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27.1

INTRODUCTION
Modern gliders invariably have 2-way VHF radios and ever increasingly sophisticated avionics such as
FLARM, electric variometers, glide and navigation computers and flight data loggers. This equipment
needs to be properly installed, tested and maintained since it provides considerable safety benefits as
well as aiding the pilot’s soaring performance. This chapter aims to give the basic theory and useful
knowledge to enable an Annual Inspector to undertake these tasks.
This chapter should be read in conjunction with the BSE Electrics Chapter.
There are no specific inspection requirements during the Annual Inspection, other than testing the
equipment is; securely installed, without risk of electrical overheating, suitably fused and is operating
correctly. If FLARM is installed, the firmware and obstacle files should be checked at the Annual
Inspection to ensure they are the current versions.
In this Chapter:






Basic radio theory is explained;
The characteristics of a modern VHF com radio are discussed;
Antennae are explained and demystified. Poor antenna connection or tuning are frequent causes of
poor radio performance so best practice detail is provided;
A look at avionic devices in general, including information to assist installation and inter-connection.
FLARM, its installation and maintenance are discussed as they are an important safety aid to see
and avoid other similarly equipped aircraft.

Throughout this chapter the term “VHF Com radio” means the 2-way VHF aircraft band communications
radio, elsewhere sometimes referred to as Com, Radio or Transceiver. The term “Antenna” (plural =
“Antennae”) is the receiving and/or transmitting element attached to a radio, elsewhere sometimes
referred to as an aerial.
Acknowledgement: The Antenna section contains content modified from the “XCOM Dummies guide to
aircraft antennae 2007”.

27.2

RADIO BASICS

27.2.1

RADIO WAVES
Radio waves are a type of electromagnetic radiation. Electromagnetic radiation is transmitted in waves of
particles in a broad range of wavelengths and frequencies known as the electromagnetic (EM) spectrum.
The spectrum is generally divided into seven regions in order of decreasing wavelength and increasing
energy and frequency. The common designations are: radio waves, microwaves, infrared (IR), visible
light, ultraviolet (UV), X-rays and gamma-rays.
The radio wave region of the spectrum is divided into 9 bands as follows:
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Table 27-1 Radio band frequences
Band

Frequency Range

Wavelength Range

Extremely Low Frequency (ELF)

<3 kHz

>100 km

Very Low Frequency (VLF)

3 to 30 kHz

10 to 100 km

Low Frequency (LF)

30 to 300 kHz

1 m to 10 km

Medium Frequency (MF)

300 kHz to 3 MHz

100 m to 1 km

High Frequency (HF)

3 to 30 MHz

10 to 100 m

Very High Frequency (VHF)

30 to 300 MHz

1 to 10 m

Ultra-High Frequency (UHF)

300 MHz to 3 GHz

10 cm to 1 m

Super High Frequency (SHF)

3 to 30 GHz

1 to 1 cm

Extremely High Frequency (EHF)

30 to 300 GHz

1 mm to 1 cm

The frequency band allocated internationally for aircraft communications, and used by sailplanes, is
referred to as the “Airband”. It lies in the VHF band and is specified as 118.000 MHz to 136.975 MHz.
Commercial and general aviation aircraft flying in remote areas will likely also be fitted with HF radio
which has longer range than VHF.
27.2.2

WAVELENGTH AND FREQUENCY
The wavelength is the distance between peaks or troughs within a single oscillation of a transmission.
Imagine a wave moving across the water - as each wave hits the shore, the water rises and falls, and
there are the peaks and troughs in the height of the water. A radio signal travels in the same way and the
wavelength is simply the distance between two consecutive peaks or troughs.
Frequency is simply the number of waves emitted per second. A frequency of 118.000 MegaHertz (MHz)
means that 118 million waves are emitted each second. Now, if more waves are emitted each second,
then they must be closer together, so this means that the higher the frequency the shorter the
wavelength.

27.2.3

HOW FREQUENCY AND WAVELENGTH ARE RELATED
Electromagnetic waves always travel at the speed of light (299,792 km per second). This is one of their
defining characteristics. In the electromagnetic spectrum there are many different types of waves with
varying frequencies and wavelengths. They are all related by one important equation: Any
electromagnetic wave's frequency, multiplied by its wavelength, equals the speed of light.
Frequency of oscillation x Wavelength = speed of light
We can use this relationship to figure out the wavelength or frequency of any electromagnetic wave if we
have the other measurement. Just divide the speed of light by whichever measurement you have and
then you've got the other.

Figure 27-1 Radio wave and frequency equations
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Since the frequency range for the aircraft band is from 118.000 MHz to 136.975 MHz, then the aircraft
band wavelength is approximately 2.2 metres. This wavelength is an important dimension as it dictates
the size of antenna required, though fortunately a full wavelength is not needed.
27.2.4

USING RADIO WAVES
It is a basic fact of physics that when electrons move as an electric current in a wire, an electromagnetic
field is created around that wire thus radiating energy in many directions. Similarly, if a wire is placed in
an electromagnetic field of waves, the field will cause electrons to flow in the wire.
Wikipedia has an excellent animated
representation of how electromagnetic
waves cause a current to flow in an
antenna. See:
https://en.wikipedia.org/wiki/Radio_wav
e
A screen shot of this is shown on the
right:

Figure 27-2 Half-wave dipole antenna
So to communicate with radio waves we start by using a crystal-oscillator controlled frequency
synthesiser to accurately create electric current waves at the desired frequency within the Airband. This
is referred to as the carrier wave. Signal information (eg a voice message) is then added to the carrier
wave by modulation (see next section). The radio frequency electric current waves are transferred by
special screened connecting cable (which minimises the escape of energy as electromagnetic waves) to
a carefully tuned antenna which maximises the conversion of the electric current waves into
electromagnetic waves of the desired frequency. The transmitted electromagnetic field travels from the
antenna in many directions and at the speed of light.
If another antenna is placed in the electromagnetic field, then a small electric current will be generated in
the antenna wire at a frequency corresponding to the transmitted wavelength. The signal electric current
produced is very small but can be maximised by tuning the length of the antenna to the wavelength of the
electromagnetic wave and also matching the antenna polarisation (see later section) with the transmitter
polarisation. The radio frequency electric current is conveyed by screened cable (which minimises the
escape of energy as electromagnetic waves and introduction of interference) to the radio. At the radio,
the radio frequency signal is amplified and processed (demodulated) by the radio to leave only the signal
information (eg voice message) as an output.
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27.2.5

MODULATION
A “carrier” wave, as discussed in the previous section, does not contain any message information. The
simplest way to convey a message is to key on/off the carrier wave, eg Morse Code, but this is
inconvenient and inefficient. However, this is still the way that pilots can turn on runway lights at some
airfields just by keying their VHF com radio a few times in regular succession.
In order to convey a message by radio, the carrier wave at the transmitter needs to be combined, referred
to as “modulated”, with the analogue voice or digital data message signal. Then at the receiver, the
carrier wave needs to be “demodulated” (eg a low pass filter) to recover the message signal.
The two most common ways to modulate the carrier wave with a message signal are:

27.3



Amplitude modulation (AM). The power, or amplitude, of the signal is varied, or modulated, at a
rate corresponding to the frequencies of an audible signal such as voice or music. AM radio has a
long range, particularly at night, but it is subject to interference that affects the sound quality. When
a signal is partially blocked, the volume of the sound is reduced accordingly. Aircraft band voice
communications uses AM.



Frequency modulation (FM). The amplitude of the signal remains constant while the frequency of
the carrier wave is varied slightly higher or lower at a rate and magnitude corresponding to the
audio or data signal. This results in better signal quality than AM because environmental factors do
not affect the frequency the way they affect amplitude, and the receiver ignores variations in
amplitude as long as the signal remains above a minimum threshold.

VHF COM RADIOS
A VHF Com Radio is a combined Airband radio transmitter and receiver in one package with a single
antenna. It operates in half-duplex mode in that it is either receiving or transmitting but not both at the
same time. By default, the radio is in receive status unless the operator activates transmit.
There are numerous brands of aircraft radios on the market. Since they all must communicate with each
other, they must carefully comply with international technical standards. Over time, the physical form,
technical features and methods of operating the different brands of radios commonly used in sailplanes
have become very similar but are still different so the manufacturer’s user/installation manual is the
primary source of information.
Hand-held VHF Airband com radios are readily available but their range is usually far less than a well
installed radio and, as a loose object in the cockpit, they may be an inflight hazard.
An installed VHF com radio system usually comprises the following components and these are discussed
in the following text:







27.3.1

VHF com radio unit
Microphone and Press To Talk (PTT) switch
Loudspeaker
Antenna
Antenna-Radio cable
Wiring harness (to connect the above components)

GOLDEN RULES - WARNING!
Before going any further, there are a few Golden Rules when working with radios that need to be
observed:
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DO NOT transmit without an antenna connected that is suitable for the radio’s frequency operating
range.
DO NOT transmit with a damaged coax cable.
DO NOT transmit with a disconnected coax cable
DO NOT transmit when the antenna is grossly out of tune i.e. SWR greater than 3:1

Failing to comply with any of the above may cause the reflected power (ie power normally radiated by the
antenna) to severely damage the radio.
27.3.2

THE VHF COM RADIO
Most countries divide the 19 MHz of the Airband into 760 channels of 25kHz bandwidth and use
amplitude modulation voice transmissions, on frequencies from 118–136.975 MHz, in steps of 25 kHz.
Hence the product name of many VHF com radios includes the number “760”.
In Europe, to create more available channels each ‘760 channel’ has been further divide into three
channels of 8.33 kHz bandwidth, thus permitting 2,280 channels. These 8.33kHz radios are compatible
with 25kHz spaced frequencies. At the time of editing, Australia has no published plan to use the new
channels created by 8.33kHz bandwidth.
Aircraft VHF radio communications worldwide uses amplitude modulation. A typical sailplane radio has
an output of 5-10 watts Radio Frequency (RF) output.
The usual physical form of modern VHF com radio found in sailplanes is a rectangular box typically 60 x
60 x 200mm. They are designed to be installed in a standard 57mm (2 ¼”) circular instrument panel hole
(from behind the panel) and secured using 4x mounting screws through the panel.

Figure 27-3 Example VHF com radio panel mounted
Some manufacturers offer a remote-controlled version which allows the controller “head” to be installed in
instruments panels lacking depth whilst the main box is installed elsewhere. Eg Becker RT6512.

