transistor leads and trim.

g. Replace blown fuse(s).

5.4.4 RF Drive Splitter Removal

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

a. Remove the Driver Compartment rear door.

b. Remove all RF drive cable assemblies from the RF Drive
Splitter.

c. With a 9/16" socket wrench, remove the bolt that connects
the splitter to the Driver Combiner output rod.

d. Remove the standoffs for the cable support ring in the four
corners of the splitter and remove the splitter.

5.4.5 RF Drive Splitter Replacement

Replacement of the RF Drive Splitter is the reverse of the removal
process. Make sure all drive cables are fully inserted and locked
into their sockets.

5.5 Boards Which Require Preset Switch

Settings or Jumper Plug Positions
The following boards have no adjustments, but may have jump-
ers or switches that can be preset to match the settings on the
board being replaced.

e Modulation Encoders (A36/A37)

e Controller (A38)

Driver Combiner/Motherboard (A 14)
Binary Combiner/Motherboard (A1)

e Main Combiner Motherboards (A2-A8)

5.5.1 Modulation Encoders (A36/A37)

When replacing the Modulation Encoder A36, make sure that
binary output jumpers are all in place . Make sure the gold
jumpers for Big Step encoder signals 1 through 32 and 97
through 123 (P-1 through P-6) are in place. A FlexPatch™
jumper should be in place from P-15 to P-11. Make sure that P20
is connected between J20-1&2 and P21 is connected between
J21-1&2. Extra FlexPatch™ jumpers can be stored in P9. When
replacing Modulation Encoder A37 Make sure the gold jumpers
are in place for the Big Step encoder signals 33 through 96 (P-1
through P-6). Make sure that P20 is connected between J20-1&3
and that P21 is connected between J21-1&3. Extra FlexPatch™
jumpers can be installed in the holes in P-9.
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5.5.2 Controller A38

Once a new Controller is installed the low voltage circuit break-
ers CB1 and CB2 can be turned on. Check to see that regulator
faultindicator DS1 is not illuminated. A dc voltmeter can be used
to ensure that the regulators are operational. Check the following
test points for the indicated voltage.

TP2 ....... +5Vdc
TP3 ....... +15Vdc
TP7 ....... -15Vdc

NOTE

Do not install battery backup BT1 through BT3 until the Control-

ler has been installed and power has been applied for at least |

minute. This will allow time for C44, backup supply capacitor, to

Sully charge.
Once the regulator voltages have been measured, ensure that the
PA turn off switch S2 is in the ON position (down). The trans-
mitter can now be turned ON by depressing the LOW, MEDIUM
OR HIGH button. The power output on all three power levels
will be zero. Reset the transmitter output to the desired power by
pressing the RAISE button. Refer to the Operation Section of the
manual for further information.

5.5.3 Binary Combiner/Motherboard, Main Com-
biner/Motherboards (A1-A8).

The Binary Combiner/Motherboard contains jumpers J30
through J33 to select the proper amplitude of Binary Steps B-7
through B-10. Set these jumpers to the same configuration as the
board to be replaced or refer to the Factory Test Data sheet. Also,
ensure that JP1-JP8 and J30-J33 are configured properly for the
board to be replaced. Check and set the taps on efficiency coils
L1 through L16 on every motherboard to be replaced.

5.5.3.1 Combiner Motherboard Removal

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

All combiner motherboards are of similar construction and there-
fore will require the same basic procedure.
a. Remove all 16 RF amplifiers from the front.

b. Disconnect all wiring and cables from the motherboard
being replaced.

c. Remove only as much of the combiner cover as necessary.

CAUTION

LOCATE AND REMOVE ANY HARDWARE THAT IS DROPPED. IF
LOST HARDWARE IS REPLACED, MAKE SURE NONE OF IT HAS
LODGED ON ANY RF AMPLIFIER MODULE.

d. Depending on which board is being removed do one of the
following two steps.

1. On the Main and Binary motherboards, remove the two
end screws from the combiner secondary rod.

Errata: 05-03-00
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2. On the Driver/Combiner motherboard. the secondary
rod will have to be removed through the top of the
transmitter. If top removal is not possible because of an
overhead clearance problem, remove the RF Drive
Splitter and lower the rod down to where it will rest on
T1. Continue with the rest of the motherboard removal.
Tilt the motherboard back and continue to slide the rod
down and forward across the top of T1.

e. Remove the motherboard fastening hardware beginning
with the two 4-40 screws in the front center card guide
support. The 4-40 screws to be removed can be identified
by the six inch (15cm) aluminum rods attached to the card
guide support bar.

f. Carefully remove the motherboard from the rear of the
transmitter.

5.5.3.2 Combiner Motherboard Installation
Replacement of the Main Combiner/Motherboards is essentially
the reverse of the removal procedure.

a. During installation of a motherboard, it may not appear to
fitin as easily as it came out. This is due to the blue card
guides not fitting back in their slots at the same time.

L. Install the board, using only a few of the screws to
mount the board to the supports.

2. From the front of the RF Amp Compartment, place the
card guides into their respective slots.

b. Once the motherboard has been fully mounted, insert the
allen screws that bolt the Combiner rods together but do
not fully tighten.

c. Loosen the two set screws in the fiberglass supports on the
motherboard that hold the rod in place. Now tighten the
Allen screws on the copper rod to 150 inch/Ibs.

d. Re-tighten the set screws on the motherboard. Replace the
Combiner cover, RF amplifiers, and the interconnection
plugs.

NOTE
Replace all combiner cover screws. The majority of combiner RF
ground current flows through the combiner covers.

5.5.4 Driver Combiner/Motherboard A14

The Driver Combiner/Motherboard has no adjustments. There
are taps on efficiency coils L2-L 15 that need to be placed in their
proper frequency determined location. Set these coil taps to the
same configuration as the board to be replaced or refer to the
Factory Test Data sheet.
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5.6 Printed Circuit Boards Which Re-

quire Adjustments
The remaining boards in the transmitter have adjustments which must
be checked and possibly preset before applying high voltage. Some
controls may need further adjustment after applying high voltage. The
following paragraphs describe these boards and adjustments.

These boards are:

e Analog to Digital Converter (A34)

¢ Analog Input Board (A35)

e Oscillator (A17)

o Driver Supply Regulator (A22)

¢ DC Regulator (A30)

¢ Output Monitor (A27)

e LED Board (A32)

o Driver Encoder/Temp Sense Board (A19)
e Switch Board/Meter Panel (A31)

5.6.1 Analog to Digital Converter (A34)

The Analog to Digital Converter contains two adjustments, two DIP
switches, and two sets of jumpers. The first step in replacing the Analog
to Digital Converter is to make sure that switches S1 and S2 are set the
same as the board to be replaced. S1 sets the A/D sample phasing and
is critical to the proper operation of the transmitter. Set jumper P10 and
P11A/B to the same settings as on the board to be replaced.

5.6.1.1 Delay Adjustment: R78
The delay adjustment is normally set during factory testing of the board
but can be checked and adjusted if needed using the following procedure:

a. Once the new Analog to Digital Converter is installed,
apply low voltage to the transmitter and verify that all
LED’s on the ColorStat™ panel are green.

b. Locate the PA TURN-Off switch S2 on the Controller and
move it to the OFF (up) position.

c. Depress the LOW power button on the front panel and note
that the transmitter completes the step-start sequence and
that the +230 Vdc supply energizes.

d. The PA OFF indicator LED of DS1 on the Modulation
Encoders (A36/A37) should be illuminated and there
should be no RF output.

e. Connect a scope with a minimum bandwidth of 30 MHz
to TP3 on the Analog to Digital Converter and ground the
probe on TP19, 20, or 21. This is the conversion pulse for

the A/D converter IC. The width of the positive portion of
the pulse should be approximately 40ns.

f. Adjust the pulse to the correct width with R78. The Con-
version Error LED DS 1 on the Analog to Digital Converter
should be green.

5.6.1.2 Offset Adjustment: R7

The Offset adjustment is set during factory testing of the board,
but can be adjusted if needed. The most significant affect of the
offset adjustment is on modulation tracking. In other words,
equal modulation percentage at all power levels. To check the
setting of the Offset adjustment:

a. Operate the transmitter at 50 kW and modulate with a
100Hz tone at 95%.

b. Operate the transmitter at 5.0 kW and measure the percent of
modulation. If it is within 1% of the level noted at 50 kW, no
further adjustment of the Offset control is necessary.

c. If the modulation is not within 1% of the level noted at 50
kW, adjust R7 to bring the modulation level within 1%.

d. Operate the transmitter at 50 kW and note the percent of
modulation. Adjust R7 if necessary.

This adjustment will affect the power output on all power set-
tings, but will have the most affect at low power. Normally,
satisfactory modulation tracking should be obtained within two
turns of where the control was previously set.

5.6.2 Analog Input Board (A35)

The Analog Input Board has five adjustments that are preset during
factory tests. It is normally advisable to recheck these settings using the
procedures given here, however it may be necessary to install the board
quickly to return the transmitter to the air. In this case, the adjustments
can be set to the same resistance values as on the board to be replaced
and acomplete set-up procedure can be performed later. This procedure
assumes the controls on the board to be replaced have not been changed
from their factory settings. The controls to be preset, and the most
convenient measurement points given are shown in Table 5-1.

5.6.2.1 Dither Frequency Adjust: R41
Dither Frequency adjustment is factory set and should not need
any further adjustment. To check and adjust the dither frequency:

a. Connect a frequency counter to TP10.
b. Adjust R41 for a nominal frequency of 72 kHz. This is not
critical and can vary anywhere from 70 kHz to 74 kHz.

Table 5-1. Analog Input Board A35 Preset Controls

CONTROL |FUNCTION ~ |MEASUREMENTPOINTS  |RECORDED VALUE o
RIS |AUDIOGAINADJ.  |U6-2 to RI6 (Left side) | .
|R27 MAX. POWER ADIJ. TP3 to ground |
|R4l  |DITHERFREQADJ. _ |U3-2to junction of R38,R39,.CRIl | -
|R43 DITHER LEVEL ADJ. _|TP9 to ground |
| R84 |OFFSET ADJ. R83 (right side) to ground 1
|R85 |GAIN ADJ. US-5 to ground |
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5.6.2.2 Maximum Power Adjust: R27
a. Turnonthe transmitter at LOW power with no modulation.
If the Maximum Power adjust is set correctly the transmit-
ter should come up at the previously set low power level.
b. If it does not, adjust R27 for the correct low power output.
c. Depress the HIGH power button. If HIGH power was
previously set for S0 kW, the transmitter output should now
be approximately SO kW.
d. Depress the RAISE button until the power output reaches
60 kW or stops rising.
L. If the maximum power output is less than 60 kW, adjust
R27 for 60 kW output.
2. If the power output exceeds 60 kW, adjust R27 so that
the transmitter power will not exceed 60 kW.

5.6.2.3 Offset Adjustment: R84 (Modulated B-)

a. Connect ascope to the modulated B- output at TP6 or TP30
on the DC Regulator.

b. Operate the transmitter at 5.0 kW and modulate 100% with
a 100 Hz sine wave.

c. Set up the scope at 1.0 Volt per division to measure a dc
coupled audio waveform. You should view a distorted sine
wave of approximately 2.0 Vp-p on a -3.0 Vdc negative
offset. See Figure 5-8.

d. Adjust R84 so that the positive peak of this waveform just
begins to clip, then back off the control slightly. Note that
the waveform will reach the clip point as it moves more
positive. This positive peak of audio corresponds to the
modulation envelope negative peak.

5.6.2.4 Audio Gain Adjust: R15

The Audio Gain Adjust is normally factory preset for 100%
modulation with an audio input level of +10.0 dBm. It can be
adjusted for 100% modulation with audio input levels from -10.0
dBm to +10.0 dBm. To adjust:

a. Operate the transmitter at the desired output power and
slowly increase the output of the audio generator to the
desired level.

b. Adjust R15 for 100% modulation.

¢. The RF output may vary when adjusting this control. Once
R15is adjusted, the power output may need to be reset with
the RAISE and LOWER buttons.
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5.6.2.5 Dither Level Adjust: R43

The Dither control is preset and there should be no need for
readjustment. If it is desired to check the setting of the control,
use the following procedure.

a. Operate the transmitter at approximately 1.0 kW output
and modulate with a 100 Hz tone at 95%.

b. Use a scope to display one cycle of demodulated audio
from the modulation monitor.

c. Expand the vertical sensitivity of the scope to display only
a portion of the waveform.

d. Adjust R43 maximum counterclockwise. At this point it
should be possible to see some of the individual Digital
Modulation voltage steps. (It may be possible to see the
steps better at a lower modulation level, but it may also be
necessary to externally sync the scope with the audio
generator).

e. While observing the individual steps, adjust R43 clock-
wise until the individual steps can no longer be distin-
guished. This should occur within two turns of R43. Addi-
tional clockwise adjustment of the control may appear to
further smooth out the steps but will result in additional
noise on the waveform.

f. Only increase the Dither Level enough to just smooth out
small step transitions. Other, slightly larger, steps or
glitches will be seen at low power and modulation levels.
This is normal. Do not use R43 to try and smooth these
out. Never use more than three clockwise turns of R43.

5.6.3 Oscillator (A17)

Preset the replacement board before installation by placing all
jumpers in the same positions as in the board to be replaced.
These are identified in Table 5-2.

a. Set S1, a four section DIP switch, to the same setting as
the board to be replaced.

b. Adjust the tuning slug of L4 with a non-inductive tuning
tool for approximately the same amount of penetration into
the coil.

¢. Remove the heater assemblies from crystals Y1 and Y2. An
angle bracket bolts to the PC board and holds the crystal
heaters in place.

d. Carefully remove the crystals and reinstall them on the new
board. Install the heater assemblies on each crystal.

Table 5-2. Oscillator A17 Preset Jumpers

]FJUMPER - \FUNCTION )
Pl |CRYSTAL SELECT i
P2 - |CRYSTAL FREQUENCY DIVIDER SELECT |
P3 | INTERNAL/EXTERNAL OSCILLATOR SELECT B
P4 B SINGLE/COMBINED TRANSMITTER SELECT
PS - __|[EXTERNAL INPUT TERMINATION SELECT 1
P6 |CRYSTAL HEATER SELECT 1
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5.6.3.1 Carrier Frequency Adjust: C1/C3
a. Select crystal oscillator and heater Y | by moving jumpers
J1 and J6 to position 1-2.

b. Turn the low voltage on for 15 to 20 minutes.

¢. Connect a frequency counter to BNC connector J5 and
adjust C1 with a non-inductive tuning tool for the correct
carrier frequency.

d. To set the output frequency of crystal Y2, turn off the low
voltage and move jumpers J1 and J6 to positions 1-3.
Repeat the above procedure by adjusting C3.

5.6.3.2 Oscillator Sync Adjustment: S1/L4

The Oscillator Sync adjustment is critical to the proper operation of
the VSWR circuitry. If the circuit is not adjusted properly, damage
to the RF amplifiers could result during a VSWR fault condition.

a. Using a dual trace scope connect channel one to TP5 and
channel two to TP4 on the Oscillator. Sync the scope to
channel one.

b. Operate the transmitter at full power and note a 5.0 Vp-p
square wave at the carrier frequency on channel one.
Channel two will also have a 5.0 Vp-p square wave dis-
played.

c. Adjust the scope to display one or two cycles of RF. If the
positive going edges of the two waveforms are lined up,
no further adjustments are required. Refer to Figures 5-9
and 5-10, Oscillator Sync waveforms.

d. If the two waveforms are not in phase and adjusting L4
does not line up the positive going edges, then different
combinations of capacitance can be switched in by S1.

e. When switching in different values of capacitance use the
least amount necessary to achieve phase alignment of the
two signals. If too much capacitance is used there may not
be enough signal input at TP4.

f. Operate the transmitter at 5.0 kW and make sure there is
still a signal present at TP4. The two signals may not be as
well aligned as at full power.

5.6.4 Driver Supply Regulator (A22)

The Driver Supply Regulator sets the proper voltage to Driver
8A and 8B. Two controls and one switch must be set properly for
correct transmitter operation. If the Regulator is not operational,
note DRIVER 8A voltage on the Factory Test Data sheet and the
normal transmitter log reading.

5.6.4.1 Removing The Driver Supply Regulator Assembly
a. Turn off the primary ac power at the main disconnect.
b. Remove the clear plastic safety cover over the Driver
Supply Regulator.

c. Disconnectall cables from the assembly. Remove the bolts
holding the assembly to the transmitter wall.

5.6.4.1.1 Removing Printed Circuit Board From The Heat Sink
The printed circuit board is mounted on the heat sink, using six
screws and spacers. The seven MOSFET’s are soldered to the
printed circuit board, and are mounted on the heat sink using
screws, compression washers, and insulator pads.

To remove the printed circuit board, the seal between the transis-
tors and the insulator pads will have to be broken. Use a long
knife or ice pick to slide underneath the pc board to pry the
MOSFET off the pad. The pad may tear or peel when the seal is
broken. Always replace damaged pads.

5.6.4.2 Preset Adjustments

To prevent drive overloads, it is recommended that the two
adjustments be preset by measuring the resistance of the controls
on the board to be replaced. The most convenient measurement
locations are shown in Table 5-3.

NOTE
Before proceeding with any adjustments, determine that the ac
line voltage is at normal voltage levels. If the voltage is either
higher or lower than normal, recheck your adjustments when the
ac line has returned to normal.
5.6.4.21 Open Loop Adjust: R2

a. SetS1 onthe Driver Supply Regulator to the OPEN LOOP
position.

b. On the Controller, switch PA TURN-OFF switch S2 to the
OFF (up) position.

c. Turn on Low Voltage at CB1 and CB2 and depress the
LOW power button. The +230 Vdc supply should be
energized but there should be no RF output.

d. Note DRIVER D8A voltage. If the voltage is close to the
normal voltage or to the recorded voltage on the Factory
Test Data sheet, then no further adjustment of the Open
Loop control is necessary.

e. If adjustment is necessary, use an insulated tuning tool to
adjust R2 for normal operating voltage on D8A.

5.6.4.2.2 Closed Loop Adjust: RI12
a. Switch S1 to the CLOSED LOOP position.

b. Adjust R12 (Closed Loop Adjust) so that DRIVER D8A
voltage is the same as the Open Loop voltage.

c. Return the PA TURN-OFF switch to the PA-ON position
and readjust R12 for the correct reading at normal power
output.

5.6.5 DC Regulator (A30)

The DC Regulator has two adjustments which should be preset
before the transmitter PA Power supply is turned on. Refer to the

Table 5-3. Driver Supply Measurements

— E——
{CONTROL |FUNCTION

— [MEASUREMENT POINTS __|MEASURED RESISTANCE

A22R2  |OPENLOOPADJ |U2-2to ground - S |
A22R12  |CLOSEDLOOP _ |RI4(Leftside) to RI3(Left) | S |
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Factory Test data sheet for the LCD Multimeter readings on the
DC Regulator.

a. Place P1 in the TEST position.

b. Turn on the Low Voltage supply with CB1 and CB2 and
monitor TP8 with anexternal meter. Adjust for +2 Vdc with
RI.

c. Adjust the voltage of “REG B B- OUT” with R93 and
“REG A B-OUT” with R51 for approximately 2.5 Vdc
with the Low Voltage ON.

d. Turnthe transmitter ON at 50 kW and modulate 100% with
a | kHz tone.

e. Adjust the “A” and “B” voltages as needed to match those
recorded on the Test Data Sheet. These voltages will nor-
mally be between -4.5 and -5.3 Volts.

NOTE

Place Pl in the NORMAL position after adjustments are com-
pleted. This is important to prevent overheating of the regulator
transistors when the transmitter is OFF and there is no air flow
through the compartment.

5.6.6 Output Monitor (A27)
The Output Monitor performs three main functions:

o Forward and reflected power metering

¢ VSWR overload sensing

¢ Modulation monitor sample level adjustment
All of these functions must be calibrated for proper transmitter
operation. Set all jumpers and switches listed in Table 5-4 to the
same position as on the board to be replaced.

Since all of these circuits require adjustment while the transmit-
ter output network is set to 50 + jO Ohms, it is preferred that the
transmitter be operated into a 50 Ohm load. This procedure can
be performed into the antenna, but operating the transmitter into
a load will make measurements easier due to the lack of interfer-
ence, compared to that existing on the antenna system.

5.6.6.1 DETECTOR NULL (Antenna) Adjustment

a. Set the PA TURN-OFF switch S2 on the Controller to the
OFF (up) position.

b. Depress the LOW power button. The PA Supply voltage
should be present but no power should be indicated on the
Forward Power meter.

c. Depress and hold the LOWER button for approximately
30 seconds.

d. Set the PA TURN-OFF switch S2 on the Controller to the
ON (down) position and hold the RAISE button until the
transmitter output power is approximately 2.5kW.

e. Using a Dual trace scope, connect a 10x probe on channel
1 to TP6 and a 10x probe on channel 2 to TP5. A signal
should be visible at both TP6 and TPS

f. While depressing momentary button switch S5, set the
Normal/Calibrate switch S8 to the Calibrate position. Note
that the signal at TPS has dropped in amplitude.

g. Adjust capacitor C29 for minimum signal at TP5. This
signal will contain mostly harmonics of the carrier fre-
quency. It may be necessary to add additional capacitance
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with §9-1 and S9-3 at the low end of the band or additional
inductance with S9-2 and S9-4 at the high end of the band
to achieve a minimum signal.

h. Set the Normal/Calibrate switch S8 to the Normal position
and release momentary pushbutton switch S5. Make sure
that the vertical sensitivity of both channels of the scope
are the same.

i. Connect both scope probes to TP6 to ensure that both

traces are the same amplitude. Return the other probe to

TPS.

Set the time base on the scope to display 2 to 3 cycles of RE.

k. Adjust C15 to make the signal at TP6 the same amplitude
as TPS. Note that the two signals are probably not in phase
with each other. See Figure 5-5.

1. Using a non-inductive tuning tool, adjust L12 to phase
align the two signals. It may be necessary to readjust C15
to make the two signals equal in amplitude. Note that it
may not be possible to get both signals equal in amplitude
using C15 until some adjustment of L12 is made.

—

m. If, by adjusting L12, it is not possible to align the two
signals in phase, select a different value of capacitance
across L12 by switching in one or more sections of S6 then
readjusting L12 for an in phase signal.

n. Note that as the amplitude and phase of the two signals are
matched, the meter reading in the DETECTOR NULL
(Antenna) position will null. Fine adjustments of these
controls will be made at full power once the Bandpass
Filter controls are set.

5.6.6.2 DETECTOR NULL (Bandpass Filter) Adjustment

a. Using a Dual trace scope connect a 10x probe from channel
1 to TP10 on the Output Monitor. Connect a 10x probe
from channel 2 to TP1. A signal should be visible at both
TP1 and TP10.

b. While depressing the momentary pushbutton switch S5,
set the Normal/Calibrate switch S8 to the Calibrate posi-
tion. Note that the signal at TP10 has dropped in amplitude.

c. Adjust capacitor C21 for minimum signal at TP10. Also
note that the minimum residual signal will contain mostly
harmonics of the carrier frequency.

Table 5-4. Output Monitor A27 Jumper/Switches

JUMPER/SWITCH |[FUNCTION

P3 Directional Coupler select

Pl Directional Coupler select

S8 Normal/Calibrate

S6 ~ |Antenna VSWR Phasing

87 |Bandpass VSWR Phasing |
2. [Bandpass VSWR Amplitude |
S9  |Antenna Null Detector Resonance |
S1 Bandpass Filter Null Detector Resonance
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d. If a minimum cannot be achieved due to the capacitor C21
running out of range, use S to select a different value of
capacitance (C3 or C5), or a different value of inductance
(L2 or L3) to null out the signal at TP]. Note that some
frequencies may not require any added reactance. Nor-
mally capacitance is added at the low end of the frequency
band and inductance is added at the high end of the band.

e. Setthe Normal/Calibrate switch S8 to the Normal position,
and release momentary pushbutton switch S5. Make sure
that the vertical sensitivity of both channels of the scope is
the same.

f. Set the time base on the scope to display 2 to 3 cycles of RF.

g. Adjust C16 to make the signal at TP the same amplitude
as TP1O, and also note that it may not be possible to get
both signals equal in amplitude using C16 until some
adjustment of L5 through L8 (selected by S7) is made.
Capacitance can be added with S2 if the signal cannot by
nulled with C16.

h. Note that the two signals are probably not in phase with
each other. See Figure 5-5.

i. Using a non-inductive tuning tool, adjust L5 through L8,
depending on which one is selected by the DIP switch 87,
to phase align the two signals. It may be necessary to
readjust C 16 to make the two signals equal in amplitude.

j. If, by adjusting the selected variable inductor L5-L38, is not
possible to align the two signals in phase, select another
value of variable inductance with S7. Note that as the
amplitude and phase of the two signals are matched the
DETECTOR NULL (Filter) position on the Multimeter
will also null.

5.6.6.3 Fine Tuning

a. With the transmitter operating at 2.5 kW, both the DETEC-
TOR NULL (Antenna) and the DETECTOR NULL (Fil-
ter) positions on the front panel multimeter should indicate
near zero.

b. To prevent possible modulation monitor damage, turn both
the MEDIUM and HIGH power modulation monitor ad-
justment controls R7 and R8 full CCW.

c. Bring the transmitter to 50 kW and note the DETECTOR
NULL (Antenna) position on the multimeter. If the reading
is now above zero, null this reading using both C15 and
L12.

d. Note the DETECTOR NULL (Filter) indication on the
multimeter. If it is above zero, null it using C16 and L5
through L8, depending on what was selected by S7. The
final adjustments will be made into the antenna at full
operating power.

e. Modulate the transmitter with a 10 kHz tone, or one which
causes the greatest upward deflection on the DETECTOR
NULL (Antenna) meter reading, and recheck nulls.

f. Use a digital voltmeter or a dc coupled oscilloscope and
adjust for minimum voltage at TP8 and TP9 with reference
to ground.

5-10
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5.6.6.4 Trip Threshold Adjustment

The overload settings for the Antenna and Bandpass circuit
are listed in the Factory Test Data sheet. After the replace-
ment board has been installed, set the overload settings as
follows:

5.6.6.4.1 Antenna VSWR overload

a. Turn on the Low Voltage at CB1 and CB2.

b. Connect a voltmeter to TP4.

c. Adjust R24 until the voltage matches the Factory Test Data
sheet.

If the Factory Test Data sheet is unavailable or if it is necessary
to verify the original overload setting, use the following proce-
dure:

a. Verify that the DETECTOR NULL (Antenna) reading
on the front panel multimeter is nulled (zero) at full
power.

b. Press LOW power, and adjust the RF output for 3.5 kW.

c. Depress the OFF button.

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

d. Remove the rear panels from the Output Network Com-
partment.

e. Reverse the Antenna VSWR current sample by placing P1
from 1-2 and P2 from 2-3 on the Output Sample Board.

f. Replace the rear panels on the Qutput Network Compart-
ment.

g. Restore primary ac voltage at the main breaker.

h. Depress the LOW power button.

i. Switch the front panel multimeter to the DETECTOR
NULL (Antenna) position. Note that the meter reads up-
scale.

j.- Adjust R24 until the transmitter indicates an ANTENNA
VSWR fault condition on the ColorStat™ panel.

k. Turn the transmitter OFF.

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WiTH THE FOLLOWING PRO-
CEDURE.

l. Remove the rear panels from the Output Network Com-
partment.

m. Place P1 and P2 on the Output Sample Board in the Normal
position.

n. Replace the rear panels on the Output Network Compart-
ment.

Errata: 05-03-00
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5.6.6.4.2 Bandpass VSWR Overload
a. Turn on the Low Voltage at CB1 and CB2.
b. Connect a voltmeter to TP3.

c. Adjust R23 for 1.0 Vdc for a DX-50; 0.8 Vdc for a
DX-25U.

5.6.6.5 Forward/Reflected Power Adjustments C6 and C40

a. With the transmitter operating at 50 kW and no modula-
tion, read the Reflected power indication on the front panel
meter.

b. Adjust C40, Reflected Balance control, to null the meter
indication. Note that C30 is added by P2 at the low end of
the band to allow the meter indication to null.

c. Depress the OFF button.

d. Locate Pl and P3 on the Output Monitor. Move both
jumper plugs from position 1-2 to position 1-3.

e. Turn the transmitter back on at full power. Note that the
Reflected meter position now indicates forward power and
the Forward meter position now indicates reflected power.

f. Operate the Forward/Reflected meter switch to the For-
ward power position. Adjust C6 to null this indication.

g. Depress the Off button and move jumpers P1 and P2 to
position 1-2.

5.6.6.6 Modulation Monitor Sample Adjustments

Refer to the Initial Turn-On procedure in SECTION 11, Installa-
tion/Initial Tum-On, for the procedure to set the Modulation
monitor sample adjustments.

5.6.7 LED Board (A32)

The LED Board contains five overload adjustments which can
be preset to the correct reference voltage or resistance before the
board is replaced. The Factory Test Data sheets list the voltage
setting for each overload except the Power Supply overload.

If the Factory Test Data information is not available, measure the
test point voltages on the original board before removing it from
the transmitter. Use Table 5-5 to record the voltages for future
reference.

5.6.7.1 LED Board Replacement

To replace the LED Board:
a. Turn off the Low Voltage supply at CB 1 and CB2.
b. Remove all cables from the LED Board.

c. Remove the pushbutton caps from the VSWR Self Test
switch S2 and the Reset switch S3 on the ColorStat™
panel.

d. Remove the screws holding the LED Board to the Center
Control Compartment door and remove the board.

Section V - Maintenance

h. Using a digital multimeter, set the following test point
voltages to match those recorded on the Factory Test Data
sheets:

1. TP6 (R42): Average Current Overload

2. TP5 (R41): Overdrive Overload

3. TP7 (R68): Peak Current Overload

4. TP8 (R67): Underdrive Overload
If it is not possible to preset the replacement board voltages or if
the correct overload operation needs to be verified, the following
procedure for setting each overload should be used.

5.6.7.2 Overload Adjustment Procedures

The following procedures are used to set individual overloads on
the LED Board.

5.6.7.2.1 Drive Overloads

These overloads protect the RF amplifiers from drive levels
below 20.0 Vp-p or above 27.0 Vp-p. The nominal drive level is
21 to 25.0 Vp-p, measured at the MOSFET gate on the RF
amplifiers. The first step in setting the drive overloads is to
remove the supply voltage to all the RF amplifiers so that no
damage will occur while the drive level is varied. Next the drive
level will be varied to the overload limits and the overloads will
be set.

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

a. Remove all ac primary power from the transmitter at the
ac main breaker.

b. Remove the RF Amp Compartment and Driver Compart-
ment rear access panels.

c. Remove the following fuses:
1. A25:F1-F8
2. A24: F1-F9
3. F20: (ontop of T1)

d. Reinstall the access panels.

e. Locate Big Step RF amplifier RF1 behind the interlocked
RF Amp Compartment access door.

f. Connect 10x scope probe with an extended tip, Harris part
610-1131-000, through the door to the anode of CR3 in
front of the heatsink. Ground the probe to door.

Table 5-5. LED Board Preset Voltages

:'EEST POINT |CIRCUIT FUNCTIONT

[MEASURED DC
e. Using an Ohmmeter, measure the resistance from the right | | | VOLTAGE
side of R92 to ground. Record this measurement in Table LTPS OVERDRIVE l
5-6 for future reference. Adjust R86 on the replacement 'TPS— UNDER_DRIVE ]'
LED Board for the same resistance reading. ‘TP7 ‘PE AK CURRE—N_T‘ AL
f. . ' | ’ RRENT |
Install the replacement LED Board | TP6 | AVERAGE CURRENT |
g. Turn on the Low Voltage supply at CB1 and CB2.
Errata: 05-03-00 888-2290-003 5-11
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g. Set up the scope to measure an RF waveform of approxi-
mately 23.0 Vp-p.

h. Restore ac primary power at the main breaker.

NOTE

When measuring RF amplifier drive amplitudes or phasing, the
RF amplifier 1o be measured must be turned “ON” to give a
correct drive measurement. The drive waveform of an “OFF” RF
amplifier will be below 0.0 Vdc and the peaks may be clipped.

i. Toturn onan RF amplifier, depress the LOW power button
and note that the PA Power supply voltage comes up as
indicated on the front panel multimeter but no RF power
or PA current is indicated.

j- Depress the RAISE button to illuminate the green LED
indicator on RF 1.

k. Measure the peak-to-peak drive level on the scope moni-
toring the drive.

1. The waveform should measure from 21.0t0 25.0 Vp-p and
it should be centered on the 0.0 Vdc line of the scope.

m. If the waveform falls totally below the 0.0 Vdc line of the
scope, the Step | RF amplifier is turned “OFF’. See
Figures 5-3 and 5-4 for drive waveforms.

n. Record the reading on the RF Multimeter position for
DRIVER D8A and D8B. The Driver Supply Regulator will
be set back to this voltage once the overloads are adjusted.

5.6.7.2.2 Underdrive Overload: R67
To adjust Underdrive overload R67, the drive must be reduced to
18.0 Vp-p.

a. To reduce the drive, depress the OFF button and allow the
PA Voltage to discharge.

b. Open the interlocked door inside the Driver Compartment
and remove Driver Module D1.

