88D Transmitter
Alignment

This is an online training version of the 88D alignment normally included
in the National Weather Center’s training facility

Introduction 20210205a



Objectives

* To be able to follow the procedures in the manual

* To properly make normal adjustments to the transmitter
* To successfully align the 88D transmitter

* To verify that the alignment is correct
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The procedure is from the
technical manual

NWS EHB 6-511
AF TO 31P1-4-108-112
FAATI 6345.1 V8

This material is based on revision number
8, dated June 25th of 2020.

You should use the most current manual
at all times which can be found at

https://www.roc.noaa.gov/WSR88D/Prog
ram/MaintenanceManuals.aspx

NWS EHB 6-511

AF TO 31P1-4-108-112
FAA Tl 6345.1 V8
REVISION NO. 8

TECHNICAL MANUAL
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WSR-88D

UNISYS CORPORATION
CONTRACT 50-DMNW-8-00032
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This revision supersedes NWS EHB 6-511 (AF TO 31P1-4-108-112, FAA Tl 6345.1 V8), REVISION 7, 11
JANUARY 2017 and subsequent changes: CHANGE 1, 12 JUNE 2017, CHANGE 2, 26 MARCH 2018, and
CHANGE 3, 15 JUNE 2019.

Distribution Statement A - Approved for public release; distribution is unlimited.

PUBLISHED UNDER AUTHORITY OF THE SECRETARIES OF
COMMERCE, THE AIR FORCE, AND TRANSPORTATION

25 JUNE 2020


https://www.roc.noaa.gov/WSR88D/Program/MaintenanceManuals.aspx

Assumptions

You can identify components and adjustments in the transmitter.
(section 3.2 controls and indicators of manual and Figure FO11-12 and
Figure FO11-13 are good references)

You have aligned analog electronic equipment before this, ground
based RADAR would be best.

You have the current manual with you.



The transmitter is an Amplifier

* The transmitter receives radio frequency power from the receiver and
amplifies it to 700,000 +/- 50,000 Watts.

* The transmitter receives an 8 microsecond RF input from the receiver
and outputs a 1.5 or 4.5 microsecond pulse.

* The transmitter operates in pulses. It doesn’t continuously amplify.



Single and Redundant RADARs

* Unless otherwise specified, the procedures contained herein apply to the
non-controlling channel only.

* Most of the final power amplifier alignment can be performed on the non-
controlling channel while the transmitter is connected to its dummy load.

* However, some procedures require the transmitter to be connected to the
antenna and the transmitter being alighed to be in the controlling channel.

* |[n the text of the procedures, the reference designations apply to the single
channel configuration and to channel 2 of the redundant configuration.

 When performing these procedures on channel 1, substitute the
corresponding reference designations shown

. . . SINGLE CHANNEL OR CHANNEL1
e “add 100 to the unit de5|gnator CHANNEL 2 OF REDUNDANT (REDUNDANT
CONFIGURATION CONFIGURATION ONLY)
All UD3 XX UD103 XX

1Wo1 1W1e61

1AT4 1AT104




Test Equipment Skills

* The 88D program generally assumes the test equipment used is the
test equipment the system was deployed with.

* The power meter heads are calibrated per section 3.4.4

* Be mindful of the power meter ranges as they will be destroyed by
too much power

* HP8484A - 70 dBm to -20 dBm
* HP8481D - 70 dBm to -20 dBm
* HP8481A - 30 dBm to +20 dBm
* HP8481H - 10 dBm to +35 dBm



Test Equipment Skills

* Rise time and pulse width are measured with the oscilloscope. You
will need to be able to do that with your oscilloscope.

* |Instructions are in the instructions for an analog and a digital scope. Note
that the digital scope instructions are for a scope like a TDS 420A
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O rd er Of Al Igﬂ me ﬂtS ref: 5.5.5 Final Power Amplifier Alignments.

