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1. Description

RigExpert AA-230, AA-230PRO and AA-

520 are powerful antenna analyzers
designed for testing, checking, tuning or
repairing antennas and antenna feedlines.

Graphical SWR (Standing Wave Ratio)
and impedance display are key features of
these analyzers which significantly reduce
the time required to adjust an antenna.

Easy-to use measurement modes, as well
as additional features such as memory
storage and connection to a personal
computer, make RigExpert analyzers
attractive for professionals and hobbyists.

The new MuliSWR™ and SWR2Air™
(AA-230 and AA-230PRO only) modes
are unique for these antenna analyzers.

The Dbuilt-in TDR (Time Domain

Reflectometer) mode which is available in
RigExpert AA-230PRO is ideal for
locating cable faults.

The following tasks are easily
accomplished by using these analyzers:

Rapid check-out of an antenna
Tuning an antenna to resonance
Comparing characteristics of an
antenna before and after specific
event (rain, hurricane, etc.)
Making coaxial stubs or measuring
their parameters

Cable fault location

Measuring capacitance or
inductance of reactive loads
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LCD (Liquid Crystal Display)
Keypad

Charger connector (9-14V,
500 mA DC)

Power button

USB connector



2. Specifications

Frequency range: AA-230, AA-230PRO: 0.3...230 MHZzA-B20: 1..520 MHz

Display modes:

SWR at single or multiple frequencies

SWR, R, X, Z, L, C at single frequency

SWR graph

R, X graph

AA-230PRO: Impulse response and step response graph

[ngExpert AA-520 displays absolute value of thectance]

Single- and multi-frequency measurement:

Frequency resolution: 1 kHz

SWR-only mode: easily-readable bar

SWR range: 1...10

SWR display for:  AA-230: 50, 75 Ohm systems; AA-BBID: 25, 50, 75 and 100
Ohm systems; AA-520: 50 Ohm systems

R, X range: AA-230, AA-230PRO: 0...1000, -1000...1000n® AA-520: 0...250,
0...250 Ohm

SWR and R, X graphs:

100 points plot

Sweep width: AA-230, AA-230PRO: 0.01230 MHz; AA-520: 0.1...520 MHz
Frequency resolution: 1 kHz

SWR range: 1...10

SWR display for: AA-230: 50, 75 Ohm systems; AA-BPBID: 25, 50, 75 and 100
Ohm systems; AA-520: 50 Ohm systems

R, X range: AA-230, AA-230PRO: 0200, -200..200 Ohm; AA-520: 0...200,
0...200 Ohm

Memories: AA-230, AA-520: 100 memories to store aechll graphs; AA-230PRO:
90 memories to store and recall graphs

Presets for radio amateur bands

Time domain reflectometer mode (AA-230PRO only):

RF output:

Power:

Interface:

100 points plot

Measurement for 25, 50, 75 and 100 Ohm systems
Resolution: about 20 cm (8”)

Max. distance: about 300 m (1000 ft)

Cable velocity factor: 0.5t0 1

10 memories to store and recall graphs

Connector type: AA-230, AA-230PRO: UHF (PL); AA-529
Output power: AA-230, AA-230PRO: typ. +10 dBm; ARG typ. +5 dBm

4.8V, 1800 mA-h, Ni-MH battery

Max. 3 hours of continuous measurement
Max. 2 days in stand-by mode

External 9...14V, 500 mA charger

Full charge time: 10...12 hours

128x64 graphical LCD with backlit

6x3 keys on the water-proof keypad
Multilingual menus and help screens
USB connection to the personal computer

Dimensions: 23-10-5.5 cm (9-4-2"); Operating terapee: 0...40 °C (32...104 °F)
Weight: 650g (23 Oz)
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3. Precautions

Never connect the analyzer to your antenna in tergtdrms.
Lightning strikes as well as static discharge midlytke
operator.

Never leave the analyzer connected to your antafiaayou
finished operating it. Occasional lightning strikeesnearby
transmitters may permanently damage it.