Figure 27-4 Remote VHF com radio and controller head
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It is best practice to install the radio with its own dedicated fuse/circuit breaker. The manufacturers’
recommended value is often 3A but check with radio’s user/installation manual.
The radio case is usually metal and often has its own grounding connection which is important to
minimise interference.
In a 2-seat tandem glider, the VHF com radio should be fitted in the panel of the cockpit used for solo
flight, usually the front cockpit. This has the unfortunate disadvantage that an instructor in the rear seat is
unable to adjust the radio frequency/volume in flight. If this is an important issue, then a rear seat ‘remote
radio head’ which connects to the main radio may be a suitable solution (Eg Trig TY91).
27.3.3

MICROPHONE AND PTT
A microphone, colloquially called a mic or mike, is a transducer that converts sound into an electrical
signal.
There are two types of microphone commonly used in aviation and many radios can be set to
accommodate either. Care is needed to ensure the type of microphone used is suitable for the radio and
the radio properly configured. The two types of microphone are:
 The dynamic microphone. A coil is glued to the rear of a membrane, and there is a strong magnet
surrounding this coil. When sound waves hit the microphone, the membrane moves to the rhythm of
the sound waves, and the coil on its back moves along with it. The relative movement of the coil
within the stationary magnetic field induces a small signal voltage in the coil. (This is effectively a
loudspeaker in reverse). The output signal level is low. Some brands of VHF com radios have a
special input connection and internal amplification for this type of mic. Other brands require an add-on
mic amplifier to be used or deem this type not suitable.
 The electret microphone (a statically pre-charged form of condenser microphone). This uses a
vibrating diaphragm as a capacitor plate that varies the capacitance in sympathy with the sound wave.
This is probably the most common microphone type in use in aviation. They are small in size and can
have noise cancelling capability. They are a high signal device and thus do not normally require
amplification. It is important to wire an electret microphone with the correct polarity as it must have a
voltage bias applied to it by the radio.
Any mismatch in the antenna tuning can set up standing waves currents along the outside of the antenna
coax which are capable of electromagnetically inducing unwanted signals into microphone wires. This is
the cause of many of oscillation and feedback problems. To protect against interference:
 Do not run the microphone cable alongside the antenna coax, keep them separated as much as
possible, and;
 Use screened cable between microphones and the radio should be via screened cable where the
screen is grounded on one end only.
It is normal for the microphone to be mounted on the end of a flexible gooseneck and to activate it with a
PTT (Press To Talk) button switch on the control stick. This means the pilot can position the microphone
near his mouth, has both hands available to fly the aircraft and can activate the radio via the PTT without
letting go of the control stick. The PTT cable where it enters or is attached to the control stick should be
checked at each Annual Inspection as it may be subject to fatigue as the stick is moved.
It can be convenient for maintenance to connect the microphone/gooseneck to the in-fuselage wiring via
a good quality connector, such as a miniature DIN 3-pin, maintaining the screening through the
connector. This enables easy disconnection and removal for maintenance.
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In two seat gliders with a single radio, the radio usually has separate input pins for each microphone and
each PTT. When two microphones are used, some radios require the microphones to be of the same
type ie matched, whilst some radios have different inputs and/or internal software configuration to allow
un-matched microphone pairs. Read the installation manual carefully to ensure a valid configuration.
27.3.4

LOUDSPEAKERS
Loudspeakers convert electrical energy into sound waves using an electro-magnet to excite and vibrate a
diaphragm. A speaker is described by its impedance (usually 4 ohms or 8 ohms), power handling
capability (typically 5 watts) and its physical size. The speaker’s impedance must match and the power
rating match or exceed the radio/device’s specification.
Note: Impedance = resistance + reactance (due to capacitance and induction created by alternating
current signals).
Adding a second speaker in series or parallel will result in a different impedance to the individual
speakers (in accordance with resistive network theory) and is best avoided. In a two-seat tandem glider
with a single speaker, it is usually best to mount the speaker in or on the rear instrument panel so as to
position it between the two pilots where both can similarly hear a reasonable volume setting.
Do not ground wires feeding loudspeakers unless the radio installation instructions state this is required.
Do not connect speakers to headphone outputs or headphones to speaker outputs.
You cannot simply connect multiple input sources to the same speaker. Whilst there are electronic
mixer/amplifiers that can combine multiple input sources into one output, this is done at low signal levels
prior to the main amplification. It is thus normal in sailplanes to have separate speakers for the radio and
electronic variometer(s).
All speakers contain a powerful magnet that can affect a magnetic compass. It is best to mount it as far
away as practical from the compass to avoid erroneous compass readings. After a new radio installation,
you should re-swing your compass, including radio transmit and receive operation, to confirm the
compass is not unduly affected.

27.3.5

RADIO WIRING HARNESS
Connections to modern radios are usually via a male sub-miniature D socket (often 15 or 25 pin) on the
rear of the radio. This socket usually provides all connections except the antenna and a case/chassis
ground. This enables the radio to be easily disconnected and removed from the sailplane in the event of
requiring service.
Some manufacturers provide a matching female D plug with pre-soldered wires as a wiring harness.
Other manufacturers provide a wiring diagram and perhaps an unwired male socket for the installer to
solder wires to.
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There is no common standard shared by
manufacturers for the wiring of the connectors
used in radio wiring harness. If you replace a
radio with a different model or brand, even if the
new radio looks like it will simply plug into the
existing harness, you must read the installation
manual and ensure the correct wiring is
configured at the connector pins or you may
damage the radio.
An example of a VHF com radio wiring harness
and its wiring diagram are shown below
(acknowledgement to Microair):
Figure 27-5 VHF com wiring harness

Figure 27-6 VHF com example D-plug wiring diagram

27.4

ANTENNAE

27.4.1

ANTENNA BASICS
An antenna is a transducer that enables:
 Transmission by converting radio frequency electric current into electromagnetic waves that are then
radiated into space, or
 Reception by converting electromagnetic waves into radio frequency electric current
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An antenna consists of an active/driven element and a ground plane element. In physical form, antennae
are either a dipole antenna (two conducting elements are clearly visible) or a monopole antenna (one
active element is visible and the other, the ground plane, is not so obvious).

Figure 27-7 Forms of antennae
The physical length of the antenna’s active element needs to be matched/tuned to the frequency range of
use. Antenna lengths of 1, ½, ¼ or 1/8 of the wavelength of the mid frequency of the required band are
all suitable. Generally, the longer the length of antenna, the greater output strength. For practical
reasons, the optimum length of a sailplane antenna’s active element should match one quarter of the
wavelength of the frequency being used.
The ground plane element of an antenna should be of similar equivalent electrical size to the active
element. Where the two elements are physically aligned as a ’dipole’, they are usually described as halfwave dipoles as each element is ¼ of a wavelength. Monopole antennae, such as a whip antenna, are
usually described as ¼-wave whip but must still have an equivalent ground plane.
The ground plane (sometimes referred to as the counterpoise) is simply the 'grounded' side of the
antenna. All antennae require a suitable ground plane but there are several different ways of achieving
this for a monopole antenna, such as:

Use the aircraft skin (on metal aircraft)

Use a foil or aluminium sheet inside the aircraft

Use wires radiating from the base of the antenna

Use a tuned coil of wire built into the base of the antenna
27.4.2

ANTENNA POLARISATION
The term “Polarisation” simply refers to the orientation of the electromagnetic radio wave being
transmitted from the antenna. A vertical antenna radiates a vertically polarised signal and a horizontal
antenna radiates a horizontally polarised signal. For good communication, the transmitting and receiving
antennae need to have the same orientation.

Figure 27-8 Antennae polarisation
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For aircraft band frequencies, vertical polarisation is the standard. Thus, a sailplane’s antennae radiating
element should be mounted so as to as near vertical as possible with the sailplane in a straight and level
flight.
An Airband radio with a vertical antenna is omni-directional in that theoretically it transmits/receives
equally in all horizontal directions. However, the structure of the sailplane may degrade the signals in
some directions eg a tail-mounted antenna may have a weak zone in the forward direction.
27.4.3

TYPES OF AIRCRAFT ANTENNA
There are several different types of antenna available for aircraft. Some are expensive, some are cheap,
some are designed to be used externally and others are designed to be used internally ie inside the
aircraft structure. All Airband antennae have a designed input impedance of 50 ohms
For practical reasons, most modern GRP gliders have a vertical half-wave dipole built into the vertical
stabiliser during construction. Accessing such an antenna or the point of connection of the cable to the
antenna is likely to be very difficult, however such antenna installations are generally very reliable. To
prolong the life of a tail antenna, do not pull or strain the antenna cable.
There are hundreds of antennae on the market with many different features but they can be split into the f
major groups shown in the table below:
Table 27-2 Antennae groups
Internal dipole antennae - The most
common dipole is the half wavelength
dipole antenna which has two 1/4
wave 'elements' placed end to end with
the connection point at the centre.

Fibreglass or stainless-steel whip
antennae —these are 1/4 wave
antennae most suited to ultralight
aircraft, sailplanes, sport aircraft, etc.
Fibreglass rigid antennae - more
expensive 1/4 wave antennae like the
Comant 121 model which offer
extremely good SWR readings across
the entire aviation band and offer
excellent performance. Often seen on
GA aircraft.
Base station antennae - usually longer
in length than standard 1/4 wave
antennae, most base station antennae
are 1/2 wavelengths being
approximately 1.2 m long plus a base
section. They are normally 'ground
plane independent' (meaning that the
ground plane is 'in-built') and are
mounted vertically on towers or the
side of buildings. Due to their bulk
they are not suitable for sailplanes.
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27.4.4

WHIP ANTENNAE
In metal aircraft, a whip antenna can be grounded through the antenna mounting screws into the
airframe. In which case, it is important to obtain a good electrical bond where the antenna is mounted by
ensuring the area is free of paint and debris. With many antennae, a backing plate is placed in the
aircraft interior with the antenna connected by mounting screws through the aircraft skin. The backing
plate must obtain a good electrical ground to the aircraft skin by removing the paint. The electrical ground
can be checked by placing a multi-meter between the antenna mounting screw and the aircraft skin. The
reading should be no greater than 0.003 ohm
Wood/fabric sailplanes and modern GRP sailplanes lack a metal frame or body and thus create
challenges when trying to ground a whip antenna. To ensure good communications, care must be taken
to provide an adequate ground plane. For best performance the ground plane should be horizontal and
have a radius of at least one quarter wavelength of the antennae operating frequency, or as large as
practical.
Internal antennae and ground planes will not work inside gliders with carbon fibre reinforcement in the
fuselage. Such gliders usually deliberately have no carbon fibre in the stabiliser and/or rudder so that a
dipole antenna can be installed there.
The location of an antenna on any aircraft is very important. VHF transmissions are line of sight and any
object in the transmission path like the tail plane, other antennae, people or carbon fibre reinforcement
will reduce the performance of the antenna in the direction of the interrupted line of sight. In a perfect
installation the antenna would be located on a flat surface centrally located in the middle of a ground
plane. Unfortunately, this is not always possible and the best position must be a compromise for each
individual aircraft type.
On powered sailplanes, antennae should not be mounted anywhere near an engine exhaust.

27.4.5

CONNECTING THE RADIO TO THE ANTENNA
You cannot use normal parallel-pair wire cable to connect a radio with the antenna – you must use a
coaxial cable, often referred to as 'coax', where one conductor forms a concentric “shield” around a
central core conductor. This cable provides a pathway for the transmission signal and needs to have
physical properties that provide the best possible performance regarding low loss of signal and exclusion
of interference.
In most cases, newly constructed sailplanes come ready installed with an antenna and connecting coax
cable or a purchased antenna comes with a coax cable deemed suitable by the antenna manufacturer or
supplier. However, there may be times when a coax cable must be replaced or extended, so the
following text is provided to aid understanding and selection of suitable cable.