¢. Remove both supply voltage fuses and re-insert the RF
amplifier into position.

d. Close the interlocked door and depress the LOW button.

e. Driver D8A voltage will be higher than normal and there
may be a voltage reading on the D8B position.

f. Measure the drive level at RF1 on the scope. If the drive
level is above 18.0 Vp-p, repeat the above procedure for
Driver Module D2.

g. Continue removing fuses from Driver Modules D3
through DS until the level decreases to 18.0 Vp-p.

h. When a level of 18.0 Vp-p is achieved, adjust R67 on the
LED Board until the transmitter turns OFF and displays an
Underdrive Fault on the ColorStat™ panel.

i. Replace all fuses removed from the Driver Modules to
restore the Driver stage to the correct output.

j. Press the LOW power button. The transmitter PA Power
supply should energize, there should be no power out, and
the drive level to the PA Modules should be the same as
measured originally.

5.6.7.2.3 Overdrive Overload: R41

To adjust the Overdrive Overload, the RF drive must be increased
t0 26.0 Vp-p.

a. To adjust the Overdrive overload, place switch S| on the
Driver Supply Regulator in the OPEN LOOP position and
note the voltage of D8A and D8B on the RF MULTIME-
TER.

b. Adjust R2 on the Driver Supply Regulator clockwise (CW)
until the drive level reaches 26.0 Vp-p. If the voltage will
not reach 26.0 Vp-p, place S1 on the Driver Encoder/Temp
Sense Board to the ON position. This will turn on the spare
Driver Module D6.

c. Adjustthe Overdrive overload R41 on the LED Board until
the transmitter turns OFF and an Overdrive overload is
indicated on the ColorStat™ panel.

d. Turn the OPEN LOOP adjustment R2 two turns CCW and
return S1 on the Driver Encoder/Temp Sense Board to the
OFF position if moved.

e. Depress the LOW power button. The PA Power supply
should energize and there should be no RF output from the
transmitter.

f. Readjust R2 to the same voltage as earlier recorded on the
multimeter DRIVER D8A and place S1 in the CLOSED
LOOP position. The RF drive level should be the same as
first noted.

g. Remove the 10x scope probe from the RF amplifier.

h. Turn the transmitter OFF and note that PA Voltage de-
creases to zero on the multimeter.

i. Remove primary ac power from the transmitter at the main
breaker.

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

j. Remove the Driver Compartment and RF Amp Compart-
ment rear access panels and replace all the PA Power
Supply fuses.

k. Replace all panels and restore primary ac power to the
transmitter at the main breaker.

Table 5-6. LED Board Preset Resistances

CONTROL |FUNCTION
R86

5-12 888-2290-003

|MEASUREMENT POINTS | MEASURED RESISTANCE
|POWER SUPPLY FAULT |R92(Right side) to ground

Errata: 05-03-00
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5.6.7.3 Peak Current Overload: R68

a. Turn the PEAK current overload R68 fully CCW.

b. Operate the transmitter at 50 kW and modulate at 100%
with a 20 Hz sine wave. Increase the audio level 1.4 dB.
Adjust the PEAK current overload R68 for an overcurrent
trip.

5.6.74 Average Current Overload: R42

a. Operate the transmitter at 50 kW and modulate with 20 Hz
at 100%.

b. Increase modulation 0.5 dB.

c. Adjust the AVERAGE CURRENT overload R42 until the
OVERCURRENT LED lights AMBER.

d. Modulate the transmitter with 100 Hz at 100%.

e. Increase the audio in 1 dB steps. The PA current should not
increase further than near full scale on the PA current
meter.

f. Further increase the audio level until the transmitter shuts
off and recycles back on. If the audio level is not reduced,
the transmitter may shut OFF and stay OFF at this time.

g. The Overcurrent LED will illuminate RED and can be reset
from the ColorStat™ panel.

h. Turn the transmitter back ON and verify that the transmit-
ter takes at least +10 dB of audio overdrive before shutting
OFF.

5.6.7.4.1 Average Current Overload Test

a. Modulate the transmitter 100% with 400 Hz sine wave.

b. Verify it will continue to operate with at least +10.0 dB
over 100% audio overdrive.

c. The transmitter should trip OFF from a Current Overload
with between 10.0 and 15.0 dB of overdrive.

d. The supply current should not exceed 500 Amperes during
the test.

8.6.7.4.2 Program Modulation Test

If OVERCURRENT overloads occur during program modula-
tion conditions, the PEAK CURRENT OVERLOAD may be
backed off 1-2 turns, but the voltage at TP7 must NOT exceed
11.5 Vdc.

5.6.7.5 Power Supply Protection Overload R86

a. Operate the transmitter at 55 kW output power.

b. Modulate the transmitter with 55 Hz at 110% modulation.

¢. Adjust R86 clockwise until the transmitter shuts OFF with
a Power Supply Protection Overload. Note that the Supply
Fault LED on the ColorStat™ panel is RED and that the
transmitter will not recycle for this fault.

d. Adjust R86 1/2 turn counter-clockwise.

e. Depress the reset button to reset the fault indicator to

GREEN.

NOTE

It is not required to depress the RESET button on the Color-
Star™ panel to restart the transmitter. The RESET button only
clears the fault indication.

f. Depress the HIGH power button to operate the transmitter
at 55 kW output power.

Errata: 05-03-00
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g. Modulate the transmitter at 100% with 55 Hz. The trans-
mitter should not trip OFF with a Supply fault overload.

5.6.8 Driver Encoder/Temp Sense Board (A19)

If the power supply circuits on the original board are operational,
measure the following Test Point voltages on the original board
and adjust the new board to the same voltages:

e TP1 (RI17): Driver Threshold Reset

e TP2 (R19): Driver Threshold ON

e TP3 (R49): Temp Cal

o TP4 (R50): Step | Temp

e TP5 (R51): Step 2 Temp

e TP6 (R60): Temp Thresh

o TP11 (R98): Air Flow
After the replacement board voltages have been calibrated, en-
sure that JP1, JP2 and JP3, J5, S1 and S2 are in the correct
position to correspond to the originhal board. The transmitter is
now ready for operation.

If it is necessary to calibrate the replacement board, use the
following procedure:

5.6.8.1 Over Temperature Circuits
Set the Over Temperature circuits on the Driver Encoder/Temp
Sense Board as follows:
NOTE
The transmitter should be OFF and at room temperature when
the Over Temperature circuits are calibrated.

a. Adjust R49 to set TP3 for 2.73 Vdc.

b. Determine the ambient temperature in degrees centigrade
and multiply this value by 0.1 (25 degrees C X 0.1 = 2.5).

c. Adjust R50 to set this value at TP4, and R51 to set this
value at TPS.

d. Set the voltage at TP-6 to 7.0 Vdc with R60.

5.6.8.2 Auto Driver circuits

The Auto Driver circuit should turn the Auto Driver Module D7
ON when the D8B voltage on the RF MULTIMETER reaches
maximum, approximately +115 Vdc. The Auto Driver circuit
should turn the Auto Driver Module D7 OFF when the DSA
voltage on the RF MULTIMETER reaches zero.

Set the Auto Driver circuit thresholds on the Driver En-
coder/Temp Sense Board as follows:
a. Turn the transmitter ON at LOW power.
b. Make sure S2 on the Driver Encoder/Temp Sense Board is
in the AUTO position
c. Locate the Driver Supply Regulator in the Driver Compart-
ment. Move S1 to the OPEN LOOP position.
d. Record the D8A and D8B voltage on the RF MULTIME-
TER.
e. Adjust R2 on the Driver Supply Regulator until the D8B
voltage reaches maximum, +115 Vdc.
f. AdjustR19 on the Driver Encoder/Temp Sense Board until
the AUTO DRIVER LED DS illuminates.

g. Adjust R2 on the Driver Supply Regulator until the D8A
voltage reaches zero.

5-13
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h. AdjustR17 on the Driver Encoder/Temp Sense Board until
the AUTO DRIVER LED DS turns OFF.

i. Adjust R2 on the Drive Supply Regulator so the D8A and
D8B voltages are the same as recorded at the beginning of
the procedure.

j. Return S1 on the Driver Supply Regulator to the CLOSED
LOQP position.

5.6.8.3 Air Flow Monitor Circuits
Set the Air Flow Monitor circuits on the Driver Encoder/Temp
Sense Board as follows:

NOTE
For all adjustments and verifications, allow the air sensor at
least one minute to stabilize. Fans are easily shut off by removing
two of the three fuses mounted near each fan in the Output Net-
work Compartment.

a. Operate the transmitter for a minimum of 15 minutes at
full power at 100% modulation with a 1 kHz tone. All fans
should be operational.

b. With the DRIVER COMPARTMENT DOOR OPEN, ad-
just the AIR FLOW CAL adjustment R98 for a +2.25 Vdc
reading at TP11.

c. Close the Driver Compartment door and verify that this
reading increases to +2.5 Vdc (+/- 0.05 Vdc).

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

d. Remove the leftrear access panel from the Output Network
Compartment to expose the four cooling fans.

e. Remove any two of three fuses from one of the fans.

f. Replace the left rear panel on the Output Network Com-
partment.

g. Reapply primary ac voltage and turn the transmitter ON at
HIGH power.

h. Modulate at 100% with a 1 kHz tone.

i. Observe that the transmitter will remain ON with ALL
DOORS CLOSED.

j. The AIR INTERLOCK LED on the ColorStat™ should
turn AMBER after a few minutes of operation.

k. The voltage at TP11 on the Driver Encoder/Temp Sense
Board should now be between +2.8 and +3.1 Vdc.

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

1. Remove the left rear access panel from the Output Network
Compartment to expose the four cooling fans.

5-14
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m. Remove any two of three fuses from a second fan.

n. Replace the left rear panel on the Output Network Com-
partment.

0. Reapply primary ac voltage and turn the transmitter ON at
HIGH power. Modulate at 100% with a | kHz tone.

p. The transmitter should shut OFF within 15 minutes and the
AIR LED on the ColorStat™ panel should turn RED.

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

q. Removethe left rear access panel from the Output Network
Compartment to expose the four cooling fans. Replace the
fuses and the rear panel. Restore primary ac voltage to the
transmitter.

5.6.9 Switch Board/Meter Panel (A31)
There are three adjustments on the Switch Board/Meter Panel.

5.6.9.1 Forward Power Calibrate R14

This adjustment is calibrated at the factory by measuring trans-
mitter power output in a calorimetric dummy load. This calibra-
tion adjustment should not be changed unless some means of
accurately measuring transmitter power is available. If no exter-
nal RF Power measuring device is available and the Switch
Board/Meter Panel or Power Meter is replaced, a close approxi-
mation of output power can be determined by using the efficiency
factor of the transmitter, number of PA Modules ON and PA
Current as recorded on the Test Data sheet. Forward Power
Calibration adjustment R14 should then be adjusted for the
correct power reading on the front panel meter.

5.6.9.2 Reflected Power Calibrate R13

Once the Forward Power reading has been calibrated, operate the
front panel switch to the REFLECTED position and move Pl
and P2 on the Output Monitor board to the [-3 position. The
Power Meter will now read Forward Power on the Reflected
Power position. Adjust R13 for the correct power reading on the
Power Meter. Return P1 and P2 on the Output Monitor board to
the 1-2 position.

5.6.9.3 PA Volt Meter Calibrate R8

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

a. Open the Driver Compartment door and locate the Driver
Supply Regulator. Remove the clear protective cover.

b. Attach the positive lead of a volt meter capable of reading
+250 Vdc to where wire #6 connects to the PA Power

Errata: 05-03-00
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Supply discharge switch S1. Attach the negative lead to
transmitter ground.

c. Replace the Driver Supply Regulator clear protective
cover.

d. Apply primary AC voltage to the transmitter.

e. Operate the transmitter at normal operational power.

f. Adjust R8 on the Switch Board/Meter Panel so the front
panel multimeter PA Supply +VDC reading corresponds
to the reading on the external meter.

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

g. Remove the Driver Supply Regulator clear protective
cover and remove the external meter connections.

h. Replace the Driver Supply Regulator clear protective
cover.

5.7 Frequency Change Procedure

The following is a step by step procedure for changing the
frequency of the transmitter. If a complete frequency change is
desired this procedure can be followed in order. If only a specific
tuning procedure is desired (ex. Driver tuning) then only that
section needs to be looked at. In some cases, time is a considera-
tion in changing frequency of the transmitter. To allow a faster
frequency change, procedures which are performed to achieve
optimum transmitter performance, yet are not critical to the
reliable operation of the transmitter, are covered after the section
on “Basic Frequency Change.”

5.7.1 Test Equipment Required for Frequency Change
The following is a list of the test equipment required to perform
a frequency change. A frequency change should not be attempted
unless the proper equipment is used.

o Audio Generator and Distortion Analyzer

¢ Oscilloscope

e Frequency Counter

e Modulation Monitor

e Digital Multimeter (preferred)

¢ Vector Impedance meter or Impedance Bridge

o Frequency programmable RF Generator (must operate up
to 3 times carrier frequency)

o RF Load, 125 kW average dissipation

» Function Generator (optional)

NOTE
Output Network setup can be performed with a Vector Impedance
Meter or Impedance Bridge and RF Generator. A Vector Imped-
ance Meter is usually faster but can be sensitive to interference.
An Impedance Bridge can be more effective in an RF environ-
ment.

Errata: 05-03-00
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Table 5-7. Frequency Determined Jumpers and Switches

FREQUENCY
BOARD DETERMINED
- __PRESETS
ANALOG INPUT A35 R85, R84, R43 -
OSCILLATOR A17 |P2,S1,)3 ‘
ATODCONVERTERA34  [PIO.SI
| OUTPUT MONITOR A27 _|S1,82, 56,57, 59, P2
| DRIVER COMBINER A 14 i, J15,J16-J32
|BINARY COMBINER Al [J30-J33,L1-L16
MAIN COMBINERS A2 thru A8 |L1-L16
SWITCH/METER PANEL A31 |R1,R2 I
LED BOARD A32 R41,R67 |
DC REGULATOR A30 RS1,R93

5.7.2 Frequency Determined Components

Refer to the FD Chart, 839-7855-137, in the Drawing Package.
Install all the proper parts listed for the new desired frequency.
Oscillator crystal frequencies and part numbers are on drawing
817-1280-025.

Note that the FD chart for the output network components is
organized in bands A through L. The mounting hardware, straps,
plates, etc. are all listed on the parts list. When installing these
components, make sure all connections are tight. Use special care
when handling vacuum capacitors.

5.7.3 Frequency Determined Jumpers and Switches
Refer to the Tuning Chart, 839-7855- 140, in the Drawing Pack-
age. Many of the frequency determined components on the
transmitter are permanently installed and are changed by moving
the desired jumper, coil tap or switch position. The Frequency
Tuning chart lists all jumpers, taps, and switches that need to be
set per frequency. Some of these settings are considered presets
and may need to change during a specific procedure. A list of
boards with frequency determined jumpers, taps, preset adjust-
ments, and switches is shown in Table 5-7.

5.7.4 Output Network Dry Tune

Preset all output network taps according to the Frequency Tuning
chart with all FD capacitors in place. If a high power dummy load
is not available, a small terminating 50 Ohm resistor can be used.

ENSURE ALL PRIMARY AC VOLTAGE HAS BEEN REMOVED
FROM TRANSMITTER AND A GROUNDING STICK IS USED TO
GROUND ALL POINTS WHERE AC OR RF POWER HAS BEEN
APPLIED BEFORE PROCEEDING WITH THE FOLLOWING PRO-
CEDURE.

Using a Vector Impedance meter or Impedance Bridge, adjust the
following output network sections to their appropriate Xc or XL
values at the desired carrier frequency. The sections should be
isolated (disconnected) from the rest of the other components and
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only the necessary connecting straps and hardware should be
used to make the measurements. See table below.

2C2 [17£-90.0 -j17 (2C2A and 2C2B capacitors only)

2C4  163£-90,0-j63 (2C4A and 2C4B capacitors only) |

[2L3  142290.0 +j42 (2L3 coilonly)
At frequencies where CS5 is installed in series with 2L3:

o Adjust 2L3 for AZ+90 or O + jA where A =
100,000/(1.257 x Fo) + 42.

o Example: for a carrier frequency of 1000 kHz; A =
100,000/(1.257 x 1000) + 42 = 121.5=121.5 £90 or 0 +
j121.5.

5.7.4.1 Third Harmonic Trap 2L3, 2C3

After setting the Xp for 2L3, reconnect 2C3A (and 2C3B if
necessary), but still isolate the trap circuit from 2C2 and 2C4
sections. Set the Vector Impedance meter to 3fc and adjust 2C4A
for resonance (maximum impedance).

5.74.2 LOAD and TUNE

Reconnect all sections in the output network except the Com-
biner Output connection. Connect the Vector Impedance meter
at 2C6 with 2C6 disconnected from the combiner output pipe or
at 2L1 if 2C6 is not used at your frequency. Adjust the TUNE
and LOAD controls for 8£0 or 8 +j0.

5.7.4.3 Half Frequency Trap 1L4, 2C5 (820 kHz - 1705 kHz)
Calculate the value to tap 1L4 as follows:

a. 1L4(Ohms) = 1000/(3.14 x Fo x C4)

b. Example: for Fo = 1000 kHz, C4 = 0.04 Mfd. 1L4(Ohms)
= 1000/(3.14 x 1000 x 0.04) = 7.96 Ohms.

Using a vector impedance meter, or RF generator and bridge,
adjust 1L4 tap for the correct resistance and install the 1L4/C4
combination in the transmitter.

5.7.5 RF Circuits Checkout

Before primary ac voltage is restored to the transmitter, make
sure all FD components have been properly installed and all FD
jumpers, coil taps, and switches have been properly set. Check
all connections in the output network for proper tightness, and
make sure that all panels removed for the frequency change have
been installed.

5.7.5.1 Oscillator A17

NOTE
Remember that the RF is held off by the VSWR-H input at J7-5
on the Oscillator until the Power Amplifier stage is turned on.
Use S1 on the LED Board 1o turn the output of the Oscillator ON
during troubleshooting and setup.

a. Connect a frequency counter to J5 (frequency monitor
sample).

b. Apply primary ac voltage to the transmitter and turn on the
low voltage at CB1 and CB2. Allow the Oscillator to warm
up for approximately 10 minutes.

c. Adjust trimmer C1 for the exact carrier frequency.

d. Ifasecondcrystal is installed in Y2, set the jumpers Pl and
P6 to positions 1-3. After a short warmup, adjust C3 to the
carrier frequency.
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e. Ifanexternal RF source is used, i.e. stereo generator, verify
that it is setup for the correct frequency.

NOTE

Recheck the frequency after 30 minutes. This must be repeated
for both crystals.

5.7.5.2 Buffer Output (A16)

a. Turn off the low voltage to the transmitterat CB1 and CB2.

b. Locate the Predriver in the Driver Compartment.

c. Attach a 10x scope probe, Harris part #610-1131-000,
through the ventilation slots in the interlocked Driver
Compartment door to the anode of CR3.

d. Reapply the low voltage at CB1 and CB2.

e. Press S1 on the LED Board. Verify that the drive level to
the Predriver is approximately 8 to 12.0 Vp-p. See Figure
5-2.

f. The amplitude may be adjusted with R2, Bufter Voltage
adjust.

g. Move the probe and check the anode of CR4 on the
Predriver for the same level.

5.7.5.3 Predriver Tuning

ENSURE ALL PRIMARY AC POWER IS REMOVED FROM TRANS-
MITTER AND THAT A GROUNDING STICK HAS BEEN USED TO
DISCHARGE ANY RESIDUAL POTENTIAL WHERE POWER HAS
BEEN APPLIED BEFORE PERFORMING THE FOLLOWING
STEPS.

a. Remove the rear access panels from the Driver Compart-
ment and the left rear RF Amp Compartment.

b. Remove the following PA Supply fuses:
1. A25: FI-F8
2. A24:FI-F10
3. F20: (ontop of T1)

c. Make sure the proper value of Cl is installed and T8 is
tapped per the initial setting from the Tuning Chart.

d. Replace the rear access panels on the Driver Compartment
and the RF Amp Compartment

e. Reapply primary ac power to the transmitter.

f. Temporarily defeat the Underdrive Fault by connecting a
jumper between TP8 and ground on the LED Board.

g. Set S1 and S2 on the Driver Encoder/Temp Sense Board
to the OFF position.

h. Set JP1, JP2, and JP3 on the Driver Encoder/Temp Sense
Board to the ON, 1-2, position.

i. Insert the 10x probe, Harris part #610-1131-000, through
the ventilation slots in the interlocked Driver Compartment
and attach it to CR3 or CR4 of RF Driver D1.

j. Depress the LOW power button. The PA Power supply
contactors will energize and apply the +60 Vdc Predriver
supply voltage.

k. Adjust Predriver Tuning L1 for a peak in amplitude while
observing the waveform on the Driver Module DI1. (L1
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tuning may be fairly broad at some frequencies.) The
amplitude should be between 18 to 21 Vp-p.

l. IfRF level is too low, change the tap setting on T8. Check
all Driver Modules, D2 through D14, for consistent RF
level.

ENSURE ALL PRIMARY AC POWER IS REMOVED FROM TRANS-
MITTER AND THAT A GROUNDING STICK HAS BEEN USED TO
DISCHARGE ANY RESIDUAL POTENTIAL WHERE POWER HAS
BEEN APPLIED BEFORE PERFORMING THE FOLLOWING
STEPS.

m. Remove the rear access panel from the Driver Compartment
and replace Driver supply fuse A24F10. Replace the panel.

5.7.6 Initial Driver Tuning and Setup

Refer to SECTION VI, Troubleshooting, for additional informa-
tion on measuring RF drive. Make sure all jumpers and switch
settings on the following boards are in the correct position:

Driver Supply Regulator A22
S1 to Open Loop.
Driver Encoder/Temp Sense Board (A19)
S1 to OFF
S2 to OFF
JP1, JP2, and JP3 ON.
FD Chart and Tuning check list:
IC1
1C3
1C4
1L4
ILS
Efficiency Coil Tap Settings
T10 - (Note: Attach both leads together on chassis
ground for initial tuning.)

NOTE

When measuring RF amplifier drive amplitudes or phasing, the
RF amplifier to be measured must be turned “ON" to give a
correct drive measurement. The drive waveform of an “OFF" RF
amplifier will be below 0.0 Vdc and the peaks may be clipped.

a. Driver tuning must be done with all Power Amplifier stage
control signals ON. To turn all modules “ON”, temporarily
remove P1 on the Analog Input Board.

b. Connect the 10x scope probe, Harris part #610-1131-000,
to CR3 or CR4 on PA Module RF1 through the ventilation
slots in the interlocked RF Amp Compartment.

c. Depress the LOW power button and note that the PA Power
supply voltage comes up as indicated on the front panel
multimeter but no RF power or PA current is indicated.

d. With the scope dc coupled, note that an RF sine wave is
now displayed on the scope. The waveform should nor-
mally measure between 22.0 and 25.0 Vp-p and it should
be centered on the 0.0 Vdc line of the scope. The drive level
may be lower than 20.0 Vp-p at this time. The GREEN
LED on the PA Module should be ON.

Errata: 05-03-00
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. If the waveform falls totally below the 0.0 Vdc line of the

scope, the PA Module is turned OFF. See Figures 5-3 and
5-4 for drive waveforms.

. To turn a PA Module ON, first make sure that the PA

TURN-OFF switch S2 on the Controller is set to ON
(down) position.

. Press the RAISE button until the desired PA Module turns

ON as indicated by the correct drive waveform. Note that
green LED indicators will light if drive level is high
enough. The RF MULTIMETER should also indicate cur-
rent on the DRIVER IDC position.

. The Driver/Combiner is now adjusted for resonance. Reso-

nance is indicated by a peak in the drive amplitude and the

DRIVER IDC reading on the RF MULTIMETER.

1. Resonance is achieved by adjusting the length of the
strap, ILS, that connects the Driver Combiner center
conductor (copper rod) to C3. This strap is located in
the top of the Driver Compartment and can be accessed
through a panel on top of the transmitter.

2. Thelength of the strap must be increased if changing to
a lower frequency and decreased if changing to a higher
frequency.

3. A temporary strap can be made from 2" wide copper.
Punch holes every 1" to allow easy changing of the length.

4. The strap should be adjusted in 1-2" increments in order
to see the affects and obtain resonance. When the final
length is found, cut a strap to length for the final setup.

i. Resonance is indicated by a peak in the drive amplitude and

in the DRIVER IDC reading on the RF MULTIMETER.

j. Once aresonance peak is achieved, the drive amplitude is

adjusted by:
1. BUCK/BOOST transformer T10

2. The number of Driver Modules ON: JP1, JP2 and JP3
on the Driver Encoder/Temp Sense Board

3. Driver Regulator Adjustment (D8A/D8B)
Monitor both the drive waveform on the scope and the
DRIVER D8A voltage on the multimeter.

. Adjust the OPEN LOOP adjustment R2 on the Driver

Supply Regulator clockwise.

. As R2 is adjusted, the drive will increase along with the

voltage on the multimeter.

. Adjust R2 until the drive level reaches 24.0 Vp-p on the

scope or the DRIVER D8A voltage reaches 100 Volts.

1. If24 Vp-pdrive isindicated on the scope and the DRIVER
D8A voltage is between 40 and 95 Vdc continue on to
paragraph, “Closed LOOP Adjustment.”

2. If drive level is greater than 24 Vp-p and DRIVER D8A
voltage is less than 30 Vdc, turn one Driver Module
OFF at a time by placing JP1, JP2 or JP3 on the Driver
Encoder/Temp Sense Board in the OFF position.

3. If all three jumper plugs are in the OFF position and the
drive level is still too high, T10 may be used to reduce,
or “BUCK?”, the amplitude of the drive. This is achieved
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by attaching one lead of the transformer winding to the
driver/combiner bar and the other lead to the combiner
bar cover. The length of the Driver Tuning strap 1L5
may need to be changed to achieve resonance if T10 is
used.

o. If the drive level is less than 22 Vp-p and DRIVER D8A
voltage is greater than 90 Vdc, BUCK/BOOST Trans-
former T10 may need to be used to increase, or “BOOST”,
the amplitude of the drive. This is achieved by attaching
reversing the lead connections on the transformer winding
to the combiner bar and the combiner bar cover. The length
of the Driver Tuning strap 1L5 may need to be changed to
achieve resonance if T10 is used.

p- The optimum combination is:

1. Driver Current of 22 Amps or less

2. All Driver Modules active (D1-D5 and D9-D14)

3. The Drive Regulator operating with DRIVER D8A
voltage between +40 and +95 Vdc

4, BUCK/BOOST transformer T 10 out of circuit or in the
“BOOST’ mode

q. When the optimum drive level is obtained, refer to the
Driver Encoder/Temp Sense section for the AUTO Driver
circuit adjustment procedure.

5.7.6.1 Closed LOOP Adjustment

a. When the RF drive level has been set at 24.0 Vp-p, note
the DRIVER D8A voltage.

b. Set the LOOP select switch S1 on the Driver Supply
Regulator to the Closed position.

c. Adjust Closed Loop adjustment R12, on the Driver Supply
Regulator, for the same reading on the DRIVER D8A
reading. The RF drive level should remain between 22.0
and 24.0 Vp-p. The LOOP select switch is normally left in
the Closed position for normal operation.

NOTE

MAKE SURE TO REINSTALL Pl ON THE ANALOG INPUT
BOARD IN THE NORMAL POSITION BEFORE PROCEEDING
WITH INITIAL TUNING AT LOW POWER.

d. Remove jumper between TP8 and ground on the LED
Board. This activates the Underdrive Overload circuitry.

5.7.6.2 Underdrive/Overdrive overloads
Ifitis desired to set the Underdrive and Overdrive overloads refer
to the “Underdrive and Overdrive Overload Setting” paragraphs
in the LED Board adjustment procedure.

5.7.6.3 RF Drive Phase

Even though not necessary for a frequency change, the RF drive
phasing and Drain Phasing can be checked. For Drive Level and
Phasing measurement procedures see “Measuring RF Drive
Phasing,” paragraph and “Measuring RF Amplifier Drain Phas-
ing,” paragraphs in SECTION VI, Troubleshooting.
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5.7.7 Initial Tuning At Low Power

ENSURE ALL PRIMARY AC POWER IS REMOVED FROM TRANS-
MITTER AND THAT A GROUNDING STICK HAS BEEN USED TO
DISCHARGE ANY RESIDUAL POTENTIAL WHERE POWER HAS
BEEN APPLIED BEFORE PERFORMING THE FOLLOWING
STEPS.

a. Remove the rear access panels from the Driver Compart-
ment and the left rear RF Amp Compartment and replace
the following PA Power Supply fuses:

1. A25:F1-F8
2. A24:F1-F9
3. F20: (ontop of T1)

b. Apply primary ac power to the transmitter. Turn on the low
voltage at CB1 and CB2.

c. Verify that all LED’s on the ColorStat™ panel are illumi-
nated Green.

d. Verify that the transmitter is properly terminated into a
Dummy load.

e. Turn the PA TURN-OFF Switch on the Controller to the
OFF (up) position.

CAUTION

REMOVE JUMPER FROM THE LED BOARD A32 FOR PROPER
DRIVE SENSING BEFORE PROCEEDING.

f. Depress the LOW power button. The PA Power supply
should energize, but no RF output or PA current should be
indicated.

g. Connect a meter to measure between 0.0 and +3.0 Vdc to
TP7 on the Analog input Board.

h. Press and hold the Fast Power Set switch S1 on the Con-
troller. While holding S1 down, press the LOWER button
on the front panel. The voltage at TP7 should quickly drop
to zero. The power output of the transmitter is now set to
zero.

i. Set the PA TURN-OFF switch to the ON (down) position.

j- Press the RAISE button. Power output should begin to
increase along with the PA current indication. Continue to
raise power until the power meter indicates 5.0 kW.

k. Change the Multimeter selection switch from PA +VDC to
FILTER NULL. Power meter selector switch should bein FWD.

1. Adjust the TUNING control for maximum output as noted
on the front panel Power meter.

m. FILTER NULL and ANTENNA NULL may begin to rise.
Adjust the Antenna and bandpass filter null on the Output
Monitor if necessary. Refer to the adjustment procedure
for the Output Monitor in this section.

5.7.7.1 Modulated B-Check
a. Modulate the transmitter at 5.0 kW with a 100 Hz sine
wave at 100% modulation.
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b. Connect a scope probe to TP6 or '1'P30 on the DC Regula-
tor. Displayed will be the Modulated B- waveform similar
to the one in Figure 5-7.

c. Setthe scope for I volt per division, dc coupled and the 0.0
Vdc line on the top graticule. The positive peak of the
waveform should be from -2.0 to -2.7 Vdc. The negative
peak should occur between -3.0 and -4.5 Vdc.

d. If the waveform is not within these tolerances then the
Modulated B-Adjustments should be set using the proce-
dure in the Analog Input Board and DC Regulator para-
graphs in this section.

5.7.7.2 A/D Phasing Check
Make sure that the switches and jumpers are preset according to
the Frequency Tuning chart.

a. Operate the transmitter at 5 kW modulated at 100% with
a 10 kHz tone.
b. Feed the demodulated output of the Modulation monitor
to the Distortion Analyzer.
c. Measure the 10 kHz THD. It should typically be 1.5% or less.
1. If the 10 kHz THD is 2% or higher, check 1 kHz THD.
If this, too, is 2% or higher, see the troubleshooting
section on “higher than normal audio distortion.”
2. If the distortion is 2% or less, the 10 kHz distortion can be
reduced by selecting different combinations of capacitance
and inductance with S1 on the Analog to Digital Converter.

NOTE

If during the final adjustment of the A/D phasing at full power,
the THD at 10 kHz is much higher than the | kHz THD, the
Modulated B- adjustment may not be correct and should be re-
checked. See the adjustment procedures under the Analog Input
Board and DC Regulator replacement sections in this section.

5.7.8 Tuning At High Power
a. Press MEDIUM then RAISE to slowly raise power to 25
kW. This should occur with approximately 33 PA Modules
turned ON.
b. Press HIGH then RAISE to slowly raise power to 50 kW.
c. At 50 kW power output, the PA Supply Current should be
between 210 and 245 amps with 47 PA Modules ON. Refer
to the Factory Test Data and use the following information
to help tune the transmitter:

Power Output (meter)

PA Voltage

PA Current

PA Efficiency

Antenna Null

Filter Null

# of Steps turned on

d. The TUNE control is adjusted for a peak in power output.

This control may be rather broad, especially at the low end
of the medium wave band.

e. The LOADING control adjusts the PA Current for a given
number of PA Modules ON.

f. Use the number of steps turned on from the Factory Test
Data to help determine if the LOADING needs adjusting.

Errata: 05-03-00
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1. If the desired # of steps is 47 and more than 50 are on,
press the LOWER button until 47 steps are ON and
increase the PA Current with the loading control.

2. If less than 47 PA Modules are ON, press RAISE until
47 PA Modules are turned ON and decrease the PA
Current with the loading control.

g. Perform A/D Phasing check at 50 kW. Refer to Figure 5-6.

h. Check the Oscillator Sync Adjustment. Refer to the Oscil-
lator adjustment procedures.

5.7.9 Completion of Basic Frequency Change of
Transmitter

The following procedures allow the transmitter to be checked and

adjusted for optimum performance. They are not critical for

reliability and basic performance of the transmitter.

5.7.9.1 Binary RF Amplifier Phase Alignment

Binary RF amplifier phase alignment is performed to achieve optimum
stereo performance. This alignment is performed by measuring the
phase difference between the Big Step and Binary RF amplifiers at the
output of each RF amplifier and adjusting the tap on the Efficiency coil
for minimum phase difference. The taps on the Binary RF amplifier
efficiency coils have already been preset per the frequency tuning chart.