Never inject RF signal into the analyzer. Do natreect it to
your antenna if you have active transmitters nearby

Avoid static discharge while connecting a cabléht®
analyzer. It is recommended to ground the cablerbef
connecting it.

Do not leave the analyzer in active measuremenemdten
you are not actually using it. This may cause fetence to
nearby receivers.

If using a personal computer, first connect thdec&dthe
antenna connector of the analyzer. Then plug thé/aer to
the computer USB port. This will protect the analylrom
static discharges.



4. Operation

4.1. Main menu

The on-screen menu system of RigExpert antenngzeral provides a simple but
effective way to control the entire device.

Once the analyzer is turned on, tMain menuappears on the LCD:

TheMain menucontains a brief list of available commands. Bggsing keys on the
keypad, you may enter corresponding measuremengsnsdt up additional
parameters, etc. Press [[gtkey to see other menu items.

There are two icons displayed in the top-right eomf theMain menuscreen:

The USB iconis displayed when the analyzer is plugged to agel computer;
Thecharging indicatorshows battery charging level.

RigExpert antenna analyzers are self-documentirassing th@l] key will bring a
help screen with a list of available keys for thierent mode.

4.2. Single- and multi-point measurement modes
In single-point measurement modes, various paramefentenna or other load are

measured at a given frequency. In multi-point mpdeseral different frequencies are
used.

4.2.1. SWR mode

The SWR modé¢press thff key in theMain meni displays the SWR bar as well as
the numerical value of this parameter:



Set the desired frequency ({kkey) or change it with left or right arrow keys.

Press thfi|§ key to start or stop measurement. The flashingwaatécon in the top-
right corner indicates when the measurement isestar

You may activate or deactivate audio indicatioS#R by pressing tHf§] key. In this
mode, beeps of different length correspond to diffevalues of the measured SWR.

Pressing thfl] key will show a list of other commands.

4.2.2. SWR2Air mode

RigExpert AA-230 and AA-230PRO present a freWR2Aimode which is designed
to help in adjusting antennas connected via lotdesa

This task usually involves two persons; one adpgstihe antenna and the other
shouting out the SWR value as it changes at therfdrof the feedline.

There is an easier way to do the same job by uem§WR2Airmode. The result of
SWR measurement is transmitted on a user speéiégdency where it can be heard
with a portable HF or VHF FM radio. The length ofdéo signal coming from the
loudspeaker of the portable radio depends on thed measured SWR.

The SWR2Aimode is activated by pressing [g+ combination in th&WR
measuremergcreenf[g + [ allows setting the frequency to tune the receiver t

4.2.3. MultiSWR mode

RigExpert antenna analyzers have a unique abditigplay SWR for up to five
different frequencies at a time.



You may use this feature to tune multi-band antenbae up and down cursor keys to
select a frequency to be set or changed. Pref§]tkey to switch between SWR bars
and numerical representation of these parameters.

4.2.4. “Show all” mode

The Show allmode (thdf] key) will show various parameters of a load onnalsi
screen. Particularly, SWR, |Z| (magnitude of impmead as well as its active (R) and
reactive (X) components are shown. Additionally;responding values of inductance
(L) or capacitance (C) are displayed:

[Please notice that RigExpert AA-520 displays alisoValue of the reactance, |X|.]

For this this mode, you may choose eitbenesor parallel model of impedance of a
load through th&ettingsmenu:

In the series model, impedance is expressed atarese and reactance
connected in series:

In the parallel model, impedance is expressedsastamce and reactance
connected in parallel:



4.3. Graph modes

A key feature of RigExpert antenna analyzers istglbo display various parameters of
a load graphically. Graphs are especially usefuidw the behavior of these
parameters over the specified frequency band.

4.3.1. SWR graph

In the SWR graptmode (press tHff] key in theMain meny, values of the Standing
Wave Ratio are plotted over the specified frequaaoge:

You may set the center frequency (key) or scanning range (tf] key). By using
arrow keys, these parameters may be increaseccraded.