27.4.6

COAXIAL CABLE
Coax cable has a centre wire, a dielectric/insulation layer, a concentric outer braid/foil shield and an outer
protective jacket (see diagrams below). The centre wire carries the signal to/from the antenna and the
outer shield cancels any electromagnetic radiation and suppresses external interference that might
degrade the transmission signal quality.
Every coax cable exhibits capacitance between the centre wire and the braid, and also inductance along
the length of the cable. For coax cables at radio frequencies, the capacitance typically dominates the
impedance value and is thus often stated in a cable’s specification.
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Understanding Impedance
In direct current circuits the relationship of current (I), voltage (V) and resistance (R) is defined by Ohm’s Law V = I x R.
However, with alternating current (such as radio frequency signal fluctuations) in circuits, there is further opposition to the
current changes due to the effects of capacitance and induction known as reactance.
So in alternating current circuits, the relationship equation becomes V = I x Z where Z is called Impedance and measured in
ohms (symbol is Ω). Impedance is the resistance plus the reactance (due to capacitance and induction). The value of
reactance depends on the frequency of the signal as well as the value of the capacitance and induction.

Coax cable is classified by its “characteristic impedance”. The characteristic impedance of a uniform
transmission line is defined as its input impedance when its length is infinite. Characteristic impedance is
determined by the geometry and materials of the transmission line and, for a uniform line, is not
dependent on its length. The importance of this for radio communications is that for maximum power
transfer the radio output impedance, coax cable characteristic impedance and antenna impedance must
all match. VHF com radio coax cables must have a characteristic impedance of 50 ohms. Do not use TV
coax, which has a characteristic impedance of 75 ohms, in sailplanes.
Aside from the characteristic impedance, the most important electrical parameter of coax is probably the
signal loss (sometimes referred to as “attenuation”) per metre. Signal loss in the cable means that a
fraction of the radio’s output fails to reach the antenna or else that the received signal at the antenna is
diminished by the time it reaches the radio. Ideally, we want to choose a cable with low loss. Signal loss
is usually expressed as decibels (dB) per 100m. Decibels is an exponential scale, not a linear scale, so
for example a 3dB loss is equivalent to a reduction to 50% of the input signal level and a 10db loss is
equivalent to a reduction to 10%.
There are several factors that influence the signal loss in a coax cable, the key ones being:





Cross section area and number of stands in centre wire. The bigger the diameter the better the
conductivity but heavier the weight per metre. Theoretically a solid core centre wire has greater
cross section than a stranded core and so less loss. Stranded cores however are more flexible so
less inclined to break.
Dielectric/Insulator thickness and material.
Quality of braiding shield. The fewer gaps in the braiding the less loss of signal and possibility of
interference. This is often specified as the percentage of coverage – the higher the percentage the
better. Copper braid may be further improved by coating with silver. Two layers of braid are
sometimes used as it results in fewer gaps. Foil is an alternative to braid and has no gaps but is
relatively fragile. Composite shields comprising a layer of foil covered in a layer of braid are
available.

For sailplanes, the length of run of the coax cable is relatively short (so the length related loss is usually
fairly small), the RF transmit power is relatively low (4-10W), we need to minimise the weight and choose
a durable flexible cable which will have a long life. In practice this means we are seeking a good quality
50-ohm low loss coax of approx 5mm outside diameter. There is a bewildering choice in the market!
At first glance there appears to be a standard for coax cables (originating from the US military in the
1950s), all commencing with the designation “RG”. For example, RG58 is a 50 ohm (Ω) coax with an
outside diameter of approx 5mm. But the RG standards are no longer officially maintained and have
been superseded in the US by MIL-C-17. Manufacturers may also put to market products that do not
match precisely these standards but may be fit for sailplane use.
The following table summarises a number of appropriate RG specifications for 50 ohm coax and a couple
of manufacturers’ products that might be considered for sailplanes:
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Table 27-3 Typical specifications of suitable coax
Type
Single shield

Code or
brandname
RG58/U
RG58A/U
RG58C/U

Double shield
Low loss

RG8X (Mini 8)
RG142U
RG400
LMR195
Hyperflex 5
Airborne 5

Centre conductor /
Shield
Solid / Braid
Stranded / Braid
Stranded / Braid (noncontaminating jacket”)
Stranded / Braid
Solid / double Braid
Stranded / double Braid
Solid /Foil + braid
Stranded /Foil + braid
Stranded /Foil + braid

Typical Loss/100m
OD mm
@ 100MHz
15.0
5.0
17.0
5.0
17.0

5.0

10.1
10.8
10.8
12.0
8.2
9.4

6.1
5.0
5.0
5.0
5.0
5.0

“Non-contaminating jacket” meaning: Over time, exacerbated by UV and heat, the migration of plasticiser from a PVC jacket
into the polyethylene core of a coaxial cable causes contamination which can significantly alter the high‐frequency transmission
characteristics of the cable. A non-contaminating jacket is less prone to deteriorate in performance overtime.

When comparing signal loss factors, it is important to use consistent units of measure and ensure the
frequency at which the attenuation is measured is close to the Airband range.
Coax cable similar to RG58 is available with an aluminium foil shield instead of a wire braid. Theoretically
foil, having 100% coverage compared to braid having gaps between the braids, has less loss and is
therefore superior. However, foil alone cannot be soldered and if crimped the foil may be damaged by
bending. There are also double shielded cables, that have a braid shield and also a foil shield, which
offer excellent shielding and practicality.
For motor sailplanes with unshielded ignition systems, it is preferable to use RG400 or RG142/U which is
a double shielded coax, or a branded low loss coax, since the extra shielding will reduce interference
noise due to the ignition system.

Figure 27-9 Shielded coax
If choosing a coax to connect a base station with an antenna over 8m away, you might consider a thicker
coax cable, say 10mm outside diameter so as to minimise the losses and because size/weight is not an
issue.
It is good practice and gives the best performance if the coax cable is kept as short as possible. Avoid
sharp bends, do not coil the coax cable to create loops and do not run the VHF antenna coax alongside a
transponder coax to avoid interference problems.
Once the coax is installed, it generally lasts the life of the aircraft so skimping on a few dollars during
installation does not make good sense. You should purchase the best quality coax and connectors that
you can afford and ensure that they are correct for your avionics installation.
If it is required to extend an existing coax cable, do not attempt
to solder or crimp an add-on length to the existing cable as such
a joint would most likely be a cause of signal loss. It is best to
have male BNC plugs on the ends of the cables to be joined
and use a female-female inline connector to join them.
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Potential suppliers of suitable coax cable and connectors in Australia are:

Altronics

Jaycar

radioparts.com.au

rfsolutions.com.au

zcg.com.au

commswestdistribution.co.au
27.4.7

VHF COM RADIO ANTENNA CONNECTORS
When a coax cable needs to be connected to either the antenna or to the radio, it is usually done with a
BNC (bayonet) connector or occasionally a TNC (threaded) connector. These connectors are light,
mechanically strong and reasonably weatherproof. There are numerous manufacturers to choose from.
Right angled versions are available which can be useful where there is a depth issue behind the panel.
They are available in crimped or soldered versions. There are also solderless/crimp-less versions but
these are not good enough for radio frequency use.
If using coax other than standard RG58, then check that the connector matches the coax diameter else
the crimp or securing gland (on a soldered connected) may be the wrong size.

Figure 27-11 RG58 BNC
bayonet (crimp) 50 ohms

Figure 27-12 RG58 TNC
screw on (crimp) 50 ohms

Figure 27-13 RG58 BNC
bayonet (crimp) right-angle
50 ohms

Notes: BNC = Bayonet Neill–Concelman. It features two bayonet lugs on the female connector; mating is fully achieved with a
quarter turn of the coupling nut.
TNC = Threaded Neill–Concelman. This has a screwed coupling nut.
RG59 connectors are designed for 75 ohm cables and should not be use with VHF com radios.

27.4.8

MAKING A COAX PLUG CRIMP CONNECTION
It is a common error to apply too much heat when soldering and this can damage both the plug and the
cable, therefore a crimped connection is usually the best solution. Properly made crimped connections
are very reliable and strong, offering years of service in the field.
Crimped connections need to be performed
with the correct size and profile crimping
tool. An example is shown in the figure
right. The table below describes the
process steps.
Figure 27-14 Typical ratchet crimpers

Version 1 of Chapter 27 Supplement
to BSE Version 24

Date of Issue: TBD

Uncontrolled if Printed

Page 16 of 44

GFA Basic Sailplane Engineering, AIRW‐M05
BSE Chapter 27 Radio, Antennae and Avionics Supplement to BSE Version 24
Table 27-4 The steps for making a crimp connection on a BNC or TNC connector
Step 1. Layout all the parts required for a
crimped connection.

Step 2. Strip back the outer cable shield to
expose the braid and also strip back the
dielectric/insulator to expose the cable core.
Experimentation on a practice piece may be
required to establish how much strip back.
Step 3. Slide the ferrule over the cable, out of
the way for now. Position the contact pin on the
exposed cable core and then crimp the contact
pin in place.
Step 4. Insert the cable into the rear of the BNC
connector until you hear the contact pin click
into position.
Step 5. Slide the ferrule back down the cable
until it is firmly seated on the base of the BNC
and crimp into position using an appropriate
size crimping tool.

Finally, check the coax cable and BNC fitting for physical security and electrical continuity to make sure
the connection has been completed correctly.
27.4.9

ANTENNA PERFORMANCE
The Voltage Standing Wave Ratio (VSWR), or SWR for short, of an antenna is a measure of how
efficiently the radio is radiating the energy it produces when it transmits. It is represented as a ratio and is
generally, all though not accurately, referred to as the ratio of emitted power to reflected power within an
antenna.
You don't need to know what it actually is in order to measure it; you just need an SWR meter to get three
simple readings.
Every new antenna installation in an aircraft, regardless of the quality of the antenna, should be checked
with a SWR meter before first flight. For existing antenna installations, if faults are suspected with the
radio or antenna then a SWR test may help verify the issue.
SWR meters are readily available in electronics shops and on the internet. Make sure the meter covers
the Airband frequency range and comes with the appropriate connectors.
Here is what you need to know:


The scale on a SWR meter reads from 1 to infinity. The smaller the number, the better the SWR
reading and the antenna will perform. The scale is not linear, it is logarithmic. From 1 to 3 covers
more than half of the scale on a SWR meter. The remainder covers 3 to infinity.
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The ideal number to aim for on the SWR meter is 1:1 (pronounced 1 to 1) but this is rarely achieved.
This means all the energy is being radiated and none being 'reflected' back into the radio. Less than
1.5:1 is very good. A SWR of 2:1 or less is OK. It is generally regarded that a SWR reading of less
than 2.5:1 is acceptable for aviation use, but the intention is to get the SWR as low as possible.



A SWR reading of more than 3 may be hazardous to a radio. This is often marked in red on the SWR
scale. Because of the logarithmic scale, you don't have to be far into the red before you are into the
big numbers!



The Airband covers a very wide range from 118.000 MHz up to 136.975 MHz. For any given
frequency there is a corresponding wavelength and one ideal length of antenna. Because we are
changing frequencies often, it stands to reason that the actual length of our antenna must be a
compromise since we can't keep changing the length of the antenna every time we change
frequency. Most aircraft antennae are tuned in the middle of the Airband frequency (usually 127
MHz) and we accept a compromise of the SWR reading at frequencies above and below this middle
frequency.