Because the Binary RF amplifiers B8-B12 are designed to produce
output RF voltages less than that of the “Big Step” RF amplifiers, they
do not always operate at the same output phase of RF as the Big Steps.
This phase difference can be anywhere from 0 to 30 degrees. Because
the RF amplifiers operate at lower voltage potentials, this situation
does not affect reliability. However, it can have aneffect on the amount
of [PM (Incidental Phase Modulation) products.

a. Connect the 10x probe, Harris part #610-1131-000, to the
drain TP1 test point of Q3 on PA Module RF 1 by inserting
the probe through the ventilation slots on the interlocked
RF Amp Compartment door.

NOTE
THE 10X SCOPE PROBE, HARRIS PART #610-1131-000 MUST
BE USED. ALSO ENSURE THAT THE SCOPE PROBE IS
PROPERLY GROUNDED.
b. Set the scope on ac coupled, 50 Volts per division with the
trace centered on the screen.
c. Connect the external sync of the scope to J5 on the Oscil-
lator and make sure the scope sync is set to External.

d. Operate the transmitter at 25 kW with no modulation.

e. Adjust the Horizontal vernier on the scope so that one full
RF cycle occupies 9 divisions on the screen. Each division
now equals 40 degrees of phase shift.

f. Using the Horizontal positioning and triggering level on
the scope, place the transition time of the scope on the
center vertical line of the screen.

g. Increase the vertical sensitivity of the scope to expand the
waveform.

h. Switch the scope to the X 10 position and readjust the horizontal
position so that the RF transition again crosses the center line of
the scope. This will be the reference for the phase measurements.
If another RF amplifier transition occurs at the first large division
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on the right, this RF amplifier is operating at 4 degrees lagging
from the reference.
i. Check the drain of Q3 on RFI to RF3 to verify that they
are all within +/-5 degrees of each other.
j. Check the drain of Q3 on the Binary RF amplifier B8. Note
that Q3 is now the right hand MOSFET when viewing the
module from the front.
k. Operate the transmitter again at 25 kW. If no waveform
appears, then depress the RAISE or LOWER button until
this step turns on.
1. As the power is changed, the Binary amps are turning on
and off at different rates. The vertical sensitivity of the
scope can be increased since B8 through B10 operate at
1/2 the supply voltage.
m. If the Phasing of B8 is within +/-5 degrees, move to B9.
1. If the phase difference is greater, then the tapon L1 can
be changed to put the B8 RF amplifier in phase.

2. Typically, more of the inductor will be shorted out for
the Binary amps than for the Big Steps.

3. Do not reduce Efficiency coil turns to less than 1/2 of
the given Frequency determined value.

n. Continue to check the phasing on the remaining binary
amps. Note that the amount of active turns on the Effi-
ciency coils will tend to be less on the smaller binary steps.

5.7.9.2 Binary Amplitude Alignment

The output of the Binary RF amplifiers can vary from frequency to
frequency. To optimize the linearity of the modulation signal, the output
amplitude of the Binary RF amplifiers can be varied in 5% increments.
Triangle or ramp modulation must be used for this procedure.

a. To check the Binary alignment, operate the transmitter at
5 kW output with 10%, 100 Hz triangle modulation.

b. Connect the external sync input of the scope to the output
of the generator.

c. On the scope, display the demodulated output of the modu-
lation monitor.

d. Expand the vertical and horizontal display to view the
positive going portion of the ramp.

‘e. Connect the other channel of the scope to the Modulation
Encoder gold jumper for Big Step RF amplifier RF5.

f. Raise or lower the modulation until a transition from 0.0
to 5.0 Volts can be seen on the Step S display. From this
display it is possible to see at which point in the modulation
ramp Step 5 is being turned on.

g. Move the scope probe to the Modulation Encoder signal
for Step 6.

h. Raise and lower the modulation until Step 6 can be seen to
turn on. A small transition in the demodulated waveform
may be noticed where a big step turns on. See Figure 5-11.

i. By making small changes in both the power level and modula-
tion level, it should be possible to display the demodulated ramp
between two big steps. This is the area to look at for binary
alignment.
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j. If the binary alignment is proper, the transitions between big
steps will be smooth. If, for instance, the 1/2 Step, BS,
amplitude is too low, you will see a transition approximately
halfway between Step 5 and Step 6. This is the half step
transition. You may also see that there is now a transition at
Step S and Step 6 also. See Figures 5-11 and 5-12.

ENSURE ALL PRIMARY AC POWER IS REMOVED FROM TRANS-
MITTER AND THAT A GROUNDING STICK HAS BEEN USED TO
DISCHARGE ANY RESIDUAL POTENTIAL WHERE POWER HAS
BEEN APPLIED BEFORE PERFORMING THE FOLLOWING
STEPS.

k. Determining which binary step amplitude is not lining up

with the others can take some trial and error.

1. For example, to change the binary amplitude for the 1/2
Step, open the interlocked inner door.

2. Remove the 1/2 Step RF amplifier B8 and Big Step RF
amplifier RF1.

3. Look through the slots of the removed amps and move
J30 on the motherboard to the next desired position.

4. Reinsert the modules and check the ramp linearity.

5. Repeat for all Binary Steps B8 through B11 using J31,
J32 and J33, if necessary. Binary RF amplifier B12 does
not have amplitude adjustments.

NOTE
The ramp may not appear to be perfect, even at what appears 10
be optimum binary alignment. This is because the displayed ramp
is at LOW power at around 10% modulation.

CAUTION

ENSURE THAT THE BINARY JUMPER PLUGS ARE PROPERLY
INSERTED AND SEATED. A LOOSE OR MISSING JUMPER WILL
CAUSE BINARY TOROID DAMAGE.

5.7.10 Other Adjustments

These adjustments should normally not change during a fre-
quency change, but it is advisable to check their setting for
optimum transmitter performance.

5.7.10.1 Audio Gain Adjust: A35R15
This sets the proper audio modulation level into the transmitter.
Refer to the paragraphs on the Analog Input Board replacement.

5.7.10.2 Offset Adjust: A34R75

This control adjusts the Modulation Tracking of the transmitter
or, in other words, how equally it will modulate at different power
levels. Refer to the paragraphs on the Analog to Digital Converter
replacement procedure.

5.7.10.3 Dither Adjust: A35R43
This control reduces the small modulation steps caused by the
Digital Modulation process. Refer to the paragraphs on the
Analog Input Board replacement.

5.7.10.4 Modulated B- Adjustments

This signal optimizes the switching time of the PA Modules and affects
high frequency distortion and response. Refer to the paragraphs on
Analog Input Board and DC Regulator replacement for B- adjustments.
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Figure 5-2
Predriver Input drive waveform, measured at the anode of CR3
or CR4 on Predriver module (2V p-p per division)

Figure 5-4
RF Drive Waveform at RF Amplifier, Gate of O3 (anode of
CR3). RF Amplifier turned ON. (5V p-p per division)

1

2 --0.0VDC
L
Figure 5-3 Figure 5-5
RF Drive Waveform at RF Amplifier Gate of 03 (anode of Antenna VSWR Detector voltage and current samples as
CR3). RF Amplifier turned OFF. (5V p-p per division) measured at Qutput Monitor A27TPI and TP2. Also
typical of Bandpass filter samples.
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--0.0VDC
Figure 5-6 Figure 5-8
Demodulated Audio of 100 Hz sinewave at 30% modulation at Modulated B- waveform at DC Regulator A30TP30. 50kW op-
50 kW. Scope view of positive peak expanded to show glitches eration with 100Hz, 100% modulation.

due to improper A to D phasing adjustment.

--0.0VDC
Figure 5-7 Figure 5-9
Modulated B- waveform at DC Regulator A30TP30 operation Oscillator sync samples at Oscillator A17TP4 and TPS. Trans-
with 100 Hz, 100% modulation. 1V per division, 0.0 Vdc mitter operating at 50 kW with no modulation. The two sam-
at top line. ples are not in phase.
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Figure 5-10 Figure 5-12
Oscillator sync samples at Oscillator A17TP4 and TPS. Trans- Demodulated audio. Transmitter operating at SkW with
mitter operating at 50 kW with no modulation. The two sam- 100 Hz, approximatel 10% triangle modulation.
ples are in phase. Top Trace - Demodulated Audio

Bottom Trace - Modulation Encoder waveform of Step 6.
Insufficient 1/2 Binary Step output shown.

Figure 5-11
Demodulated audio. Transmitter operating at SkW with
100 Hz, approximatel 10% triangle modulation.
Top Trace - Demodulated Audio
Bottom Trace - Modulation Encoder waveform of Step 6.
Good binary alignment shown.
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Section VI
Troubleshooting

6.1 Introduction This section contains techniques and guidelines to assist the

This section of the technical manual contains troubleshootitig

engineer in isolating the problem more quickly. The engineer
procedures for the DX-50. using this section of the manual must have the proper test

equipment available and have a good working knowledge of the

Problems that could cause an OFF AIR situation and how they
relate to the front panel ColorStat™ indicators, including over- . qc
loads and interlocks will be discussed first.

This section is a troubleshooting guide for the transmitter as a
system. For additional information related to an individual mod-
ule or board, refer to the section of the manual for that particular

transmitter and the operation of the individual modules and

board.
Table 6-0. Troubleshooting the Transmitter
Section VI
Troubleshooting

INtrodUCHION . . . . ottt e e e e et 6-1
Symptom: Transmitter will not turn ON - No ColorStat™ panel indicators are illuminated. ................ 6-6
POSSIDIE CAUSES . . . oot vttt it i ettt e e ettt ettt e e e e e 6-6
Lossof ACPower ....... ...ttt 00086066 006060000085060008050606000606608 6-6
Loss of +5V Supplyon LED Board . . ... ... i e 6-6
L00SE COMMECIOTS . - . . ittt ettt ettt ittt et e et e et e e e ae et i ee e e 6-6
Symptom: Transmitter will not turn on - all ColorStat™ panel indicators are illuminated Green. ............ 6-6
POSSIDIE CaAUSES . . . .t ettt ettt e et e et e e e e e e 6-6
+5B Circuit Not Up To Operating Voltage. . . .. ...ttt it iiee e 6-6
Contactor Turn On Logic On The Controller. .. ..... ... . . . i 6-6
Contactor Drive CIrCUItIY .. ..ottt ittt ettt e it e e et e e ee e eiaaeeenanns 6-6
+30 Vdc Feedback Auxiliary Signal . . . ... ... e 6-6
240 Vac Coil Voltage. . . ... ..ottt e it e e e e e 6-6
Open Contactor Coil On Kl or K2 ... ... e 6-6
Symptom: Transmitter will not tum on - one or more ColorStat™ panel indicators are illuminated RED. ... .. 6-7
Possible Causes . . . ...t e e i, 6-7
Symptom: Transmitter will turn ON but immediately turns OFF - one or more ColorStat™ panel indicators illumi-
nate RED. The transmitter may try to turn on twice and a fault indicator illuminates AMBER then RED. .. .. 6-7
POSSIDIE CalSES . . . oottt e et e e e 6-7

Symptom: Transmitter turns On (LOW, MEDIUM or HIGH buttons illuminate) but there is no power output and
no PA current is indicated. Supply voltage is indicated on the multimeter.. ............................. 6-7
Possible Causes . . ... e e e, 6-7
PA Turmn-Off Command Given To Transmitter. . . . ...ttt 6-7
Typedor Type SFault . ... ... o e e i 6-7
Power OQutput Is S€t TO ZET0. . . . .o oottt i i i e 6-7
Symptom: Transmitter is running, but power is lower thannormmal. . ............. ... ... ... ... ... ... 6-7
POSSIDIE CaUSES . . . ..ottt ettt et e e e e e e 6-7
Power Reduction Circuitry Activated . .. ... .. oottt i et e 6-7
Symptom: Unable to raise power past a certain point. ColorStat™ panel ANT and/or FILTER LED indicate RER&
POSSIDIE CAUSE .. ...ttt ittt e e e e et 6-8
Symptom: Unable to raise power past a certain point. No ColorStat™ panel indicators Illuminated RED. . .. .. 6-8
POSSIDIE CAUSE .. .. ottt ettt e et e i i 6-8
Analog Input Board maximum power adjustment R27 misadjusted or defective. .................. 6-8
Analog Input Board, half power step up circuit may have failed................... ... ... .. .. 6-8
PA Tumn on/Turn Off control signals on Modulation Encoder(s), A36 and/or A37, may be incorrect. . 6-8
Open fuses on Fuse Boards A24 or A25. .. .. ... i 6-8
Symptom: Transmitter turns ON (Low, Medium, or High Indicators Illuminate) but will not modulate. .. ..... 6-8
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POSSIDIE CaUSES . . o ot vt e ettt et e e e e 6-8
Modulation not reaching tranSImUtter. . . . ... ... ..ottt 6-8

Analog Input Board . .. .. ... .. 6-8
ColorStat™ panel Overcurrent Fault Indication. .. ... ... i 6-8
Random Faults With Program Audio. Possible Causes: . . ............ ... it 6-8
Faults With Tone Modulation. Possible Causes:. . ......... ..o it 6-9
Overloads on Turn On. Possible Causes:. . . .. ...ttt e 6-9
ColorStat™ panel Overvoltage Fault .. ... .. .. ... ... i 6-9
POSSIDIE CAUSES . « « o v v ot ettt ettt e e e e 6-9
Supply Voltage Too High. . ... ... it 6-9
ColorStat™ panel Supply Fault. .. ... ... ... i 6-10
POSSIDIE CaAUSES . . . oo vttt ittt et et e et e e 6-10
Input AC 3 Phase Line Imbalance . .......... ... oo 6-10

Open +115 Vdc Supply Rectifier Fuse. ... 6-10

Failed PA Power Supply Transformer T1 ... ... 6-10

Low Frequency, High Level Modulation. . . ... ... 6-10
OVerload SEUNES. . . . ..o vttt e 6-10
ColorStat™ panel Underdrive Fault .. ... ... ... 6-10
POSSIDIE CaAUSES . « « oo v o ettt ettt e e e e e e e 6-10
High Voltage Supply Short. . ... ... ..o 6-10

Failed Driver Supply (4115 Vdc). . ... ..o 6-10

Failed Predriver Supply (+60 VdC). ... ... ..o 6-10

No Drive To The DIIVEr Stage . . . ..o o vttt et 6-11

Driver Module Failure . . . .. ..o oo e 6-11
Excessive RE Amplifier Failures . ............. i 6-11

Driver Supply Regulator Failure. .. ...... ... .o i 6-11

Driver Supply Regulator Loop Select. . . ... i 6-11
Defective Driver Encoder Signals.. . ... .. i 6-11

Severe Driver MISIUNING . . . .. ...ttt e 6-11
ColorStat™ panel Overdrive Fault .. ... .. ... ... i 6-11
POSSIDIE CAUSES . . . . ot v ettt ettt et e et e e e s 6-11
High ACLine Voltage .. ... ... .. ittt 6-11
Defective Driver Encoder Signals. .. ... . i 6-11

RF Amplifier ON/OFF CirCUitry ... .......c.oiutiniiii i 6-11

Driver Supply Regulator Failure. .. ... ... ..o 6-11
ColorStat™ panel Door Interlock . ... ..ot 6-12
POSSIDIE CAUSES . . . o v ot vttt et i e e e i e e e 6-12
Defective Interlock Switch . . ... o e 6-12

deleted 02-06 . . . ..o ot e et s f s s e s s BT e ey T e e SR s s e s e 6-12

Bad Connection at DC Regulator . . ... ...t 6-12
ColorStat™ panel External Interlock .. ..........oi i 6-12
POSSIDIE CaAUSES . - o . oottt ettt ettt e e e e e 6-12
External Interlock Terminals Open. ... ...ttt 6-12
External Interlock Fuse F24 ... ... . . 6-12
External Interlock Relay K3 .. ... 6-12

DC Regulator COMPONENES . . . .. ..ottt it ittt 6-12
ColorStat™ panel Air Interlock. . ... ... .ottt 6-12
POSSIDIE CAUSES . . . oo ottt ettt et e e e e e 6-12
Fans Not Operating Properly, Failed/Running Backward .. ... 6-12

Dirty FAlters . ... ..ottt i e e 6-12

Top Air Exhaust Restricted. . .. ..o .ottt 6-12

Rear Access Panel Open . ... .. ... ittt 6-12

Air Interlock Sensing CArCUIITY . . .. oo ottt 6-12

Air Interock Detector UlLT .. ittt ittt it ittt e i 6-12
ColorStat™ panel Oscillator Fault .. ....... ..o 6-13
ColorStat™ panel Buffer Fault ... ........co it 6-13
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ColorStat™ panel Predriver Fault . .. ... ... ... i i e e
ColorStat™ panel RF Amp Fault. . ... ... . i e e e
ColorStat™ panel Analog Input Board: +15V and -15V Supply Faults . ....................... ...
ColorStat™ panel Analog to Digital Converter .. .. ... ...ttt
+15V,-15V,and +5V Supply Faults . .. ... ..o e
Conversion Error Fault . . . ... ... e e
ColorStat™ panel Modulation Encoder: Cable Interlock Fault .. .......... ... . ... ... o it
PosSIble CaUSes . . .. .o et

RF Amplifier Module NotIn Place. . ... ... i i e
Modulation Encoder Cable Not InPlace. .......... ..o
ColorStat™ panel DC Regulator B+ and B-Supply Faults . . ........ ... it
ColorStat™ panel Output Monitor Faults . ... ... .. o . i i it eees
+5V and -5V Supply Faults . ... ... i e
VSOWR Faults. . ..o i e e e e e

First Stage VSWR Protection
Second Stage VSWR Protection
Antenna VSWR Fault . ... ... . e e
Possible Causes of VSWR Overloads
Possible Causes of Arcing
Possible Causes of Transient Signals
Load Impedance Changes
Bandpass Filter VSWR Fault. ... ... ... i i i i e
Bandpass Filter VSWR Caused By Problems In The Output Network
Symptom: Loss Of Positive Peak Capability. .. ... ...ttt it e it
POSSIDIE CaUSES . . ..ottt e ettt
Power Supply Voltage Low. ... ...t i e et
Audio Processor Equipment Defective or Incorrectly Set ............. ... ... il
Incorrect Transmitter TUMING. . . ..ottt e et et e ieie e e
Transmitter Operated In FlexPatch™ Mode. .............. o it
Failed RF Amplifier. .. ... ... i i et
Symptom: Higher Than Normal Audio Distortion . ...ttt
POSSIDIE CaUSES . ..\ c vttt e e e e e et
Failed RF Amplifier(s). . . ... ..ot e e i e e et
Transmitter MiStUNINg . . .. ..ot e i i it e e e
Operating Into a Bandwidth Restricted Antenna . .......... ... ... ... i i,
Low RF Drive Level To The PAModules. . ..ot
Additional Tips For Troubleshooting Audio THD . ........ ... .. ... .. i,
Symptom: Consistent Loss of RF Amplifiers .......... ... i
Repeated Loss of Same RF Amplifier In Any Position. . ........... ... ..o,
POSSIDIE CaUSES . .\ v ottt e e et e s
Defective Transistor Pad
Defective Turn On/Turn Off Circuitry
Improper RF Drive
Poor Solder Connection on PC Board
Consistent Loss Of An RF Amplifier In One Particular Position..................................
POSSIDIE CaUSES . ..\ ottt et et ettt e e e e e
Improper RF Drive
Improper Drain Phasing
Defective Output Toroid
Improper Control Signal
Consistent Loss Of Modules In Random Positions . .......... ...ttt
Possible Causes ... ... ..ot e e e e
Analog to Digital Phasing Improperly Set
Modulated B- Improperly Set
Improper VSWR Circuit Operation
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Improper Overload Settings 6-17
Improper Air Flow 6-17
Transmitter Mistuning 6-17
Other Troubleshooting TechniqQuUes . .. ... .. ..ottt e 6-18
Handling MOSFETS . . . ..ottt et i it et ie ity 6-18
Testing MOSFETS .. ...ttt ittt ettt et e a ey 6-18
Finding A Missing Step .. ... ittt e 6-18
Using FlexPatch™ for Bypassing a Failed PAModule . ........... ..ot 6-18
Using FlexPatch™ for Isolating Modulation Encoder/RF Amplifier Problems ...................... 6-19
Measuring Drive Level. .. ... .o e 6-19
Measuring Drive Phasing . . ... ...t 6-19
Excessive Drive Phase Difference ......... ..ot 6-20
RF Amplifier Drain Phasing. .. ........... i 6-20
Excessive Drive Phase Difference ........ ... i i 6-21
Measuring Steps 50-123: TEST SWITCH . ... ... i 6-21
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Table 6-1. DX50 Fault Types

Section VI - Troubleshooting

TYPE 1 TURNS PA POWER SUPPLY OFF (Manual Restart Required)
EXT External Interlock
AIR Air Flow Fault
DOOR Door Interlock
SUPPLY FAULT PA Power Supply Protection
OVER VOLTAGE PA Power Supply Overvoltage Protection
CABLE INTERLOCK Modulation and Driver Encoder Cables
B+ DC Regulator B+ Regulated Fault
B- DC Regulator B- Regulator Fault
+5V Output Monitor +5V on board Regulator Fault
+15V Output Monitor +15V on board Regulator Fault
REPEATING TYPE 2 FAULT | See NOTE below
TYPE 2 TURNS PA POWER SUPPLY OFF (Recycles Back ON)
UNDER DRIVE RF Drive Level to PALOW
OVER DRIVE RF Drive Level to PA HIGH
OVER CURRENT * PA Power Supply +230 Vdc Overload

* Transmitter will attempt to limit current first (indicator will illuminate amber), then shut off high voltage if limiting is not

sufficient.

NOTE: If Type 2 fault condition is still present when the transmitter cycles back on,or repeats within 2.4 seconds after the

transmitter cycles back on, it becomes a Type 1 fault and will require a manual restart.

TYPE 3 LOWER POWER OUTPUT
BANDPASS VSWR Output Monitor detects sucessive VSWR’s
ANT. VSWR Output Monitor detects sucessive VSWR'’s
TEMPERATURE Driver Encoder/Temp Sensor detects an over temperature condition
TYPE4 PA TURN OFF ONLY (PA Kill only, High Voltage Remains ON)
BANDPASS VSWR Output Monitor detects one shot VSWR
ANT. VSWR Output Monitor detects one shot VSWR
+15V A/D Converter on board +15V Regulator Fault
-15v A/D Converter on board -15V Regulator Fault
+5V A/D Converter on board +5V Regulator Fault
+15V Analog Input on board +14V Regulator Fault
-15V Analog Input on board -15V Regulator Fault -
TYPE 5 CLEAR MODULATOR DIGITAL AUDIO DATA
CONVERSION ERROR A/D Converter
TYPE 6 FAULT DISPLAY ONLY
RF AMP PA RF Amplifier Fuse Blown
Rev. AF: 11-11-96 888-2290-003 6-5
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6.2 Symptom: Transmitter will not turn
ON - No ColorStat™ panel indica-
tors are illuminated.

6.2.1 Possible Causes

6.2.1.1 Loss of AC Power

If no indicators on the ColorStat™ panel are illuminated, check
for correct unregulated Low Voltage supply readings on the
front panel multimeter. Make sure that the Low voltage power
supply breakers CB1 and CB2 are set to the ON position.
Finally check the ac primary power to the transmitter to ensure
that the fuses or circuit breakers have not opened.

6.2.1.2 Loss of +5V Supply on LED Board

If the ColorStat™ panel LEDs are not illuminated, but the unregu-
lated Low Voltage readings are correct, this indicates a problem
with the Controller or LED Board. The +5 Vdc supply for the LED
Board is developed on the Controller. Check for +5 Vdc at the
Controller on TP2. DS1 on the Controller will illuminate any time
any of the three regulators on the controller fails.

6.2.1.3 Loose Connectors

Check for loose or improperly instatled connectors on both the
LED Board and Controller. Also check the connectors on the
Power Distribution Board A39.

NOTE
Do not remove any plugs with the power on.

6.3 Symptom: Transmitter will not turn
on - all ColorStat™ panel indicators
are illuminated Green.

6.3.1 Possible Causes

6.3.1.1 +5B Circuit Not Up To Operating Voltage

If the +5B supply which uses the 1 Farad capacitor backup is
not operational then the transmitter will not turn ON. If the
transmitter does not have a good set of backup batteries BT1-
BT3 installed and the transmitter has been off for more than two
hours, the backup capacitor C44 requires approximately 1
minute to recharge. This keeps the transmitter from turning ON.
Measure TP6 on the Controller and verify that the +5B voltage
is present. If it is not, troubleshoot the +5B supply.

6.3.1.2 Contactor Turn On Logic On The Controller

Measure the voltage at the collector of Q10-1 on the Controller.
It should be approximately +15 Vdc. While monitoring this
voltage, depress the LOW power button. The voltage should
drop to near O Vdc for approximately 1 second. If it does not,
troubleshoot the Controller contactor drive logic circuits. If the
voltage does drop down or is not present, the problem is in the
contactor drive circuitry.

6-6 888-2290-003

TOMEASURE THE VOLTAGES IN THE FOLLOWING STEP REMOVE
PRIMARY VOLTAGE AT THE MAIN BREAKER OR FUSE PANEL.
THEN REMOVE THE STEP START PANEL COVER AND ATTACH
YOUR MEASURING DEVICE TO THE TERMINALS LISTED.

6.3.1.3 Contactor Drive Circuitry

Measure the +15 Vdc on 3TB1-8 in the Step Start panel. If
voltage is not present or does not drop when the LOW button
isdepressed, the wire or cable continuity is broken at some point
or solid state relay K101 is defective. If K1 energizes but K2
does not, measure for +15 Vdc at 3TB1-10. It should be present,
and drop to close to zero shortly after K1 energizes. If it does
not, check for wire continuity or defective K102.

6.3.1.4 +30 Vdc Feedback Auxiliary Signal

The +30 Vdc AUX signal sent back to the Controller to indicate
K1 and K2 have energized may be missing. Measure for +30 Vdc
at 3TB1-5. If not present, measure at TB3-5 in the transmitter.

a. Voltage present at TB3-5: Continuity problem between
transmitter and step-start panel.
b. Voltage not present at TB3-5: Troubleshoot +30 Vdc
supply.
If +30 Vdc is present at 3TB 1-5 in the step-start panel, measure
the return voltage at 3TB1-6. When K1 energizes, +30 Vdc
should be present 3TB1-6.

NOTE

If the contactor circuit for K1 (step start contactor) is inopera-
tive, no sound from the Step Start panel will be heard when the
LOW, MEDIUM, or HIGH button is depressed. If the contactor
circuit for K2 (run contactor) is inoperative, two clicks will be
heard when the transmitter LOW, MEDIUM, or HIGH button is
depressed. This is the step start contactor energizing and de-en-
ergizing.

6.3.1.5 240 Vac Coil Voltage

TO MEASURE THE VOLTAGES IN THE FOLLOWING STEP FIRST
REMOVE ALL VOLTAGES APPLIED TO STEP START PANEL AND
TRANSMITTER. YOU CAN THEN REMOVE THE STEP START
PANEL COVER AND ATTACH YOUR MEASURING DEVICE TO THE
TERMINALS LISTED. ROUTE LEADS OUT OF STEP START PANEL
AND THEN REATTACH STEP START PANEL COVER. NOW APPLY
POWER AND RUN TEST. AFTER TEST IS COMPLETED, REMOVE
ALL POWER, REMOVE COVER, REMOVE LEADS, AND REATTACH
COVER.

Measure the voltage between 3TB1-15 and 16. The 240 Vac
from K1 and K2 coils should be present when CB1 is switched
on. Measure for 240 Vac on K1 and K2 coils when the LOW,
MEDIUM or HIGH buttons are depressed. If not present, check
for possible defective K101 or K102.

6.3.1.6 Open Contactor Coil On K1 or K2

Measure the resistance of each contactor coil. The nominal
resistance should be approximately 200-250 Ohms for K1 and
10-20 Ohms for K2.

Rev. AF: 11-11-96
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6.4 Symptom: Transmitter will not turn
on - one or more ColorStat™ panel
indicators are illuminated RED.

6.4.1 Possible Causes

See the “Troubleshooting ColorStat™ Panel Indicator Faults”
paragraph in this section.

6.5 Symptom: Transmitter will turn ON
but immediately turns OFF - one or
more ColorStat™ panel indicators il-
luminate RED. The transmitter may
try to turn on twice and a fault indi-
cator illuminates AMBER then RED.

6.5.1 Possible Causes

In the case of the Overcurrent, Overdrive and Underdrive
overloads, the transmitter will try to restart one time before
indicating a fault. This indicates that the fault still exists and
must be repaired before the transmitter will become operational.
See the “Troubleshooting ColorStat™ panel Indicator Faults”
paragraph in this section.

6.6 Symptom: Transmitter turns On
(LOW, MEDIUM or HIGH buttons
illuminate) but there is no power out-
put and no PA current is indicated.
Supply voltage is indicated on the
multimeter.

6.6.1 Possible Causes

6.6.1.1 PA Turn-Off Command Given To Transmitter

The PA Tum-Off command will allow the PA Power Supply to
energize, but will not allow any of the rf amplifiers to be turned
ON to produce power output. To check for a PA Tum-Off
command, open the Center Control Compartment door and
observe section DS1-9 on the Modulation Encoder. If the trans-
mitter PA Power Supply is energized and DS1-9 is illuminated
RED, a PA Turn-Off command is being given to the transmitter.
Check the following items for a PA Tum-Off command:

a. PA Tum-Off Switch S2 on Controller set to OFF Position.
Check to make sure this is set to the ON (down) position.

b. External PA Tum-Off Circuit Activated
The External Interface allows the use of an External PA Tum-
OFF command for customer applications such as Day/Night
switching on a Phasor. If this feature is connected, make sure
that the device associated with the PA Tum-Off is not at fault.

Rev. AF: 11-11-96
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To check, remove the wire connected to the Customer Remote
control terminal strip TB1-22.

6.6.1.2 Type 4 or Type 5 Fault

Regulator faults that occur on the Analog to Digital Converter
and the Analog Input Board will generate a Type 4 fault and
cause a PA Tum-Off command. A Type 5 fault is generated by
the Analog to Digital Converter conversion error fault circuit
and will also produce a PA Turn-Off command. If any of these
fault indicators are illuminated on the ColorStat™ panel, refer
to the “Troubleshooting ColorStat™ panel Indicator Faults”
paragraph in this section.

6.6.1.3 Power Output Is Set To Zero

No transmitter output power and the PA OFF LED segment
DS1-9 on the Modulation Encoder is not illuminated, indicates
that the output power has been lowered to zero. Press the RAISE
button to see if power begins to rise. If it does, hold the RAISE
button until the desired output power is reached. Reset the other
power levels to the desired output power. A power reset nor-
mally occurs only when the battery backup power supply on the
Controller discharges and the transmitter ac power has been off
for over one hour. Replace the batteries and check the +5V “B”
supply on the Controller if this is a common occurrence.

If the power is zero and cannot be increased by the RAISE
control, investigate the power control circuitry on the Analog
Input Board and the Controller. See the specific section for each
of these boards for circuit information.

6.7 Symptom: Transmitter is running,
but power is lower than normal.

6.7.1 Possible Causes

6.7.1.1 Power Reduction Cit'cuitry Activated

a. ANTENNA LED on the ColorStat™ panel is RED. This
indicates a VSWR problem in the load, phasor, combiner
or antenna system. Press the RESET button on the Col-
orStat™ panel. If the LED turns GREEN, press RAISE
and set power back to normal. This indicates that the
VSWR problem is not active anymore. If the LED will
not reset GREEN, the problem is still active and must be
investigated. If further testing does not reveal a problem
in the rf load that the transmitter is connected to, investi-
gate components in the phase angle detector on the Output
Monitor. Refer to SECTION H, Output Monitor, for
additional information.

b. BANDPASS LED on the ColorStat™ panel is RED,
power cannot be raised. This indicates a VSWR problem
in the matching network between the power amplifier and
output network stage in the transmitter. Likely causes are
defective vacuum capacitors. If capacitors in the band-
pass circuit are not defective, investigate components in
the phase angle detector(s) on the Output Monitor. Refer
to SECTION H, Output Monitor, for additional informa-
tion.
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¢. No ColorStat™ panel indicators are illuminated RED.
Check the Over Temp LED DS2 on the Driver En-
coder/Temp Sense Board. If it is RED, the circuitry has
initiated a Temperature Induced Lower command to the
Controller. Possible causes include transmitter tuning or
if combiner problems resulting in excessive heat sink
temperature on PA Modules RF1 and RF2 or defective
temperature monitoring circuitry. Refer to SECTION S,
Driver Encoder/Temp Sense Board and the transmitter
tuning instructions in the initial turn-on paragraphs in
SECTION II, INSTALLATION.

6.8 Symptom: Unable to raise power
past a certain point. ColorStat™
panel ANT and/or FILTER LED indi-
cate RED.

6.8.1 Possible cause

If the ANT and/or FILTER ColorStat™ panel indicators are
Illuminated RED. The VSWR sensor(s) trip and power reduc-
tion circuitry is activated. There are two possible causes:

a. The phase angle detector(s) on the Output Monitor are
not nulled yet on a new installation or recent antenna
system work. Refer to SECTION II, Installation/Initial
Turn On, for the phase angle detector null procedure.

b. If detectors are nulled and transmitter has been operating
normally for some time, troubleshoot the cause of VSWR
problems.

6.9 Symptom: Unable to raise power
past a certain point. No ColorStat™
panel indicators Illuminated RED.

6.9.1 Possible cause

6.9.1.1 Analog Input Board maximum power adjustment R27
misadjusted or defective.

Check associated circuitry and monitor at test points TP3, TP1,

and TP4. Refer to SECTION J, Analog Input Board, for more

detailed information.