Low Voltage Power Supply Alignment 5.5.2
PFN Voltage Calibration 4.5.5.5
Filament Current Adjustment 5.5.3
Focus Coil Current Adjustment 5.5.4
RF Drive Adjustment 5.5.8
RF Bracketing Adjustment 5.5.9
Klystron Transmitter Tuning 5.5.10
Spectrum Bandwidth Measurement 5.5.11
Transmitter Peak Power Out Measurement and Power Monitor Calibration 5.5.6

For Training Use Only



Stand-alone adjustments adjusted as needed

Post Charge Regulator Alignments 5.5.7

Transmitter Pulse Width Alignment 5.5.12
VSWR Alignment 5.5.13
Transmitter Power Measurement Path Loss Calibration 5.5.15
Alarm Thresholds 5.5.16
Transmitter Parameter and Adjustment Record Card 5.5.17

For Training Use Only



Low Voltage Power
Supply Alignment

* There are five low voltage
power supplies that are
checked.

* The voltage is measured at
the power supply

 The voltage is measured at
an in-circuit test point.

* The meter on the panelis
checked and adjusted if
needed.

For Training Use Only



PFN Voltage —
Calibration

* The transmitter amplifies
in pulses.

 The energy for the
amplifier is stored in the
“Pulse Forming Network”,
the PFN

 The voltage on the PFN is
displayed on a panel meter.

 The panel meter is checked
and adjusted if necessary. £

KV




Filament Current

Adjustment
* This adjustment sets the FILAMENT CURRENT
heater current for the T ——
klystron tube to the correct R EetEs
Setting : LR LAY RS R FE R ERO R EACN S RREN AN

35 40 45 50 LO HI

 The adjustment also sets
the alarm limits for the
current

DIXSUON, inc AMPERES

30 50 LO HI




Focus Coil Current
Adjustment

 The beam of electrons
through the klystron tube
is focused by the focus coil.

 The current through the

focus coil is adjusted. %
 The alarm limits are set. S

For Training Use Only



RF Drive Adjustment

* This procedure sets the
input to the klystron tube.

e Pulse width in
short/narrow

e Pulse width in long/wide

* Input power into the tube
Is set

A4 RE DRIVER
97942— e

PULSE
WIDTH i
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RF Bracketing
Adjustment

* This procedure sets the
time relationship between
the enabling of the klystron
tube and the input pulse of
RF.

 #1 waveform is voltage to
the tube

e #2 waveform is current to
the tube

 #3 waveform is the output
of the tube

e #4 waveform is the input to
the tube

Tek Run: 25.0MS/

Sample

Chi 5.00V EEE T0.0V M 2.00ps Ch3 7 2.4mV 31 Mar 1997
Ch3 20.0mvg Chd 200mve 12:56:02



Klystron Transmitter
Tuning

* This sets the cavities of the klystron
tube

* This sets the pulse width of the
output pulse

* This sets the power of the output
pulse

* This sets the rise time of the output
pulse

* This sets the turn on voltage (PFN)

e This is the balance of multiple
variables

For Training Use Only
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Transmitter Peak Power
Out Measurement and
Power Monitor
Calibration

* The transmitter is now aligned for
700 KW at the tube

 During the alignment we had a
test fixture attached. This checks
the measurements without the
test configuration in place

 The power of the transmitter is
remotely measured in the receiver
cabinet

* This procedure adjust the
measurement made in the
receiver to report correctly to the
computer
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Post Charge Regulator
Alignments

 The Post Charge Regulator is
a dynamic averaging circuit.

* |tis a shunt regulator that is
used for pulse to pulse
stability of the output.

* The PFN voltage is regulated
by the Post Charge Regulator

* The PCR alignment is done to
ensure that the regulator
operates in it’s active region
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Transmitter Pulse
Width Alighment

 The procedure sets the -6dB
(50%) pulse with of the
klystron tube output pulse

 Then the procedure measures
the -3dB (71%) pulse width.

* The computer used the pulse
with for power calculations
and for the “Weather
Equation”

 The “Weather Equation” is a
formula used to convert the
reflective energy to a scale for
meteorological use.

A: 105.2mV
@: 0V

C1 +Width
1.563us

" C1 Rise
. 345ns

W 20.0mve UM so0ons ChiJf 5i.2mv




VSWR Alignment

Reflected power is sampled
from two places on the
waveguide above the
transmitter

This procedure sets the
alarm thresholds for the
VSWR limits

For Training Use Only



Transmitter Power
Measurement Path Loss
Calibration

 The transmitter power is
monitored by a power reading
device in the receiver cabinet.