In practice the size and shape of the antenna's ground plane can also affect the SWR of an antenna.
(no ground plane = high SWR)



ATC radio transmissions are vertically polarised, as described earlier. This means that your aircraft
antenna should be installed so as to be more vertical than horizontal for best performance.

27.4.10 THE EFFECT OF ANTENNA DIAMETER/WIDTH ON PERFORMANCE
Generally, a larger diameter/width antenna will give a broader band performance. That is, an antenna that
is large in diameter or flat and wide like the internal dipoles, will give a much better broadband
performance than a thin stainless-steel whip antenna. When a thin stainless-steel antenna is tuned to
127 MHz (roughly the middle of the aircraft band) the maximum broadband performance it can give is
around 5 MHz (ie 2.5MHz either side of 127 MHz) whereas larger diameter antennae can give broadband
performance over 10 MHz range.
The following two graphs are a good indication of how a wider diameter antenna can generally provide
better performance. The graph on the left-hand side shows a performance chart for a Mobile 1 base
station antenna.
Reading the graph at 118 MHz shows a SWR of less than 1.6:1, at 126 MHz it is 1:1 and 136 MHz it is
around 1.7:1 making this a fantastically performing antenna across the entire Airband range.
The graph on the right however shows a stainless-steel whip type antenna which is tuned to 124 MHz
where it has a SWR reading of around 1.1:1 which is great. Unfortunately, at 129 MHz the antenna is
already above our upper limit of 3:1 SWR and the same at the lower frequency of around 121 MHz. What
this means is the stainless-steel whip type antenna will perform really well at around 124 MHz but its
performance drops off quickly when the radio is moved off this frequency. This antenna should not be
used for any frequencies lower than 121 MHz or higher than 129 MHz because of the risk of radio
damage.
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Figure 27-15 Example SWR results graphs

27.4.11 USING A SWR METER
Connect the antenna BNC plug to the side of the SWR meter marked antenna. Connect the radio to the
side of the SWR meter marked transmitter. In other words, the SWR meter is connected between the
radio and the antenna.

Figure 27-16 SWR meter between radio and antenna
Rig the aircraft and move it well away from hangars. Conducting SWR tests inside a hanger is a
complete waste of time because the meter will measure the signal bouncing off the metal from the hangar
and give a high reading!
Firstly, set the first frequency to 118.000 MHz and calibrate the SWR meter by doing a brief transmission
on the calibrate setting and adjust the power needle to the 'set' position (100% full scale deflection) using
the knob on the front of the meter. Make sure the frequencies you use are not in use at your location.
If you have the most common SWR meter which is a single dial meter, you will have to switch between
calibrate and SWR operations and note the readings.
Note: You don't need to talk to anyone; in fact you don't even need your headset plugged in. You are just
measuring the efficiency of the 'carrier wave', not the modulation (voice signal).
Then repeat the operation above on 127.000 MHz and again on 136.975 MHz. This will give us three
SWR readings across the entire aircraft band. One reading is at 118.000 MHz, the second reading at
127.000 MHz and a final reading at 136.975 MHz.
A typical example set of SWR readings follows:
118.000 MHz = 2.3 :1
127.000 MHz = 1.5 :1
136.975 MHZ = 2.8 :1

From these three readings we can see that the antenna is best at 127 MHz, it is not too bad at 118 MHz
but the SWR readings get high at 136 MHz. This tells you that the antenna is going to perform better in
the central and lower frequencies than it is at the top of the frequency range.
In this example the antenna is not perfect especially at 136 MHz but it will do the job.
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We would like to get a better reading and to do this ideally you would tune the antenna. However, many
sailplane antennae are built-in during manufacture, are inaccessible and thus untuneable. We should
take comfort that the antenna was carefully selected by the sailplane manufacturer to be suitable and
provided the Airband frequency range has not changed, it should be adequately tuned.
If a SWR test suggests that an installed antenna is poorly tuned, then the most likely cause is the
connecting cable or the deterioration of the connection (eg strain induced disconnect or corrosion) of the
coax to the antenna. Accessing the latter may be challenging.
27.4.12 HOW TO TUNE ANTENNAE
Many of the more expensive add-on antennae come pre-tuned and it is pretty much impossible to make
tuning changes to the antenna. Some of the cheaper antennae however have the ability and the
requirement to be tuned in each installation. The procedure for tuning is:


If it is a whip antenna, screw the antenna onto the antenna base as far as it will go and ensure you have a
suitable ground plane with good electrical contact. A poor ground plane will cause your antenna to be
grossly out of tune and cannot be remedied by tuning the whip as described below.



Note the SWR readings at the three frequencies 118.000, 127.000 and 136.975 MHz. To get correct
readings, keep people and metallic items away from the antenna.



The higher the frequency, the shorter the required antenna length. You should try to adjust towards the
frequency with the higher SWR, so in the previous example we need to adjust towards the higher frequency
(136.975). This means we need a shorter antenna, so we can trim one or two millimetres off the top of the
antenna and recheck the SWR.



If the SWR is higher on the lower frequency, then (the lower the frequency the longer the antenna) we need
to lengthen the antenna.



Take care - it may not be possible to get 'flat line' in all cases. If the SWR reading starts to increase again
before reaching 1:1, then you have gone too far, so stop cutting.



When you have the best SWR reading you can, remove the meter and reconnect the coax directly to the
radio. Go for a fly and get a proper radio check.

Transmitting (more than 1-2 sec for test purposes) without an antenna connected or with an antenna
grossly out of tune could damage the radio. The energy produced by the radio when in transmit mode
needs to radiate (and hence dissipate heat). If it is unable to do so (for whatever reason) it will be
reflected back into the radio and likely damage the power amplifier circuit.

27.5

AVIONICS

27.5.1

AVIONICS INTRODUCTION
Aside from VHF com radios, modern sailplanes frequently have an array of avionics installed in the
instrument panel such as:







FLARM – other aircraft detection, relative location display and collision hazard warning
Electric variometer
GPS navigation
Map display
Flight computers
Track and height logging

All these devices require power, some require antennae or sensors and often they also require
interconnection to transfer data.
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Pilots may choose to supplement the installed avionics with portable/temporarily fitted personal devices
(eg Oudie) running flight computer software and flight loggers (eg Nano). Whilst these can often function
independently, pilots may wish to connect them to the sailplane’s power system and exchange data with
installed avionics.
Whilst there are trends towards devices with integrated multiple functions, and Bluetooth radio is
sometimes a connection option, it looks likely that sailplane cockpits will continue to require the physical
interconnection of multiple devices for many years.
Fortunately there are some standards and conventions in use and manufacturers usually provide good
documentation. However, unless well planned, installed and recorded in the Maintenance Logbook, this
avionics interconnectivity can mean a “spaghetti” of wiring which is difficult to understand and fault find.
27.5.2

IGC STANDARDS FOR DOWNLOADING FLIGHT DATA
A number of years ago, the International Gliding Commission (IGC) devised standards for the connectors
and fittings for downloading flight data. These are published as “Technical Specification for GNSS Flight
Recorders”. Extracts from the Second Edition with Amendment 4a - 10 April 2016 follow below.
Whilst this IGC standardisation has been helpful, unfortunately the IGC appears to have deviated from
the conventional RJ45 plug/socket numbering convention which can cause confusion. The key relevant
parts of the IGC Standard are shown in the Figure below:
6.4 Connectors and Fittings for downloading Flight Data. IGC-approved types of connectors for
downloading flight data are listed in Appendix F. Where a PC is used for downloading, either the RJ45 or
USB connector is recommended because standard wiring to these types includes both power and data
download facilities. The IGC standard connections for the RJ45 are given in Appendix F and the USB
connections are to the international standard.
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Figure 27-17 Extracts from IGC standards
27.5.3

INTERCONNECTION OF AVIONICS
Avionics interconnection can comprise:






Power: May be 12V (nominal aircraft battery voltage), 5V (ie USB voltage level) or 3.3V (data logic and LED
display voltage level)
Data exchange: Signal inputs/outputs. Several different formats exist.
Sensors (eg outside air temperature, airbrake status): These could be digital or analogue
Antennae
Pneumatic ie Pitot, static, TE. This is not covered in this chapter.

Whilst there is an IGC standard for cable and connectors used with Flight Loggers and Personal Digital
Assistants (PDAs) such as Oudie, Kobo and Nano, these standards are not always universally applied
and some manufacturers may occasionally use their own variations. Some of these are made for other
uses and modified to carry out a sailplane function.
The interconnection of avionic devices is relatively simple if you follow manufacturers’ suggested
installation configurations and use the purpose made cables and connectors available from the suppliers.
If you choose to implement an unpublished configuration, make your own cables, repair cables or want to
incorporate existing legacy equipment, then proceed carefully with caution as you can easily damage
avionics if incorrectly connected.
There are numerous different standards for how digital signals are passed along cable and, clearly,
compatibility is essential. Therefore, if you are attempting a non-standard configuration, the
interconnection of data may require more than just a simple plug/socket cable converter, eg the data
signal may need to be converted to different signal levels or format.
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It can be difficult to shorten many types of pre-made connectors because of the tools, parts and skills
required to re-terminate the cable’s cut end. Therefore, it is best to buy the appropriate length of premade cable. Some cables may be available in customed lengths from specialist suppliers. If a cable is
unavoidably too long, then carefully coil and tie-wrap the surplus. But be aware that coiled or even close
parallel cables act as antenna and may transfer/receive spurious signals. Be wary of what you cable tie
together and where you create coils. As a general rule, keep all cables away from the radio antenna coax,
some multiplexed data cables and engine ignition wiring.
Beware of voltage compatibility between devices and do not wire two supplies of different or even the
same voltage to one device unless the device explicitly requires it. For example: The PowerFLARM may
be supplied with 12V via its D-connector or via its RJ12 socket. If you connect the PowerFLARM to a
LXNAV S100 via the RJ12 socket you will connect the required 12V and you should not connect the
power leads via the D-connector. However, if you want to fuse the PowerFLARM separately to the S100,
then you should power it via the D-connector but must modify the RJ12 lead such that the 12V pin is not
connected.
You need to carefully consider socket and plug pinout details. Only the USB connector international
standards have compliance from most manufacturers. For example; compare the published LXNav S100
RJ45 socket (labelled PDA) pinouts with the IGC standard for the RG45 connection cable to flight
recording devices as shown below. Clearly these are not directly compatible. A special cable from
LXNav is available to convert the LXNav RJ45 PDA socket to a fully standard compliant mini-USB-A plug.