6.9.1.2 Analog Input Board, half power step up circuit may
have failed.

Check Q7 and Q8 circuitry. Refer to SECTION J, Analog Input

Board, for more detailed information.

6.9.1.3 PA Turn on/Turn Off control signals on Modulation En-
coder(s), A36 and/or A37, may be incorrect.

If this type of failure is of such magnitude to limit full power

output, severe audio distortion should also be noted. Check for

the correct number of steps to be turned on by viewing the green

LEDs on each of the PA Modules. If LEDs are not illuminated,

i.e. steps 1-48, check to see if the control signal is at the
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appropriate Encoder output. Refer to SECTION L, Modulation
Encoders, for additional information.

6.9.1.4 Open fuses on Fuse Boards A24 or A25.
If a fuse has opened, there will be no voltage to a group of eight
amplifiers.

6.10 Symptom: Transmitter turns ON
(Low, Medium, or High Indicators
Illuminate) but will not modulate.

6.10.1 Possible Causes

Because audio is added to a dc voltage relative to the power
output level, any problem that would affect the (Audio + DC)
signal would also affect the power level. The dc is added to the
audio early in the analog input circuitry. If the transmitter power
output control functions normally but there is no modulation,
the problem is either before the transmitter or is occurring in
the first few stages of the Analog Input Board.

6.10.1.1 Modulation not reaching transmitter
Verify that audio is reaching the audio input terminals on the
External Interface.

6.10.1.2 Analog Input Board

Only the circuitry associated with Analog Input Board compo-
nents U6, U9, and U7 would affect modulation but not the
power control. Refer to SECTION J, Analog Input Board, for
additional information.

6.11 ColorStat™ panel Overcurrent
Fault Indication

The Overcurrent Fault monitors the supply current of the PA
Power Supply and will generate a TYPE | Fault any time the
PA current reaches a preset overload level. Both average and
peak current are monitored and combined for the Overcurrent
Fault.

6.11.1 Random Faults With Program Audio. Possi-
ble Causes:

a. OVERMODULATION: Random faults with modulation
often indicates that the peak overload current is being
exceeded by overmodulation of the transmitter. Check the
modulation level with an oscilloscope if the calibration
of the modulation monitor is in question.

b. LOW FREQUENCY SIGNALS: If the modulation level
is correct, there may be sub-audible signals feeding into
the transmitter. Take note of when the overloads occur
and try to relate the overloads to a particular source.
Tumntable rumble, especially during start-up, can be of
such level to cause Overcurrent overloads. A switchable
high-pass filter in the program line, some audio proces-
sors have switchable low frequency cut-off filters, will
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filter out the sub-audible signals without degrading the
ON AIR sound of the transmitter.

c. DC OFFSET: Some audio processors have a dc offset
which can shift with modulation, at either a sub-audible
or audio rate. This shifting offset voltage will generate
carrier shift, and if the “offset” shifts in a positive direc-
tion at the same time as positive modulation peak occurs,
an Overcurrent overload could occur.

ENSURE ALL PRIMARY AC POWER IS REMOVED FROM THE
TRANSMITTER AND THAT THE GROUNDING STICK HAS BEEN
USED TO DISCHARGE ANY RESIDUAL VOLTAGE WHERE POWER
HAS BEEN APPLIED BEFORE PERFORMING THE FOLLOWING
STEPS.

d. OPEN +230 VDC RECTIFIER FUSE: Anopen 250 Amp
fuse for one of the +230 Vdc supply rectifiers can cause
excessive power supply ripple which can cause the trans-
mitter to trip off with an Overcurrent overload when
modulated with low frequencies. Remove the rear panel
to the PA Power Supply and check all rectifier fuses. If an
open fuse is detected, check the associated rectifier for a
short.

e. OVERLOAD ADJUSTMENT: To check the setting of
the Overcurrent overloads, refer to procedures in SEC-
TION V, Maintenance.

CAUTION

DO NOT MAKE ANY ADJUSTMENTS TO THE OVERCURRENT OVER-
LOAD SETTINGS UNTIL ALL OF THE PRECEDING CHECKS LISTED
ABOVE HAVE BEEN PERFORMED. TRANSMITTER DAMAGE COULD
OCCUR IF THE OVERCURRENT OVERLOADS ARE IMPROPERLY
SET.

6.11.2 Faults With Tone Modulation. Possible Causes:
If the transmitter is being tested with tone modulation it is
possible to generate Overcurrent overloads with high level low
frequency modulation. Second, many audio test generators will
also have a DC offset voltage in their output when they are
switched from one frequency range to another; this offset can
cause an overload. Third, if the transmitter is turned ON with a
high level, low frequency tone at the audio input, overloads may
occur due to the surge current produced as the transmitter is
ramping up to power with full modulation.

6.11.3 Overloads on Turn On. Possible Causes:

a. OVERMODULATION: If the transmitter indicates a
Overcurrent overload on turn on, the most likely cause is
low frequency, high level modulation. Lower the modu-
lation level before turning on the transmitter.

b. POWER CONTROL CIRCUIT: A problem in the power
control circuit that would release the PA OFF command
before the PA Power Supply capacitors had fully charged
could cause an Overcurrent overload on turn on. Turn the
PA OFF switch to the OFF (up) position on the Controller.
If the transmitter turns ON, refer to the turn-on sequence
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in SECTION P, Controller,and SECTION J, Analog Input
Board, for additional information.

ENSURE ALL PRIMARY AC POWER IS REMOVED FROM THE
TRANSMITTER AND THAT THE GROUNDING STICK HAS BEEN
USED TO DISCHARGE ANY RESIDUAL VOLTAGE WHERE POWER
HAS BEEN APPLIED BEFORE PERFORMING THE FOLLOWING
STEPS.

c. PAPOWER SUPPLY SHORT: If the transmitter will not
turn ON with the PA OFF switch in the OFF position, the
problem could be in the PA Power Supply. Isolate the PA
Power Supply from the rf amplifiers by removing F1
through F9 on Fuse Board A24, F1 through F8 on A25,
and F20 located on T1. Measure the resistance to ground
of the PA Power Supply +230 Vdc bus bar on the Fuse
Boards. The resistance should be approximately 500
Ohms. If it is not, troubleshoot the PA Power Supply
Discharge Circuit (crowbar). Refer to the DX-50 Overall
Schematic, 839-7855-068, in the Drawing Package for
circuit details.

6.12 ColorStat™ panel Overvoltage Fault

The Overvoltage Fault indicates that the PA Power Supply
voltage is excessive.

6.12.1 Possible Causes

6.12.1.1 Supply Voitage Too High
NOTE

The PA Power Supply voltage will be at its highest with the PA
Power Supply ON and the power output at zero. The supply
voltage will be at its highest. The transmitter should not incur
an overload in this condition.

If the transmitter has been operating with the proper supply
voltage for some time, check to see if the power line voltage has
increased for the normal operating voltage. Measure the ac line
voltage and tap both the high and low voltage transformers for
the correct voltage. If the transmitter will remain ON long
enough to measure the PA Supply +Vdc on the front panel
multimeter, compare this reading to that recorded on the factory
Test Data Sheet. If the reading is significantly higher, the PA
Power Supply transformer primary tapping must be changed. If
the transmitter will not stay on long enough for a measurement,
tap the transformer down to obtain the next lowest supply
voltage.

NOTE
The highest tap setting for T1 is 485/+4% (502Vac). If line volt-

age is higher than 505Vac it will be necessary for the utility
company to lower the line voltage.
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ENSURE ALL POWER IS REMOVED FROM TRANSMITTER AND
THAT THE GROUNDING STICK HAS BEEN USED TO DISCHARGE
ANY RESIDUAL VOLTAGE WHERE POWER HAS BEEN APPLIED
BEFORE THE TAPS ON THE HIGH VOLTAGE AND/OR LOW VOLT-
AGE TRANSFORMERS ARE CHANGED.

For example if the supply voltage reading is too high, remove
all ac power to the transmitter and retap the PA Power Supply
transformer T1 to the next highest primary number. If the
transformer is presently tapped to 430/0, change the tapping to
430/+4% to reduce the supply voltage.

the three phase line voltages are well balanced. If the balance
is marginal, then Supply fault overloads could occur.

6.13.1.5 Overload Settings
Refer to SECTION V, Maintenance, for the Power Supply
Protection overload adjustment procedure.

CAUTION

DO NOT MAKE ANY ADJUSTMENTS TO THE POWER SUPPLY PRO-
TECTION OVERLOAD SETTINGS UNTIL ALL OF THE PRECEDING
CHECKS LISTED ABOVE HAVE BEEN PERFORMED. TRANSMITTER
DAMAGE COULD OCCUR IF THE OVERLOADS ARE IMPROPERLY
SET.

6.13 ColorStat™ panel Supply Fault

The PA Power Supply Fault circuit will not allow the transmitter
to operate if an imbalance exists in the 3-phase ac input. This
will cause excessive heating of the PA Power Supply trans-
former. If the overload occurs only intermittently, the power
supply balance is marginal and is probably faulting on low
frequency modulation peaks. If the fault occurs consistently,
even without modulation, the problem is more serious and
should be attended to immediately.

6.13.1 Possible Causes

6.13.1.1 Input AC 3 Phase Line Imbalance

Measure the 3 phase line voltages. They should be within 5%
of each other. If the line voltages are not in balance, the utility
company should be contacted to rectify the problem. Note that
line imbalance not only affects the transformer heating, but will
also degrade the transmitter AM signal-to-noise performance.

ENSURE ALL POWER IS REMOVED FROM THE TRANSMITTER
AND THAT THE GROUNDING STICK HAS BEEN USED TO DIS-
CHARGE ANY RESIDUAL VOLTAGE WHERE POWER HAS BEEN
APPLIED BEFORE PERFORMING THE FOLLOWING STEPS.

6.13.1.2 Open +115 Vdc Supply Rectifier Fuse

Remove the rear panel of the Driver Compartment and check
F13, F14, and F15. If an open fuse is detected, check the
associated +115 Vdc supply rectifier.

6.13.1.3 Failed PA Power Supply Transformer T1

If the rectifiers check good and the AC line voltage balance is
within specifications, the PA Power Supply transformer may
have failed windings in one of the sections. It is sometimes
possible to compare resistance readings for each primary wind-
ing to locate a failed winding

6.13.1.4 Low Frequency, High Level Modulation

The sensing circuit for the Supply overload fault detects the
amount of full wave power supply ripple on the +115 Vdc
supply. This 100Hz/120Hz component will be the greatest when
the transmitter is modulated at this audio frequency range. High
modulation levels with frequencies from 90-140Hz could be
sensed as a fault. This condition should normally not occur if
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6.14 ColorStat™ panel Underdrive Fault

NOTE

The transmitter may indicate an UNDERDRIVE overload if a
direct short exists in the PA Power Supply. This could be caused
by shorted MOSFET transistors in the PA Supply Discharge cir-
cuit (crowbar) or a defective shorting switch. The overload indi-
cated could be an UNDERDRIVE fault if the Driver Supplies do
not reach their proper voltage. An Underdrive condition could
be sensed before an OVERCURRENT overload is detected.

ENSURE ALL POWER IS REMOVED FROM THE TRANSMITTER
AND THAT THE GROUNDING STICK HAS BEEN USED TO DIS-
CHARGE ANY RESIDUAL VOLTAGE WHERE POWER HAS BEEN
APPLIED BEFORE PERFORMING THE FOLLOWING STEPS.

6.14.1 Possible Causes

6.14.1.1 High Voltage Supply Short

Remove ac power to the transmitter and remove the Driver
Compartment and RF Amp Compartment rear access panels.
Isolate the PAPower Supply from the rf amplifiers by removing
F1 through F9 on Fuse Board A24, F1 through F8 on A25, and
F20 located on T1. Measure the resistance to ground of the PA
Power Supply +230 Vdc bus bar on the Fuse Boards. The
resistance should be approximately 500 Ohms. If it is not,
troubleshoot the PA Power Supply Discharge Circuit (crowbar).
Refer to the DX-50 Overall Schematic, 839-7855-068, in the
Drawing Package for circuit details.

6.14.1.2 Failed Driver Supply (+115 Vdc)

Note the PA Supply +VDC reading on the front panel multime-
ter while pressing the LOW button. If the voltage deflects
upward, but the DRIVER +VDC indication on the RF MUL-
TIMETER does not, there is a problem in the driver supply
voltage circuit. Check F10 on the Fuse Board A24. Also check
F13, F14, F15, and C7, C8, C9. Refer to the DX-50 Overall
Schematic in the Drawing Package for circuit details.

6.14.1.3 Failed Predriver Supply (+60 Vdc)

Observe the voltage rise in the PREDRIVER +VDC position
on the RF MULTIMETER. It should reach approximately 50
Volts within 1 second. If it does not deflect upscale, check F21,
C10, L3. Refer to the DX-50 Overall Schematic in the Drawing
Package for circuit details.
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6.14.1.4 No Drive To The Driver Stage

The Driver Modules require a minimum of 20Vp-p of drive to
each module. This drive is generated by the Oscillator, and
amplified by the Buffer and Predriver. If any of these stages is
inoperative an Underdrive fault will occur. With only the Low
Voltage on, the Oscillator, Buffer, and Predriver Indicator LEDs
should all be GREEN. Depress S1 on the LED Board to turn the
Oscillator ON and activate the RF Sense circuits. The Predriver
LED should now change to RED until the PA Power Supply is
energized. At that time, the Predriver LED will change back to
GREEN when all drive levels are normal in all stages. If the
Oscillator or Buffer LEDs are RED, troubleshoot that particular
stage. To measure the rf drive to the Driver Modules, refer to
the “Measuring RF Drive” procedure in SECTION V, Mainte-
nance.

6.14.1.5 Driver Module Failure

The transmitter has a gain controlled Driver stage with redun-
dant Driver Modules to maintain drive level if a module fails.
If additional modules fail, it may not be possible for the control
circuits to keep the drive level within limits. Check for a Driver
Module failure by viewing the LEDs on each of the Driver
Modules. Depress the LOW power button and note if any of the
LEDs illuminate RED before the transmitter shuts OFF. If any
LEDs illuminate RED, remove all power from the transmitter
and replace or repair the modules. If a spare module is not
available, exchange the defective module with a PA Module,
starting with RF123.

6.14.1.6 Excessive RF Amplifier Failures

The failure of a large number of PA Modules could load the
drive level down enough to cause an Underdrive Overload. To
check for this type of failure, observe the PA Module LEDs
through the interlocked inner doors. Depress the LOW power
button and note any LEDs that illuminate during the step-start
sequence. If more than five LEDs are RED on any combination
of PA Modules, repair the modules before proceeding with
further attempts to troubleshoot an Underdrive problem.

6.14.1.7 Driver Supply Regulator Failure

If the Driver voltage is present, (DRIVER +VDC deflecting to-
wards +110 Vdc during the step-start sequence), the Driver Supply
regulator can be checked. Operate the RF Multimeter switch to the
DRIVER D8A position. Depress the LOW power button. The
meter indication should deflect upward before the transmitter shuts
back down. If the reading does not deflect upward, the Driver
Supply regulator could be defective. Refer to SECTION E formore
information on Driver Supply Regulator.

6.14.1.8 Driver Supply Regulator Loop Select

If the Driver Supply Regulator is the problem, it may be possible
to get the transmitter operational by switching the regulator loop
select switch $1 to the OPEN LOOP position. This switch is set
through the cover over the Driver Supply Regulator in the
Driver Compartment. If the transmitter will operates, the prob-
lem is in the Closed Loop regulator section of the Driver Supply
Regulator. The transmitter will operate normally with the loop
set in the OPEN position, but it will not have the Automatic gain
control feature enabled.
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6.14.1.9 Defective Driver Encoder Signals

Check the PA Module control signals from the Driver En-
coder/Temp Sensor Board, A19. Most of the GREEN LEDs on
the Driver Modules should illuminate when the PA Power
Supply is energized. Under normal conditions D6 and D7 are
held off in reserve capacity on depending where S1 and S2 are
positioned. Another module in the D5, D9, or D10 position may
be factory selected to be off. Refer to SECTION S, Driver
Encoder/Temp Sense Board, for additional information.

6.14.1.10 Severe Driver Mistuning

The control circuits will normally compensate for slight tuning
problems. If the mistuning is severe the regulator will not be
able to keep the drive level in range. To check the Driver stage
tuning, refer to “Driver Adjustments” in SECTION V, Mainte-
nance. It is possible for one of the Driver tuning capacitors to
have failed and change the tuning. Failed capacitors can some-
times be identified by checking for abnormal temperature after
operating for a short time.

6.15 ColorStat™ panel Overdrive Fault

6.15.1 Possible Causes

6.15.1.1 High AC Line Voltage

The 1f drive regulation should compensate for most line vari-
ations. However, if the ac line increases are greater than the
regulation capabilities of the Driver, an OVERDRIVE overload
can occur.

6.15.1.2 Defective Driver Encoder Signals

Some of the Driver Amplifiers are selected to be off under
normal conditions. If circuitry fails on the Driver Encoder, some
or all of these modules could turn on which could create an
OVERDRIVE fault. Refer to SECTION S, Driver En-
coder/Temp Sense Board, for additional information.

6.15.1.3 RF Amplifier ON/OFF Circuitry

The on/off circuitry on the amplifiers could fail in such a way
as to permanently activate the rf amplifier. The most probable
cause would be a shorted QS or Q6. See SECTION C,RF
Amplifier, for more information.

6.15.1.4 Driver Supply Regulator Failure

If the transmitter incurs an Overdrive fault as soon as
the PA Power Supply is energized, it is still possible
to see if the regulator has a problem before the trans-
mitter turns off. Operate the RF MULTIMETER to
the DRIVER D8A position. Monitor the meter read-
ing while depressing the LOW power button and note
the meter deflection during the step-start sequence.
It will probably deflect near the +115 Vdc mark. Now
operate the RF MULTIMETER switch to the DRIVER
D8B position. Again depress the LOW power button
and note the meter deflection. If the meter deflects
upward toward the +115 Vdc mark, the Driver Supply
regulator is turning on both sections due to some

888-2290-003 6-11

WARNING: Disconnect primary power prior to servicing.



DX-50

malfunctionRefer to SECTION E, Driver Supply Regulator,
for additional information.

6.16 ColorStat™ panel Door Interlock
Refer to SECTION M, DC Regulator, for a simplified diagram
of the interlock circuitry. If a Door Interlock fault is indicated
check to make sure all doors are securely closed especially
where the plunger contacts the interlock switch itself.

6.16.1 Possible Causes

ENSURE ALL POWER IS REMOVED FROM TRANSMITTER AND
THAT GROUNDING STICK HAS BEEN USED TO DISCHARGE ANY
RESIDUAL POTENTIAL WHERE POWER HAS BEEN APPLIED BE-
FORE PERFORMING THE FOLLOWING STEPS.

6.16.1.1 Defective Interlock Switch

If the doors appear to be closing properly, remove all power and
Ohmmeter check each half of each switch for continuity when
the switch plunger is depressed.

6.16.1.2 deleted 02-96
deleted

6.16.1.3 Bad Connection at DC Regulator
Check the pullup resistors and interconnect wiring between the
DC Regulator and the Controller.

6.17 ColorStat™ panel External Interlock
Refer to SECTION M, DC Regulator, for a simplified interlock
diagram.

6.17.1 Possible Causes

6.17.1.1 External Interlock Terminals Open

If the external interlock feature was not utilized, a jumper
should be connected between TB1-1 and TB1-2. Ensure that the
jumper wire is properly connected. If a device requiring an
external interlock is connected to these terminals, (Phasor door
interlock, dummy load, etc.) make sure that this device is
providing closed contacts in the normal operating condition.

6.17.1.2 External Interlock Fuse F24

The external interlock terminals TB 1-1 and TB1-2 are protected
by fuse F6 in the Center Control Compartment. Check the fuse
and replace if open. Make sure that there are no shorts on the
External interlock line.

6.17.1.3 External Interfock Relay K3

If F6 is good and the external interlock connections are
closed, verify that K3 is energized when the low voltage is
on and the external interlock is closed. If it is not, suspect an
open coil of K3.
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6.17.1.4 DC Regulator Components
Check the components and interconnect wiring on the DC
Regulator.

6.18 ColorStat™ panel Air Interlock

Air Interlock problems will be either intermittent, as could
occur if an air filter becomes blocked, or constant, as during a
two or more fan failures.

6.18.1 Possible causes

6.18.1.1 Fans Not Operating Properly, Failed/Running Back-
ward

The transmitter will turn ON for approximately 20 seconds
with NO air flow. Press the LOW power button and open the
Center Control Compartment door. A steady stream of air
should be felt coming from the holes in the interlocked inner
door. If there is little or no air flow, verify that the fans are
operating in the proper direction by placing a piece of paper
on any of the filters. If the fan rotation is correct, the paper
will stick to the filter.

If the fan rotation is incorrect, refer to the fan rotation check in
SECTION II, Installation/Initial Turn-On.

6.18.1.2 Dirty Filters

Temporarily remove the air filters from the rear panel of the
Output Network Compartment. If the transmitter now operates
with the filters removed, clean or replace the filters.

6.18.1.3 Top Air Exhaust Restricted

If air is exhausted through air duct installed on the top of the
transmitter, a restriction can generate an Air Interlock fault. If
an exhaust restriction is suspected, operate the transmitter with
the Driver Compartment door open. Because the exhaust is no
longer going through the top, the transmitter should not incur
an Air Interlock fault.

6.18.1.4 Rear Access Panel Open

The air system will not operate correctly with any rear access
panel open or partially open, due to the loss of air pressure in
the Driver Compartment.

6.18.1.5 Air Interlock Sensing Circuitry

The Air interlock sensing circuitry consists of U12, U13, U10
on the LED Board. Measure the dc voltage at J5-1 on the LED
Board. Depress the LOW power on button. If the voltage at this
point goes to approximately +5 Vdc and does not go LOW
before the transmitter turns OFF, then the air interlock switch
is operating and the LED Board circuitry is suspect. Refer to
SECTION Q, LED Board, for additional information.

6.18.1.6 Air Interlock Detector U17

If the logic LOW does not appear at J5-1 on the LED Board,
and all the above checks have been made, then the air interlock
detector U17 on the Driver Encoder/Temp Sense Board or
connecting circuitry is suspect. Refer to SECTION S, Driver
Encoder/Temp Sense Board for additional information.
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6.19 ColorStat™ panel Oscillator Fault

NOTE
Use S1 on the LED Board while troubleshooting.
If the transmitter is incurring Underdrive faults, and the Oscil-
lator ColorStat™ panel LED is illuminated RED, the Oscillator
output is not sufficient. Refer to SECTION A, Oscillator, for
additional information.

6.20 ColorStat™ panel Buffer Fault

If the transmitter is incurring Underdrive faults, and the Color-
Stat™ panel Buffer LED is illuminated RED, the Buffer Am-
plifier output is not sufficient. Refer to SECTION B, Buffer
Amplifier, for additional information.

6.21 ColorStat™ panel Predriver Fault

If the transmitter is incurring Underdrive faults, and the Pre-
driver ColorStat™ panel LED is illuminated RED during PA
Supply turn on, the Predriver output is not sufficient. Refer to
SECTION C, RF Amplifier, and SECTION D, Driver Com-
biner/Motherboard, for additional information.

6.22 ColorStat™ panel RF Amp Fault

The function of the RF AMP fault indicator is to alert the
operator that an rf amplifier has a blown fuse. This normally
indicates shorted MOSFET transistors on the PA Module. This
circuit only illuminates the RED LED on the ColorStat™ panel
and triggers a remote output if connected. The transmitter will
continue to operate normally, with slightly reduced power
and/or slightly increased distortion, depending on which ampli-
fier has failed.

In brief, this circuit mimics the rf amplifier blown fuse indica-
tors on each PA Module. The LED will illuminate RED at a
steady state or flash to the modulation or program level depend-
ing on which step has a blown fuse.

NOTE
Whenever all fuses on A24 and A25 are removed, the RF Amp
Fault will illuminate whenever the PA Power Supply is ener-
gized or P1 on the DC Regulator is in the TEST position. This is
normal.

6.23 ColorStat™ panel Analog Input

Board: +15V and -15V Supply Faults
If either the +15V or -15V Fault LEDs on the ColorStat™ panel
is RED, this indicates that the corresponding supply has failed.
The transmitter will generate a PA Turn-Off command and no
power will be produced. With the low voltage on, measure the
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voltage at both ends of F2 on the Analog Input Board and verify
that it is approximately +22 Vdc. Measure the voltage on both
sides of F3 and verify that it is -22 Vdc. If one fuse has failed,
replace the fuse and try again. If the fuse fails again, trou-
bleshoot the regulator circuit. Refer to SECTION J, Analog
Input Board, and SECTION M, DC Regulator, for additional
information.

NOTE
It is sometimes possible for the regulator circuit to lock into a
fault condition if the output is accidentally shorted. If this oc-
curs, turn off the Low Voltage at CBI and CB2 for approxi-
mately 1 minute to allow the power supply to discharge. Reap-
ply Low Voltage and note if the regulator is now reset.

6.24 ColorStat™ panel Analog to Digital
Converter

6.24.1 +15V, -15V, and +5V Supply Faults

If any of the Analog to Digital Converter LEDs (+15V, -15V, or
+5V) are RED on the ColorStat™ panel, this indicates that the
corresponding Supply has failed. The transmitter will generate
a PA Turn-Off command so no power output will be produced.
With the Low Voltage on, measure the voltage on both sides of
F1 on the Analog to Digital Converter and verify that it is
approximately +22 Vdc. Measure the voltage on both sides of
F2 and verity that it is approximately -22 Vdc. Measure the
voltage on both sides of F4 and verify that it is approximately
+8 Vdc. If a fuse has failed, replace the fuse and try again. If
the fuse fails again, troubleshoot the regulator circuit. Refer to
SECTION K, Analog to Digital Converter, and SECTION M,
DC Regulator, for additional information.

NOTE
It is sometimes possible for the regulator circuit to lock into a
fault condition if the output is accidentally shorted. If this oc-
curs, turn off the Low Voltage at CBl and CB2 for approxi-
mately I minute to allow the power supply to discharge. Reap-
ply Low Voltage and note if the regulator is now reset.

6.24.2 Conversion Error Fault

The Analog to Digital Converter requires a sample of the rf drive
to develop the sample frequency for the A/D convertor IC. If
this sample is missing or there is a fault in the analog to digital
conversion process, the Conversion Error LED on the Color-
Stat™ panel will illuminate RED and circuitry on the Analog
to Digital Converter will generate a PA Turn-OFF command.
The PA Power Supply will remain energized but no tf output
will be produced. Refer to SECTION K, Analog to Digital
Converter, for additional information.

6.25 ColorStat™ panel Modulation
Encoder: Cable Interlock Fault

A Cable interlock will prevent a transmitter turn on command
from being generated. The step-start sequence will not begin
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and the PA Power Supply will not energize. This prevents
possible damage to combiner toroids and rf amplifiers if cables
are removed or amplifiers are not installed in place on the
Combiner/Motherboards. The cable Interlock feature is accom-
plished through the individual Modulation Encoder and DC
Regulator cables. If the transmitter will not turn on and the
Cable Interlock LED is RED, check the following. Refer to
SECTION L, Modulation Encoder, for additional information
and circuit description to help facilitate troubleshooting an
interlock problem.

NOTE

Place P1 on the DC Regulator in the TEST position and use the
DS1 Bar Graph LEDs on each Modulation Encoder to help lo-
cate the interlock fault. Refer to the Cable Interlock chart on
sheet 4 of the Modulation Encoder schematic, 839-7855-134, in
the Drawing Package. After troubleshooting has been com-
pleted, place P1 in the NORMAL position.

6.25.1 Possible Causes

6.25.1.1 RF Amplifier Module Not In Place

Refer to the DS1 Bar Graph LED display on each Modulation
Encoder to isolate a fault to a group of eight PA Modules.
Remove all ac primary power and open the inner front door
exposing the rf amplifiers. Make sure all PA Modules are seated

properly. Some resistance is normal when inserting and remov- .

ing Amps. If all modules are seated, swap one module at a time
with a known good module to isolate the problem to a particular
module. Itis possible for a shorted diode on the module to cause
a false Cable Interlock indication.

6.25.1.2 Modulation Encoder Cable Not In Place

Locate the Modulation Encoder ribbon cables on the right side
of the Modulation Encoder. Make sure all are seated properly
with the black “ears” fitting over the connector. Remove all ac
primary power and open the inner front door exposing the rf
amplifiers. The Modulation Encoder ribbon cables connect to
the Combiner/Motherboards with the same type connectors on
the side of the motherboards facing the front of the transmitter.
The appropriate rf amplifier must be removed to allow access
to the ribbon connectors. Check each of these connectors for
proper seating.

6.26 ColorStat™ panel DC Regulator

B+ and B- Supply Faults
If either the DC Regulator B+ or B- Fault LEDs is RED, this
indicates that the corresponding supply has failed or a cable is
not properly seated on the board. Refer to SECTION M, DC
Regulator, for additional information.

NOTE

It is sometimes possible for the regulator circuit to lock into a
fault condition if the output of the regulator is accidentally
shorted. If this occurs, turn off the Low Voltage supply at CBI
and CB2 for approximately 1 minute to allow the power supply
to discharge. Reapply Low Voltage and note if the regulator is
now reset.
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6.27 ColorStat™ panel Qutput Monitor
Faults

6.27.1 +5V and -5V Supply Faults

If either of the Output Monitor +5V or -5V Fault LEDs on the
ColorStat™ panel is RED, this indicates that the corresponding
supply has failed. The transmitter will turn OFF and will not be
able to be turned ON until the fault is cleared. With the Low
Voltage on, measure the voltage on both sides of F1 on the DC
Regulator and verify that it is approximately +8 Vdc. Measure
the voltage on both sides of F2 and verify that it is approxi-
mately -8 Vdc. If a fuse is open, replace the fuse and try again.
If the fuse fails again, troubleshoot the regulator circuit. Refer
to SECTION H, Output Monitor, and SECTION M, DC Regu-
lator, for additional information.

NOTE
It is sometimes possible for the regulator circuit to lock into a
fault condition if the output of the regulator is accidentally
shorted. If this occurs, turn off the Low Voltage supply at CBI
and CB2 for approximately I minute to allow the power supply
to discharge. Turn the Low Voltage back on and note if the
regulator is now reset.

6.27.2 VSWR Faults

6.27.2.1 General Discussion Of VSWR Protection of the Trans-
mitter

A discussion of VSWR protection is included here to aid the
station technical and engineering staff in determining when
VSWR overloads may indicate a problem that should be located
and corrected. The VSWR protection built into the transmitter
is both for the protection of the transmitter and the protection
of external equipment which might be installed between the
transmitter and the antenna system. Operating at high power
with a VSWR condition can result in high voltages or currents
that can result in arcing, overheating of components, or compo-
pent failure. The VSWR overloads and limits set in the trans-
mitter protection circuitry should not be bypassed or increased
beyond the recommended limits set at the factory.

CAUTION

VSWR OVERLOAD LIMIT SETTINGS THAT EXCEED RECOM-
MENDED VALUES MAY RESULT IN COMPONENT DAMAGE OR FAIL-
URE.

The transmitter uses two nearly identical circuits to generate a
VSWR fault from two different locations. The Antenna VSWR
monitors the output load of the transmitter. The Bandpass Filter
VSWR circuit detects a VSWR that occurs anywhere in the
transmitter output network and combiner. Should any output
network part fail, the transmitter will be protected.

The Bandpass Filter VSWR circuit will also sense any antenna
load changes, but its sensitivity is set lower. An antenna VSWR
will be detected by the Antenna VSWR circuit first and then by
the Bandpass Filter VSWR circuit.

The first step in VSWR protection is to try to clear the fault.o

Most VSWR faults can be cleared by reducing the transmitter
power output to zero for a brief period of time. This zero power
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output is accomplished by tuming all PA Modules OFF through
modulator action. This occurs in less than 20 milliseconds and
may not be noticed by listeners, or will be noticed as a slight
“click” or “pop.” If a VSWR fault cannot be cleared by turning
the PA Modules OFF for a short period several times, the
transmitter will reduce power.

627.2.1.1 First Stage VSWR Protection

a. SYMPTOM: VSWR LED flashes RED, carrier level
pauses at half-power and then returns to normal power; a
slight “Pop or Click” is heard on the air.

b. ACTION: This is the first step in the VSWR protection.
The VSWR detectors act in less than a millisecond to
detect a VSWR fault and turn off the transmitter rf output
for approximately 20 milliseconds or less. The VSWR
status indicator flashes RED for approximately one-half
second, then returns to GREEN. If the VSWR condition
is no longer present, no additional action will occur. The
VSWR LED will not stay RED since this is not a serious
type of VSWR condition. These types of VSWR actions
can occur indefinitely, as long as they do not occur for a
consistent period of longer than one second.

627.2.1.2 Second Stage VSWR Protection

a. SYMPTOM: The VSWR LED latches RED, the LOWER
button illuminates and the PA Current and Power meters
read low. Within 10 to 30 seconds, the LOWER indicator
extinguishes and the power output and PA Current stay at
a lower than normal power level.

b. ACTION: The VSWR sensor has detected a serious
VSWR problem. The first stage of VSWR protection was
attempted, but the fault existed for more than 1 second of
continuous recycling. ALOWER command was given to
the transmitter to fold back the power to a level at which
the transmitter could still operate. The power level will
remain there until given a RAISE command. If the fault
still exists the transmitter will again LOWER the power
and disregard the RAISE command. In this case, the
source of the VSWR fault must be repaired before full
power operation can continue.