Press thf§ key to refresh the graph.
Thelll] key opens a list of radio amateur bands to setethieired center frequency and
scanning range quickly. Also, you may use this fiamcto see the whole frequency

range supported by the analyzer.

Press th@l] key to access the list of additional commandsHisr mode.

4.3.2. R,X graph

In theR,X graphmode (press tH key in theMain meny, values or R (active part of
the impedance) and X (reactive part) are plottesbéid and dotted lines, respectively.



R,X graph — series model R||,X|| grapiarallel model

In these graphs, positive values of reactance gkespond to inductive load, while
negative values correspond to capacitive load.séleatice the difference in the plots
when the series or parallel model of impedancelescsed through th8ettingsmenu.

[Please notice that RigExpert AA-520 displays alisolalue of the reactance, |X|.]

4.3.3. Memory operation

In theSWR grapltandR,X graphmodes, you may choose to scan to memory
(the[ key). Later, you may recallf] ) the plots from the specified memory.

Additionally, thellg + [g] combination opens the editor of memory slot names.

4.4. Settings menu

The Settings men(press thf§] key in theMain meni contains various settings for the
analyzer. Predlf] once again to access additional settings.

TheFrequency correctiosub-menu allows correcting the internal VFO fretye
(ppm[parts per million] units are used). Thenti-RFfeature [AA-520 only] may be
used to increase RF immunity (for instance, in cdsective transmitters located
nearby).

4.5. Computer connection

RigExpert antenna analyzers may be connected ¢éosapal computer for displaying
measurement results on its screen, taking scresa shthe LCD, as well as for
updating the firmware.

A conventional USB cable may be used for this psepdhe supporting software is
located on the supplied CD. After installing fron@tCD, please see tBeftware
Manualfor details.
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4.6. Charging the battery

Use the supplied DC adapter or any other 9...14V D@ce as an external charger for
the built-in Ni-MH battery. A car lighter cable mag used for this purpose.

You may have the charger connected while opergtie@nalyzer. If the analyzer is
being used for the first time, it is recommendegdddorm a full 10 to 12-hour
charging cycle.

When the battery is fully charged, it starts heafinstead of absorbing electric
energy). It is a good idea to stop charging iftatery becomes warm. While it is safe
to leave the charging mode for a long period ogtimhis recommended to do this no
more than 10 to 12 hours for longer battery life.

4.7. Meter test mode

This mode is designed to check the RF output akasdivo RF detectors of the
analyzer. Enter theter testmode by pressinfg] in the second screen of tBettings
menu With no load at the antenna connector, the dysgi@uld look like shown on the
picture:

For the 50-Ohm load, the filled bars should stantbaresponding positions (notice
the “no load” and “50 " marks):

If the bars are not filled at all, the RF outpwgs or/and detectors are not working
properly in the analyzer.

11



5. Applications

5.1. Antennas

5.1.1. Checking the antenna

It is a good idea to check an antenna before camget to the receiving or
transmitting equipment. THBWR graphmode is good for this purpose:

The above picture shows SWR graph of a vertical \dHtenna connected via the 40 m
(131 ft) cable. The operating frequency is 146.22ViFhe SWR at this frequency is
about 1.1, which is acceptable.

The next screen shot shows SWR graph of a simpt#dedantenna with a desired
operating frequency of 14.1 MHz:

The actual resonant frequency is about 13.4 MHzghvis too far from the desired
one. The SWR at 14.1 MHz is about 2.5, which isatateptable in most cases.

5.1.2. Adjusting the antenna

When the measurement diagnoses that the antenffahe desired frequency, the
analyzer can help in adjusting it.

12



Physical dimensions of a simple antenna (suchdgsade) can be adjusted knowing
the actual resonant frequency and the desired one.

Other types of antennas may contain more than leneeat to adjust (including coils,
filters, etc.), so this method will not work. Inaté you may use tH@WR moder the
Show allmode to continuously see the results while adjgstarious parameters of the
antenna.