Figure 27-18 IGC standard RJ45

Figure 27-19 LXNav S100 PDA RJ45
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If you buy pre-made RJ45 to RJ45 cables, be careful that you buy “straight through” cables unless you
have identified that you specifically need “crossover” data cables.
Bluetooth radio is becoming more common as a means of connecting PDAs to FLARM and navigation
avionics. Refer to the device manuals for set up instructions.
To aid future maintenance, it is strongly recommended that details of the avionics interconnection is
included on the sailplane’s electrical wiring diagram. An example follows:
Connector

‐
7.5A

Main Battery
+

‐
5.0A

Tail Battery
+

Master
On/Off

Battery selector
On/On

3A (Flarm)
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Red
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4A (Radio)

Connector

Blue

1

Connector bl ock

2

‐

+

3

4

5

‐

+

‐

Brown

Blue

6
+

7
‐
Chassis

Ant

8
+

9

10

11

12

‐

+

‐

+

Spare

Radio

Mike
Speaker
PTT

Oudie
Power/Data
12V

Pitot pressure
switch

S100
PDA

GPS

data

VDO/Hobbs
data & power

12V power wires cut at
connectors

USB to OUDIE
Splitter

Notes:
S100 GPS socket output = 12V
S100 PDA output = 5V

VH‐XXX LS4 #9999

Chassis
data

data

ELECTRICAL SCHEMATIC

PowerFlarm

GPS ant
TX ant
RX ant

Butterfly Dsiplay

AS AT 15 OCT 2018

Figure 27-20 Electrical schematic with data interconnection shown
27.5.4

DATA SIGNAL INTERCONNECTION
Computer equipment and modern avionics pass information and instructions between devices in a time
series of digital bits (ie a binary logic format comprising “1” and “0”). Information is arranged into packets
which are framed to identify the beginning and end of the data and usually includes an error check.
The transfer of digital data between devices basically (this is a greatly simplified explanation!) requires
two things to be shared at the sending and receiving nodes:


A common language - the way that the information is encoded and structured into packets of data. A
good example frequently used in sailplane avionics is the National Marine Electronics Association
(NEMA) protocol for encoding GPS data. Avionic manufacturers may incorporate such international
standard formats within their own message packets or create their own unique protocols.
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A common interface – including the physical way the data is represented, the rate of data transfer
and the physical interconnection of the sending and receiving nodes. Examples commonly used in
sailplanes are: RS-232, TTL, USB, CAN-Bus and Bluetooth.

The rate at which information is transferred in a communication channel is known as the baud rate. In the
serial port context, as an example "9600 baud" means that the serial port can transfer a maximum of
9600 bits per second. The most commonly used baud are 1200, 2400, 4800, 9600 and 19200, up to
128,000. Obviously, the connected devices must be able to operate at the same rate and sometimes
they need to be set to a specific rate for compatibility. The higher the baud rate, the more sensitive the
equipment is to the quality of the cable and installation.
The following sub-sections explain a few of the different ways that data can be represented on wired
connections. Unless devices use the same format for data, they cannot directly communicate with each
other and an interface/converter (with active circuits rather than just a cable) may be required.
27.5.5

RS-232 (TRUE AND TTL)
RS-232 originated in the 1960s but is still one of the most widely used interface standards and is often
found in avionic devices. The RS-232 standard defines how data is transmitted in a serial stream but
does not describe the content. It defines the framing and the timing. It also defines the signal voltage
levels.
The RS-232 standard defined numerous roles for connecting wires which originally required a 25-pin
connector but for most purposes a 9-pin connector was found satisfactory and for many years was a
standard port on personal computers.
RS-232 uses single-ended signalling in that the transmitter generates a voltage on a single wire that the
receiver compares with a fixed reference voltage relative to a common ground connection shared by both
ends. Two-way communication requires two wires and ground. A minimal "3-wire" RS-232 connection
therefore consists only of transmit data (Tx), receive data (Rx) and ground and is commonly used when
the full facilities of RS-232 are not required. Note the Tx to Rx cross-over.

Device A

Device B

TX

TX

RX

RX

GRD

GRD

Figure 27-21 Tx to Rx cross-over
Because RS-232 has its origins in the 1960s, the signal voltage levels required were relatively high so as
to power electromechanical devices. Thus the “True” RS-232 standard defines logic ‘1’ as a low level -3V
to -15V, while high level +3V to +15V is defined as logic ‘0’. The dead area between +3V and -3V is
designed to absorb line noise. However, with that development of transistors and integrated circuits,
which typically operate at 3.3-5V, the True RS-232 signal voltages became unnecessary and unavailable
and thus “TTL RS-232” evolved.

Version 1 of Chapter 27 Supplement
to BSE Version 24

Date of Issue: TBD

Uncontrolled if Printed

Page 25 of 44

GFA Basic Sailplane Engineering, AIRW‐M05
BSE Chapter 27 Radio, Antennae and Avionics Supplement to BSE Version 24
TTL RS-232 means that data is transmitted using the framing and timing of RS-232 but uses voltage
levels compatible with TTL logic chips. The reason for doing this is that it eliminates the requirement to
uplift the signal voltages between devices which would add cost and offer no benefit over short distance
connections between TTL devices. TTL RS-232 signal levels always remain between the limits of 0V and
Vcc (usually 5V or 3.3V). A logic high ('1') is represented by Vcc, while a logic low ('0') is 0V. This was
the format used on personal computers up until USB sockets became dominant.
27.5.6

USB – DIFFERENTIAL SIGNALLING
The Universal Serial Bus (USB) standard dates from 1996 and has evolved since into a widely used
standard. There are numerous types of USB connectors, the most common one used in avionics as the
means of communicating with PDAs is the mini-USB-B, illustrated later.
USB uses Differential Signalling which is a method for electrically transmitting information using two
complementary signals, labelled D+ and D-. This technique sends the same electrical signal as
a differential pair of signals, each in its own conductor. The pair of conductors is usually twisted together
to reduce interference. The receiving circuit responds to the electrical difference between the two signals,
rather than the difference between a single wire and ground. In this way any interference/noise induced in
the cable is effectively eliminated.
Transmitted signal levels are 0.0–0.3V for logic “0”, and 2.8–3.6V for logic”1”. Note that the
communication over D+ and D- is half-duplex, in other words it is either send or receive on the same pair
of wires with the devices at either end managing the data flow.

27.5.7

CAN-BUS
A CAN (Controller Area Network) Bus is a standardised means of interconnecting power and data
between a number of intelligent controller devices along a cable defined as the bus. In practice it can
look like a “daisy chain” in/out topology but, in reality, devices “T” off the bus, ie one pair of wires goes
from one to the next device and can include many devices, and more can be added later. Each intelligent
controller device monitors the bus for any coded messages intended for it and can also send encoded
messages to other specified controllers. It is used extensively in modern automotive vehicles and an
enhanced version is used in aviation.
In the sailplane world at the time of writing, LXNav uses a CAN-Bus to connect an S80x/S10x to a
S8xD/S10xD second cockpit repeater. Physically the connection is a general purpose, multi-core cable
with sub DE-9 connectors (male one end, female the other end). Two wires are used for data, one wire
for ground and usually a wire providing power for the devices connected to the bus (obviously one device
must be the source of the power). Loops of ground or power wires must be avoided to avoid
electromagnetic interference and variations in signal levels.
The type of signalling used is complex and beyond the scope of this document.
With CAN-Bus it is important that the far end of the bus is correctly terminated to ensure the integrity of
the data signal. Termination is a resistor but is often plugged on the end connector for convenience. The
LXNav CAN-Bus terminator looks like a blank D-plug but contains the required bleed resisters on the data
lines.

27.5.8

CONNECTORS

27.5.8.1 SUB MINIATURE D-CONNECTORS
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The D-sub connector contains two or more parallel
rows of pins or sockets usually surrounded by a Dshaped metal shield that provides mechanical
support and ensures correct orientation.
These connectors are often used for VHF com radio
connection.
Figure 27-22 Male DE-9 connector (often
called a DB-9)
Strictly, the part-numbering system uses D as the prefix for the whole series, followed by one
of A, B, C, D, or E denoting the shell size, followed by the number of pins.
Each shell size usually corresponds to a certain number of pins or sockets: A with 15, B with 25, C with
37, D with 50, and E with 9. For example, DB-25 denotes a D-sub with a 25-position shell size and a 25position contact configuration. However, “high density” configurations are also available such as the DE15 (often called a VGA connector) which has the same physical size as the DE-9 but has 15 pins
arranged in 3 rows of pins rather than 9 pins in 2 rows.
In practice, the original naming pattern is not always followed due to an ignorance of the fact
that B represented a shell size and also historic mislabelling. Hence it is now common to see DE-9
connectors sold as DB-9 connectors. So “DB-9” nearly always refers to a 9-pin connector with an E size
shell.
The DE-9 is sometimes called a “RS-232 serial” connector. The LXNAV CAN-BUS uses DE-9
connectors.
When making soldered connections to D-connectors it is easiest to “tin” the wire and “tin” the connector’s
pin cups with solder before soldering them together. Best practice is to slip a piece of heat shrink on the
wire before soldering and then shrink it over the soldered joint. See illustration below (from Microair M760
User and Installation Manual):

Figure 27-23 Soldering a connector
27.5.8.2 RJ12 AND RJ45 CONNECTORS
RJ12 and RJ45 plugs and sockets are a common way of connecting both data and power between
avionic devices. RJ stands for Register Jack. The most frequently seen types are:
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Table 27-5 RJ Connector Types
RJ11 = 6 pins but only 4 pins connected
RJ12 = 6 pins and 6 pins connected.
(Sometimes called RJ25
Both have the same size plug/socket (9 x 6 mm) and
six pins but the difference is the number of
connected pins.
They are commonly used for telephones and data.
Unfortunately, the locking tab is prone to breaking
off resulting in it either not locking or being difficult to
unlock.
RJ45 (8-pin connector)
The physical size (not including the tab) is 12 x
6mm.
This is also commonly used for Cat 6 Ethernet
where it has 4 pairs of twisted wires.

Fitting RJ12 and RJ45 male plugs onto cable is relatively straight-forward but requires care. Special
crimpers are needed and are readily available from good electronics shops or on the internet. It is not
generally necessary to make up leads with inline female sockets. If one is needed, it is easiest to crimp
on a male plug and use a female-female connector.
According to the original ACTA standard, the pins on a socket are numbered 1-8 with the tab key
underneath. But note that the IGC standard does not comply with the ACTA numbering standard as
shown below. So be very careful.

Figure 27-24 ACTA numbering standard

Figure 27-25 IGC standard for RJ-45 pins

It is usually possible for a RJ12 plug to fit into a RJ45 socket but it is not recommended. Often the tab
key will centrally locate the RJ12 plug pins 1-6 over the RJ45 socket pins 2–7. And in many uses of the
RJ45, wiring diagrams show that the two outer pins (pins 1-2 and 7-8) are shorted to each other on both
sides of the socket/plug, so the outer pins 1 and 8 are redundant. But this cannot be relied upon and the
RJ12 plug casing may damage pins 1 and 8 of the RJ45 socket.
See PowerFLARM Core (RJ45) and FLARMmouse (RJ12) example below which shows how pins 2-7 of
the RJ45 connector match pins 1-6 of the RJ12 connector.
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Figure 27-27 FLARMMouse RJ12

Figure 27-26 PowerFLARM Core RJ45
27.5.8.3 USB CONNECTORS
The IGC standard recognises the USB- A and miniUSB-B connectors. USB-A is found on most PCs and
notebook computers. Mini-USB-B sockets are used
on Oudie, Nano and many other Personal Digital
Assistant (PDA) devices because of its small size.
This type of connector is easily identified by its bent
sides.