6.27.2.2 Antenna VSWR Fault

6.27.22.1 Possible Causes of VSWR Overloads

VSWR overloads during stormy weather may occur normally,
and may be no cause for concern. Proper installation of static
drain and static discharge equipment in the antenna system can
minimize, but not eliminate, this problem.

Causes of VSWR overloads may be listed in three categories.
They will first be listed, then will be discussed in more detail in
the following paragraphs.

a. ARCING in the impedance matching network, phasor,
switching equipment, transmission line, tuning equip-
ment, or at the tower ball gaps. Once an arc occurs,
transmitter output power would sustain the arc. When the
transmitter power output is removed, the arc will go out
(unless there is some other voltage source to keep it
going).
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b. TRANSIENTS, or other signal pickup, fed back into the
transmitter output from the antenna system.

c. COMPONENT FAILURES causing a change in load
impedance at the transmitter output connector.

6.27.2.22 Possible Causes of Arcing
Common causes of arcing include:

a. Defective vacuum capacitors. VSWR overloads will prob-
ably occur at a certain power level or under modulation.

b. Static discharge or discharge due to lightning, across ball
gaps, guy wire insulators, or possibly across components
already operating close to their voltage ratings. Static
charge buildup can occur on towers that do not have
provision made for static discharge, such as static drain
chokes. Charge buildup can also occur on insulated guy
wire segments. Static charge buildup can occur before,
during or after rain, snow, or even blowing dust or sand.

c. Dirt build up or moisture (including condensation) on
insulating surfaces, causing the voltage breakdown rating
to be reduced. VSWR overloads will probably occur on
modulation peaks.

d. Condensation inside a transmission line may cause re-
duced breakdown voltage of the line. This can occur if
pressurized gas filled lines lose pressure or if the dehy-
drator in the line pressurization unit fails. VSWR over-
loads will probably occur on modulation peaks.

e. In new systems, insufficient voltage rating of compo-
nents, such as capacitors or insulators, or spark gaps that
are set too close.

6.27.223 Possible Causes of Transient Signals

TRANSIENT signal pickup may occur during thunderstorms,
even from distant lightning strokes in some cases. Lightning
strikes may induce currents in towers, causing currents on the
transmission lines that can reach the phase detectors and give a
VSWR overload indication.

Signals from other stations can also induce voltages and cur-
rents in antenna systems that are large enough to be detected by
the phase detector and cause VSWR overloads. The solution in
such cases may be a trap or filter in the antenna impedance
matching network or phasor.

6.27.224 Load Impedance Changes

The Reflected Power reading and DETECTOR NULL (An-
tenna) reading on the front panel multimeter are the best indi-
cations of the antenna operating impedance, once the system is
initially tuned into the antenna. An impedance change in the
transmitter load will change the DETECTOR NULL (Antenna)
indication and, to a lesser extent, the reflected power. The load
impedance should be checked with proper impedance measur-
ing equipment and corrected if possible.

“Dummy loads” should also be treated with caution. Dummy
load resistance or impedance may change with time, and
dummy load resistance or impedance may also change as the
load heats up when power is applied. If reflected power changes
after power has been applied to the load, this is probably the
cause.
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6.27.2.3 Bandpass Filter VSWR Fault

6.27.2.3.1 Bandpass Filter VSWR Caused By Problems In The
Output Network

If a problem occurs in the output netw ork of the transmitter due

to a component failure, the Bandpass Filter VSWR circuit will

protect the transmitter until the component can be replaced.

a. Do NOT attempt to further raise Power.
b. Do NOT change Tuning or Loading controls

NOTE

During normal operation if a short term VSWR fault occurs,
such as that caused by lighting or static discharge on the an-
tenna system, both the Antenna and Bandpass filter indicators
may flash. The antenna VSWR circuit is set to trip slightly be-
fore the Bandpass filter circuit. If only the Bandpass Filter indi-
cator flashes, this indicates a problem in the output network.

6.28 Symptom: Loss Of Positive Peak
Capability

6.28.1 Possible Causes

6.28.1.1 Power Supply Voltage Low

If the supply voltage for the rf amplifiers is lower than normal,
the positive peak capability will be reduced. Nominal PA Sup-
ply +VDC should be between +225 and +235 Vdc at 60 kW
output power. If the voltage is not close to the factory test data
sheet, the PA Power Supply transformer T1 must be retapped.
Refer to SECTION II, Installation, for information on selecting
the proper transformer taps.

6.28.1.2 Audio Processor Equipment Defective or Incorrectly Set
Many problems with positive peaks are due to defective or
incorrectly setup processing equipment. Check the manual for
that particular piece of equipment for setup and service infor-
mation.

6.28.1.3 Incorrect Transmitter Tuning

If the transmitter Loading and Tuning controls have not been
set properly or a change in the antenna impedance has occurred,
positive peaks can be affected. Refer to the initial tum on
procedure in SECTION II, Installation, for Tuning and Loading
adjustment procedure.

6.28.1.4 Transmitter Operated In FlexPatch™ Mode

If several PA Modules failed and other modules were substi-
tuted using the FlexPatch™ feature, then the transmitter will
have a slightly reduced positive peak capability. The defective
PA Modules must be replaced and the transmitter returned to its
normal operating configuration before full positive peak capa-
bility will return.

6.28.1.5 Failed RF Amplifier

If an rf amplifier fails, the positive peak capability of the
transmitter will decrease. The power output will also decrease
if one of the first 47 PA Modules fail. Check the rf amplifier
fault LEDs to see if any are illuminated.
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6.29 Symptom: Higher Than Normal
Audio Distortion

6.29.1 Possible Causes

6.29.1.1 Failed RF Amplifier(s)

If audible distortion is heard on the air and the problem is not
in the program content or audio processing equipment, the next
step is to determine if an rf amplifier has failed. If any rf
amplifier module between position RF1 to RF48 fails, the
carrier power will decrease. The failure of a higher step will not
be noticed as a drop in power. The audio distortion will also be
slightly higher but may not be noticeable with only one rf
amplifier failed. If an amplifier has failed, a substitute may be
used by the FlexPatch™ method. Refer to the FlexPatch™
procedure in this section.

6.29.1.2 Transmitter Mistuning

The transmitter will tune into a wide range of loads and still
produce very good audio performance. Refer to the initial turn
on procedure in SECTION II, Installation, for Tuning and
Loading procedures

6.29.1.3 Operating Into a Bandwidth Restricted Antenna

If the Distortion is poor, especially at the higher audio frequen-
cies, then the antenna impedance at the sideband frequencies
may be incorrect. Operate the transmitter into a known good
dummy load. If the high frequency distortion improves, suspect
the antenna system.

6.29.1.4 Low RF Drive Level To The PA Modules

Low rf drive levels can cause higher than normal distortion.
Typically, the rf drive to the PA Modules should be between 20
and 25 Vp-p. Refer to this section for information on measuring
rf drive levels.

6.29.1.5 Additional Tips For Troubleshooting Audio THD

If the distortion problem cannot be found using the above
means, an excellent way to determine if the distortion is in the
Analog Input or the analog to digital conversion process or the
digital to analog conversion process in the Power Amplifier or
Output Network stage, is to measure the distortion out of the
Digital to Analog convertor circuit on the Analog to Digital
Converter. This sample is an actual reconstructed audio sample
from the Analog to Digital Converter. If any distortion is occur-
ring in the Analog Input Board, or in the Analog to Digital
conversion process, it will show up here. Connect a scope or a
distortion analyzer to J2 on the Analog to Digital Converter. If
the distortion is present here, troubleshoot the audio source,
Analog Input Board, or the Analog to Digital Converter. If the
distortion is not present, the distortion is occurring in the D to
A process and could be in the Modulation Encoder, rf amplifi-
ers, or output Network.
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6.30 Symptom: Consistent Loss of RF
Amplifiers

Any type of consistent or repeated failure indicates a problem
on the rf amplifier or in the location in the transmitter.

The most common method of troubleshooting an rf amplifier
after a failure is to put the repaired amplifier in aknown working
step, and to put the working amplifier where the failure first
occurred. This will tell whether the amplifier fault was caused
by the position it was in or by the amplifier itself.

6.30.1 Repeated Loss of Same RF Amplifier In Any
Position
6.30.1.1 Possible Causes

6.30.1.1.1 Defective Transistor Pad

A tom or damaged MOSFET insulator pad can short the tran-
sistor. Check for debris lodged in the pad or sharp burr or high
spot on heat sink.

6.30.1.1.2 Defective Turn On/Turn Off Circuitry

Check all low level circuitry on the rf amplifier for defective
components. If only one side of amplifier fails, then concentrate
on that circuitry. If nothing significant is found, check the drive
phasing with the amplifier fuses removed. Refer to “Measuring
Drive Phasing,” in this section.

6.30.1.1.3 Improper RF Drive

Refer to the “Measuring RF Drive Level” procedure in this
section. If rf drive is not correct and the transistors are not
defective, suspect rf drive transformers T! and/or T2 and gate
protection transorbs.

6.30.1.1.4 Poor Solder Connection on PC Board

Inspect all solder connections, especially the drive transformer
loads of Tt and/or T2.

6.30.2 Consistent Loss Of An RF Amplifier In One
Particular Position

6.30.2.1 Possible Causes

6.30.2.1.1 Improper RF Drive

The rf drive to the PA Modules must be between 20 and 25Vp-p
for proper operation. The phase of the drive must also be within
five degrees of the other modules. Refer to the paragraphs in
this section on “Measuring RF Drive Level,” and “Measuring
RF Drain Phasing” for drive amplitude and phase measurement
procedures. Causes of improper drive amplitude and phasing
are defective rf amplifier transistors, defective rf drive cable, or
poor motherboard connections.

6.302.1.2 Improper Drain Phasing

Just as the rf drive must be within five degrees of the other
modules, the phase of the drain switching waveforms of the rf
amplifier MOSFETs must also be in phase within five degrees.
Even if the rf drive is correct, other problems can cause the drain
phasing to be out of tolerance. To measure the drain phasing,
refer to the paragraphs in this section on “Measuring RF Amp
Drain Phasing.” Causes of improper drain phasing are a poor
connection or wrong tapping of the efficiency coil for the rf
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amplifier, incorrect MOSFET transistors, or a defective rf am-
plifier output toroid. An rf amplifier that fails from phasing
problems will operate for a short time before failure. During this
condition, the module will operate hotter than the other mod-
ules. This is a good indication of a module operating out of
phase.

6.30.21.3 Defective Output Toroid

The output toroid for each rf amplifier must couple the rf output
to the combiner. If the toroid is defective, the amplifier will not
operate efficiently and fail. Check the toroid for cracks or signs
of arcing. Some inspection can be done through the holes in the
combiner cover, but a more through inspection requires removal
of the combiner cover. Refer to the Main Combiner/Mother-
board replacement paragraphs in SECTION V, Maintenance.
6.30.2.1.4 Improper Control Signal

The Turn-on/Tum-off control signals from the Modulation En-
coder should be at consistent levels for all steps. Check the
Encoder outputs to compare these signals.

6.30.3 Consistent Loss Of Modules In Random Peositions
6.30.3.1 Possible Causes

6.30.3.1.1 Analog to Digital Phasing Improperly Set

An improperly set analog to digital phasing circuit will cause
random failures of rf amplifiers especially at the higher steps.
See paragraphs on “Analog to Digital Phasing Check” in SEC-
TION V, Maintenance.

6.30.3.1.2 Modulated B- Improperly Set

An improperly set Modulated B- can cause random 1f amplifier
failures. See paragraph on “Overall Modulated B- Adjustment”
in SECTION V, Maintenance.

6.30.3.1.3 Improper VSWR Circuit Operation

If the VSWR protection circuit, including the Oscillator Sync
circuit, is not set properly, random failures of rf amplifiers could
occur during VSWR fault conditions. To test the VSWR cir-
cuitry, depress the ColorStat™ panel VSWR SENSOR Manual
Test Button. At that time both the Bandpass Filter and Antenna
VSWR LEDs should momentarily illuminate RED, then return
GREEN. Refer to the paragraphs on “Output Monitor” and
“Oscillator Sync” adjustments in SECTION V, Maintenance.
6.30.3.1.4 Improper Overload Settings

If an overload is improperly set or not working, the rf amplifiers
could fail during an overload condition. Refer to the “Overload
Adjustment Procedures” in SECTION V, Maintenance.

6.30.3.1.5 Improper Air Flow

Insufficient air flow should be detected by the Air interlock
circuitry and should shut the transmitter OFF. If the circuit is
defective or defeated, overheating modules could cause prema-
ture failures. Refer to SECTION V, Maintenance, for air circuit
adjustment procedures.

6.30.3.1.6 Transmitter Mistuning

Transmitter mistuning could cause the Power Amplifier stage
to be inefficient and cause modules to run hotter. Refer to the
transmitter tuning procedure in SECTION I, Installation/Initial
turn on, for additional information.
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6.31 Other Troubleshooting Techniques

6.31.1 Handling MOSFETS
Due to the fragile nature of the gate of a MOSFET, special care
in their handling is required. The gate junction may be destroyed
if static electricity is allowed to discharge through the MOS-
FET. For example, a static charge could build up as person
walks across a carpet and discharge across the MOSFET if it is
not protected by antistatic packaging.
NOTE

MOSFET transistors which are in circuit are immune to this

damage.
The MOSFET transistors are shipped in antistatic packaging.
The transistors should remain in this packaging until they are
to be used or tested. Proper precautions should be observed to
ground any potential static charge before handling the MOS-
FETS.

6.31.2 Testing MOSFETs

The MOSFETs will have to be removed from the circuit in order
to perform the following test.

Observe the precautions in the paragraph entitled “Handling
MOSFETs” in this section.

The MOSFET: used in the DX-50 transmitter may be checked
with an Ohmmeter. However, there is a requirement which
restricts the use of some Ohmmeters. If the battery voltage is
too low (under 3 V) or too high (over 20V) the Ohmmeter cannot
be used. A battery voltage less than 3V will not give an opera-
tional check of the transistor and a battery voltage greater than
20V may result in damage to the transistor under test. A Simp-
son 260, which uses a 9V battery on the Rx10K scale works
quite well.

This test will show how a MOSFET can be switched “ON” and
“OFF” by charging and discharging the gate of the MOSFET.

Connect the positive lead of the Ohmmeter to the drain or case
of the transistor. Connect the negative lead to source. Alter-
nately touch a jumper from gate to source and then from gate
to drain. The Ohmmeter should read towards infinity or at least
2 meg Ohms when the MOSFET is switched “OFF” and less
than 90k Ohms when the MOSFET is switched “ON.” When
doing this test, lay the MOSFET on a flat surface or hold sides
of the case. The resistance of your finger tips and skin will effect
the readings when you touch the leads.

6.31.3 Finding A Missing Step

It is possible to have a failed PA Module without the Fault LED
illuminated. It should be possible to see this problem on the
detected audio waveform. If a “Big Step” PA Module is not
operating properly, an error in the demodulated audio waveform
will be present as seen in Figure 6-1. This kind of error is
apparent only with triangle (linear ramp) tone modulation. If a
PA Module failure is suspected, operate the transmitter at 60
kW at full modulation. Display the demodulated audio output
of a modulation monitor on a dual trace scope. If a big step
amplifier is not working, an error will be noticeable on the
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display. To determine which amplifier is at fault, connect the
second channel of the scope to a probe and look at the output
of the Modulation Encoder for each big step until the transition
from O to 5Vdc occurs at the same point in time as the error on
the wave form. See Figure 6-1.

Because there are 123 “Big Steps”, it helps to know where to
start to look on the modulation encoder. A good rule is that the
higher the positive peak level where the error occurs, the higher
the step number. A 100% modulated signal at 60 kW is NOT
using all the big steps — steps RF53 through RF123 are only
ON during positive peaks. To check these steps, a non-symmet-
rical audio waveform should be used in order to modulate the
transmitter with a steady state tone at 125% positive peak
without causing overmodulation, and carrier shift, on the nega-
tive peaks.

Figure 6-2 shows a non-symmetrical ramp modulating to 125%
positive peak and only 50% negative peak. An error is also
shown near the top of the positive peak indicating a big step
failure at approximately “Big Step” RF120. The Modulation
Encoder waveform is also shown for that step. Once the step
causing the error is located, the PA Module can be changed. If
substituting the PA Module does not remove the error, then the
problem may exist on the Modulation Encoder.

6.31.4 Using FlexPatch™ for Bypassing a Failed
PA Module

FlexPatch™ is a Harris feature to allow the engineer to patch a
failed rf amplifier from an active step position, such as step RF6,
to a step position that is only used for positive peak modulation,
such as step RF123. Module RF 123 will now operate as module
RF6. This patching is done at a “TTL” level basis and can be
done while the transmitter is on the air.

Because approximately 47 rf amplifiers are used to create 50
kW carrier, a failed module in the RF6 position will result in a
power output drop of approximately 2% and a slight THD
increase. The transmitter will operate with no other problems
in this condition. However, FlexPatch™ will allow the trans-
mitter to resume operation at full power and optimum modula-
tion clarity with only a slight loss of positive peak capability.
Refer to Figure 6-8 for the following procedure. To use the
FlexPatch™ feature to bypass a failed PA Module:

a. On the Modulation Encoder controlling the failed rf
amplifier, locate and remove the gold jumper for the
failed rf amplifier to be patched.

b. Locate and remove the gold jumper for step RF123 on
Modulation Encoder A36. Step RF123 is selected be-
cause it would only be ON during the highest positive
peaks.

¢. Locate and remove one of the FlexPatch™ jumpers and
connect one end to the OUTPUT signal side from where
the jumper plug was removed for the failed amplifier.

d. Insert the free end of the FlexPatch™ cable into the
INPUT signal side from where the jumper plug was
removed for step RF123.
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e. Move the Clip Patch cable from P11 to P10.

If a failure occurs in steps RF33 through RF96, the FlexPatch™
will go from the A37 Modulation Encoder to the A36 Modula-
tion Encoder. This completes the FlexPatch™ operation.

CAUTION

WHEN USING FlexPatch™ WITH THE TRANSMITTER OPERATING,
MAKE SURE THE FlexPatch™ CABLE IS INSERTED FIRST INTO THE
INPUT JACK OF THE MODULE TO BE SUBSTITUTED. THEN INSERT
IT INTO THE JACK OF THE STEP 123 AMP. THIS WILL PREVENT
INADVERTENT TURN-ON AND POSSIBLE FAILURE OF THE RF AM-
PLIFIER SHOULD THE FlexPatch™ JUMPER INADVERTENTLY
TOUCH ANOTHER COMPONENT ON THE MODULATION ENCODER.

If additional rf amplifiers need to be substituted, the next lowest
“Big Step” is selected. Example: Three FlexPatch™ substitu-
tions would use steps RF123, RF122, and RF121 as the substi-
tute amps.

6.31.5 Using FlexPatch™ for Isolating Modulation
Encoder/RF Amplifier Problems

The FlexPatch™ feature can also be useful in determining
where a fault exists if the fault is not made apparent by an
illuminated LED on an rf amplifier. For example during trou-
bleshooting higher than normal distortion, it is discovered that
on the demodulated audio signal, a missing step is noted at Step
6. See paragraph entitled “Finding A Missing Step.” The Green
LED on the Step 6 rf amplifier is not illuminated, indicating that
it is at fault. The next step is to physically exchange it with a
spare module. If this does not fix the problem and the fault still
exists at Step 6, the gold jumpers are now removed from the
Modulation Encoder for Step S and Step 6. Jumper the left hand
side (Encoder output) of the step 6 jack to the right hand side
(rf amplifier input) of the step 5 jack. Connect the step 5 encoder
output (left) to the step 6 rf amplifier input jack (right). Refer
to the Modulation Encoder schematic. Note on the schematic
that the rf amplifier input side of the FlexPatch™ jacks does go
through some driver circuitry on the Modulation Encoder. After
performing this patching, it is noted that the error on the
envelope now occurs at the Step 5 interval and not Step 6. This
indicates that the modulation encoder drive signal for Step 5
that is now going to the Step 6 rf amplifier through the Modu-
lation Encoder drive circuitry, is not operating. This says that
the Modulation Encoder drive circuitry for Step 6 has failed.
The most likely suspect is U5-4.

In conclusion, by using the Modulation Encoder schematic,
with careful thought, it is possible to troubleshoot the circuitry
further with FlexPatch™ before attempting time consuming
substitutions or circuit measurements.

6.31.6 Measuring Drive Level

This procedure is used to measure the rf drive levels to the PA
Modules. This should be done if problems are suspected to be
caused by improper drive level.
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ENSURE ALL AC PRIMARY POWER IS REMOVED FROM TRANS-
MITTER AND THAT THE GROUNDING STICK HAS BEEN USED TO
DISCHARGE ANY RESIDUAL POTENTIAL WHERE POWER HAS
BEEN APPLIED BEFORE PERFORMING THE FOLLOWING STEPS.

a. Remove all primary ac power from the transmitter. Re-
move the rear access panel from the RF Amp Compart-
ment and remove fuses F1 through F9 on the A24 Fuse
Board, F1 through F8 on the A25 Fuse Board and F20 on
transformer T1.

b. Locate rf amplifier RF1 (top right rf amplifier). Use a 10x
scope probe with an extended tip, Harris part #610-1131-
000, and connect it to the anode of CR3 through the
interlocked inner door. Connect the ground clip of the
probe to the interlocked door.

c. Reapply primary ac power and turn the Low Voltage on
with CB1 and CB2. Depress the LOW power button and
note that the PA Power Supply energizes, as indicated on
the front panel multimeter, but no rf power or PA current
is indicated.

d. With the scope DC coupled, note that an rf sine wave is now
displayed on the scope. The waveform should normally
measure from 21 to 24 Vp-p and should be centered on the
0.0Vdc line of the scope. The drive level may be lower than
20Vp-p at this time. If the waveform falls totally below the
0.0Vdc line of the scope, the amplifier is tumed OFF. See
Figures 6-4 and 6-5 for drive waveforms.

NOTE

When measuring rf amplifier drive amplitudes or phasing, the
amplifier to be measured must be turned “ON” to give a correct
drive measurement. The drive waveform of an “OFF” amplifier
will be below 0.0Vdc and the peaks will probably be clipped.
Place Pl on the Analog Input Board in the TEST position and
depress the RAISE button until all PA Modules are “ON”.

e. Now that a measurement of the rf drive to RF1 has been
made, the rf drive of any other rf amplifier that needs to
be measured can be performed by repeating the above
steps. Remember that the anode of CR3 is the rf drive on
the “A” side of the amplifier and the anode of CR4 is the
if drive to the “B” side of the amplifier. Refer to SEC-
TION V, Maintenance, for additional information on rf
drive characteristics.

6.31.7 Measuring Drive Phasing

This procedure is used to measure the rf drive phase on the rf
amplifiers. This should be done any time the frequency is
changed or any time problems caused by improper rf drive
phasing are suspected. There are two sections on each rf ampli-
fier and each section has an individual drive signal. For proper
transmitter operation, the drive phasing on the rf amplifiers
should be within +/-5 degrees. Measure the rf drive phasing with
all amplifiers ON as in “Measuring RF Drive Level.”

a. Set the oscilloscope to dc coupled, 5 Volts per division,
and the trace at the center of the screen.
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b. Set the oscilloscope sync to “external” and connect the
input to JS on the Oscillator.

c. Adjust the horizontal vernier on the scope so that one full
if cycle occupies 9 divisions on the screen. Each division
now equals 40 degrees of phase shift.

d. Using the Horizontal positioning and triggering level on
the scope, place the zero crossing of the waveform on the
center crossing of the vertical and horizontal lines of the
scope.

e. Increase the vertical sensitivity of the scope to expand the
waveform. Switch the scope to the X10 position and
readjust the horizontal position so that the rf transition
again crosses the center line of the scope. This will be the
reference for the phase measurements. If another rf am-
plifier transition occurs at the first large division on the
left, this amplifier is operating at 4 degrees lagging from
the reference. See Figure 6-6.

f. Now that a reference phase has been established, without
changing any of the scope settings, move the scope probe
to the desired rf amplifier to be measured. It is usually a
good idea to first measure the drive phase of the Steps
RF1-RF6. Then set your reference phase to the module
that is typical of the six. Some modules may be operating
at the same phase and the others may be a few degrees
off. There will be some phase difference between the A
side and B side of the same module, but typically the A
sides of the rf amplifiers should all line up as well as all
the B sides should be within specifications. Typically,
there may be two to four degrees difference between A
and B sides and there should not be more than +/-4
degrees difference between all the A sides when refer-
enced to an A side. The same maximum difference should
also be seen between B sides when referenced to a B side.

6.31.7.1 Excessive Drive Phase Difference

If a module is out of specifications on drive phasing, substitute
in a new module. If the problem is on the module, it is most
likely caused by a defective drive transformer, T1 or T2, a
defective MOSFET, or associated circuitry. If a module has just
been repaired, check the control components, including transis-
tors and diodes. A poor solder connection can cause a drive
phase problem on an rf amplifier. Substitution is the only way
to troubleshoot this problem. If by changing the module the
drive phase is still not correct, the problem may be the drive
cable. The drive cable can be swapped with another temporarily
to determine if it is the cable.

6.31.8 RF Amplifier Drain Phasing

Even though the drive phasing to a particular amp may be within
limits, it is possible for the output phasing to be out of specifi-
cation and cause problems such as module overheating and
failure. Measurement of the drain phasing is only necessary
when isolating a specific module problem. The drain phasing
of the Binary Amplifiers can be adjusted. Refer to SECTION
V, Maintenance, for this procedure.
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RF amplifier drain phasing should be within +/-4 degrees of
each other. Typical phasing is usually within +/-2 degrees.
Measure the Drain phasing as follows.

WARNING

ENSURE ALL ACPOWER IS REMOVED FROM TRANSMITTER AND
THAT THE GROUNDING STICK HAS BEEN USED TO DISCHARGE
ANY RESIDUAL POTENTIAL WHERE POWER HAS BEEN APPLIED
ANY TIME THE INNER FRONT DOOR IS OPENED TO ACCESS THE
RF AMPLIFIER MODULES.

a. Use a 10x scope probe with an extended tip, Harris part
#610-1131-000, and connect it to TP1 (Q3 drain) on RF1.
The probe can be attached through the interlocked inner
door. Make sure the scope case is properly grounded and
ground the probe to the door.

b. Set the scope on ac coupled, 50V per division, and the
trace to center of the screen.

c. Connect the external sync of the scope to J5 on the
Oscillator and make sure the scope sync is set to External.

d. Operate the transmitter at 25 kW with no modulation.
Adjust the horizontal vernier on the scope so that a full rf
cycle occupies 9 divisions on the screen. Each division
now equals 40 degrees of phase shift.

e. Using the Horizontal positioning and triggering level on
the scope, place the zero crossing of the waveform on the
crossing between the center vertical and horizontal lines
on the scope. Increase the vertical sensitivity of the scope
to expand the waveform.

f. Switch the scope to the X10 position and readjust the
horizontal position so that the rf transition again crosses
the center line of the scope. This will be the reference for
the phase measurements.

g. If another rf amplifier transition occurs at the first large
division on the left, this amplifier is operating at 4 degrees
lagging from the reference. See Figure 6-7.

h. Now that a reference phase has been established, without
changing any of the scope settings, move the scope probe
to the desired rf amplifier to be measured. It is usually a
good idea to first measure the drain phase of steps RF1-
RF6 then set your reference phase to the module that is
typical of the six. Some modules may be operating at near
the same phase and the others may a few degrees off. Set
the reference to the most common phase. Note that there
will be some phase difference between the A side and B
side of the same module, but typically the A sides of the
rf amplifiers should all line up as well as all the B sides
should be within specifications. Typically there may be 2
to 4 degrees difference between A and B sides and there
should not be more than +/-4 degrees difference between
all the A sides when referenced to an A side and all the B
sides when referenced to a B side.

6.31.8.1 Excessive Drive Phase Difference
If a module drain phasing is out of specifications, substitute a
different module in that position.
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Section VI - Troubleshooting

a. If the problem follows the module, check the drive phas- | c. Insert one end of a FlexPatch™ cable into P8-1. Connect
ing, rf drive toroid transformers, and the MOSFETSs. the other end of the jumper to the hole closest to the PA
b. If the phase problem remains at the same module position Modules of the jack where the gold jumper was removed.
with different modules, investigate possible problems in | d. Operate the transmitter at 25 kW. The reference phase
the combiner toroid or efficiency coil tapping. should already have been set in the preceding steps. Note

that the drive waveform zero crossing on the module to
be measured will not be visible because the rf amplifier
is not turned ON.

€. Depress TEST SWITCH S2 and note that the drain is now
turned ON as indicated by a zero crossing now indicating
drain phase. The drain phasing of this rf amplifier can now
be measured.

6.31.8.2 Measuring Steps 50-123: TEST SWITCH
To measure drain signals on rf amplifiers RF50 to RF123, the
FlexPatch™ TEST SWITCH feature is used:

a. Remove the gold jumper from the FlexPatch™ plug for
the rf amplifier step to be measured. The FlexPatch™
plug is located on the Modulation Encoder.

b. Remove any FlexPatch™ jumper cables from the holes
in P8-1 and 2. P8 is located next to the f amplifier TEST
SWITCH S2 on the Modulation Encoder.

Rev. AF: 11-11-96 888-2290-003 6-21
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TOP VIEW

/
—— SOURCE
O ——— DRAIN
2290-023
Figure 6-1 Figure 6-3
Upper Trace - Demodulated audio at 100Hz, 100% Modula- Pin Identification of MOSFET.
tion at 10kW showing missing step due to failed RF Amp.
Lower Trace - Modulation Encoder signal for missing step 20.
Figure 6-2
Upper Trace - Demodulated audio at 100Hz, 125% + peak,
ramp modulation at 10kW showing missing step 120.
Lower Trace - Modulation Encoder signal for step 120.
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Section VI - Troubleshooting

1

‘r,._.i,___k_-—_—-la——u‘*_..»--.r..ﬂ«. e —

g -- 0.0VDC
& - 0.0VDC
Figure 6-4 Figure 6-6
RF Drive Waveform at RF Amplifier, Gate of Q3 (anode of RF Drain Waveform as seen at RF Amp, Drain of 03 (TP1)
CR3). RF Amplifier turned OFF. (5Vp-p per division) RF Amp turned ON. Shows zero crossing reference phase,

and measured phase approximately 4 degrees lagging.
(2Vp-p per division, X10 Magnification)
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Figure 6-5 Figure 6-7
RF Drive Waveform as seen at RF Amp Gate of 03 (anode RF Drain Waveform as seen at RF Amp, Drain of Q3 (TPI1)
of CR3). RF Amp turned ON. (5Vp-p per division) RF Amp turned ON. Shows zero crossing reference phase,

and measured phase approximately 4 degrees lagging.
(20Vp-p per division, X10 Magnification)
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Figure 6-8. FlexPatch™ Operation
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Section VII
Parts List

Introduction
This section of the technical manual contains a list of the replaceable parts for the DX50 AM TRANSMITTER. Table 7-0
gives an index to the replaceable parts section.

Replaceable Parts Service
Refer to the Replaceable Parts Service paragraph on backside of technical manual title page.