For multi-band antennas, use #alti SWRmode. You can easily see how changing
one of the adjustment elements (trimming capacttwit, physical length of an aerial)
affects SWR at up to five different frequencies.

5.2. Coaxial lines

5.2.1. Open- and short-circuited cables

Open-circuited cable @tuorcuited cable

The above pictures show R and X graphs for a mpé&cable with open- and short-
circuited end. Aresonant frequencig a point at which X (see the dotted line) eqtals
zero:
In the open-circuited case, resonant frequencigggmond to (left to right) 1/4,
3/4, 5/4, etc. of the wavelength in this cable;
For the short-circuited cable, these points aratkmtat 1/2, 1, 3/2, etc. of the
wavelength.

[Please notice that RigExpert AA-520 displays alisolalue of the reactance, |X|.]

5.2.2. Cable length measurement
Resonant frequencies of a cable depend on itsieggtvell as on the velocity factor.

A velocity factoris a parameter which characterizes the slowdoviheo§peed of the
wave in the cable compared to vacuum. The spew@eé (or light) in vacuum is
known aghe electromagnetic constamt=299,792,458 meters per second or

983,571,056 feet per second.
13



Each type of cable has different velocity factor. ihstance, for RG-58 it is 0.66.
Notice that this parameter may vary depending emthnufacturing process and
materials the cable is made of.

To measure the physical length of a cable,

1. Locate a resonant frequency by using single-pogdsurement mode or R, X
graph.

Example:

The 1/4-wave resonant frequency of
the piece of open-circuited RG-58 cable
Is 4835 kHz

[Please notice that RigExpert AA-520 displays alngolalue of the reactance.]

2. Knowing the electromagnetic constant and the vsidactor of the particular
type of cable, find the speed of electromagneticena this cable.

Example:

299,792,458 - 0.66 = 197,863,022 meters per second
- or —_
983,571,056 -0.66 = 649,156,897 feet per second

3. Calculate the physical length of the cable by dngdhe above speed by the
resonant frequency (in Hz) and multiplying the ieby the number which
corresponds to the location of this resonant fraquél/4, 1/2, 3/4, 1, 5/4, etc.)

Example:

197,863,022 / 4,835,000 - (1/4) = 10.23 meters
- or —_
649,156,897 / 4,835,000 - (1/4) = 33.56 feet

(The actual length of this cable is 10.09 meter33t feet, which is
about 1% off the calculated result.)

14



5.2.3. Velocity factor measurement

For a known resonant frequency and physical leafthcable, the actual value of the
velocity factor can be easily measured:

1. Locate a resonant frequency as described above.
Example:

10.09 meters (33.10 feet) of open-circuited cable.
Resonant frequency is 4835 kHz at the 1/4-wavetpoin

2. Calculate the speed of electromagnetic wave incidiide. Divide the length by
1/4, 1/2, 3/4, etc. (depending on the locatiorhefriesonant frequency), then
multiply by the resonant frequency (in Hz).

Example:

10.09/ (1/4) - 4,835,000 = 195,140,600 meterspeond
- or —_

33.10/(1/4) - 4,835,000 = 640,154,000 feet peoise

3. Finally, find the velocity factor. Just divide thbove speed by the
electromagnetic constant.

Example:
195,140,600 / 299,792,458 = 0.65

- Or —_
640,154,000 / 983,571,056 = 0.65

5.2.4. Cable fault location

To locate the position of the probable fault in table, just use the same method as
when measuring its length. Watch the behavior efrédactive component (X) near the
zero frequency:

If the value of X is moving from - to 0, the cable is open-circuited.
If the value of X is moving from O to + the cable is short-circuited.

[Please notice that RigExpert AA-520 displays alnsolalue of the reactance.]
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5.2.5. Making 1/4-, 1/2- and other coaxial stubs

Pieces of cable of certain electrical length aterotised as components of baluns
(balancing units), transmission line transformeardalay lines.