Figure 27-28 Mini-USB - B plug

The standard pinout for the Mini-USB-B is:
Table 27-6 Mini-USB-B Pinout
Pin
1
2
3
X
4

Name
VCC
DD+
ID
GND

Description
+5 VDC
Data Data+
May be N/C GND or used as an attached device
presence indicator (shorted to GND with resister)
Ground

Colour
Red
White
Green

Black

Note that according to the USB standard, pins 2 and 3 (Data- and Data +) are both used for a single
channel bi-directional differential signalling. (This is not one wire for data out and the other for data in).
Pin X is usually unconnected or grounded. However some manufacturers of devices have designed their
device’s USB port to adopt a “secret” RS-232 mode when a voltage Vcc (eg 5V) is applied to the socket’s
X pin. The USB port will still operate to the USB standard if the X pin is not connected or at Ground. This
avoids the need for an external RS-232 to USB converter. In other words:
When pin X=”0” : device USB port is in standard USB mode where pin 2 is D- and pin 3 is D+
When pin X=”1” : device USB port is in duplex TTL RS-232 mode where pin 2 is Tx and Pin 3 is Rx.
There are several other types of USB connectors defined by the international standards. Interconnecting
plugs/cables are generally easily available.
The USB-mini-B is not a strong plug. The wires in the device are often broken off and are hard to fix as it
is surface mount technology. If the device becomes intermittent then this is likely the problem. It is best to
support the connector to avoid bending and tugging.
27.5.8.4 OTHER CONNECTORS
There are numerous other types of connectors such as SMA and MCX in use by avionics manufacturers.
A good guide to cables and connectors can be found at: www.telcoantennas.com.au.
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Serial connections and connectors is a rapidly evolving system as it is commonly used on modern
devices such as smartphones. New connectors are available for Apple and Android devices that are
stronger and can be inserted either way. Eg. USB-C is a smarter connector that can serve more
functions at higher speed. If you come across other devices/connectors then they will likely be
documented on the internet. A converter plug or cable can connect a B to a C but it will only operate at
the B capabilities.

27.6

FLARM

27.6.1

FLARM INTRODUCTION
FLARM is an electronic system for sailplanes used to selectively alert pilots to potential collisions
between other aircraft similarly equipped with FLARM. It is becoming increasingly popular in Australia
and worldwide. FLARM is a portmanteau of "flight" and "alarm". FLARM is a Swiss company that has
licensed other manufacturers to use its technology. FLARM devices have low power consumption and
are relatively inexpensive to purchase and simple to install.
FLARM obtains its position and altitude readings from an internal GPS and a barometric sensor and then
broadcasts this together with forecast data about the future 3-dimensional flight track. At the same time,
its receiver listens for other FLARM devices within range and processes the information received.
Advanced motion prediction algorithms, optimised for sailplanes (eg whilst in thermal ‘gaggles’), predict
potential conflicts for up to 50 other aircraft and alert the pilot using visual and aural warnings.
During the initial installation of a Flarm, the device setup with the aircraft’s details so that the identity of
the glider is transmitted to other users.
In areas where the Open Glider Network ground receiving stations have been set up, it is possible to
monitor Flarm based gliders via the internet on the live.glidernet.org website and other sites such as
flightradar24.com. If the sailplane information has been correctly setup in the FLARM and registered with
OGN, the registration code and aircraft type will be displayed anyone with internet access. This is a
convenient way to check a FLARM GPS and data transmit functions.
Most FLARM devices automatically record sufficient flight data to satisfy the requirements of a Position
Recorder, storing data files in the required IGC format. Some are IGC approved Flight Recorders.
Consult the device user manual to discover how to extract the IGC file.
The main limitation of FLARM is it only ‘sees’ other FLARM equipped aircraft and so non-equipped GA
aircraft and gliders are not seen. Most GA aircraft do not and will not install FLARM because they are
mandated to use similar purpose but expensive higher power devices like transponders and ADS-B.
FLARM has developed a version which also includes ADS-B and transponder detection but not
transmission. A Mode-S transponder with ADS-B capability is an international standard broadcast
surveillance system in which an aircraft automatically transmits to a ground station and other air traffic its
identity, precise location, altitude, velocity and other information. In Australia (as at Dec 18), ADS-B is
required only for aircraft operating under instrument flight rules (IFR) but offers substantial benefits for
visual flight rules (VFR) pilots as it provides in-cockpit visibility of all transponder equipped aircraft. Use in
sailplanes is currently low but as the cost of this equipment falls it will likely become more common in
gliders, especially those flying at or near GA airfields. Further information is on the CASA and Air
Services Australia web sites.
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All FLARM devices can be connected to dedicated FLARM displays or compatible navigation devices to
give visual and aural warnings and also show the relative bearing and altitude of conflicting traffic. Some
show position using a simple pattern of LEDs and others use a map format. Licensed manufacturers
produce a range of integrated FLARM devices, dedicated displays and display integration into their
avionic products. Eg FLARM data may be supplied to and displayed by other devices such as: Oudie and
LXNav S80/S100.
Most FLARM displays also have a ‘Nearest mode’ which displays the closest glider equipped with
FLARM. This is not a warning of potential conflict but is an aid to situational awareness. Nearest mode
can be switched off if not wanted.
The range of FLARM devices on the market changes rapidly. Note that FLARM frequency ranges are the
same in USA and Australia but different in Europe. For illustration purposes, some popular products in
Australia as at December 2018 are:

PowerFLARM core

LX Nav FLARMMouse

LX Nav FLARMBat

Air Avionics Butterfly FLARM
display

LX Nav FLARMLED
display

Aboba V4+M display

Figure 27-29 Example Flarm Devices
27.6.2

GPS ANTENNA
FLARM has an internal GPS receiver to know where you are and a computer to determine expected
future track. Timing signals are picked up from a network of geostatic satellites by the GPS antenna and
computed to determine position and altitude.
The GPS antenna is usually internal to the device case or an external small square block connected with
a cable to the FLARM device. Do not share/split an antenna output with another device.
If using an internal GPS antenna, then the whole
top of the unit must have a clear view of the sky. If
using an external GPS antenna, then the top of the
antenna must have a clear view of the sky and
remember to set the internal DIP switches if
required in the manual.

Figure 27-30 GPS External Antenna

If the GPS antenna is buried behind the instruments or has fallen on its side, the FLARM systems
knowledge of your position and course will not be accurate and collision prediction warnings may be
impaired.
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The FLARM unit has a GPS status LED that will be green (or off on some old units) when good signals
are received from the satellites and the position is calculated. When the unit is first turned on it will be red
but after a minute or so, and before you take off, it needs to be green (possibly off but not red).
27.6.3

DATA ANTENNA
FLARM uses a very low powered radio data link to communicate with other FLARM’s, so it’s important
that the corresponding data antenna is set up correctly. The data antenna can be either a small pole
antenna or a loop antenna (now discontinued) stuck on the inside of the canopy.
In Australia, FLARM uses a data communication frequency in the range 917.0 MHz – 926.6 MHz. So the
mid-band wavelength is approx 0.325m. A half-wave dipole antenna is thus approx 180mm tall.
Orientation of this antenna is important as all antennae
are directional to some degree. The pole type antenna
must be vertical to communicate in the directions of
interest. If it has fallen over or bent forward, then there
might be blind spots in your coverage and reduced range.
There should also be no metal or carbon obstructions
blocking the “view” of the data antenna to the other
gliders. This usually means the best position for the data
antenna is again on top of the instrument panel.
Figure 27-31 Flarm antenna on top
The data antenna may not be very robust and numerous faults have been found to be caused by broken
antennae. Regularly give the antenna a visible inspection and replace it if damaged in any way. Also
replace it if you are not receiving anybody or others claim they cannot see you. The half-wave antennae
are better than the short stubby ones. The stick-on loop antennae were prone tend to break the tracks
near the connector.
As FLARM transmitted signals are very weak, it is easy for external interference to affect the
performance. The frequencies used by phones and the FLARM are close enough in the spectrum to
cause some blocking in the FLARM (850MHz and 900MHz compared to the 921MHz for FLARM). Mobile
phones in close proximity will likely degrade the sensitivity of FLARM and pilots should thus turn theirs off
when in the air. The sailplane’s VHF radio may also interfere when transmitting but the frequency is
further away and thus less prone to interfere. Also, you can control when transmit on the radio but a
mobile phone transmits automatically and frequently to the network.
The data link frequency for Australia is different to Europe and if set to the wrong frequency the FLARM
will be useless. Visiting pilots with FLARM that has been used overseas should check the frequency. The
FLARM tool software can be used to check and change all the settings including the frequency. This is
software that runs on a PC and plugs into the power/data port. The latest FLARM versions have
automatic frequency setting according to the location determined by the device’s GPS.
Early FLARMs were thought to have an issue with static electricity destroying the receiver front end. For
a small cost, the unit could be returned to the manufacturer for additional cost protection to be installed.
The data receive green LED on the FLARM will indicate when it is receiving a signal from another
FLARM. Before take-off, it’s a good idea to check the light is on if there is a glider or tug with FLARM in
the vicinity.
FLARM requires regular software updates otherwise a unit may become incompatible with other FLARMs
and collision detection may be ineffective. The updates are free and are easy to do if your FLARM has a
SD card. If no SD card, then there should be a method of upgrade via connection to a PC, consult the
manual. The software should be checked at every Annual Inspection.
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27.6.4

FLARM REMOTE DISPLAYS AND INTERCONNECTION TO OTHER DEVICES
A FLARM device transmitter/receiver device may have an inbuilt display and/or provide data to one or
more remote display (eg FLARM Butterfly), navigation equipment (eg LXNav S100) or PDA (eg Oudie)
devices for display. These display devices may present information slightly differently, but the basic
alarm status warnings should trigger simultaneously as the collision vector analysis is done by the
FLARM.
Correct connection and configuration of the FLARM with displays or/or other devices is essential. Once
you have a working setup, it is good practice to record the details in the aircraft’s logbook for future
reference.
Key things to consider are:

27.6.5



Data physical connection. Serial data communication between FLARM devices is achieved via
data/power cables with RJ12 sockets or Bluetooth on some devices. Avoid unnecessarily long
cables.



Multiple displays connect to one FLARM. Where two or more FLARM displays/devices are to be
driven by cables from a single FLARM, then care must be taken to avoid data collision issues (ie only
one display should be in control of the FLARM).
o
Some displays have a Master/Slave software setting (only one display should be set to Master).
o
Some equipment may need a special RJ45 ‘Y-splitter’ that has one port that allows data in both
directions between the FLARM and display and the 2nd port only sends data from the FLARM
to the other display.



Power connection. All devices involved need to be powered and this is achieved either by a
dedicated power connection or via the data/power cable. Some devices can operate from 3V via
one socket or 12V from another socket, however inputting power via both may damage the unit.
Sometimes special data/power leads will be required which have been assembled without the
standard power connection. Take care to read the user manuals.



Device configuration. Some devices require hardware ‘dip’ switches or software settings to be
configured to match the devices they connect with. Devices are often supplied with default settings,
such as data baud rate, which may not always be compatible. Consult the appropriate user manuals
and look for compatible settings. Some devices may revert to the default settings if a key sequence
is accidentally pressed or the device is subjected to power spikes. If faults appear, check the
settings are still compatible.