Table 7-0. Replaceable Parts List Index

Table 7-1. XMTR,DX50 . . ... ... ... i 994 9150 001 7-2

Table 7-2. TEMP SENSOR REPLACEMENT . . . ... .... ... 917 2099 017 7-3

Table 7-3. RF AMPLIFIERMODULE . ... ............. 992 7085 001 7-4

Table 7-4. XMTR,BASICDX-50. . . .. ... ... ... .... 994 9150 002 7-5

Table 7-5. PACABINET,DX50 .. ................ 992 7090 001 7-5

Table 7-6. PWA, IPA PWR SPLITTER,ESDSAFE . . . . . .. 992 5889 002 7-9

Table 7-7. PWA, ANALOG TODIGITALCONV . . ... ... 992 6730 002 7-9

Table 7-8. MULTIMETERW/OPROBE .. ........ .. 992 6752 004 7-12
Table 7-9. *PWADXSWITCH,. . . ... ........... 992 6784 002 7-12
Table 7-10. PWA, PWR DISTRIBUTION,ESD SAFE . . . . .. 992 6916 001 7-13
Table 7-11. PWA, RF SPLITTER,ESDSAFE . . . . ... ... 992 7085 001 7-13
Table 7-12. *COMBINERMBD DRIVER* .. ... ... ... 992 7086 002 7-14
Table 7-13. COMB MOTHERBD BINARY, ESD SAFE . . . .. 992 7087 002 7-14
Table 7-14. PWA,COMB MTHBD BINARY,ESD SAFE . . . .. 992 7087 001 7-15
Table 7-15. XFMR PKG (BINARYMBD) . . . . . ... ... .. 992 7096 001 7-15
Table 7-16. PWA, COMB MOTHERBD, ESDSAFE . . . . . .. 992 7088 001 7-15
Table 7-17. *MOD ENCODER/BINARY . . . .. ........ 992 7089 011 7-16
Table 7-18. *MODENCODER. . ... ... .......... 992 7089 012 7-18
Table 7-19. DRIVER SUPPLY REGULATOR . . .. ... ... 992 8006 001 7-20
Table 7-20. PWA,FUSE1,ESDSAFE ... .......... 992 8007 001 7-21
Table 7-21. PWA,FUSE2,ESDSAFE ... .......... 992 8007 002 7-22
Table 7-22. PWA,BUFFERAMP . .. ... .......... 992 8038 001 7-22
Table 7-23. DRIVERENC/TEMP . ... ... ... ...... 992 8048 001 7-23
Table 7-24. PACAB CABLEPKG,DX50 . ... ........ 992 8056 001 7-25
Table 7-25. OSCILLATOR . . . . . . . ... o i e 992 8069 002 7-25
Table 7-26. EXTERNAL INTERFACE . . .. .. ... ... .. 992 8070 001 7-27
Table 7-27. CONTROLLERBOARD . . . .. .......... 992 8071 002 7-28
Table 7-28. LEDBOARD. . . . . ... ... ... .... 992 8072 002 7-31
Table 7-29. ANALOGINPUT. . . ... ... .. ... ... 992 8077 001 7-34
Table 7-30. PWA, NEUTRALIZATION, ESDSAFE . . ... .. 992 8079 002 7-36
Table 7-31. XFMRPKG (PACABINET) . .. ... ....... 992 8094 001 7-36
Table 7-32. DCREGULATOR . .. ... ............ 992 8468 001 7-37
Table 7-33. POWER SUPPLY DISCHARGE . ... ... ... 992 8684 003 7-39
Table 7-34. OUTPUTMONITOR. . .. . ... ... ...... 992 9298 001 7-39
Table 7-35. OUTPUTCABINET . . . ... .. ........... 992 7091 001 7-41
Table 7-36. GROUND HOOKASSY . . .. ........... 938 4203 021 7-43
Table 7-37. STEPSTARTPANEL . . . .. .. ... ...... 992 7092 001 7-43
Table 7-38. DX50 INSTALLATIONKIT . . ... ... ... ... ... 992 8102 001 7-44
Table 7-39. OUTPUTSAMPLE . . . .. ... ... ... ... ..., 992 8203 005 7-44
Table 7-40. XFMRKIT,STEPDOWN 480/240 . .. ... ... .. .. 994 9210 001 7-45
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DX-50

Table 7-1. XMTR, DX 50 - 994 9150 001

HARRIS PIN DESCRIPTION QTY/UM __REF. SYMBOLS/EXPLANATIONS o
0411310013 RUBBER SPONGE 378 2040FT _ #SHIPPING TAPE FOR DOOR
358 3131 000 STUD, BRS 1/4-20 X 1 00EA  #2C1B (20#A 154BC 104D S4E)
358 3139 000 STUD, BRS 1/4-20 X 3 . 00EA  #2C1B (24F 3#G HJKL)
410 0025 000 INSULATOR ROUND NS5W 0416 00EA 212 2L6 (14FGHJIK) (2#L)
492 0743 000 COIL, AIR-WOUND 125UH 0.0EA 212216 (14FGHJK) (24L)
504 0039 000 CAP 2000PF 5KV 5% 00EA  1C1 (14 HIKL)
504 0043 000 CAP .005UF 3KV 5% 0.0EA  1C1(1# ABCDEFG)
504 0238 000 CAP 1000PF 30KV 5% | 00EA  2C2B (8% F) (7# GH)
504 0247 000 CAP 510PF 20KV 5% 00EA  2C3B (1# ABC)
504 0258 000 CAP 1000PF 20KV 5% (293) 0.0EA  2C4B (2# EF)
504 0364 000 CAP 100,000PF 3KV 5% 0.0EA  1C3 (2# ABC)
504 0374 000 CAP 2000PF 15KV 5% (293) 0.0EA  2C28B (64 B)
504 0377 000 CAP 1500PF 15KV 5% (293) 0.0EA  2C2B (8% CD)
504 0378 000 CAP 1200PF 15KV 5% (293) 0.0EA  2C2B2C4B (8% E) (3% AB) (2# CD)
504 0382 000 CAP 2400PF 12KV 5% (293) 00EA  2C2B(6#A)
504 0400 000 CAP .047UF 5KV 0.0EA  1C3(3# DE) (2% FG)
504 0435 000 CAP 5600PF 10KV 5% (293) 0.0EA  1C4 (4#L)
504 0437 000 CAP 7500PF 10KV 5% 0.0EA  1C4(4#J)
504 0440 000 CAP 10,000PF 8KV 5% (293) 0.0EA  1C4 (4% GH)
504 0447 000 CAP 13,000PF 5KV 5% (293) 0.0EA  1C4
(4% F)
504 0448 000 CAP 16,000PF 5KV 5% (293) 00EA  1C3(3#L)
504 0449 000 CAP 18,000PF 5KV 5% (293) 00EA  1C3(3#K)
504 0497 000 CAP 6200PF 10KV 5% (293) 00EA  1C4 (4#K)
504 0509 000 CAPACITOR 330/293 20KV 00EA  2C38B (14 DE)
504 0523 000 CAP 22000PF 5KV 5% 00EA  1C3(3#J)
504 0525 000 CAP, MICA, .039UF 5KV 5% 00EA  1C3(2#H) O
512 0323 000 CAP 450PF 55KV TEST 00EA  2C1B2CIC (1# GKL)
512 0325 000 CAP 1000PF 15KV TEST 00EA  2C4B (1% GHJ)
512 0350 000 CAP VAC 2000PF 15KV 00EA  2C2B2C5 (1# FGH) (4% J) (3# KL)
512 0351 000 CAP 1000PF 50KV TEST 00EA  2C1B (1% FGHJ)
512 0355 000 * CAP 2000PF 25KV TEST 00EA  2C1B (4# A) (3# B) (2# CD)
512 0360 000 * CAP 2000PF 35KV TEST 00EA  2C1B2C6 (14 EL)
514 0264 000 CAP, VAR 1500PF 30KV TEST 0.0EA  2C1A (1% ABCD)
514 0266 000 CAP, VAR 1500PF 40KV TEST 00EA  2C1A(1#EF)
514 0284 000 CAP, VAR 650PF 45KV TEST 00EA  2C1A(1#GH)
514 0285 000 CAP, VAR 650PF 55KV TEST 00EA  2C1A(1# JKL)
813 5608 020 “NON STANDARD 0.0EA 212216 (14FGHJK) (24L)
817 1280 025 SPEC, DX10 XMTR CRYSTAL 0.0EA  A17Y1A17Y2
817 2099 016 STDOFF, 3.35" X 0.50" 0.0EA  #2C1B (20#A 15#B 10#CD SHEF)
817 2099 022 STUD 1/4-20X 3.5 00EA  #2C1B
(4# HIKL) #2C1C (8% G)
822 0922 084 STDOFF 00EA  #2C1A/B (14#A 124BCDEG S8#FHJKL)
822 0022 114 STDOFF 1 X 2 X 1/4-20 00EA 212216 (14FGHJK) (24L)
822 0922 124 STDOFF .75 X 2 X .281 00EA  #2C1B (6# HIKL) #2C1C (12# G)
822 0922 140 STRAP 0.0EA  2C5(1#FGHJKL)
822 0922 173 STDOFF, 1 X 3 X 1/4-20 0.0EA  #2C6 (64L)
822 0922 174 STRAP 00EA  #1C3 (1#DEFJKL)
822 0922 175 STRAP 0.0EA  #1C3 (1#ABCGH)
822 0922 177 STRAP 0.0EA  #2C2B (1#ABCDEFGH)
822 0922 178 STRAP, 5.00" X 1.00" 0.0EA  #2C2B #2C4B
(54AB G#CDEF 4#GHJ) 6
822 0922 184 STRAP, 4.50" X 1.00" 00EA  #2C1B (4#ABC 24D)
72 888-2290-003 Rev. AL1: 5/24/1999
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822 0922 185
822 0922 198
822 0922 204
822 0922 206
829 9009 102
839 7855 001
839 7855 069
839 7855 071
839 7855 104
839 7855 112
839 7855 115
839 7855 122
839 7855 133
839 7855 134
839 7855 135
839 7855 137
839 7855 140
839 7855 154
839 7855 155
839 7855 156
843 5100 077
843 5100 078
922 0922 205
922 0922 215
922 0999 210
939 7855 170
939 7855 185
939 7855 186
988 2290 001
989 0076 001
990 1090 001
992 7095 001
994 9150 002
994 9165 001
994 9166 001
994 9210 001
999 2622 001

STRAP, 6.50" X 1.00"

CAP PLATE

STRAP

STRAP

PLATE, COIL MTG
FAMILY TREE, DX-50

TOP CAP MTG PLATE
CAP MTG PLATE

CAP PLATE

BTM CAP MTG PLATE
CAP MTG PLATE
CABINET OUTLINE, DX-50
CAP MTG PLATE

TOP CAP CONTACT PLT
BTM CAP CONTACT PLT
FD CHART, DX-50
TUNING CHART, DX-50
BTM CAP CONTACT PLT
STRAP

BTM CAP CONTACT PLT
TOP CAP CONTACT PLT
CAP MTG PLATE

7 TURN RIBBON COIL
STRAP, #2C28

GROUND STRAP, .5 X 12.0LG
STRAP

CAP, MTG PLATE

TOP CAP CONTACT PLATE
DP DX-50

PKG CK LIST DX50
R-SK-DX50 REC S/C KIT
RF AMPLIFIER MODULE
XMTR, BASIC DX-50
R-BK-DX50 REC BDS KIT
R-PK-DX50 REC PTS KIT
XFMR KIT,STEPDOWN 480/240
HARDWARE LIST, DX50

Section VIi - Parts List

0.0 EA #2C1B (4#A 24BC)
0.0 EA #2C5 (14FGHJKL)

0.0 EA #2L.3 (1#GHJKL)

0.0 EA #1L4 (4#FGHJKL)

0.0 EA 212 2L6 (24FGHJK) (44L)
0.0 EA

0.0 EA #2C1A/B (1#FHJKL)
0.0 EA #2C1A/B (1#FHJKL)
0.0 EA #1C4 (1#/FGHJKL)
0.0 EA #2C1A/B (1#KL)

0.0 EA #2C6 (14L)

0.0 EA

0.0 EA #2C1A/B (1#BCDE)
0.0 EA #2C1A/B (1#BCDE)
0.0 EA #2C1A/B (1#ABCDE)
0.0 EA

0.0 EA

0.0 EA #2C1A/B (14FG)

0.0 EA 2C5 (1#FGHJKL)

0.0 EA #C1A/B (1#HJ)

0.0 EA #2C1A/B (1#A)

0.0 EA #2C1A/B (1#A)

0.0 EA 1L4

0.0 EA #2C2B (6#ABGH)

0.0 EA #2C3A-L3 (2#ABCDE) (2 REQ'D)
0.0 EA 2L3-2C4A (1#ABCDE)
0.0 EA #2C1A/B (14G)

0.0 EA #2C1A/B (14G)

1.0 EA

0.0 EA

0.0 EA

1.0 EA SPARE

1.0 EA

0.0 EA

0.0 EA

0.0 EA 3T001

1.0 EA

Table 7-2. TEMP SENSOR REPLACEMENT - 917 2099 017

HARRIS P/N DESCRIPTION QTY/UM _ REF. SYMBOLS/EXPLANATIONS
252 0002 000 WIRE, STRD 22AWG GRN 150 FT

296 0260 000 TUBING, SHRINK 3/32 WHITE 0.30FT

296 0263 000 TUBING, SHRINK 3/8 WHITE 020 FT

354 0287 000 LUG #10 RING N/INS 7-9AWG 1.0 EA

354 0704 000 TERM, MALE FOR 18-22 AWG 3.0EA

382 1274 000 IC LM335AH ESD 1.0 EA

610 0738 000 PLUG HOUSING 1.0 EA

817 2099 017 ASSY INSTR, TEMP SENSOR 0.0 EA

Rev. AL1: 5/24/1999 888-2290-003 7-3
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DX-50

Table 7-3. RF AMPLIFIER MODULE - 992 7095 001

HARRIS P/N DESCRIPTION QTY/UM _ REF. SYMBOLS/EXPLANATIONS

324 0281 000 NUT, CAPTIVE 4-40 2.0EA O

328 0071 000 WASHER, STEEL COMPRESSION 4.0EA #QO01 #QO002 #Q003 #Q004

380 0653 000 XSTR, NPN MPS6602 ESD 20EA Q007 Q008

380 0681 000 XSTR IRFP350 ESD 8.0EA Q001 Q002 Q003 Q004 Q009 Q010 Q011
Qo012

380 0708 000 XSTR MPS6652 40V 1A ESD 2.0EA Q005 Q006

3800712 000 XSTR, NPN 2N6718 ESD 2.0EA Q013 Q014

384 0253 000 RECTIFIER 1N4007 ESD 2.0EA CR011 CRO12

384 0612 000 DIODE 1N3070 ESD 2.0EA CR014 CRO15

384 0661 000 LED, GRN, T 1-3/4, RT ANG ESD 1.0EA DS003

384 0802 000 TRANSZORB, BIPOLAR 18V 5% ESD 4.0EA CR001 CR002 CR003 CR004

384 0803 000 RECT MUR-110 100V ESD 4.0EA CR007 CR008 CR009 CR0O10

384 0810 000 LED RED ESD 20EA DS001 DS002

384 0817 000 RECT 1.7A 21DQ03 ESD 2.0EA CR005 CR006

386 0100 000 ZENER, 1N4747A 20V ESD 1.0EA CRO13

398 0452 000 FUSE 1TIME MIDGET 5A 250V 2.0EA FO01 FOO02

402 0194 000 CLIP FUSE BRONZE 4.0EA 2#F001 2#F002

410 0413 000 INSULATOR PAD FOR TO-247 8.0EA #QO001 #Q002 #Q003 #Q004 #Q009 #Q010
#Q011 #Q012

414 0280 000 FERRITE TOROID, LINER 4.0EA #QO003 #Q004 #Q010 #Q011

494 0248 000 CHOKE RF 10UH 2.0EA LO06 LOO7

494 0345 000 CHOKE, RF 1.2 UH 20EA LOO1 LOO2

494 0398 000 CHOKE RF 10.0UH 20EA LOO03 L0O4

494 0400 000 CHOKE RF 15.0UH 1.0EA Loo5S

500 0754 000 CAP, MICA, 220PF 500V 5% 0.0EA C009 Co10

500 0759 000 CAP, MICA, 100PF 500V 5% 0.0EA Co09 Co10

500 0784 000 CAP, MICA, 300PF 500V 5% 0.0EA C009 Co10 O

500 0787 000 CAP, MICA, 200PF 500V 5% 0.0EA C009 CO10

500 0834 000 CAP, MICA, 430PF 500V 5% 0.0EA €009 CO10

500 0839 000 CAP, MICA, 620PF 300V 5% 0.0EA €009 Co010

500 0842 000 CAP, MICA, 820PF 300V 5% 0.0EA C009 Co10

500 0844 000 CAP, MICA, 1000PF 100V 5% 0.0EA C009 CO10

500 0883 000 CAP, MICA, 4700PF 500V 5% 1.0EA coo7

500 1164 000 CAP, MICA, 1800PF 500V 5% 2.0EA C012C013

506 0234 000 CAP .0022UF 100V 5% 1.0EA Co11

506 0237 000 CAP .0068UF 100V 5% 1.0 EA C005

506 0238 000 CAP .015UF 100V 5% 1.0 EA Co06

508 0549 000 CAP .33UF 5% 400VDC 20EA C001 C002

508 0550 000 CAP .1UF 600V 5% 1.0EA Ccoos

516 0419 000 CAP .05 UF 500V 2.0EA €003 C004

516 0453 000 CAP .1UF 100V 20% X7R 1.0EA co14

540 1491 000 RES 10 OHM 1/2W 2% 40EA RO10 RO11 RO12 RO13

540 1600 017 RES 4.7 OHM 3W 5% 20EA RO19 R020

540 1600 412 RES 30K OHM 3W 5% 1.0EA RO16

540 1600 419 RES 56K OHM 3W 5% 20EA RO01 RO0O2

546 0295 000 RES 50 OHM 3.25W 5% 2.0EA R0O5 R0O06

546 0311 000 RES 120 OHM 3W 5% 4.0EA R003 RO04 R022 R0O23

548 2400 130 RES 20 OHM 1/2W 1% 1.0EA RO09

548 2400 166 RES 47.5 OHM 1/2W 1% 20EA R0O07 ROO8

548 2400 201 RES 100 OHM 1/2W 1% 2.0EA RO17 RO18

548 2400 330 RES 2K OHM 1/2W 1% 20EA RO14 R021

548 2400 566 RES 475K OHM 1/2W 1% 20EA R024 R0O25

610 0933 000 JUMPER, PWB TEST POINT 20EA TPOO1 TPOO2

7-4 888-2290-003 Rev. AL1: 5/24/1999
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839 7855 080 SCHEM, 2X RF AMP 0.0 EA
843 4038 200 PWB, 2X RF AMP 1.0 EA
922 0922 156 TRANSFORMER 2.0EA T001 T0O2
943 5155 064 HEATSINK SET 1.0 EA
999 2561 001 HARDWARE LIST 1.0EA

Table 7-4. XMTR, BASIC DX-50 - 994 9150 002

HARRIS PN DESCRIPTION QTY/UM _ REF. SYMBOLS/EXPLANATIONS
464 0169 000 TOOL, TRIMMER ADJUSTMENT 1.0 EA

839 7855 122 CABINET OUTUINE, DX-50 0.0EA

917 2501 007 KIT, WIRE 162 1.0EA

992 7090 001 PA CABINET, DX 50 1.0 EA UNIT 1

992 7091 001 OUTPUT CABINET 1.0EA UNIT 2

992 7092 001 STEP START PANEL 1.0 EA UNIT 3

992 8102 001 DX50 INSTALLATION KIT 1.0EA

992 8203 005 OUTPUT SAMPLE 1.0 EA A001

Table 7-5. PA CABINET, DX 50 - 992 7090 001

HARRIS P/N DESCRIPTION QTY/UM  REF. SYMBOLS/EXPLANATIONS

302 0411 000 SCR, 6-32 X 3/8 72.0EA

302 0551 000 SCR, SOC HD SHOULDER 3.0EA

328 0073 000 WASHER, RETAINER 40.0 EA

335 0252 000 WASHER, TEFLON 6.0 EA #CR017 #CR019 #CR021

354 0760 000 TAB ADAPTOR 250 SERIES 40EA

356 0208 000 CLAMP, FLAT CABLE 2* 2.0EA

356 0214 000 CLAMP, FLAT CABLE 1 IN. 1.0EA

358 0003 000 BRACKET RESISTOR MTG 120 EA

358 0437 000 BUSHING PANEL .252 ID 1.0 EA #L001

358 0498 000 CLAMP, HOSE 36.0 EA

358 0960 000 COUPLING W/4 SET SCR 1.0EA #L001

358 2511 000 STANDOFF, 10-32 X 3/4 18.0 EA 8#A24 8#A25 2#L1

358 3109 000 STUD, BRS 8-32 X 1 1.0 EA #T010

358 3121 000 STUD, BRS 10-32 X 1 26.0 EA #C007 #C010 #C011 #C012 #C013 #C014
#C015 #C016 #C017 #C018

#C019 #C020 #C021 #C022 #C023 #C024
#C028 #C037 #C042 4#A015

358 3123 000 STUD, BRS 10-32 X 1-1/2 2.0EA

358 3131 000 STUD, BRS 1/4-20 X 1 2.0EA

358 3133 000 STUD, BRS 1/4-20 X 1-1/2 2.0EA

358 3172 000 STUD 1/4 TURN PHILLIPS HD 30.0 EA

358 3185 000 PLUG WHT 1.093/1.125 HOLE 2.0EA

358 3246 000 STUD 1/4 TURN PHILLIPS HD 10.0 EA

358 3247 000 PLUG, WHITE 1" HOLE 12.0EA

384 0702 000 RECT FW BRIDGE 600V 35A ESD 30EA CR013 CR014 CRO15

384 0705 000 RECT 85A 1000V PIV ESD 7.0EA CR016 CR017 CR018 CR019 CR020 CR021
CR024

384 0839 000 RECT 1000P1V 300A 1N4056 ESD 12.0 EA CRO001A CRO03A CR0O05A CR007A CRO09A
CRO11A
CR001B CR003B CR005B CR007B CR009B
CR011B

384 0840 000 RECT 1000PIV 275A 1N4056R ESD 120 EA

Rev. AL1: 5/24/1999 888-2290-003 7-5
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398 0433 000
398 0441 000
398 0455 000
398 0456 000
398 0457 000

398 0458 000
402 0014 000
402 0087 000
402 0107 000
402 0130 000
402 0177 000
410 0010 000
410 0023 000
414 0295 000
424 0360 000
448 0224 000
448 0729 000
448 0776 000
448 0938 000
456 0144 000
472 1660 000
472 1666 000
472 1668 000
476 0416 000
492 0309 000
494 0424 000
508 0539 000
524 0142 000
524 0219 000
524 0322 000
524 0341 000

524 0342 000
524 0380 000
530 0092 000
530 0094 000
540 1600 108
540 1600 201
540 1600 219
540 1600 301
540 1600 316
540 1600 405

540 1600 422

542 0287 000
542 0293 000
548 1487 000

7-6

FUSE 1 TIME 6A 250VAC 1.0EA
FUSE 1 TIME 25A 250V 1.0 EA
FUSE, TIME DELAY 15A 500V 3.0EA
FUSE, TIME DELAY 1A 500V 20EA
FUSE, RECTIFIER 250A 250V 12.0 EA
FUSE, 35A 250V CRTG. 3.0EA
FUSE HOLDER, 2 POLE 1.0EA
FUSE HOLDER, 60A 250V 1.0EA
CLIP, FUSE 9/16 20EA
FUSE HOLDER, 3 POLE 1.0EA
FUSE BLOCK, 2 POLE, 600V 1.0EA
INSULATOR ROUND NS5W 0208 2.0EA
INSULATOR ROUND NS5W 0410 2.0EA
CORE, FERRITE, 1.0 EA
GROMMET 1-3/4 MTG DIA 8.0 EA
HANDLE ALUM 6.0 EA
STRIKE MAGNETIC CATCH 6.0 EA
CATCH MAGNETIC 6.0 EA
HANDLE, CONCEALED PULL 3.0EA
SPRING, EJECTOR 40.0 EA
XFMR, PWR 1.0EA
XFMR, INTERPHASE 1.0EA
XFMR,PWR, 817-2099-009 1.0EA
CHOKE, FLTR 10MHY 12.5ADC 1.0EA
INDUCTOR VAR 28UH 1.0EA
CHOKE RF 8.8UH 1.0EA
CAP 2 UF 400VDC 10% 2.0EA
CAP 5500 UF 25V 2.0EA
CAP 5500 UF 200V 3.0EA
CAP 15000UF 100WVDC 2.0EA
CAP 5100 UF 350WVDC 170 EA
CAP 76000UF 40WVDC 1.0 EA
CAP 120, 000UF 50WVDC 3.0EA
BRACKET, CAP, 3" ID 1.0EA
BRACKET, CAP, 1.375"ID 2.0EA
RES 20 OHM 3W 5% 4.0EA
RES 100 OHM 3W 5% 2.0EA
RES 560 OHM 3W 5% 3.0EA
RES 1K OHM 3W 5% 1.0EA
RES 4.3K OHM 3W 5% 20EA
RES 15K OHM 3W 5% 3.0EA
RES 75K OHM 3W 5% 17.0 EA
RES 10 OHM 5% 100W 40EA
RES 250 OHM 5% 100W 2.0EA
RES 0.1 OHM 10W 1% 3.0EA
888-2290-003

CRO02A CR004A CROO6A CRO08A CR0O10A
CRO0O12A CR002B CR004B CR006B CR008B
CR010B CR012B

F021
F020

FO17 FO18 FO19

F024 SPARE

FOO1 F002 FOO3 FOO4 FOO5 FO06 FOO7 FOO08

F009

FO10 FO11 FO12
FO13 FO14 FO15

#F020 #F021

#F013 #F014 #F015

#F017 #F018 #F019

#F024
#5012
#CRO016

ToO1

T003

T002

LOO3

LOO1

TOO06

C039 C040
CO035A C035B

€007 C008 CO19

C010 Co42

C011 C012 C013 C014 C015C016 C0O17 CO18
C021 C022 C023 C024 C025 C026 C027 C028

Co38

C032 C033 C034

#C010

#CO35A #C035B

RO69
R032 RO33

R034 RO35A R035B

RO37
RO10 R042
RO19 R0O38
RO40

RO11 RO12 RO13 RO14 RO15 RO16 RO17 RO18
R021 R022 R023 R024 R025 R026 R027 R028

RO38

R101 R102 R103 R104

R105 R106

RO03A R0O03B R003C

WARNING: Disconnect primary power prior to servicing.
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552 0358 000
552 0402 000
560 0077 000
574 0461 000
604 1079 000
606 0829 000
606 0836 000
614 0050 000
614 0062 000
614 0774 000
620 0455 000
632 1133 000
632 1136 000
632 1137 000
638 0024 000
646 0726 000
646 1353 000
646 1404 000
646 1430 000
646 1461 000
646 1463 000
650 0020 000
650 0028 000
813 4999 021
813 5000 011
813 5604 011
814 7796 002
814 7917 001
8171335 119
817 2099 002
822 0922 033
822 0922 153
822 0922 158
822 0922 159
822 0922 165
822 0922 172
822 0922 186

822 0922 188
822 0922 195
839 7855 024
839 7855 068
839 7855 101
839 8118 236
917 2099 017
917 2099 043
917 2244 001
917 2332 049
922 0922 046
922 0922 047
922 0922 062
922 0922 098
922 0922 100

Rev. AL1: 5/24/1999

RHEO 25 OHM 75 W

RHEO 5 OHM 150 W
VARISTOR 275VRMS 30KA
RELAY DPDT 10A 24VAC COIL
SW DPST 15A 125/250 VAC
CKT BREAKER 2 POLE 5A
CKT BREAKER 2 POLE
TERM BD 6 TERM

TERM BD 18 TERM
*INTERFACE, 40 PIN, TB/HDR
ADPT BNC UG492A/U

MTR 0-3/0-10, 4-1/2", W

MTR 0-100KW, 4-1/2", W
MTR, 500ADC, 4-1/2", W
SHUNT, METER 500A 50MV
MARKER STRIP MS-6-141
NAMEPLATE, XMTR EQUIPMENT
MARKER STRIP, 18 TERM
NAMEPLATE, PATENT
NAMEPLATE, FRAME 7.75 LG
INSERT, DX-50 NAMEPLATE
KNOB RD SKIRT .911" DIA
KNOB RD SKIRT 1.135" DIA
STDOFF 6-32X3/16 1/4 HEX
STDOFF 6-32X1 5/16 HEX
STUDBRS 6-32 X 1

HANDLE

HOOK, 1/2IN RADIUS

PLATE, GROUNDING
RUNNING LIST, PA CAB

FRT DOOR HINGE PLATE
STRAPS

DRIVE CABLE SUPPORT RING
DRIVE CABLE MTG CHNL
SHAFT 3.3"

CABLE MTG CHNL

STRAP, 1.75" X 0.50"

STRAP

STRAP

RECT HEATSINK

SCHEM, OVERALL DX-50
DRVR PIPE HEATSINK
DIAGRAM, INTERLOCK CABLE
TEMP SENSOR REPLACEMENT
PATCH CORD

SPACER, 1.0 LG .75 DIA
INSULATOR, 3/8 D. X 1 LG.
SWITCH HOT PLATE ASSY
SW SPRING CONTACT ASSY
COND COVER GND BRKT

SW SPRING CONTACT ASSY
SW CONTACT PLATE ASSY

1.0 EA
1.0 EA
2.0EA
1.0EA
30EA
1.0 EA
1.0 EA
2.0EA
1.0EA
20EA
1.0 EA
1.0 EA
1.0EA
1.0EA
1.0EA
20EA
1.0EA
1.0EA
1.0EA
1.0EA
1.0EA
20EA
20EA
3.0EA
1.0EA
2.0EA
1.0 EA
1.0EA
20EA
00EA
3.0EA
1.0EA
1.0EA
4.0 EA
1.0 EA
1.0 EA
19.0 EA

20EA
1.0 EA
4.0EA
0.0EA
1.0EA
0.0EA
2.0EA
6.0 EA
6.0 EA
1.0 EA
20EA
2.0EA
1.0 EA
1.0EA
1.0 EA

888-2290-003

Section VII - Parts List

R0O02

R0O1

RV001 RV002
K003

S001 S002 S003
CB0O01

CB002

TB004 TBOO5
TB003

TB001 TB0O2
J0Oo1

MO0O01

M003

Moo2

SHO001

#TB004 #TB005

#TB003

#T9 #R69
#T009

#C011 #C012 #CO13

#C014 #C015 #C016 #C017 #C018 #C019
#C021 #C022 #C023 #C024 #C025 #C026
#C027 #C028 #C038 #C042

#C009

#C037

#A036 #A037
#R003 #S009 #S010
#T9 #R69

WARNING: Disconnect primary power prior to servicing.
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922 0922 149
922 0922 208
922 0922 209
922 0922 212
922 0922 213
922 0922 214
922 1295 006
922 1295 007
939 7855 055
943 5100 034
943 5100 066
992 5889 002
992 6730 002
992 6752 004
992 6784 002
992 6916 001
992 7085 001
992 7086 002
992 7087 002
992 7088 001
992 7089 011
992 7089 012
992 7095 001

992 8006 001
992 8007 001
992 8007 002
992 8038 001
992 8048 001
992 8056 001
992 8058 001
992 8059 001

7-8

XFMR MTG PLATE 1.0 EA
GND STRAP 1.0 EA
FILTER BRACKET 1.0 EA
INSULATION, DOOR 21 X 48 5.0 EA
INSULATION, DOOR 21 X 21 2.0EA
INSULATION, DOOR 21 X 6 3.0EA
GUARD COVER 1.0 EA
GUARD, FAN (4) 1.0 EA
FUSE BD BUSS BAR 1.0 EA
RT FRT DOOR 1.0 EA
LT & CTR FRT DOOR 2.0EA
PWA, IPA PWR SPLITTER,ESD SAFE 1.0 EA
PWA, ANALOG TO DIGITAL CONV 1.0 EA
MULTIMETER W/O PROBE 1.0 EA
*PWA, DX SWITCH, 1.0 EA
PWA, PWR DISTRIBUTION,ESD SAFE 1.0 EA
PWA, RF SPLITTER, ESD SAFE 1.0 EA
* COMBINER MBD DRIVER * 1.0 EA
COMB MOTHERBD BINARY, ESD SAFE 1.0 EA
PWA, COMB MOTHERBD, ESD SAFE 70EA
* MOD ENCODER/BINARY 1.0 EA
* MOD ENCODER 1.0 EA
RF AMPLIFIER MODULE 143.0 EA
DRIVER SUPPLY REGULATOR 1.0 EA
PWA, FUSE 1, ESD SAFE 1.0 EA
PWA, FUSE 2, ESD SAFE 1.0 EA
PWA, BUFFER AMP 1.0 EA
DRIVER ENC/TEMP 1.0EA
PA CAB CABLE PKG, DX 50 1.0EA
CABINET PKG 1.0EA
0.125 AL SM FAB PKG 1.0EA
888-2290-003

A018

A034

A023

A031

A039

A015

AO014

A001

A002 A003 A004 AO05 A006 A007 A008
A036

A037

RF001 RF002 RF003 RF004 RF005 RF006
RF007 RF008 RF009 RF0O10 RFO11 RFO12
RF013 RF014 RFO015 RF016 RFO17 RFO18
RF019 RF020 RF021

RF022 RF023 RF024 RF025 RF026 RF027
RF028 RF029 RF030 RF031 RF032 RF033
RF034 RF035 RF036 RF037 RF038 RFO39
RF040 RF041 RF042 RF043 RF044 RF045
RF046 RF047 RF048 RF049 RF050 RF051
RF052 RF053 RF054 RF055 RF056 RF057
RF058 RF059 RF060 RF061 RF062 RF063
RF064 RF065 RF066 RF067

RF068 RF069 RFO070 RF0O71 RFO72 RFO73
RF074 RFO75 RF076 RF077 RF078 RFO79
RF080 RF081 RF082 RF083 RF084 RF085
RF086 RF087 RF088 RF089 RF090 RF091
RF092 RF093 RF094 RF095 RF096 RF097
RF098 RF099 RF100 RF101 RF102 RF103
RF104 RF105 RF106 RF107 RF108 RF109
RF110 RF111 RF112 RF113

RF114 RF115 RF116 RF117 RF118 RF119
RF120 RF121 RF122 RF123 RF124 RF125
RF126 RF127 RF128 RF129 RF130 RF131
RF132 RF133 RF134 RF135 RF136 RF137
RF138 RF139 RF140 RF141 RF142 RF143
A022

A024

A025

A016

AO019

Rev. AL1: 5/24/1999
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992 8059 002 PKG, FAB, 0.090 AL SM 1.0EA

992 8059 003 0.064 AL SM FAB PKG 1.0EA

992 8059 004 MS LATHE FAB PKG 1.0EA

992 8059 005 MS MILLED AL FAB PKG 1.0EA

992 8059 006 MS MILLED CU FAB PKG 1.0EA

992 8059 008 HINGE FAB PKG 1.0EA

992 8059 009 MS GLS EPOXY FAB PKG 1.0EA

992 8059 010 SM GLS EPOXY FAB PKG 10EA

992 8059 011 SM LEXAN FAB PKG 1.0EA

992 8069 002 OSCILLATOR 1.0EA A017

992 8070 001 EXTERNAL INTERFACE 1.0EA A028

992 8071 002 CONTROLLER BOARD 1.0EA AO38

992 8072 002 LED BOARD 1.0EA A032

992 8077 001 ANALOG INPUT 1.0EA A035

992 8079 002 PWA, NEUTRALIZATION, ESD SAFE 1.0EA A040

992 8092 001 EFFICIENCY COIL QUAD, ESD SAFE 36.0 EA

992 8094 001 XFMR PKG (PA CABINET) 1.0EA

992 8468 001 DC REGULATOR 1.0EA A030

992 8684 003 POWER SUPPLY DISCHARGE 1.0EA

992 9298 001 OUTPUT MONITOR 1.0 EA A027

999 2589 001 HARDWARE LIST, PA CABINET 10EA

Table 7-6. PWA, IPA PWR SPLITTER,ESD SAFE - 992 5889 002

HARRIS P/N DESCRIPTION QTY/UM  REF. SYMBOLS/EXPLANATIONS

610 0873 000 HEADER KIT, 20 PIN EJECT 40EA J001 J002 JOO3 J004

839 5695 273 PC BD, IPA PWR SPLITTER 1.0 EA

843 5400 267 COMPONENT LOCATOR, IPA POWER 00EA

Table 7-7. PWA, ANALOG TO DIGITAL CONV - 992 6730 002

HARRIS P/N DESCRIPTION QTY/UM _ REF. SYMBOLS/EXPLANATIONS

354 0309 000 TERM SOLDER 22.0EA TPOO1 TP002 TP0O3 TP004 TPOOS5 TP006
TPOO7 TP0O08 TPO0OS TP0O10 TPO11 TP0O12
TP013 TPO14 TPO15TP016 TPO17 TPO18
TPO19 TP020 TP0O21 TP022