 The device converts the power
to a DC voltage.

« The DC voltage is measured by g}
another device.

e

* The loss from the klystron
tube to the measuring device
is measured by this procedure. §

 The scale to convert the DC
voltage to power is done by
this procedure



Alarm Thresholds

* The “MOD OVERLOAD”
and the “MOD INVERSE
CURRENT” alarms may
interfere with tuning the
transmitter

* This procedure sets the
alarm limits for these two
alarms

Alarm Log o X
Maximum Displayable Alarms: 5500
Device Filter Parameters
[ViRCW [VICIR [vIPED [¥ SIG MM/DDAYY | ¢ [ HH:MM: S5 |
[ UTL (¥ XMT  [¥] COM | None Search: | Filter Clear
Alarm Code Color: WISEC W MR [l MM m  Alarm Log @ Active Alarms
RDA DatefTime Device Type Code Description
8/04/2016 03:32:55 [RCV] [E] [371] -- RDA ALARM ACTIVATED: MISSING BURST PULSE SIGNAL
8/02/2016 08:09:56 [xmT] [E] [ &3] RDA ALARM ACTIVATED: XMTR PEAK POWER LOW
7/29/2016 16:11:07 [RCV] [E] [363] -- RDA ALARM ACTIVATED: RF IFDR COHO INPUT MISSING
7/29/2016 11:30:08 [xMr] [E] [218] -- RDA ALARM ACTIVATED: RF PALLET PHASE SHIFTER MOTOR TIMEOUT
7/29/2016 11:29:14 [coM] [E] [ 19] -- RDA ALARM ACTIVATED: GPS ANTENNA FAILURE
7/29/2016 11:29:06 [CTR] [E] [256] -- RDA ALARM ACTIVATED: SPIP -15V POWER SUPPLY FAIL
7/29/2016 11:29:06 [CTR] [E] [255] -- RDA ALARM ACTIVATED: SPIP +5V POWER SUPPLY FAIL
7/29/2016 11:29:06 [CTR] [E] [254] -- RDA ALARM ACTIVATED: SPIP +15V POWER SUPPLY FAIL
7/29/2016 11:29:06 [UTL] [E] [176] -- RDA ALARM ACTIVATED: GENERATOR FUEL STORAGE TANK LEVEL LOW
7/29/2016 11:20:06 [UTL] [E] [171] -- RDA ALARM ACTIVATED: EQUIPMENT SHELTER TEMP EXTREME
Type: [v| E = Edge Detect, [v] O = Occurrence, [v|F = Filtered Occurrence
| LogFiles | | Close |




Transmitter Parameter
and Adjustment Record
Card

 The transmitter has a
simple meter on the front
that can be used to check
conditions.

 The “Transmitter
Parameter” card list the
parameters and the
operational limits

e With the system running in
a known condition, the card
is updated with that
systems readings.

* This provides the technician
with a reference

3A159 TRANSMITTER M4 READING HIGH OPERATIONAL
POS PARAMETER (SP/PRFDS5) | VOLTAGE LIMITS
1 +5VDC PS OFF/ON [ 50 +/- 0.5V
2 +15 VDC PS OFF/ON [ 15.0 +/- 05V
3 -15VDC PS OFF/ON [ -15.0 +/- 0.5V
4 +28 VDC PS OFF/ON | 28.0 +/- 1.0V
5 +45 VDC PS OFF/ON [ 45.0 +/- 15V
6 +280 VDC PS OFF/ON | 240 - 370V
7 FPA FILAMENT PS OFF/ON | 40 - 70V
8 FPA FILAMENT VOLTAGE OFF/ON | NAMEPLATE +/- 2.0V
9 FPA FOCUS COIL PS ON 40 - 85V
10 | FPAVACUUM PUMP PS OFF/ON | 2.75 - 4.00 KV
11 | FPA CATHODE CURRENT ON 20 (PRFS1) - 95 mA (PRF D8)
12 | FPABEAM VOLTAGE ON 20 (PRFS1) - 95KV (PRF D8)
13 | MOD INVERSE CURRENT ON 2.0 (PRF S1) - 20 mA (PRF D)
14 | PFN CHARGE CURRENT ON 0.5 (PRF S1) - 4.5 A (PRF D8)
15 | REGULATOR CURRENT ON 5.0 - 20.0mA
16 | OFF DATE: NAME:




Safety Concerns

NWS EHB 6-511

SAFETY SUMMARY

1. GENERAL SAFETY INSTRUCTIONS.

This manual describes physical and chemical processes which may cause injury or death to personnel,
or damage to equipment 1f not properly followed. This safety summary includes general safety pre-
cautions and mstructions which must be understood and applied during operation and maintenance to
ensure personnel safety and protection of equipment. Prior to performing any task, the WARNINGs,
CAUTIONSs, and NOTEs mcluded 1n that task shall be reviewed and understood.

NWS EHB 6-513

SAFETY SUMMARY

1. GENERAL SAFETY INSTRUCTIONS.

This manual describes physical and chemical processes which may cause SEVERE INJURY or
DEATH to personnel, or damage to equipment if not properly followed. This safety summary
includes general safety precautions and instructions that must be understood and applied during oper-
ation and maintenance to ensure personnel safety and protection of equipment. Prior to performing
any task: Thei WARNING s, CAUTIONS, and NOTESs included in that task shall be reviewed and

understood.



WARNING

Highlights an essential operating or maintenance procedure, practice, condi-
tion, statement, etc., which 1f not strictly observed, could result in injury to,
or DEATH of, personnel or long term health hazards.

CAUTION

Highlights an essential operating or maintenance procedure, practice, condi-
tion, statement, etc., which 1f not strictly observed, could result in damage to,
or destruction of, equipment or loss of mission effectiveness.

NOTE

Highlights an essential operating or maintenance procedure, condition, or
statement.



Alignment specific safety concerns

HEARING LOSS (TRANSMITTER)

* Wear ear protection when the transmitter center cabinet door is opened for extended periods or while tuning the
klystron. Hearing loss can occur from prolonged exposure to high noise.

MICROWAVE RADIATION PRECAUTIONS

* The WSR-88D generates and detects electromagnetic energy at a transmitted frequency between 2.7 GHz and 3.0
GHz. This non-ionizing radiation is concentrated in the antenna beam. The potential hazard of this radiation to
personnel is biological heating. Intense microwave radiation (power densities greater than 300 mW/cm?2) can result in
biological damage such as the formation of cataracts or other opacities in the eyes and “cook” internal organs.

Ref: 6-511 4.5.8 Radiation Leakage Check & 6-513 6.4.6.8 Radiation Leakage Check.
RESTORE ALL INTERLOCKS

» Restore all interlock switches to normal operating condition immediately upon completion of work on the unit
involved.

DO NOT USE FERROUS TOOLS OR INSTRUMENTS NEAR KLYSTRONS

* Do not use steel or iron tools near klystrons. Such tools may be pulled from the technicians grasp and cause damage
to the tube.



Location of parts of this lesson
Link to the NWSTC page = https://training.weather.gov/nwstc/

Link to the NWSTC RADAR page = https://training.weather.gov/nwstc/NEXRAD/

Link to the 88D Transmitter Alignment =
https://training.weather.gov/nwstc/NEXRAD/transmitter/index.html

Under the “Transmitter Alignment” you will find a PDF documents of sub-parts of the
alignment and an associated link to a video of voice over of the material. The idea is
that you will have access to the documents that is used in the video in case the
screen is not as readable as you would like. Videos examples used in the
presentation will also be there.

If you have any issues, please contact one of the RADAR Team listed at
https://training.weather.gov/nwstc/homepage/contact.html
Start with the name with the “(L)” listed to the side of the name.



https://training.weather.gov/nwstc/
https://training.weather.gov/nwstc/NEXRAD/
https://training.weather.gov/nwstc/NEXRAD/transmitter/index.html
https://training.weather.gov/nwstc/homepage/contact.html

This is the last slide
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