REVIEWING FLARM PERFORMANCE
Valid collision warning alerts are only generated if FLARMs in all equipped aircraft are working properly.
Unfortunately, there is no simple test a pilot can do to verify his/her aircraft’s FLARM is working properly
before takeoff. The status indicator lights only give some of the status and are not an end to end check.
If the glider is equipped with a Flarm display device that provides a map plot and you can physically see
gliders that you know have FLARMs, then they should show on the plot. If you are with multiple gliders
turning in a thermal, then you may get a warning from one of them. If you don’t get indications or
warnings when you would normally expect to get them, then check your equipment is functioning
correctly.
There is a FLARM web page (http://www.flarm.com/support/analyze) where you can upload a FLARM
IGC data file and get an analysis of the received range information for a flight. Flights to be analysed
must have at least a duration of 30 minutes and contact with 5+ other FLARM equipped aircraft during the
flight to enable a valid analysis.
The radio range analysis below shows poor performance later traced to a broken data antenna:
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Figure 27-32 Flarm range analysis diagram
Remember FLARM only detects other FLARM equipped aircraft so it’s important that owners of all
FLARM equipped aircraft maintain and check their installations regularly.
27.6.6

FLARM MAINTENANCE/FAULT CHECKLIST
The following check list will help ensure FLARMs are operational:













Check the GPS antenna is facing the sky and clear of everything.
Check the data antenna is vertical and clear of everything.
Check the data antenna is not damaged in any way.
Check the software is up to date.
Check the frequency is set up for Australia if the FLARM has come from overseas.
Check your display is set up correctly. (Sequentially flashing status lights means it is not getting
messages from the FLARM and possibly a wrong data baud rate setting)
Check the GPS status light goes green before takeoff.
Check the receive light occasionally goes green when another FLARM is nearby.
In the air, check you are receiving other FLARMs by staying in nearest mode for a while.
In the air turn off your mobile phone to avoid interference with the FLARM.
Upload the FLARM IGC file to the FLARM web site if you have had lots of FLARM traffic during a
recent flight and see what range you are getting.
Have all the other gliders flying at your location completed the above checklist and have
operational FLARMS?
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27.7

MODIFYING INSTRUMENT PANELS
A well designed and constructed instrument panel is a delight to see and use. The configuration and
layout of a sailplane’s instrument panel should be an aspect of careful consideration by the purchaser of a
new sailplane and an owner contemplating modification.
Inevitably during the life of the sailplane, the availability of new avionic devices and pilot choices will
mean that additions and modifications are made to the instrument panels. This can be more challenging
than starting from a totally blank panel since a new instrument may be a different size compared to what it
replaced and sailplane instrument panels have numerous physical and electrical constraints.
MOSP3 allows owners to modify instrument panels with due care and subject to approval by an Annual
Inspector (refer Clause 18.7). Obviously, there are minimum instruments requirements (as specified by
the manufacturer) and all critical instruments like the altimeter and ASI must be serviceable. Be wary of
introducing structural changes, weight and balance change and crashworthiness. You must document all
changes in the maintenance logbook and have then signed off by a qualified and competent Annual
Inspector.
Instrument panels are usually made of aluminium or glass fibre. Do not use steel or wood (unless the
glider is a wooden glider) when constructing or modifying an instrument panel. Instruments panels are
usually coloured flat black or flat dark grey because this provides the best background contrast for the
instruments to be seen and avoids light reflections.

Figure 27-33 New aluminium panel cutting
design
27.7.1

Figure 27-34 Instruments being fitted to a
new panel

PANEL STANDARD INSTRUMENT SIZE CIRCULAR HOLES
Most sailplane radio, avionics and pitot/static instruments are designed to be installed in aviation
instrument standard 57mm (2¼”) or 80mm (3⅛”) diameter holes with a standard x4 securing screws
layout as shown below (not to scale):
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57mm (2¼”)

80mm (3⅛”)

Figure 27-35 Standard aircraft instrument panel hole templates
Instrument securing screws are typically 4mm diameter but some manufacturers use other small metric or
imperial (eg UNC) sizes. Some instruments may require one or more of the securing screw holes to be
larger for control knob spindles. Some instrument panels use countersunk ‘flat’ screws to give a flush
panel appearance.
27.7.2

INSTRUMENT FASTENERS
Many modern avionic instruments have pre-tapped holes in their bodies, so the manufacturer supplied or
specified screws should be used. Note that often there is stated a maximum length of screw penetration
into the instrument body – do not use overly long screws as you risk damaging the instrument.

27.7.2.1 FASTENER MATERIAL AND COLOUR
Aircraft instrument panel screws and the accompanying washers and nuts have historically been made
from non-ferrous materials such as brass, aluminium or plastic (eg nylon) which are not magnetically
susceptible and thus do not interfere with the aircraft compass. One downside of non-magnetically
susceptible fastenings is that you obviously cannot use a magnet-on-a-stick to pickup any dropped
washers or nuts under the panel.
Steel screws (especially if they have become magnetised) that are in close proximity to a compass, may
disturb the earth’s natural magnetic flux sufficiently to cause the compass to misread. The amount of
error is difficult to predict, is unlikely be constant on all bearings and may not be significant. Since glider
pilots rarely use their aircraft compass for dead reckoning navigation over long distances, a small amount
of compass inaccuracy is usually acceptable.
If magnetically attractive (eg steel) screws are added or removed from a panel, then the compass
accuracy should be checked before the sailplane returns to service. Significant compass errors attributed
to steel screws may require their replacement with non-magnetically susceptible screws.
Brass, aluminium and plastic screws are prone to the threads or drive heads stripping as the materials
are relatively soft. Stainless steel has become more commonly used for instrument fasteners because of
its strength and is considered to have low magnetic attraction.
Note that ‘300 series’ (ie 304 and 316) stainless steel is naturally not susceptible to magnetism but may
become somewhat attractive to magnetic during cold forming manufacturing processes involving
compression such as rolling, bending and stamping which changes the crystalline structure of the
material. 304 (often referred to as A2) stainless steel is more prone to this than 316 (often referred to as
A4 or marine grade). In general then, stainless steel small screws, nuts and washers are not usually
magnetically attractive.
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Panel screws are usually black to match the most common panel colour. Depending on the material, the
black surface colour is created by annodisation (eg passivated black zinc-nickel), chemical staining or
processes causing a surface coating of black oxide. Note that black oxide is usually coated with oil or
wax to prevent brown rust forming, thus steel and sometimes 304 grade stainless steel screws may show
rust. Of course, it is possible to DIY paint natural colour screws to the desired colour but the coating may
not last long. A light sanding of the head and degreasing will prolong the paint adhesion.
Where an instrument has non-threaded lugs for fixing to the panel, then screws with washers and some
form of locked nut (eg locking washer and plain nut or else an elastic nut) must be used. Brass elastic
nuts in sizes suitable for instrument screws are rare. It is common practice to use stainless steel elastic
nuts with brass screws. There is little risk of galvanic corrosion as the two metals are relatively close
together on the anodic index.
27.7.2.2 FASTENER THREAD STANDARD, HEAD TYPE AND DRIVE TYPE
Historically many American made aircraft and aircraft instruments have used small diameter American
UNF and UNC standard screws and thus such screws are readily available from most aviation parts
suppliers, including in Australia. However most modern sailplanes and sailplane instruments are now
manufactured using metric fasteners. Unfortunately, the two screw standards are not compatible as can
be seen in the table of specifications of commonly used instrument panel screws shown in the Table
below:
Table 27-7 Specifications of common UNC and Metric instrument screws
Size
4-40
M3
M3.5
6-32
M4
8-32

Description
#4 gauge, UNC 40 TPI
3mm x 0.5 pitch (coarse)
3.5mm x 0.6 pitch (coarse)
#6 gauge, UNC 32 TPI
4mm x 0.7 pitch (coarse)
#8 gauge, UNC 32 TPI

Major diameter (mm)
2.845
3.0
3.5
3.505
4.0
4.166

Threads per inch
40
50.8
42.3
32
36.3
32

M3.5 screws at first sight look to be the same as 6-32 but they have different thread pitch/TPI. M3.5
screws are not widely available in Australia. Australian mains 230V electrical general-purpose outlets (ie
electric wall sockets) use screws described by some manufacturers as ‘M3.5 x 0.8 pitch’. Since 0.8 pitch
is equivalent to 32 threads per inch, then you’ll see that in fact they are UNC 6-32 screws.
Screws come in a range of head types (shown
below) and drive types eg slotted, cross drive
(Philips/Pozi), hexagonal socket. The most
common form used on instrument panels is pan
head cross drive, though panhead with internal
hexagonal socket drive is gaining popularity due
increasing availability.

Figure 27-36 Screw head types
Flat head screws, often referred to as countersunk screws, give a flush finish. If considering this type of
head, note:
 UNF/UNC flat head screws usually have a head angle of 100 degrees, as is normal for most aviation
rivets. Metric flat head screws to DIN standard have a head angle of 90 degrees. Nearly all
Australian DIY and tool store sourced counter sink drills are 90-degree, which does not provide a
good seating for screw heads with 100-degree angle.
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It can be difficult to control the depth/width and concentricity of the countersink drilling using a
handheld drill. If you wish to use this style, you may need to source a combined pilot
hole/countersunk drill and some form of drill depth control. The right tools, experimentation,
consistency and practice will be needed to get a good result. Pan head screws are much easier!

UNC/UNF instrument screws are often listed under their ‘MS’ designation or the now superseded AN
designation. The following table shows some of the commonly used standards:
Table 27-8 UNC/UNF screw standards
MS

AN
AN 515B

MS 35214
MS 24693-BB

AN 507B

Description
Black Brass, Round head, slot or cross
Black Brass, Pan head (#4, #6, #8 screws)
Black brass flat head, cross

Metric screws are often listed under their DIN or ISO designation as follows:
Table 27-9 Metric screw standards
DIN
963
965
85
7985
7380

ISO
2009
7046
1580
7045
7380

Description
Slot drive, flat head
Cross drive, flat head
Slot drive, pan head
Cross drive, pan head
Hex internal socket drive, pan head

Winter Instruments products are now supplied with 4mm black aluminium and previously M4 black brass
screws. These screws may be available from the Aircraft Spruce or the Australian Winter agent,
MrSoaring.com.
Black metric stainless steel screws are usually 304 (A2) grade with black oxide. They can be difficult to
source in pan head cross drive but are readily available on the web with hex internal drive.
If not magnetically attracted fasteners are essential for the installation, then probably the ultimate choice
is black metric 316 (A4) grade pan head cross drive stainless steel but there are few suppliers in the
world. At the time of writing, there is no known stockist in Australia but Accu.co.uk had these available.
Many Australian fastener companies supply M4 steel (magnetically attractive) screws with black oxide
finish with slot, cross and hex internal socket. The quality of finish can vary greatly between suppliers
and manufacturers.
Steel (magnetic) pan head cross drive screws with zinc-nickel black passivated finish are available from a
few sources such as: RS, Element14, BoltandNut.com.au. The quality of the blackening varies.
27.7.3

INSTRUMENTS WITH UNTHREADED ATTACHMENT LUGS
Some instruments, particularly older instruments, have lugs with holes rather than pre-threaded holes. In
this case there is some freedom of choice of imperial/metric and fastener size. In most cases a washer
will be required at the nut end of the screw to spread the load. A locking washer and nut, or else an
elastic nut, should be used. When installing or removing this sort of hardware, consider how you can stop
items dropping down inside or under the control panel. Placing a cloth to catch dropped items may save
many minutes of frantic searching!
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With this style of instrument, the installation can be made much easier by using a ‘nut ring’ which is frame
(aluminium or plastic) with rivnuts. This eliminates the washers, locking rings and washers – so less risk
of dropping hardware into the bowels of the instrument panel. They are readily available for 4-32 screws
but none were found in M4 at the time of writing. It would be relatively easy, but time consuming, to DIY
fabricate one with basic hand tools.
Some instruments can be converted to screwed lugs by inserting stainless steel helicoils. These springlike fitments are usually used to repair damaged threads and low cost kits are available on the internet.
The lug hole must be drilled to a special size (eg 4.2mm for an M4 x0.7 pitch thread) and then a screw
thread cut with the corresponding special size/pitch tap. The helicoil is then screwed in with a special tool.
After this process has been completed, the inside of the helicoil acts as the thread for a standard (eg M4)
instrument securing screw.