380 0189 000 XSTR, NPN 2N3904 ESD 1.0EA Qoo9

380 0190 000 XSTR, PNP 2N3906 ESD 1.0EA Q002

380 0587 000 XSTR, MJE210 ESD 1.0EA Qo001

382 0081 000 IC, 7406 ESD 1.0EA uoo7

382 0159 000 IC, 7407 ESD 20EA U005 U006

382 0359 000 IC, 7815 ESD 1.0EA U002

382 0360 000 IC, 7915 ESD 1.0EA uo18

382 0472 000 IC, LM318 ESD 5.0EA U009 U024 U026 U027 U028

382 0605 000 IC 7905C ESD 10EA uo21

382 0648 000 IC, LM339A ESD 10EA U020

382 0749 000 IC NE5532A ESD 1.0EA uo11

382 0770 000 IC, 74HCO04 ESD 1.0EA uo17

382 0771 000 IC 74HC08 ESD 1.0EA uo15

382 0774 000 IC 74HC14 ESD 1.0EA uo12

382 0800 000 IC, 74HC161 ESD 1.0 EA U029

382 0882 000 IC, 78LO5A ESD 1.0EA uo19

382 0965 000 IC, D/A CONVERTER ESD 1.0EA U008

382 0990 000 *IC, LHOO02CN ESD 2.0EA U010 U025

Rev. AL1: 5/24/1999
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382 1065 000
382 1079 000
382 1332 000
382 1414 000
382 1423 000
384 0205 000
384 0321 000
384 0431 000
384 0719 000
384 0720 000
384 0733 000
384 0817 000
386 0123 000
398 0019 000
402 0129 000
404 0509 000
404 0513 000
404 0673 000
404 0674 000

404 0675 000
404 0767 000
404 0768 000
410 0405 000
484 0334 000
484 0427 000
494 0238 000
494 0393 000
494 0394 000
494 0401 000
494 0411 000
494 0418 000
500 0759 000
500 0787 000
500 0832 000
500 0834 000
500 0837 000
500 0841 000
500 0844 000
516 0453 000

516 0530 000

516 0556 000
516 0736 000
516 0765 000
516 0768 000
516 0777 000
516 0783 000
516 0830 000
516 0894 000

7-10

IC 74HCT273 ESD 2.0EA
iC 74HC123 ESD 2.0EA
iC DAC-08 ESD 1.0EA
IC, AD1671 A/D CONV ESD 1.0EA
IC,LT1123 ESD 1.0EA
DIODE SILICON 1N914/4148 ESD 4.0EA
DIODE 5082-2800/1N5711 ESD 2.0EA
RECT. 1N4001 ESD 5.0 EA
TRANSZORB 1N6373 5V 5W ESD 1.0EA
TRANSZORB 1N6377 15V 5W ESD 2.0EA
LED, BI-COLOR RED/GRN ESD 1.0EA
RECT 1.7A 21DQ03 ESD 1.0EA
ZENER, 1N4732A 4.7V ESD 1.0EA
FUSE, FAST CART 2A 250V 3.0EA
CLIP, 1/4 DIA FUSE 6.0EA
SOCKET IC 28 PIN 1.0EA
HEAT SINK PA1-1CB 4.0EA
SOCKET 8 PIN DIP (DL) 6.0 EA
SOCKET 14 PIN DIP (D-L) 7.0 EA
SOCKET IC 16 CONT 4.0EA
SOCKET 20 PIN DIP (DL) 2.0EA
SOCKET 24 PIN DIP (DL) 1.0EA
INSULATOR XSTR TO220 1.0EA
LINE,DELAY 60+/-2.0 NSEC 1.0EA
LINE, DELAY 450NS FIXED 1.0EA
CHOKE RF 33UH 2.0EA
CHOKE RF 5.60UH 1.0EA
CHOKE 6.80UH 2.0EA
CHOKE RF 18.0UH 1.0EA
CHOKE RF 220.0UH 1.0EA
CHOKE RF 820.0UH 2.0EA
CAP, MICA, 100PF 500V 5% 1.0EA
CAP, MICA, 200PF 500V 5% 3.0EA
CAP, MICA, 360PF 500V 5% 1.0EA
CAP, MICA, 430PF 500V 5% 1.0EA
CAP, MICA, 510PF 500V 5% 2.0EA
CAP, 750PF 300V 5% 1.0EA
CAP, MICA, 1000PF 100V 5% 1.0 EA
CAP .1UF 100V 20% X7R 44.0 EA
CAP .01UF 10% 100V X7R 16.0 EA
CAP .33UF 100V 20% 2.0EA
CAP .001UF 10% 100V X7R 2.0EA
CAP 10PF 5% 100V COG 5.0 EA
CAP 18PF 5% 100V COG 1.0EA
CAP 100PF 5% 100V COG 1.0EA
CAP 330PF 5% 100V COG 1.0EA
CAP 8200PF 10% 100V 1.0EA
CAP 1500PF 5% 100V COG 1.0EA
888-2290-003

U003 U004

uo13 U014

uo22

U001

U016

CR006 CR0O13 CR014 CRO15
CR016 CRO18

CR001 CR004 CR005 CR008 CR009
CR003

CR002 CR007

DS001

CRO11

CRo10

F001 F002 FOO03

2-XF001 2-XF002 2-XF003
XU001

#QO001 #U002 #U018 #U021

XU009 XU011 XU024 XU026 XU027 XU028
XU005 XU006 XU007 XU012 XU015 XU017

Xuo020

XU013 XU014 XU022 XU029
XU003 XU004
Xuoos

#Q001

DLOO03

DLOO1

LO0S LO10

LOOS

LOO07 LOO08

LO06

LOO1

L002 LOO03

C106

C014 C042 C050
C103

Co47

C111C112

C102

C105

C001 C002 C003 C005 C006 C009 C010CO12
C013 C015 C016 C017 C018 C019 C020 C021
C027 C028 C030 C031 C032 C035 C036 CO37
C038 C039 C043 C045 C046 C054 C056 CO59
C061 C062 C070 C077 CO79 C080 C081 C082

C094 C104 C108 C109

C025 C029 C033 C051 C052 C058 C060 CO63
C066 C071 C072 C073 C074 C0O75 C076 CO91

C026 C055

C048 C049

C044 C087 C088 C089 C090
Co57

Cog2

C093

c110

c101

Rev. AL1: 5/24/1999
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516 1001 000
522 0548 000
522 0561 000
522 0578 000
540 1600 118
540 1600 121
540 1600 122
540 1600 123
540 1600 205
540 1600 215
540 1600 221
548 2400 168
548 2400 230
548 2400 264
548 2400 268
548 2400 269
548 2400 274
548 2400 277
548 2400 279
548 2400 301
548 2400 312
548 2400 326
548 2400 330
548 2400 332
548 2400 335
548 2400 337
548 2400 347
548 2400 351
548 2400 358
548 2400 364
548 2400 373
548 2400 385
548 2400 401

548 2400 411
548 2400 425
548 2400 426
548 2400 437
548 2400 467
548 2400 469
548 2400 501
548 2400 578
548 2400 601
550 0956 000
550 0958 000
604 1064 000
604 1093 000
610 0978 000
610 0984 000
610 0999 000
610 1053 000
610 1070 000
610 1110 000
610 1121 000
612 1184 000

Rev. AL1: 5/24/1999

CAP 3300PF 1% 100V COG
CAP 10UF 50V 20%

CAP 100UF 63V 20%
CAP 1.0UF 50V 20%

RES 51 OHM 3W 5%

RES 68 OHM 3W 5%

RES 75 OHM 3W 5%

RES 82 OHM 3W 5%

RES 150 OHM 3W 5%
RES 390 OHM 3W 5%
RES 680 OHM 3W 5%
RES 49.9 OHM 1/2W 1%
RES 200 OHM 1/2W 1%
RES 453 OHM 1/2W 1%
RES 499 OHM 1/2W 1%
RES 511 OHM 1/2W 1%
RES 576 OHM 1/2W 1%
RES 619 OHM 1/2W 1%
RES 649 OHM 1/2W 1%
RES 1K OHM 1/2W 1%
RES 1.3K OHM 1/2W 1%
RES 1.82K OHM 1/2W 1%
RES 2K OHM 1/2W 1%
RES 2.1K OHM 1/2W 1%
RES 2.26K OHM 1/2W 1%
RES 2.37K OHM 1/2W 1%
RES 3.01K OHM 1/2W 1%
RES 3.32K OHM 1/2W 1%
RES 3.92K OHM 1/2W 1%
RES 4.53K OHM 1/2W 1%
RES 5.62K OHM 1/2W 1%
RES 7.5K OHM 1/2W 1%
RES 10K OHM 1/2W 1%

RES 12.7K OHM 1/2W 1%
RES 17.8K OHM 1/2W 1%
RES 18.2K OHM 1/2W 1%
RES 23.7K OHM 1/2W 1%
RES 48.7K OHM 1/2W 1%
RES 51.1K OHM 1/2W 1%
RES 100K OHM 1/2W 1%

RES 634K OHM 1/2W 1%

RES 1MEG OHM 1/2W 1%
POT 2000 OHM 1/2W 10%
POT 10K OHM 1/2 W 10%

SWITCH, ROCKER DIP 2-SPST

SW, RKR DIP 6-SPST

HDR 10C 2ROW RT ANG
HDR 34C 2ROW VERTICAL
HDR, 10 PIN, PC BD
HEADER, 4 PIN, PC BD
HDR 6 PIN STRAIGHT
HDR 8C 2R STRT UNPOL
HDR 4C 2ROW STRAIGHT

SHUNT JUMPER 0.1* CENTERS

1.0EA
30EA
70EA
30EA
20EA
1.0EA
1.0EA
1.0 EA
1.0 EA
1.0 EA
1.0EA
1.0 EA
1.0EA
1.0EA
1.0 EA
50EA
1.0 EA
3.0EA
1.0EA
40EA
1.0EA
1.0EA
1.0EA
1.0 EA
1.0 EA
50EA
30EA
20EA
1.0 EA
1.0 EA
6.0EA
20EA
6.0 EA

1.0 EA
1.0 EA
20EA
40EA
1.0 EA
1.0EA
1.0EA
1.0 EA
30EA
1.0EA
1.0 EA
1.0 EA
1.0 EA
1.0 EA
1.0 EA
20EA
1.0 EA
1.0 EA
1.0 EA
1.0EA
70EA

888-2290-003
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C100

C022 C023 C024
€004 C007 C0O08 CO11 C034 C0O53 C064
€040 C041 C065
R062 R083

R084

R086

RO87

R085

R043

R026

RO12

RO19

RO72

RO79

R010 RO13 R035 R0O36 R069
R046

R021 R024 R025
R040

R020 R038 R047 R063
R045

R048

R049

RO06

R0O27

R001 R029 R034 R037 R074
R005 R053 R055
R0O03 RO18

RO71

R039

R0O11 RO16 R022 R023 R0O50 RO77
R0O09 RO15

R032 R054 R065
R066 R067 R068
R002

R008

RO14 RO17

R028 RO30 RO31 RO64
R004

R033

RO61

R070

R041 R042 R044
R0O78

R007

$§002

$001

Joo7

JOo6

J0O1 JoOo4

Joos

JPO10

JPOO1

JPO11

#JP0O1, 2/4JP0O11

7-11
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620 0515 000 RECP, SCREW ON SMC 1.0EA  J003
620 1677 000 RECEPTACLE, PC MT, BNC 1.0EA  Jo02
839 7855 177 SCH, AD 0.0EA
843 5100 094 PWB, A/D 1.0EA
929 9009 198 XFMR 1.0EA  ToO1
999 2760 001 HARDWARE LIST, ANALOG TO 1.0EA

Table 7-8. MULTIMETER W/O PROBE - 992 6752 004
HARRIS P/N DESCRIPTION QTY/UM___REF. SYMBOLS/EXPLANATIONS
384 0431 000 RECT. 1N4001 ESD 20EA  CRO004 CR005
384 0612 000 DIODE 1N3070 ESD 1.0EA  CROO1
516 0530 000 CAP .01UF 10% 100V X7R 1.0EA  C003
516 0555 000 CAP .047UF 10% 100V X7R 1.0EA  CO01
548 2400 401 RES 10K OHM 1/2W 1% 1.0EA  RO04
548 2400 446 RES 29.4K OHM 1/2W 1% 1.0EA  ROO5
548 2400 543 RES 274K OHM 1/2W 1% 1.0EA  RO02
548 2400 547 RES 301K OHM 1/2W 1% 1.0EA  R003
548 2400 550 RES 324K OHM 1/2W 1% 1.0EA  ROO1
600 0606 000 SW, ROTARY 2P 6 POS 20EA  S001S002
604 0605 000 SW, TGL DPDT ALT ACTION 1.0EA  S003
610 0978 000 HDR 10C 2ROW RT ANG 1.0EA  J0O5
610 0980 000 HDR 20C 2ROW RT ANG 1.0EA  J0O4
610 1210 000 JUMPER, FLEX 10C X 2 LG 1.0EA  FS001
632 1133 000 MTR 0-3/0-10, 4-1/2*, W 1.0EA  MOO1
839 6208 302 SCH, MULTIMETER 0.0EA
843 4038 202 PWB, MULTIMETER 1.0EA
999 2446 001 HARDWARE LIST 1.0EA

Table 7-9. *PWA, DX SWITCH, - 992 6784 002
HARRIS P/N DESCRIPTION QTY/UM _ REF. SYMBOLS/EXPLANATIONS
358 1928 000 JUMPER 1/4 LG 1/8H 1.0EA  JPOOT
358 3545 003 STANDOFF, PEM 3/8" H SNAP-TOP 4.0EA
380 0189 000 XSTR, NPN 2N3904 ESD 40EA Q002 Q003 Q004 Q005
380 0190 000 XSTR, PNP 2N3906 ESD 1.0EA  QOO1
382 0463 000 IC, 4051/14051 ESD 20EA U003 U010
382 0774 000 IC 74HC14 ESD 1.0EA U007
382 0781 000 IC, 74HC74 ESD 10EA  UOM
382 0791 000 IC, 74HC138 ESD 1.0EA U008
382 0800 000 IC, 74HC161 ESD 1.0EA U006
382 0882 000 IC, 78L05A ESD 1.0EA U012
382 1043 000 IC UDN2595 ESD 1.0EA U001
382 1210 000 IC CD4538B ESD 1.0EA U013
382 1387 000 IC MAX637 ESD 1.0EA U014
382 1542 000 IC, OP490 ESD 40EA U002 U004 U005

U009

384 0725 000 RECT 1N5818 ESD 1.0EA  CRO002
384 0827 000 LED LIGHT BAR, GREEN ESD 50EA  DS001 DS002 DS003 DS004 DS005
384 0849 000 LED LIGHT BAR, GREEN ESD 1.0EA  DS008
384 0854 000 DIODE ARRAY, 8 ISOLATED ESD 1.0EA  CROO1
384 0858 000 LED LIGHT BAR, YELLOW ESD 1.0EA  DS009
384 0892 000 LED 4 SEG LIGHTBAR, GRN ESD 20EA  DS006 DS007
404 0673 000 SOCKET 8 PIN DIP (DL) 1.0EA  #U014
7-12 888-2290-003 Rev. AL1: 5/24/1999

WARNING: Disconnect primary power prior to servicing.



404 0674 000
404 0675 000

404 0766 000
404 0829 000

492 0839 000
516 0453 000

516 0530 000
516 0792 000
516 0907 000
522 0548 000
522 0569 000
540 1383 000
540 1387 000
540 1408 000
540 1440 000
540 1461 000

540 1462 000
548 2400 401
548 2400 456
548 2400 477
548 2400 530
550 0949 000
550 0958 000
604 1111 000
604 1119 000
604 1121 000
604 1152 000
610 0933 000

Section V!l - Parts List

SOCKET 14 PIN DIP (D-L) 6.0 EA #U002 #U004 #U005 #U007 #U009 #U011

SOCKET IC 16 CONT 8.0 EA #CR001 #DS006 #DS007 #U003 #U006 #U008
#U010 #U013

SOCKET 18 PIN DIP (DL) 1.0EA #U001

SOCKET, SIP20, STRAIGHT 3.0EA #DS001 #DS002 #DS003 #DS004 #DS005
#DS008 #DS009

IND 330 UH 10% 500MA 1.0EA LoO1

CAP .1UF 100V 20% X7R 30.0EA €002 C003 C004 C007 CO10CO11 C012CO13
€014 C015C016 C017 C018 C0O19 C020 C021
€023 C024 C027 C028 C029 C030 C034 CO35
€036 C037 C038 C039 C040 C041

CAP .01UF 10% 100V X7R 1.0EA Co22

CAP NETWORK .1UF 10% 20EA €031 C032

CAP 0.330UF 10% 50V 1.0EA C025

CAP 10UF 50V 20% 6.0 EA €001 C005 CO006 C009 C026 C0O33

CAP 100UF 50V 20% 1.0EA Ccoo8

RES NETWORK 100K OHM 2% 20EA R0O06 R0O0O7

RES NETWORK 10K OHM 2% 40EA R0O01 R0O05 R012 R023

RES NETWORK 2000 OHM 2% 1.0 EA R003

RES NETWORK 2000 OHM 2% 1.0 EA R002

RES NETWORK 100 OHM 2% 9.0 EA R0O04 R026 R027 R028 R029 R030 R032 RO33
R034

RES NETWORK 1000 OHM 2% 1.0EA Ro24

RES 10K OHM 1/2W 1% 2.0EA RO10 RO16

RES 37.4K OHM 1/2W 1% 20EA RO11 RO15

RES 61.9K OHM 1/2W 1% 1.0 EA R025

RES 200K OHM 1/2W 1% 20EA R009 RO17

POT 100K OHM 1/2W 10% 20EA RO13 RO14

POT 10K OHM 1/2 W 10% 1.0 EA Ro08

SW PB GRAY MOM W/O LED 20EA $007 S008

SW PB RED MOM W/O LED 1.0EA S006

SW PB BLUE MOM W/O LED 2.0EA S004 S005

SW PB GRN MOM W/O LED 3.0EA S001 S002 S003

8.0EA TPOO1 TP0O2
TPO03 TP004 TP0O05 TP006 TPOQ7 TPOO8

JUMPER, PWB TEST POINT

610 0991 000 HDR, STR, 6 PIN, 0.025 SQ 10EA  Joo2
610 1043 000 HDR 40C 2ROW VERTICAL 10EA  JoO1
610 1210 000 JUMPER, FLEX 10C X 2" LG 30EA  FS001FS002 FS003
839 6208 301 SCH, SWITCH/METER 0.0EA
843 4038 201 PWB, SWITCH/METER 1.0EA

Table 7-10. PWA, PWR DISTRIBUTION,ESD SAFE - 992 6916 001
HARRIS PIN DESCRIPTION QTY/UM _ REF. SYMBOLS/EXPLANATIONS
610 1027 000 HEADER, MALE 12 PIN 70EA  JOO1JO02 JOO3 J0O4 JOO5 JOOG JOO7
843 4038 091 PWB, PWR DISTRIBUTION 1.0 EA
999 2820 001 HARDWARE LIST, PWR 1.0 EA

Table 7-11. PWA, RF SPLITTER, ESD SAFE - 992 7085 001
HARRIS PIN DESCRIPTION QTY/UM __ REF. SYMBOLS/EXPLANATIONS
4140310 000 TOROID, FERRITE 20EA
610 0998 000 HDR, 6 PIN, PC BD 10EA  Jo17
610 1086 000 HDR 34 PIN/ACTION PINS 16.0 EA

Rev. AL1: 5/24/1999
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610 1088 000

817 2099 044
852 9170 001

J0Oo1 Joo2 J0O03 JO04 JOO5 JOO6 JOO7 JOO8
J009 J010 JO11 JO12 JO13 JO14 JO15 JO16

LATCH .576 FOR EJECTION 32.0EA 2#J001 2#J002 2#J003 2#J004 2#J005 2#J006
2#J007 2#J008 2#J009 2#J010 2#J011 2#J012
2#J013 2#J014 2#J015 2#J016

TRANSFORMER STAPLE 240EA

PWB, SPLITTER 1.0EA

Table 7-12. * COMBINER MBD DRIVER * - 992 7086 002

HARRIS P/N DESCRIPTION _ QTY/UM  REF. SYMBOLS/EXPLANATIONS

358 2837 000 STUD, PC BD 4-40 X 5/16 6.0 EA

358 3164 000 CARD GUIDE 32.0EA 2#J001 2#J002 2#J003 2#J004 2#J005 2#J006
2#J007 2#J008 2#J009 2#J010 2#J011 2#J012
2#J013 2#J014 2#J015 2#J016

384 0612 000 DIODE 1N3070 ESD 20EA CR001 CR003

386 0083 000 ZENER, 1N4742A 12V ESD 1.0EA CRo02

386 0138 000 ZENER, 1N4750A 27V ESD 1.0EA CRo004

516 0453 000 CAP .1UF 100V 20% X7R 20EA €005 C006

522 0628 000 CAP 220UF 400V 20% 4.0EA C001 Co02 C003 C004

540 1600 422 RES 75K OHM 3W 5% 4.0EA RO01 RO02 RO03 RO04

548 1487 000 RES 0.1 OHM 10W 1% 1.0EA RO09

548 2400 383 RES 7.15K OHM 1/2W 1% 20EA RO10 RO11

548 2400 401 RES 10K OHM 1/2W 1% 2.0EA RO06 RQO8

548 2400 501 RES 100K OHM 1/2W 1% 20EA RO05 R0O07

548 2400 601 RES 1MEG OHM 1/2W 1% 1.0 EA Ro12

610 0998 000 HDR, 6 PIN, PC BD 1.0EA Joz27

610 0999 000 HDR, 10 PIN, PC BD 1.0EA Joz2s

610 1051 000 HOUSING 28 DUAL POSITIONS 15.0 EA J002 J003 J004 JOO5 JOO6 JOO7 JOO8 JOO9
J010 J011 J012 JO13 JO14 JO15 JO16

610 1053 000 HEADER, 4 PIN, PC BD 1.0EA Jo29

610 1055 000 HOUSING 22 DUAL POSITIONS 1.0EA Joo1

610 1084 000 HDR 10 PIN/ACTION PINS 5.0 EA J021 J022 J023 J024 JO26

610 1085 000 HDR 20 PIN/ACTION PINS 40EA J017 JO18 JO19 JO20

610 1088 000 LATCH 576 FOR EJECTION 18.0 EA 2#J017 2#J018 2#J019 2#J020 2#J021 2#J022
2#J023 2#J024 2#J026

612 0775 000 JACK, PC MT, .040 PINS 30.0 EA

813 4999 005 STDOFF 4-40X3/8 1/4 HEX 40EA

822 0922 053 COMBINER COVER SUPPORT 20EA

822 0922 092 RF COND SUPPORT 20EA

822 0922 109 STDOFF,.25 X 5.35 X 4-40 20EA

839 7855 095 SCHEMATIC COMB MB DRIVER 0.0EA

843 5100 032 PWB, COMBINER DRIVER 1.0EA

922 0922 022 XFMR PAIR 7.0EA T2/T15T3/T14 TA/T13 T5/T12 T6/T11 T7/T10
T8/TO9

999 2571 001 HARDWARE LIST 1.0EA

Table 7-13. COMB MOTHERBD BINARY, ESD SAFE - 992 7087 002

HARRIS P/N DESCRIPTION QTY/UM __ REF. SYMBOLS/EXPLANATIONS
358 1928 000 JUMPER 1/4 LG 1/8H 5.0EA JP0O1 JP002 JPOO3 JPOO6 JPOO7
922 0922 002 XFMR PAIR 1.0EA T6/T11

992 7087 001

7-14

PWA,COMB MTHBD BINARY,ESD SAFE  1.0EA

888-2290-003 Rev. AL1: 5/24/1999

WARNING: Disconnect primary power prior to servicing.
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Table 7-14. PWA,COMB MTHBD BINARY,ESD SAFE - 992 7087 001

HARRIS P/N DESCRIPTION QTY/UM _ REF. SYMBOLS/EXPLANATIONS -

358 2837 000 STUD, PC BD 4-40 X 5/16 6.0 EA

358 3164 000 CARD GUIDE 320EA  2#J001 2#J002 2#J003 2#J004 2#J005 2#J006
2#J007 2#J008 2#J009 2#J010 2#J011 2#J012
2#J013 2#J014 2#J015 2#J016

494 0345 000 CHOKE, RF 1.2 UH 1.0EA LO17

522 0628 000 CAP 220UF 400V 20% 60EA  CO001C002C003 CO04 CO05 CO06

540 1600 422 RES 75K OHM 3W 5% 6.0 EA R001 RO02 RO03 RO04 RO05 RO06

610 1005 000 PLUG, SHORTING .040 PINS 40EA PO30 P31 P032 P033

610 1051 000 HOUSING 28 DUAL POSITIONS 16.0EA  J0O1J002 JOO3 JOO4 JOO5 JOO6 JOO7 JOOB
J009 J010 JO11 J012 JO13 JO14 JO15 JO16

610 1084 000 HDR 10 PIN/ACTION PINS 40EA  J021J022 J023 J024

610 1085 000 HDR 20 PIN/ACTION PINS 40EA  J017J018 J019 JO20

610 1088 000 LATCH .576 FOR EJECTION 16.0EA  2#J017 2#J018 2#J019 2#J020 2#J021 2#J022
2#J023 2#J024

612 0775 000 JACK, PC MT, .040 PINS 320 EA

612 1012 000 JACK PC MT .040 PINS 16.0EA  4#J30 4#J31 4#J32 4#J33

813 4999 005 STDOFF 4-40X3/8 1/4 HEX 40EA

822 0922 026 RF COND SUPPORT 20EA

822 0922 053 COMBINER COVER SUPPORT 20EA

822 0922 109 STDOFF,.25 X 5.35 X 4-40 20EA

839 8118 043 SCHEM, COMBINER MB BINARY 0.0 EA

843 5100 031 PWB, COMBINER BINARY 1.0EA

992 7096 001 XFMR PKG (BINARY MBD) 1.0EA  TO0O01T002 TOO3 TO04 TOO5 TOO7 TOO8 TOO9
T010 T012 T013 T014 T015 TO16

999 2577 001 HARDWARE LIST 1.0EA

Table 7-15. XFMR PKG (BINARY MBD) - 992 7096 001

HARRIS P/N DESCRIPTION QTY/UM__ REF. SYMBOLS/EXPLANATIONS

922 0922 002 XFMR PAIR 20EA  T8T9T7/T10

922 0922 003 XFMR PAIR 10EA  T1/T16

922 0922 004 XFMR PAIR 20EA  T2/T15T3M14

922 0922 005 XFMR PAIR 1.0EA  T4Ti3

922 0922 007 XFMR PAIR 1.0EA  T5M12

Table 7-16. PWA, COMB MOTHERBD, ESD SAFE - 992 7088 001

HARRIS P/N DESCRIPTION QTY/UM___REF. SYMBOLS/EXPLANATIONS

324 0257 000 NUT, CAPTIVE 6-32 40EA

358 2837 000 STUD, PC BD 4-40 X 5/16 6.0 EA

358 3164 000 CARD GUIDE 32.0EA  2#J001 2#J002 2#J003 2#J004 2#J005 2#J006
2#J007 2#J008 2#J009 2#J010 2#J011 2#J012
2#J013 2#J014 2#J015 2#J016

522 0628 000 CAP 220UF 400V 20% 40EA €005 C006 C0O07 CO08

540 1600 422 RES 75K OHM 3W 5% 40EA RO01 RO02 R003 RO04

610 1051 000 HOUSING 28 DUAL POSITIONS 16.0EA  J0O1J002 JOO3 JOO4 JOOS5 JOO6 JOO7 JOO8
J009 J010 Jo11
J012 J013 J014 J015 JO16

610 1084 000 HDR 10 PINACTION PINS 40EA  J021J022 J023 J024

610 1085 000 HDR 20 PIN/ACTION PINS 40EA  J017J018 J019 J020

610 1088 000 LATCH .576 FOR EJECTION 16.0EA  2#J017 2#J018 2#J019 2#J020 2#J021 2#J022
2#J023 2#J024
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612 0775 000 JACK, PC MT, .040 PINS 32.0EA

813 4999 005 STDOFF 4-40X3/8 1/4 HEX 4.0EA

822 0922 026 RF COND SUPPORT 2.0EA

822 0922 053 COMBINER COVER SUPPORT 2.0EA

822 0922 109 STDOFF,.256 X 5.35 X 4-40 2.0EA

839 7855 094 SCHEM, COMBINER MB MAIN 0.0 EA

843 5100 030 PWB, COMBINER MAIN 1.0EA

922 0922 002 XFMR PAIR 8.0EA TI/T16 T2/T15T3/T14
T4/T13 T5/T12 T6/T11 T7/T10 T8/T9

999 2570 001 HARDWARE LIST 1.0EA

Table 7-17. * MOD ENCODER/BINARY - 992 7089 011

HARRIS P/N DESCRIPTION QTY/UM  REF. SYMBOLS/EXPLANATIONS -

382 0159 000 IC, 7407 ESD 1.0EA U059

382 0521 000 IC, 339 ESD 40EA U062 U063 U064 U065

382 0560 000 IC, 741827 ESD 1.0EA U053

382 0580 000 IC, 74L832 ESD 2.0EA U060 U061

382 0622 000 IC, 74LS14N ESD 3.0EA U054 U055 U057

382 0637 000 IC, 74LS30 ESD 2.0EA U066 U067

382 0774 000 IC 74HC14 ESD 1.0EA uUos6

382 1010 000 IC, DS0026CN/MMH0026CP1 ESD 32.0EA U001 U002 U003 U004 U005 U00S U007 U008
U009 U010 U011 U012 U013 U014 U015 U016
uo17
U018 U019 U020 U021 U022 U023 U024 U025
U026 U027 U028 U029 U030 U039 U040

382 1065 000 IC 74HCT273 ESD 11.0EA U031 U032 U033 U034 U035 U036 U037 U038
U049 U050 U051

384 0205 000 DIODE SILICON 1N914/4148 ESD 9.0EA CR001 CR004 CR005 CR006 CR0O07 CRO08
CR009 CR010 CRO11

384 0651 000 RECTIFIER 1N5401 ESD 1.0 EA CRo028

384 0719 000 TRANSZORB 1N6373 5V 5W ESD 2.0EA CR002 CR003

384 0823 000 LED 10 SEG BARGRAPH, RED ESD 1.0EA DS001

386 0082 000 ZENER, 1N4744A 15V 1W 5% ESD 8.0EA CR012 CR013 CR014 CR015 CR0O16 CRO17
CR018 CR0O19

386 0100 000 ZENER, 1N4747A 20V ESD 8.0EA CR020 CR021 CR022 CR023 CR024 CR025
CR026 CR027

398 0019 000 FUSE, FAST CART 2A 250V 1.0EA FOO01

402 0129 000 CLIP, 1/4 DIA FUSE 2.0EA 2#F001

404 0673 000 SOCKET 8 PIN DIP (DL) 32.0EA XU001 XU002 XU003 XU004 XU005 XU006
XU007 XU008 XU009 XU010 XU011 XU012
XU013 XU014 XU015 XU016
XU017 XU018 XU019 XU020 XU021 XU022
XU023 XU024 XU025 XU026 XU027 XU028
XU029 XU030 XU039 XU040

404 0674 000 SOCKET 14 PIN DIP (D-L) 14.0EA XU053 XU054 XU055 XU056 XU057 XU059
XU060 XU061 XU062 XU063 XU064 XU065
XU066 XU067

404 0704 000 SOCKET IC 20 PIN 20.0EA XU031 XU032 XU033 XU034 XU035 XU036
XU037 XU038 XU041 XU042 XU043 XU044
XU045 XU046 XU047 XU048 XU049 XUO50
XU051 XDS001

404 0790 000 HEATSINK, 8-PIN DIP 32.0EA

7-16 888-2290-003 Rev. AL1: 5/24/1999
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516 0375 000