To make a stub of the predetermined electricaltleng
1. Calculate the physical length. Divide the electrgn&tic constant by the
required frequency (in Hz). Multiply the result the velocity factor of the
cable, then multiply by the desired ratio (in redpe ).
Example:
1/4- stub for 28.2 MHz, cable is RG-58 (velocity faci®0.66)
299,792,458 / 28,200,000 - 0.66 - (1/4) = 1.75mset
- or —_
983,571,056 / 28,200,000 - 0.66 - (1/4) = 5.7% fee
2. Cut a piece of cable slightly longer than this ealGonnect it to the analyzer.
The cable must be open-circuited at the far end#r, 3/4- , etc. stubs, and
short-circuited for 1/2- , 3/2-, etc. ones.

Example:

A piece of 1.85 m (6.07 ft) was cut. The margia@scm (0.33 ft). The
cable is open-circuited at the far end.

3. Switch the analyzer to tHgéhow allmeasurement mode. Set the frequency the
stub is designed for.

Example:
28,200 kHz was set.
4. Cut little pieces (1/10 to 1/5 of the margin) froine far end of the cable until the
X value falls to zero (or changes its sign). Do fooget to restore the open-
circuit, if needed.

Example:

11 cm (0.36 ft) were cut off.

16



5.2.6. Measuring the characteristic impedance

Thecharacteristic impedance one of the main parameters of any coaxial cable
Usually, it is printed on the cable by the manuiaet. However, in certain cases the
exact value of the characteristic impedance is anknor is in question.
To measure the characteristic impedance of a cable,
1. Connect a non-inductive resistor to the end ofcdid@de. The value of this
resistor is not important. However, it is recommehtb use 50 to 100 Ohm
resistors.

Example 1: RG-58 cable with 51 Ohm resistor atfénend.
Example 2: Unknown cable with 51 Ohm resistor atfdr end.

2. Enter theR,X graphmode and make measurement in the full frequenuye.a

Example 1: RG-58 cable

Example 2: Unknown cable

[Please notice that RigExpert AA-520 displays alnsolalue of the reactance.]
3. Changing the display range and performing additisoans, find a frequency
where R (solid line) reaches its maximum, and agrdifequency with
minimum. At these points, X (dotted line) will ceothe zero line.
Example 1: 6.5 MHz — max., 12.25 MHz — min.
Example 2: 13.25 MHz — max., 29.5 MHz — min.

17



4. Switch the analyzer to tHghow allmeasurement mode and find values of R at
the previously found frequencies.

Example 1: 54.4 Ohm — max., 51.1 Ohm — min.
Example 2: 75.2 Ohm — max, 52.1 Ohm — min.

5. Calculate the square root of the product of thesevialues.

Example 1: sqgrt (54.4 - 51.1) =52.7 Ohm
Example 2: sqgrt (75.2 - 52.1) = 62.6 Ohm

5.3. Measurement of other elements
Although RigExpert antenna analyzers are desigoedde with antennas and antenna-

feeder paths, they may be successfully used toureaarameters of other RF
elements.

5.3.1. Capacitors and inductors

Analyzers can measure capacitance from a few pbaat 0.1 F as well as
inductance from a few nH to about 108.

Be sure to place the capacitor or the inductol@®eas possible to the RF connector
of the analyzer.

1. Enter the R,X graph mode and select the full scaprange. Perform a scan.

Example 1: xafple 2:
Unknown capacitor Unkmoinductor

2. By using left and right arrow keys, scroll to tmequency where X is -25:100
Ohm for capacitors or 25100 Ohm for inductors. Change the scanning range
and perform additional scans, if needed.

[Please notice that RigExpert AA-520 displays alnsolalue of the reactance.]

3. Switch to theéShow allmode and read the value of capacitance or indoetan
18



Example 1: xaple 2:
Unknown capacitor Unkmoinductor

[Since RigExpert AA-520 can not determine the sigreactance, it displays both L
and C parameters.]

