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In the high-stakes environment of aerospace engineering, the integrity of avionics wiring is the literal nervous
system of an aircraft. From the primary flight displays (PFD) to the complex communication and navigation (Nav/
Com) suites, the ability of these systems to function depends entirely on the precision of their electrical
interconnections. Modern avionics installation is no longer just about connecting a few wires; it is a sophisticated
discipline that involves signal integrity analysis, electromagnetic interference (EMI) mitigation, and adherence to
rigorous regulatory standards such as Advisory Circular (AC) 21-99(1). This guide provides a deep dive into the
technicalities of avionics wiring, pin-out configurations, and the installation manuals that govern these critical
systems.

The Foundation of Avionics Electrical Architecture

Before pick-and-place machines or soldering irons are ever engaged, a technician must understand the
fundamental architecture of aircraft electrical systems. Avionics wiring serves two primary functions: power
distribution and data transmission. While power distribution focuses on current-carrying capacity and voltage drop,
data transmission (ARINC 429, RS-232, CAN bus) prioritizes signal clarity and impedance matching. Precision
engineeringin this field requires a strict adherence to wire gauges, typically ranging from 20- to 26-gauge for
standard-density connectors, as specified in many installation manuals for GPS/Nav/Com systems.

Core Components of the Wiring Harness

An avionics wiring harness is an assembly of cables and connectors that transmits information and electrical power.
The design must account for the harsh environment of an aircraft, including extreme temperature fluctuations, high-
frequency vibrations, and rapid pressure changes. The primary components include:

¢ MIL-SPEC Wire: Usually Tefzel-insulated (M22759/16 or /34) to provide fire resistance and durability without
excessive weight.

¢ D-Subminiature Connectors: The industry standard for data interfaces, frequently appearing in 15, 25, 37, and
50-pin configurations.

» Shielded Twisted Pairs: Essential for mitigating EMI in sensitive audio and data lines.

¢ Backshells: Provide strain relief and a secondary layer of EMI shielding at the connector interface.

Technical Analysis: Interpreting Pin-Outs and Wiring Diagrams

A Wiring Diagram is a map of the electrical system, showing how every component is interconnected. Unlike a
schematic, which describes the logic of a circuit, a wiring diagram provides the physical locations of wires and pins.
The Pin-Outis the specific assignment of each contact within a connector. For instance, in a common 25-pin D-sub
connector used for a GPS unit, Pin 1 might be designated for DC Power (11-33V), while Pin 14 serves as the
Power Ground.

The Role of the Installation Manual

The installation manual is the authoritative source for any avionics upgrade. It contains the mandatory pin-out
tables, configuration settings, and software loading procedures. Technicians must cross-reference these manuals to



ensure that the TX (Transmit) line of one LRU (Line Replaceable Unit) connects to the RX (Receive)line of
another. Reversing these pins is a common error that can result in communication failure or, in some cases,
hardware damage.

Engineering Mathematics: Voltage Drop and Wire Sizing

Selecting the correct wire gauge is not arbitrary. It is a calculation based on the maximum current (Amperes), the
length of the wire run, and the allowable voltage drop (typically 2% for critical systems). The formula for voltage
drop ($V_d$) is:

V.d=IxRxL
Where:

e | = Current in Amperes
* R = Resistance per foot of the wire gauge
¢ L = Total length of the wire in feet

For example, using a 22 AWG wire (resistance approx. 16.2 Ohms per 1000ft) for a 10-foot run at 5 Amps results in
a drop that must be compared against the equipment's minimum operating voltage specified in the installation
manual.

Comparison of Standard vs. High-Density Connectors

In modern glass cockpit retrofits, technicians often choose between standard-density and high-density D-sub
connectors based on the space constraints and pin count requirements of the hardware.



Feature Standard Density (D-Sub) High Density (D-Sub) Application Note

Pin Diameter 0.040 inches 0.030 inches Standard pins are more
robust for power.

Wire Gauge (AWG) 20-24 AWG 22-28 AWG HD connectors require
thinner, more fragile wire.

Contact Spacing 0.109 inches 0.090 inches HD allows for more signals
in a smaller footprint.

Durability High Moderate HD pins are more
susceptible to bending
during insertion.

Typical Use Power, Audio, RS-232 VGA, High-density data bus Standard is preferred for
vibration-heavy areas.