516 0453 000

516 0814 000

516 0815 000

522 0531 000

522 0541 000
526 0108 000
540 1375 000

540 1376 000
540 1380 000
540 1383 000

540 1386 000
540 1410 000
540 1466 000

548 2400 189
548 2400 193
548 2400 201

548 2400 209
548 2400 212
548 2400 218
548 2400 251
548 2400 269
548 2400 301

Rev. AL1: 5/24/1999

CAP .01UF 50V -20/+80% Z5U

CAP .1UF 100V 20% X7R

CAP NETWORK .0033UF 10%

CAP NETWORK .001UF 10%

CAP 1UF 50V 20%

CAP 220UF 50V 20%
CAP 4.7UF 35V 20%
RES NETWORK 1000 OHM 2%

RES NETWORK 1000 OHM 2%
RES NETWORK 10K OHM 2%
RES NETWORK 100K OHM 2%

RES NETWORK 10K OHM 2%
RES NETWORK 330 OHM 2%
RES NETWORK 39 OHM 2%

RES 82.5 OHM 1/2W 1%
RES 90.9 OHM 1/2W 1%
RES 100 OHM 1/2W 1%

RES 121 OHM 1/2W 1%
RES 130 OHM 1/2W 1%
RES 150 OHM 1/2W 1%
RES 332 OHM 1/2W 1%
RES 511 OHM 1/2W 1%
RES 1K OHM 1/2W 1%

16.0 EA

60.0 EA

16.0 EA

16.0 EA

24.0EA

20EA
1.0 EA
16.0 EA

20EA
8.0 EA
8.0 EA

8.0 EA
1.0EA
16.0 EA

1.0EA
1.0EA
60.0 EA

1.0 EA
1.0 EA
1.0 EA
1.0 EA
1.0 EA
12.0 EA

888-2290-003
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#U001 #U002 #U003 #U004 #U005 #U006
#U007 #U008 #U009 #U010 #U011 #U012
#UO013 #U014 #U015 #U016 #U017 #U018
#U019 #U020 #U021 #U022 #U023 #U024
#U025 #1J026 #U027 #U028 #U029 #U030
#U039 #U040

C400 C401

C402 C403 C404 C405 C406 C407 C408 C409
C410C411 C412 C413 C414 C415

C003 C031 C032 C033 C034 C035 C036 CO37
€038 C049 C0O50 C051 C053 C054 C0O55 C056
C057 C059 C060 C061 C062 C0O63 C0B4 CO65
C066 C067 C068 C0O70 C231C232

C233 C235 C237 C239 C241 C243 C245 C247
C249 C251 C253 C255 C257 C259 C260 C261
C262 C263 C264 C265 C266 C267 C268 C269
C270 C271 G272 C273 C274 C275

C100C101 C102 C103 C104 C105 C106 C107
C108 C109 C110C111 C112C113
C114C115

C099C116 C117 C118 C119C120 C121 C122
C123C124C125C126 C127C128 C129 C130
C041 C042 C043 C044 C045 C046 C047 C048
C201 C202 C203 C205 C207 C209 C211 C213
C215 C217 C219 C221 C223 C225 C227 C229
Co01 C002

C004

RO99 R116 R117 R118 R119 R120 R121 R122
R123 R124 R125 R126 R127 R128 R129 R130
R029 RO30

R012 RO13 R0O14 RO15 RO16 RO17 RO18 RO19
R020 RO21 R022 R023 R024 R025

R026 R027

R131 R132 R133 R134 R135 R136 R137 R138
R0O37

R100 R101 R102 R103 R104 R105 R106 R107
R108 R109 R110 R111 R112 R113 R114 R115
R234

R233

R028 R227 R228 R229 R235

R236 R237 R238 R239 R240 R241 R242 R243
R244 R245 R246 R247 R248 R249 R250 R251
R252 R253 R254 R255 R256 R257 R258 R259
R260 R261 R262 R263 R264 R265 R266 R267
R268 R269 R270 R271 R272 R273 R274 R275
R276 R277 R278 R279 R280 R281

R282 R283 R284 R285 R286 R287 R288 R289
R290

R232

R231

R230

R039

R038

RO40 R041 R042 R043 R044 R045 R046 R047
R048 R049 R0O50 RO51
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548 2400 334 RES 2.21K OHM 1/2W 1% 20EA  R036 R053

548 2400 369 RES 5.11K OHM 1/2W 1% 1.0EA  RO035

548 2400 451 RES 33.2K OHM 1/2W 1% 8OEA  RO001 ROO2 R003 R0O4 R005 R006 ROO7 R008

548 2400 530 RES 200K OHM 1/2W 1% 10EA  RO54

604 0905 000 SW, PB MOMENTARY 10EA 5002

610 0679 000 PLUG, SHORTING, .25" CTRS 20EA  P020P021

610 0870 000 PLUG, NON-INS SHORTING 64.0 EA

610 0933 000 JUMPER, PWB TEST POINT 15.0EA  TP0O1 TPOO2 TPOO3 TPO04 TPOOS TPO06
TP0O7 TP0O8 TPO09 TP010 TPO11 TPO12
TPO13 TPO14 TPO15

610 0981 000 HDR 20C 2ROW VERTICAL 8OEA  JOO1J002 J0O3 JOO4 JOOS JO06
J007 J008

610 0984 000 HDR 34C 2ROW VERTICAL 10EA  J017

610 0999 000 HDR, 10 PIN, PC BD 1.0EA  Jo19

610 1027 000 HEADER, MALE 12 PIN 1.0EA  Jo18

612 0904 000 JACK, PC MT GOLD PLATED 100EA  PO10 PO11 P012 PO15 3#J020 #3J021

612 1176 000 DIP STRIP, FEMALE 10 POS 9.0EA  P001 P002 P003 P004 POOS POO6 POO7
2P008 P009

839 7855 174 SCHEM, MOD ENCODER 0.0 EA

843 5100 092 PWB, MOD ENCODER 1.0 EA

917 2099 063 KIT, SOFTWARE, MOD ENCODER 1.0EA U041 U042 U043 U044 U045 U046 U047 U048

Table 7-18. * MOD ENCODER - 992 7089 012

HARRIS PIN DESCRIPTION QTY/UM _ REF. SYMBOLS/EXPLANATIONS

382 0159 000 IC, 7407 ESD 10EA U059

382 0521 000 IC, 339 ESD 40EA U062 U063 U064 UGS

382 0560 000 IC, 74LS27 ESD 10EA U053

382 0622 000 IC, 74LS14N ESD 30EA U054 U055 U057

382 0637 000 IC, 74LS30 ESD 20EA U066 U067

382 0774 000 IC 74HC14 ESD 10EA U056

382 1010 000 IC, DS0026CN/MMH0026CP1 ESD 320EA U001 U002 U003 U004 U005 U006 U007 U008
U009 U010 U011 U012 U013 U014 U015 U016
U017 U018 U019 U020 U021
U022 U023 U024 U025 U026 U027 U028 U029
U030 U039 U040

382 1065 000 IC 74HCT273 ESD 9.0EA U031 U032 U033 U034 U035 U036 U037 U038
U050

384 0205 000 DIODE SILICON 1N914/4148 ESD 9.0EA  CR001 CR0O04 CRO05 CRO06 CRO07 CRO08
CR009 CR010 CRO11

384 0651 000 RECTIFIER 1N5401 ESD 10EA  CR028

384 0719 000 TRANSZORB 1N6373 5V 5W ESD 20EA  CR002 CR003

384 0823 000 LED 10 SEG BARGRAPH, RED ESD 10EA  DSO001

386 0082 000 ZENER, 1N4744A 15V 1W 5% ESD 8BOEA  CRO12
CR013 CRO14 CRO15 CRO16 CRO17 CRO18
CRO19

386 0100 000 ZENER, 1N4747A 20V ESD 8OEA  CR020 CR0O21 CR022 CR023 CR024 CR025
CR026 CR027

398 0019 000 FUSE, FAST CART 2A 250V 1.0EA  FOO1

402 0129 000 CLIP, 1/4 DIA FUSE 20EA  24F001

404 0673 000 SOCKET 8 PIN DIP (DL) 320EA  XU0O1XU002 XU003 XU004 XUOO5 XUO06
XU007 XU008 XU009 XU010 XU011 XU012
XU013 XU014 XUO15 XU016 XU017 XU018
XU019 XU020 XU021

7-18 888-2290-003 Rev. AL1: 5/24/1999

WARNING: Disconnect primary power prior to servicing.

O

O

o




404 0674 000

404 0704 000

404 0790 000

516 0375 000

516 0453 000

516 0814 000

516 0815 000

522 0531 000

522 0541 000
526 0108 000
540 1375 000

540 1376 000
540 1380 000
540 1383 000
540 1386 000

540 1393 000
540 1410 000
540 1466 000

548 2400 201

548 2400 251

Rev. AL1; 5/24/1999

SOCKET 14 PiN DIP (D-L)

SOCKET IC 20 PIN

HEATSINK, 8-PIN DIP

CAP .01UF 50V -20/+-80% Z5U

CAP .1UF 100V 20% X7R

CAP NETWORK .0033UF 10%

CAP NETWORK .001UF 10%

CAP 1UF 50V 20%

CAP 220UF 50V 20%
CAP 4.7UF 35V 20%
RES NETWORK 1000 OHM 2%

RES NETWORK 1000 OHM 2%
RES NETWORK 10K OHM 2%
RES NETWORK 100K OHM 2%
RES NETWORK 10K OHM 2%

RES NETWORK 180/390 OHM
RES NETWORK 330 OHM 2%
RES NETWORK 39 OHM 2%

RES 100 OHM 1/2W 1%

RES 332 OHM 1/2W 1%

12.0 EA

18.0 EA

32.0 EA

16.0 EA

60.0 EA

16.0 EA

16.0 EA

24.0EA

2.0EA
1.0EA
16.0 EA

2.0EA
8.0EA
8.0 EA
8.0 EA

2.0EA
1.0EA
16.0 EA

65.0 EA

1.0EA
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XU022 XU023 XU024 XU025 XU026 XU027
XU028 XU029 XU030 XU039 XU040

XU053 XU054 XU055 XU056 XU057 XU059
XU062 XU063 XU064 XU065 XU06B6 XU0B7
XU031 XU032 XU033 XU034 XU035 XU036
XU037 XU038 XU041 XU042 XU043 XU044
XU045 XU046 XU047 XU048 XU050 XDS001
#U001 #U002 #U003 #U004 #U005 #U006
#U007 #U008 #U009 #U010 #U011 #U012
#U013 #U014 #U015 #U016 #U017 #U018
#U019 #U020 #U021 #U022 #U023 #U024
#U025 #U026 #U027 #U028 #U029 #U030
#U039 #U040

C400 C401 C402 C403 C404 C405 C406 C407
C408 C409 C410

C411 C412C413 C414 C415

C003 C031 C032 C033 C034 CO35 C036 CO37
€038 C049 CO50 C051 C053 C054 CO55 C0O56
C057 C059 C060 C061 C062 C063 C064 CO65
C066 C067 C068 CO70 C231 C232 C233 C235
C237 C239 C241 C243 C245 C247 C249

C251 C253 C255 C257 C259 C260 C261 C262
C263 C264 C265 C266 C267 C268 C269 C270
C271 C272 C273 C274 C275

C100C101 C102 C103 C104 C105 C106 C107
€108 C109 C110C111 C112C113C114 C115
C099 C116 C117C118 C119

C120 C121 C122 C123 C124 C125 C126 C127
C128 C129 C130

C041 C042 C043 C044 C045 C046 C047 C048
C201 C202 C203 C205 C207 C209 C211 C213
C215 C217 C219 C221 C223 C225 C227 C229
C001 C002

Coo4

R099 R116 R117 R118 R119 R120 R121 R122
R123 R124 R125 R126 R127 R128 R129 R130
R029 RO30

R012 RO13 RO14 RO15 RO16 RO17 RO18 RO19
R020 R021 R022 R023 R024 R025 R026 RO27
R131 R132 R133 R134

R135 R136 R137 R138

RO10 RO11

RO37

R100 R101 R102 R103 R104 R105 R106 R107
R108 R109 R110 R111 R112 R113 R114 R115
R028 R227 R228 R229 R230 R231 R232 R233
R234 R235 R236 R237 R238 R239 R240

R241 R242 R243 R244 R245 R246 R247 R248
R249 R250 R251 R252 R253 R254 R255 R256
R257 R258 R259 R260 R261 R262 R263 R264
R265 R266 R267 R268 R269 R270 R271 R272
R273 R274 R275 R276 R277 R278 R279 R280
R281 R282 R283 R284 R285 R286

R287 R288 R289 R290

R039
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548 2400 269 RES 511 OHM 1/2W 1% 10EA  RO38

548 2400 301 RES 1K OHM 1/2W 1% 120EA  R040 RO41 R042 R043 R044 R045 R046 R047
R048 R049 RO50 R052

548 2400 334 RES 2.21K OHM 1/2W 1% 20EA  RO036 R053

548 2400 369 RES 5.11K OHM 1/2W 1% 10EA  RO035

548 2400 451 RES 33.2K OHM 1/2W 1% BOEA  RO001 ROO2 ROO3 RO04 R005 R0O06 R0O07 RO08

548 2400 530 RES 200K OHM 1/2W 1% 1.0EA  RO54

604 0905 000 SW, PB MOMENTARY 1.0EA  S002

610 0679 000 PLUG, SHORTING, .25" CTRS 20EA  P020 P021

610 0870 000 PLUG, NON-INS SHORTING 64.0 EA

610 0933 000 JUMPER, PWB TEST POINT 150EA  TP001 TP0O2 TP003 TP004 TPOO5 TPO06
TP007 TPO08 TPO09 TPO10 TPO11 TPO12
TP013 TPO14 TPO15

610 0981 000 HDR 20C 2ROW VERTICAL 8OEA  J0O1JOO2 JOO3 JOO4 JOOS5 JOO6 JOO7 JOOB

610 0984 000 HDR 34C 2ROW VERTICAL 10EA  J017

610 0999 000 HDR, 10 PIN, PC BD 10EA  J019

610 1027 000 HEADER, MALE 12 PIN 10EA  Jo18

612 0904 000 JACK, PC MT GOLD PLATED 100EA  PO10
P0O11 P012 P15 34J020 3#J021

612 1176 000 DIP STRIP, FEMALE 10 POS BOEA  P001 P02 P003 POO4 POO5 PO06 POO7 P08
P009

839 7855 174 SCHEM, MOD ENCODER 0.0EA

843 5100 092 PWB, MOD ENCODER 1.0 EA

917 2099 063 KIT, SOFTWARE, MOD ENCODER 1.0EA U041 U042 U043 U044 U045 U046 U047 U048

Table 7-19. DRIVER SUPPLY REGULATOR - 992 8006 001

HARRIS P/N DESCRIPTION QTY/UM _REF. SYMBOLS/EXPLANATIONS

328 0071 000 WASHER, STEEL COMPRESSION 70EA  #QO002 #Q003 #Q004 #Q005 #Q006 #Q007
#Q008

358 1929 000 JUMPER 1/2 LG 1/8H 1.0EA  POO1

358 3314 000 STANDOFF 4-40 X .250 L 6.0EA

380 0414 000 XSTR, 2N3799 ESD 1.0EA QOO

380 0681 000 XSTR IRFP350 ESD 70EA Q002 Q003 Q004 Q005 Q006 Q007 Q008

382 0368 000 IC, 78L15AWC VOLTAGE REG. ESD 1.0EA U001

382 0593 000 IC TLO72ACP ESD 1.0EA U002

384 0205 000 DIODE SILICON 1Ng14/4148 ESD 20EA  CRO005CR006

384 0731 000 * DIODE, SWITCHING 1N4607 ESD 40EA  CRO001 CR002 CRO03 CR004

384 0782 000 RECT, MR754 400V 6A ESD 20EA  CRO13CRO15

386 0085 000 ZENER, 1N4740A 10V ESD 60EA  CRO008 CRO11 CRO12 CRO14 CRO16 CRO17

386 0090 000 ZENER 1N4756A 47V 5% 1W ESD 20EA  CRO009 CR010

386 0164 000 ZENER, 1N4754A 39V ESD 1.0EA  CR007

404 0673 000 SOCKET 8 PIN DIP (DL) 1.0EA  #U002

4100413 000 INSULATOR PAD FOR TO-247 70EA  #QO0O02 #Q003 #Q004 #QO05 #Q006 #Q007
#Q008

494 0398 000 CHOKE RF 10.0UH 10EA  LOO1

494 0402 000 CHOKE RF 22.0UH 10EA  LOO2

500 0852 000 CAP, MICA, 1000PF 500V 5% 20EA  C013CO014

500 0902 000 CAP, MICA, 3300PF 500V 5% 20EA €004 CO05

506 0245 000 CAP.33UF 63V 5% 1.0EA €001

516 0375 000 CAP .01UF 50V -20/+80% Z5U 30EA  CO002
C006 C007

516 0453 000 CAP .1UF 100V 20% X7R 60EA  CO003C008 CO09 CO10 CO11 CO12

540 1600 209 RES 220 OHM 3W 5% 20EA  RO005R067

542 0005 000 RES 5 OHM 5% 8W 60EA  R058 RO59 RO60 RO61 RO64 RO65

7-20 888-2290-003 Rev. AL1: 5/24/1999

WARNING: Disconnect primary power prior to serviclng.

O

O

o



Section VIi - Parts List

546 0295 000 RES 50 OHM 3.25W 5% 10EA  RO06

548 2400 166 RES 47.5 OHM 1/2W 1% 10EA  Ro21

548 2400 201 RES 100 OHM 1/2W 1% 8OEA  R023R026 R027 RO32 R035 R0O36 R062 R063

548 2400 269 RES 511 OHM 1/2W 1% 10EA  RO66

548 2400 293 RES 909 OHM 1/2W 1% 1.0EA  R003

548 2400 301 RES 1K OHM 1/2W 1% 20EA  R009 R016

548 2400 347 RES 3.01K OHM 1/2W 1% 1.0EA  RO0O1

548 2400 365 RES 4.64K OHM 1/2W 1% 20EA  R044 R045

548 2400 368 RES 4.99K OHM 1/2W 1% 20EA  R008RO10

548 2400 401 RES 10K OHM 1/2W 1% 30EA  RO020 R022 R033

548 2400 426 RES 18.2K OHM 1/2W 1% 10EA  Ro13

548 2400 466 RES 47.5K OHM 1/2W 1% 10EA  RO14

548 2400 485 RES 75K OHM 1/2W 1% 10EA  RON

548 2400 501 RES 100K OHM 1/2W 1% 30EA  R004 R025 R034

548 2400 542 RES 267K OHM 1/2W 1% 20EA  RO041 R042

548 2400 566 RES 475K OHM 1/2W 1% 20EA  RO19R024

548 2400 601 RES 1MEG OHM 1/2W 1% 130EA  RO15 R046 R047 R048
R049 RO50 RO51 RO52 R053 R054 RO55 R056
RO57

550 0858 000 POT 5K OHM .5W 10% 10EA  ROO2

550 0958 000 POT 10K OHM 1/2 W 10% 10EA  RO12

604 1066 000 SW, PC MT SLIDE SPDT 1.0 EA

610 0933 000 JUMPER, PWB TEST POINT 70EA  TPOO1 TP0O2 TP0O3 TP004 TPOO5 TPOO6
TPOO7

610 0980 000 HDR 20C 2ROW RT ANG 10EA  J0O4

610 1001 000 HDR, 10 PIN RTANG 20EA  J002J0O03

620 0515 000 RECP, SCREW ON SMC 10EA  J0O1

839 7855 004 SCHEM, DRIVER SUPPLY REG 0.0 EA

839 7855 030 HEATSINK 1.0EA

843 5100 018 PWB, DRIVER SUPPLY REG 1.0EA

922 0922 156 TRANSFORMER 10EA  TOO1

999 2566 001 HARDWARE LIST 1.0EA

Table 7-20. PWA, FUSE 1, ESD SAFE - 992 8007 001

HARRIS P/N DESCRIPTION QTY/UM _REF. SYMBOLS/EXPLANATIONS

324 0257 000 NUT, CAPTIVE 6-32 40EA  2#F009 2#F010

324 0321 000 NUT, CAPTIVE 10-32 16.0EA  2#F001 2#F002 2#F003 2#F004 2#F005
24F006 2#F007 2#F008

384 0341 000 RECTIFIER 1N5404 ESD 100EA  CRO001 CR002 CR003 CR004 CRO05 CRO06
CR007 CR008 CR009 CRO10

384 0802 000 TRANSZORB, BIPOLAR 18V 5% ESD 10EA  CRO11

398 0186 000 FUSE 1 TIME 30A 250V 10EA  FO10

398 0437 000 FUSE, 50A 250V CRTG BOEA  FO0O01FOO2 FOO3 FOO4 FOOS FOOB FOO7 FOO08

398 0441 000 FUSE 1 TIME 25A 250V 1.0EA  FO009

402 0004 000 CLIP, FUSE .812 60A 250V 16.0EA  #F001 #F002 #F003 #F004 #F005 #F006
#F007 #F008

402 0069 000 CLIP, FUSE BRONZE 40EA  #F009 #F010

516 0419 000 CAP .05 UF 500V 10EA €002

540 1600 419 RES 56K OHM 3W 5% 20EA  RO025R026

542 0121 000 RES 150 OHM 5% 20W 10.0EA  R0O1 RO02 RO03 R004 RO05 R006 R007 R0O08
R009 R010

548 2400 309 RES 1.21K OHM 1/2W 1% 10EA  RO14

548 2400 388 RES 8.06K OHM 1/2W 1% 20EA  RO18 R021

548 2400 526 RES 182K OHM 1/2W 1% 40EA  R016 R0O17 R0O19 R020
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610 0999 000 HDR, 10 PIN, PC BD 1.0 EA J002

839 7855 068 SCHEM, OVERALL DX-50 0.0 EA

839 7930 030 SCHEMATIC, FUSE BOARD 0.0 EA

843 5100 029 PWB, FUSE 1.0 EA

999 2576 001 HARDWARE LIST 1.0 EA

Table 7-21. PWA, FUSE 2, ESD SAFE - 992 8007 002

HARRIS P/N DESCRIPTION QTY/UM __ REF. SYMBOLS/EXPLANATIONS

324 0257 000 NUT, CAPTIVE 6-32 2.0EA 2#F010

324 0321 000 NUT, CAPTIVE 10-32 16.0 EA 2#F001 2#F002 2#F003 2#F004 2#F005
2#F006 2#F007 2#F008

384 0341 000 RECTIFIER 1N5404 ESD 9.0 EA CR001 CR002 CR003 CR004 CRO05 CR006
CR007 CR008 CR0O10

398 0186 000 FUSE 1 TIME 30A 250V 1.0 EA FO10

398 0437 000 FUSE, 50A 250V CRTG 8.0EA FO01 F002 FOO3 FO04 FO05 F006 FOO7 FOO8

402 0004 000 CLIP, FUSE .812 60A 250V 16.0 EA #F001 #F002 #F003 #F004 #F005 #F006
#F007 #F008

402 0069 000 CLIP, FUSE BRONZE 2.0EA #FO010

508 0549 000 CAP .33UF 5% 400VDC 1.0EA Co03

542 0121 000 RES 150 OHM 5% 20W 9.0 EA ROO1 ROO2 RO03 RO04 ROO5 RO06 ROO7 ROO8
RO10

548 2400 401 RES 10K OHM 1/2W 1% 1.0EA RO24

548 2400 466 RES 47.5K OHM 1/2W 1% 2.0EA RO22 R0O23

548 2400 547 RES 301K OHM 1/2W 1% 1.0EA Ro27

620 0515 000 RECP, SCREW ON SMC 1.0EA J0O1

839 7855 068 SCHEM, OVERALL DX-50 0.0EA

839 7930 030 SCHEMATIC, FUSE BOARD 0.0 EA

843 5100 029 PWB, FUSE 1.0EA A025

999 2576 002 HARDWARE LIST 1.0 EA

Table 7-22. PWA, BUFFER AMP - 992 8038 001

HARRIS P/N DESCRIPTION QTY/UM _ REF. SYMBOLS/EXPLANATIONS

380 0586 000 XSTR, MJE200 ESD 1.0 EA Qo001

380 0587 000 XSTR, MJE210 ESD 1.0EA Qo002

380 0665 000 XSTR, MOS FET MTP15N06V ESD 20EA Q003 Q004

382 1010 000 IC, DS0026CN/MMHO0026CP 1 ESD 1.0EA uUoo1

384 0612 000 DIODE 1N3070 ESD 2.0EA CR001 CR002

384 0662 000 LED RED ESD 3.0EA DS001 DS002 DS003

384 0802 000 TRANSZORB, BIPOLAR 18V 5% ESD 20EA CR003 CR004

386 0169 000 ZENER, 1N5352A 15V ESD 1.0 EA CRO005

398 0019 000 FUSE, FAST CART 2A 250V 1.0 EA FO03

398 0020 000 FUSE, FAST CART 3A 250V 20EA F0O1 F002

402 0129 000 CLIP, 1/4 DIA FUSE 6.0 EA 2#F001 2#F002 2#F003

404 0733 000 HEAT SINK 2.0EA

404 0745 000 HEAT SINK FOR DIP IC’S 1.0 EA #U001

494 0377 000 CHOKE RF 0.27UH 1.0 EA LOO1

494 0386 000 CHOKE RF 1.50UH 1.0EA LO02

506 0230 000 CAP .001UF 100VAC 5% 1.0 EA Coo01

506 0233 000 CAP .1UF 63V 5% 1.0 EA C002

506 0246 000 CAP .47UF 63V 5% 40EA €008 C009 C0O18 C020

508 0378 000 CAP .22 UF 100V 10% 1.0EA C003

516 0081 000 CAP, DISC .01UF 1KV 20% 2.0EA C019 C021
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522 0255 000 CAP 15 UF 50V 1.0 EA co10

526 0342 000 CAP 2.7UF 35V 10% 1.0EA Coo7

540 1600 011 RES 2.7 OHM 3W 5% 1.0EA RO22

540 1600 017 RES 4.7 OHM 3W 5% 50EA R0O05 RO08 R0O09 R010 RO11
540 1600 201 RES 100 OHM 3W 5% 20EA R001 RO02
540 1600 312 RES 3K OHM 3W 5% 1.0EA R020

540 1600 320 RES 6.2K OHM 3W 5% 2.0EA R023 R024
542 0060 000 RES 100 OHM 5% 12W 1.0 EA RO21

548 2400 101 RES 10 OHM 1/2W 1% 20EA R0O06 ROO7
548 2400 230 RES 200 OHM 1/2W 1% 1.0EA R004

548 2400 301 RES 1K OHM 1/2W 1% 1.0EA R003

839 7855 099 SCHEMATIC, BUFFER AMP 0.0EA

843 5100 046 PWB, BUFFER AMP 1.0 EA

929 9009 198 XFMR 1.0EA ToO1

Table 7-23. DRIVER ENC/TEMP - 992 8048 001

HARRIS PN DESCRIPTION QTY/UM _ REF. SYMBOLS/EXPLANATIONS

354 0309 000 TERM SOLDER 14.0EA TPOO1 TP0O2 TP0O0O3 TP004 TP0O05 TP0O06
TPOO7 TPOO8 TPO09 TPO10 TPO11 TPO12
TPO13 TPO14

380 0125 000 XSTR, NPN 2N4401 ESD 1.0EA Qo014

380 0126 000 XSTR, PNP 2N4403 ESD 1.0EA Qo015

380 0653 000 XSTR, NPN MPS6602 ESD 6.0 EA Q001 Q002 Q003 Q004 Q005 Q006

380 0708 000 XSTR MPS6652 40V 1A ESD 6.0 EA Q007 Q008 Q009 Q010 Q011 Q012

382 0171 000 IC 3-TERM POS REG ESD 1.0EA U013

382 0184 000 IC, 340T-5/7805 +5V REG ESD 1.0EA uo14

382 0291 000 IC, 75188/1488 ESD 2.0EA U001
U002

382 0415 000 IC, 324 ESD 2.0EA U009 U010

382 0428 000 IC, LM358 ESD 1.0EA uo18

382 0605 000 IC 7905C ESD 1.0EA U015

382 0768 000 IC, 74HC00 ESD 1.0EA uUoos

382 0781 000 IC, 74HC74 ESD 1.0EA uUoo4

382 1082 000 *IC, 7AHC423 ESD 1.0EA uo12

382 1084 000 IC, LP339N ESD 40EA U003 U007 U011 U019

382 1199 000 IC, LM35 ESD 2.0EA Uo16 U017

384 0321 000 DIODE 5082-2800/1N5711 ESD 3.0EA CRO015 CR016 CR019

384 0431 000 RECT. 1N4001 ESD 40EA CR008 CR009 CR011 CR0O13

384 0610 000 LED, GREEN ESD 3.0EA DS004 DS005 DS006

384 0611 000 LED, RED ESD 3.0EA DS002 DS007 DS008

384 0612 000 DIODE 1N3070 ESD 30EA CRO001 CR002 CR012

384 0679 000 LED, YELLOW ESD 2.0EA DS001 DS003

384 0719 000 TRANSZORB 1N6373 5V 5W ESD 20EA CR017 CRO18

386 0082 000 ZENER, 1N4744A 15V 1W 5% ESD 40EA CR003 CR004 CR005 CRO06

386 0135 000 ZENER, 1N4733A 5.1V ESD 1.0EA CRO14

386 0419 000 ZENER, LM236H 2.5V ESD 1.0 EA CRO007

398 0019 000 FUSE, FAST CART 2A 250V 30EA FO01 FOO2 FOO03

402 0129 000 CLIP, 1/4 DIA FUSE 6.0 EA XF001 XF002 XF003

404 0513 000 HEAT SINK PA1-1CB 3.0EA #U013 #U014 #U015

404 0673 000 SOCKET 8 PIN DIP (DL) 1.0EA Xuo18

404 0674 000 SOCKET 14 PIN DIP (D-L) 10.0 EA XU001 XU002 XU003 XU004 XU007 XU008
XU009 XU010 XU011 XU019

404 0675 000 SOCKET IC 16 CONT 1.0EA Xuo12

516 0453 000 CAP .1UF 100V 20% X7R 27.0EA
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516 0530 000
522 0531 000
522 0548 000
526 0050 000
526 0308 000
526 0359 000
540 1380 000
540 1443 000
544 1662 000
548 2400 142
548 2400 185
548 2400 201
548 2400 209

548 2400 247
548 2400 268
548 2400 269
548 2400 301

548 2400 318
548 2400 359
548 2400 366
548 2400 377
548 2400 390
548 2400 401

548 2400 409

548 2400 426
548 2400 430
548 2400 451
548 2400 469
548 2400 501

548 2400 530
548 2400 589
548 2400 601
550 0858 000
550 0956 000
550 0958 000
604 0904 000
604 0905 000
610 0679 000
610 0900 000
610 0981 000
610 0998 000
610 1027 000
612 0904 000
612 1184 000

7-24

CAP .01UF 10% 100V X7R
CAP 1UF 50V 20%

CAP 10UF 50V 20%

CAP 1UF 35V 20%

CAP 22UF 10V 20%

CAP 47UF 25V 10%

RES NETWORK 10K OHM 2%

RES NETWORK 27 OHM 2%
RES 30 OHM 20W 2% TO-220
RES 26.7 OHM 1/2W 1%

RES 75 OHM 1/2W 1%

RES 100 OHM 1/2W 1%

RES 121 OHM 1/2W 1%

RES 301 OHM 1/2W 1%
RES 499 OHM 1/2W 1%
RES 511 OHM 1/2W 1%
RES 1K OHM 1/2W 1%

RES 1.5K OHM 1/2W 1%
RES 4.02K OHM 1/2W 1%
RES 4.75K OHM 1/2W 1%
RES 6.19K OHM 1/2W 1%
RES 8.45K OHM 1/2W 1%
RES 10K OHM 1/2W 1%

RES 12.1K OHM 1/2W 1%

RES 18.2K OHM 1/2W 1%
RES 20K OHM 1/2W 1%

RES 33.2K OHM 1/2W 1%
RES 51.1K OHM 1/2W 1%
RES 100K OHM 1/2W 1%

RES 200K OHM 1/2W 1%
RES 825K OHM 1/2W 1%
RES 1MEG OHM 1/2W 1%
POT 5K OHM .5W 10%

POT 2000 OHM 1/2W 10%
POT 10K OHM 1/2 W 10%
SW, TGL SPDT

SW, PB MOMENTARY
PLUG, SHORTING, .25" CTRS
HEADER 3 CKT STRAIGHT
HDR 20C 2ROW VERTICAL
HDR, 6 PIN, PC BD
HEADER, MALE 12 PIN
JACK, PC MT GOLD PLATED

SHUNT JUMPER 0.1" CENTERS

1.0EA
3.0EA
4.0EA
4.0EA
1.0EA
1.0EA
20EA
1.0EA
1.0 EA
1.0EA
20EA
20EA
18.0 EA

5.0EA
1.0 EA
6.0 EA
18.0 EA

2.0EA
1.0EA
1.0EA
1.0EA
1.0 EA
14.0 EA

2.0EA

1.0 EA
1.0EA
2.0EA
2.0EA
9.0EA

2.0EA
2.0EA
2.0EA
2.0EA
1.0EA
4.0 EA
2.0EA
1.0EA
1.0 EA
30EA
20EA
1.0 EA
1.0 EA
3.0EA
3.0EA
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C002 C003 C004 C005 C006 C007 C009 CO12
C013 C020 C021 C022 C023 C024 C025 C026
€029 C030 C032 C033 C035 C037 C038 CO39
C040 C041 C042

Co36

C014 C015 CO16

C011C017 C018 C019

C010 Co28 C031 C034

Coo01

co27

R100 R107

R106

RO91

RO83

R093 R0O96

R044 R045

R0O01 R002 RO03 RO04 RO05 RO06 ROO7 RO08
R009 RO10 RO11 RO12 R013 R014 R0O15 R200
R201 R202

R023 R024 R063 R072 R073

RO62

R081 R086 R087 R088 RO99 R108

R018 R021 R029 R033 R040 R043 R047
R052 R053 R056