5.3.2. Transformers

The analyzer can be used for checking RF transia:n@onnect a 50 Ohm resistor to
the secondary coil (for 1:1 transformers) and $#éR graplor R,X graphmodes to
check the frequency response of the transformaril&ly, use resistors with other
values for non-1:1 transformers.

5.4. RF signal generator

The output signal level is about +10 dBm for RigerpAA-230/AA-230PRO and
about +5 dBm for RigExpert AA-520 (at the 50 Ohradh Therefore these analyzers
can be used as sources of RF signal for varioysopes. Enter thEWR moder the
Show all modepres{8Jd to start, then press ti] key to generate the uninterrupted
RF signal.

19



6. TDR (Time Domain Reflectometer) mode

[This mode is available in RigExpert AA-230PRO aohly

6.1. Theory

Time domain reflectometers are electronic instrusiesed for locating faults in
transmission lines.

A short electrical pulse is sent over the line, Hreh a reflected pulse is observed. By
knowing the delay between two pulses, the spedéidiifand the cable velocity factor,

the DTF (distance-to-fault) is calculated. The atagke and the shape of the reflected
pulse give the operator idea about the natureeofatlt.

Impulse response:

Instead of a short pulse, a “step” function mayémet over the cable.

Step response:

20



Unlike many other commercially-available reflectders, the RigExpert AA-230PRO
does not send pulses into the cable. Instead, ant@thnique is used. First, R and X
(the real and the imaginary part of the impedaace)measured over the whole
frequency range (up to 230 MHz). Then, the IFFvé€hse Fast Fourier Transform) is
applied to the data. As a result, impulse respanslestep response are calculated.

(This method is often called a “Frequency DomaifidReometry”, but the “TDR”
term is used in this document since all calculatiare made internally and the user can
only see the end result.)

The vertical axis of the resulting graphs displngsreflection coefficient: =-1 for
short load, 0 for matched impedance loa@4{ZZo), or +1 for open load. By
knowing the cable velocity factor, the horizonteilsas shown in the units of length.

Single or multiple discontinuities can be displagedthese graphs. While the
Impulse Response graph is suitable for measurstgrite, the Step Response graph
helps in finding the cause of a fault.

See the examples of typical Step Response graptieorext page.
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6.2. Practice

Presqg + A or [§ + H to open Impulse Response (IR) or Step Response (SR)
graphs.

Impulse Response and Step Response graphs

The characteristic impedance and the velocity fastthe cable, as well as display
units (meters or feet) may be changed inSh#ings menu

Thei key starts a new measurement, which will take aBugeconds. You may
disconnect your antenna or leave it connectededahend of the cable. This will only
affect the part of the graph located after the @fritie cable.

Use the arrow keys to move the cursor or to chaémgelisplay range. Watch the
navigation bar at the top-right corner of the soreesee the current position of the
displayed part of the graph.

Theld key will start a new measurement, saving resultsig of 10 memory
slots. ThefE] key will retrieve saved data. Use {g+ ] combination to edit
memory names, if needed.

As usual, thdfl] key will display a help screen for this mode.
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RigExpert AA-230/AA-230PRO/AA-520:

This device complies with Part 15 of the FCC Ru@geration is subject to the
following two conditions: (1) this device may na@use harmful interference, and (2)
this device must accept any interference receietding interference that may
cause undesired operation.

NOTE: This equipment has been tested and foundrtgoty with the limits for a Class

A digital device, pursuant to Part 15 of the FCQeRuThese limits are designed to
provide reasonable protection against harmful fatence when the equipment is
operated in a commercial environment. This equigrgenerates, uses, and can radiate
radio frequency energy and, if not installed aneldugs accordance with the instruction
manual, may cause harmful interference to radionsomcations. Operation of this
equipment in a residential area is likely to causenful interference in which case the
user will be required to correct the interferenchiga own expense.

Copyright © 2007-2009 Rig Expert Ukraine Ltd.
http://lwww.rigexpert.com

RigExpertis a registered trademark of Rig Expert Ukraing: Lt

10-Oct-2009, firmware ver. 304
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