Advanced Installation & Configuration Workflow

The process of an advanced avionics installation, such as a G5 Electronic Flight Instrument or a GTN 750 GPS,
follows a rigorous sequence to ensure airworthiness.

Phase 1: Planning and Bench Testing

Before the aircraft is opened, the technician must create a detailed interconnect drawing. This drawing combines
the pin-out data from multiple manuals (e.g., the GPS manual, the Transponder manual, and the Audio Panel
manual). Bench testing the units before installation ensures that the hardware is functional and the software
versions are compatible.

Phase 2: Harness Fabrication

Harness fabrication is a meticulous process. Technicians use specialized tools like the M22520/2-01 crimper with
specific positioners for D-sub pins. Soldering is generally discouragedin aircraft wiring due to the brittleness it
introduces; crimping provides a mechanical bond that withstands vibration. Wires are bundled using MS3367 cable
ties or lacing cord, ensuring that power wires and signal wires are separated by at least six inches when possible to
prevent cross-talk.

Phase 3: Integration and Ground Checkout

Once the harness is installed, the configuration phase begins. This involves entering the unit's service menu to
define the communication protocols (e.g., setting an RS-232 port to "Aviation Output" or "MapMX"). The ground
checkout includes:

1. Continuity Testing: Ensuring no shorts to ground or open circuits.

2. Power-Up Test: Verifying correct voltage at the connector before plugging in the LRU.

3. Signal Validation: Using a signal generator or a ramp test set to verify that the Nav/Com is receiving data
from the satellites or ground stations.

Case Study: Addressing Vibration and Pin Wear in Aging Airframes

A recurring issue in avionics maintenance is the failure of connections due to fretting corrosionand mechanical
wear. In a recent analysis of a legacy aircraft upgrade, it was found that the female pins in a 37-pin D-sub



connector had lost their tension. Vibration causes the male pin to microscopically move against the female socket,
wearing away the gold plating and increasing electrical resistance.

Symptoms of Pin Wear
¢ Intermittent "Red X" on flight displays.
 Static or "crackling” in the audio system.
¢ GPS losing lock during high-power climbs (engine vibration peaks).

The Solution

Technicians must perform a "pin drag test" using a calibrated tool to ensure the female socket still provides enough
friction. If the pins move more than what is barely perceptible while installed, the entire connector housing or the
individual pins must be replaced. High-quality connectors with machined pins (rather than stamped pins) are
recommended for high-vibration environments to ensure a cleaner install and more reliable connection.

Regulatory Compliance: AC 21-99(1) and Bonding

The Federal Aviation Administration (FAA) provides guidance through AC 21-99(1) regarding Aircraft Wiring and
Bonding. Bonding is the process of creating a low-resistance path between the avionics chassis and the aircraft's
frame. This is critical for two reasons:

1. Lightning Protection: Provides a path for high-current surges to exit the aircraft without damaging sensitive
electronics.
2. Noise Reduction: A poor ground is the leading cause of "alternator whine" in pilot headsets.

AC 21-99(1) specifies that a bond should ideally have a resistance of no more than 0.003 Ohms. Technicians use a
milli-ohmmeter to verify these bonds after installation. Any surface treatment (like paint or primer) must be removed
at the bonding point to ensure metal-to-metal contact, then treated with a conductive anti-corrosion compound.

Future Trends in Avionics Connectivity

As we look toward the future of avionics, the industry is moving away from massive multi-pin D-sub harnesses
toward Ethernet-based architectures and Integrated Modular Avionics (IMA). These systems use high-speed
data buses to reduce the total weight of the wiring. However, the fundamental principles of pin-outs, wire gauge
selection, and meticulous documentation remain the bedrock of the trade. Whether installing a legacy 25-pin
encoder or a modern fiber-optic data link, the technician's commitment to the installation manual’s specifications is
what ensures the safety of every flight.

Understanding the nuances of avionics wiring—from the gauge of the wire to the specific tension of a connector pin
—is essential for any senior technician or engineer. By following the standards outlined in AC 21-99(1) and
meticulously documenting every connection via updated wiring diagrams, the industry maintains a level of reliability
that is unmatched in any other field of electronics. The transition to advanced avionics is not merely a hardware
upgrade; it is a commitment to a higher standard of electrical excellence, where the precision of a single pin-out
can be the difference between a successful mission and a critical system failure.
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