Figure 27-37 Helicoils

27.7.4

Figure 27-38 Nut ring (example from Wings &
Wheels USA)

BLANKING OR DOWNSIZING AN EXISTING INSTRUMENT HOLE
Pre-cut, drilled/punched and painted blanking plates and downsizing plates are readily available from
avionic suppliers made from aluminium or plastic. Alternatively, they can easily be fabricated from
aluminium sheet or even 3-D plastic printed. Do not use steel as it is heavy and magnetically attractive.
Small unwanted holes can often be covered up with a label or placard (eg local radio frequencies).
Unwanted holes in GRP panels can be blanked out by careful adhering a thin mat of glass fibre behind
the panel and filling the hole with resin/beads.

27.7.5

ADDING OR ENLARGING HOLES IN INSTRUMENT PANELS
Large circular holes for radios and instruments may be cut by using several methods:


Water jet or laser jet cutting or CNC routing. This will give a very accurate cut precisely as was
planned on the CAD (Computer Aided Drawing) file you agreed with the specialist workshop. It
requires the panel to be stripped and taken to a specialist workshop.



Die/punch cutter. These work by shearing the material, they do not rotate. They make an accurate
and neat hole. They can be used with a panel partially dismantled in a cockpit and create little mess.
They are readily available in USA but the sizes are uncommon in Australia. You may find a LAME, or
aircraft home builder has a set and can provide a service or loan/rental of this tool.
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Figure 27-39 Reversible cutter for 21/4" and 3-1/8" panel holes


Figure 27-40 Single size punches

Hole saws. The correct sizes are available in good tool stores and on the internet, sometimes listed
under the imperial size. Beware of the course cut (few teeth per inch) models and cheap versions
which may not form a complete circle of teeth or be truly circular. Hole saws require a central pilot
hole and a slow drilling speed. Very even and gentle pressure perpendicular to the panel face is
needed to avoid the teeth “grabbing”. Trial and practice are recommended on scrap material first as
it is easy to mess up a hole which may ruin the entire panel. You have been warned!

Figure 27-41 Fine cut (many TPI),
continuous cicle cutter

Figure 27-42 Course cut (few TPI) cutter

(pilot drill not shown fitted)


Routing or hole drilling, finished by hand filing. This method, when performed with care and
patience, can achieve good results at minimum cost. It may be the only option when enlarging an
existing hole.
o
Careful marking out and accurate initial centre punching of the hole is critical. Scribed circles
directly onto the material with dividers is generally more precise than pencil/compass onto the
bare face or masking tape.
o
Remove the bulk of the material by drilling chains of small holes and using a hacksaw. With
GRP, a rotary burr can be used. Use a vacuum cleaner to collect the dust as you cut.
o
Finish to dimension using a half-round smooth grade file. (Note: Files are usually classified by
cut grades: 1st cut = Bastard, 2nd cut = Second or Medium, 3rd cut = Smooth).

Enlarging a 57mm hole to 80mm can be challenging to mark-out and cut. To assist with marking out,
screw an old blanking plate (or piece of aluminium sheet) in position. To establish the centre position of
the old hole, draw bisecting lines through the mounting hole centres. If the new 80mm hole is not
concentric with the old 57mm hole, carefully consider the position of the existing mounting screw holes to
ensure they are within the 80mm hole.
Be careful not to remove too much material from the panel such that its structural integrity is
compromised.
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The small mounting holes for instruments (usually approx 4mm) need to be carefully positioned. Either
carefully mark out and centre punch the locations or else use a proven template. A strategy for a
precision fit of the securing screws is to drill the holes undersize, say 3mm, place the avionic device in the
opening and observe how the securing holes align. Then open out the sides of the securing holes to
match the location of the instrument’s holes using a needle file.
Before cutting a new or enlarged instrument hole:

Check there is enough space for the intended radio or instrument behind the panel. Carefully
consider the full volume of the radio/instrument (ie width, length, corners, space for connectors).
Check that there is not interference when the panel cover/cowling is replaced.

Carefully mark out the position of the hole and screw holes. Measure twice, cut once!

If cutting by hand, consider making an aluminium sheet template to use as a guide for cutting
accuracy. Making the template is good practice at marking out and cutting.

Remove other instruments or carefully protect them from vibration, dust and swarf. If cutting
fibreglass, use a vacuum cleaner to remove the dust as you cut.
After cutting a hole, consider if the raw edge of the cut material will be visible. If so, then it is best to paint
(or use a permanent marker pen) the edge before fitting the instrument.
Even using computer drawn plans and computer-controlled cutting does not guarantee perfect results first
time. Consider making a prototype from a cheap panel of clear Perspex. Fit all the instruments. Make
sure the layout suits you. Identify clashes and fix these. Eg the edges of instruments touch or interfere on
the edge, or a screw does not fit. Some types of instrument (eg altimeters) require special cut-out shapes
– match yours exactly. Adjust the CAD drawing until perfect. Then get the final panel cut.
Holes for switches and fuses are often in the
range 10-16mm diameter which are difficult to
cut in thin material using conventional twist drills.
Clamping a block of wood behind the area being
drilled will improve results and remember that
the bigger the drill, the slower the RPM needed.
Good results in sheet materials can be achieved
using a slotted/spiral cone drill, or else careful
use of a round file starting from a small hole.

27.7.6

Figure 27-43 Cone drills

INSTRUMENT PANEL LABELLING
Sailplane manufacturers may specify mandatory placard and labelling requirements in the pilot handbook.
This may include full size pictures of what is required.
Don’t forget that a fireproof (brass or stainless) engraved placard showing the aircraft registration is
mandatory (ref GFA AN 84) inside the cockpit and preferably in sight of the pilot. This is normally
attached to the instrument panel. At the time of writing, engraved brass plates are available from the
GFA shop.

There are several methods of labelling instrument panels, including:
 DIY computer printed adhesive labels. This method may be used to easily reproduce manufacturers’
placards and pictorial labels. Depending on the label material and/or ink permanency, a transparent
covering may be required.
 Transfers/decals. Either standard sets or custom made. Professional builders of instrument panels
often use this technique. A coat of clear matt varnish/lacquer is often applied on top to add
protection.
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Pre-printed stick on labels. Sets of printed labels are available for common general aviation aircraft
and also generic sailplane pictorial labels (eg release, airbrake).
Engraving or laser etching. Either directly onto the panel or placards which are stuck on the panel.
This requires specialist equipment or finding a competent service provider. It may be worth
considering if building a new panel.
Stick-on thermally printed tape. Relatively inexpensive handheld thermal label printers are available
(eg models by Brother and Dymo) that print text, numbers and symbols onto special adhesive backed
tapes. They can be used to create custom labels in a variety of print sizes with a choice of several
tape widths. White print on black tape, with works well on black instrument panels. The appearance
can be enhanced by trimming excess blank tape from the top, bottom and ends of the label. Take
care to make sure they are straight – identify and align with a valid horizontal or vertical datum line on
the panel.

Thermal printers are also available with the capability of printing text and numbers on heat shrink which is
a good way of labelling wires and cables. So if thinking of buying a thermal label printer, consider
spending a little more to gain this capability.

Figure 27-44 Example of stick on labels
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27.8

VHF COM RADIO FAULT FINDING GUIDE
The following table is a general aid for fault finding. The user/installation manual for the installed radio is
likely to have a section on fault finding and should be referred to.
Table 27-10 Radio fault finding guide
Symptom
Radio shows no
indication operating
when the master
switch is switched on

Possible causes
No power to radio

No TX indicated on
radio when PTT
pressed

PTT cable not connected to radio
or PTT switch failing to make a
closed circuit.

Radio indicates TX but
other stations do not
appear to receive.

Carrier wave only
received by other
stations or weak signal

Checks
Check: battery present and charged,
main battery fuse ok, radio external fuse
ok, radio internal fuse/breaker ok
Use a multi-meter to check voltage at
radio.
Check connections of power and PTT.
Check PTT switch is functional

Battery voltage low, voltage drop or
no power connected to radio.

Check battery charged. Check voltage
at radio when in transmit mode.

Transmitting on wrong frequency or
out of range.

Check correct frequency set

Your radio volume is turned down
(you are transmitting, other stations
are receiving but you are not
hearing the other stations’
responses)

Turn volume up to full

Microphone faulty or poor
connection.

Check connections. Try using a known
good mic.

Antenna poor connection or
antenna not tuned.

Check connections. SWR test.

Excessive voltage-drop when
transmit power required due to
small cable cross-section or high
resistance connections.
Microphone faulty or poor
connection.

Check all power supply connections.
Measure voltage at radio when in
transmit mode. Consider if power cable
cross section is sufficient.
Check connections

Microphone type not set up
properly in radio or incompatible.

Check microphone is compatible with
the radio, connected to correct input and
radio software settings correct.
Try microphone close to mouth and
speak directly into it.

Poor microphone use technique.
As above

Speaker output is not
working
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Voltage low due to battery or
voltage drop
Speaker not connected or not
impedance matched to radio
output.
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“Hot mike”, ie
prolonged
transmissions,
Receiver noise is
always present.

The Antenna SWR
exceeds 3:1.

The radio’s speaker function is not
turned on or volume is turned
down.
PTT sticking or short circuit in PTT
circuit.
Pilot tense.
The noise suppression function
(squelch) of the noise is not set
properly or is not working.

Pilot needs to relax.
Try to suppress the interference by
adjusting the squelch to a higher value.
Note, that a higher value causes a
reduced sensitivity.

Some avionic or portable device is
producing a relatively high level of
electromagnetic interference.

Remove mobile phones, portable
devices and power charges to identify
and eliminate interference source.

Possibly caused by a defective or
insufficient ground plane for the
antenna.
The impedance of the antenna
cable deviates significantly from 50
ohm.
Possibly caused by a fault on the
BNC connectors of the radioantenna cable.
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Check PTT switch function and circuit
integrity
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Reduce the interference emitted by the
avionics near the radio and antenna by
improving: shielding, distance,
grounding or use of ferrite suppression
cores.
Check for sufficient size of the ground
plane and make sure there is no
mechanical defect on the antenna.
Make sure the used antenna cable has
50 Ω impedance and the cable is not
pinched or kinked on its way from the
radio to the antenna.
Check for proper crimp/solder work on
the BNC connectors
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