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Introduction
Most aircraft require power generation during flight to ensure continuous system
operation. The most practical method for achieving this is to use the aircraft engines to
provide mechanical power to a generator. Historically, aircraft designers used constant
speed drives (CSD) in order to deliver the steady 400 Hz AC of electrical power needed
to operate onboard systems.
In recent years though, the aircraft industry has moved away from this traditional
approach, eliminating the requirement for constant frequency and instead embracing
the use of variable frequency power (VFP). This white paper describes the move from
constant to VFP systems and how these can be monitored using equipment designed
to meet the ISO 12384 VFP standard.

Figure 1: A CSD used on the Boeing 727
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Power Generation
Larger aircraft typically have a power system that is able to
generate electricity. This generation is generally performed
by the aircraft’s engines and/or by an auxiliary power unit
(APU). APUs are commonly used while aircraft are in service
on the ground without the main engines running (while a
passenger jet is being boarded for example). Batteries are
installed to aid in aircraft startup and to provide emergency
power in the event of a generation failure.
The most common power generation system on turbinepowered aircraft today is called an Integrated Drive Generator
(IDG), which is a CSD and an alternator combined. This
combination began in the 1970’s to improve weight and
reliability and provided a power density improvement over
separate systems (Madonna et al., 2018).
CSDs are necessary as the aircraft’s engine gearbox speed
changes over the range from idle to full power. The CSD
hydro-mechanically converts this variable speed into a
constant RPM output that can then be fed into an alternator,
allowing the alternator to produce power at a constant
frequency.
IDGs on aircraft typically produce power at 400 Hz (115V,
3 phase). This relatively high-frequency is less efficient
compared to 60 Hz but results in a lighter, more compact
power supply. The resulting weight savings from the use of
smaller and lighter electrical generators helped to reduce
overall costs.
In contrast, Variable Frequency Generators (VFG) don’t
require mechanical speed conditioning systems. VFGs are
linked directly to the engine shaft and thus there is a direct
relationship between engine speed and output frequency.
This frequency variation can result in more expensive motor
controllers, engine redesign and alteration to accommodate
the VFG, and additional heat exchanging systems (Ahmed
Abdel-Hafez, 2012).
The advantages of VFG is their smaller size, lower weight
and cost, and the fact they can generate power more
efficiently than IDGs. This latter point is important as aircraft
are increasingly using more electrical power.
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Figure 2: High level difference between an IDG and a VFG

The Future is More Electric
A significant competitive advantage for an aircraft is how
fuel efficient it is – the less fuel required to fly a route, the
more price competitive the operating airline can be. There
are many factors affecting aircraft fuel efficiency such as
aerodynamics, engine design, mass, and energy use.
One way to aid fuel efficiency is to move to a “more electric
aircraft” (MEA). A MEA represents weight and fuel saving for
aircraft by replacing secondary hydraulic and mechanical
systems with electric devices. It can also improve aircraft
reliability and affordability while reducing cost of ownership,
operation, and maintenance costs (AbdElhafez & Forsyth,
2009).
On the Boeing 787, for example, the use of electrical power
generated from the engine rather than engine-generated
pneumatic power, could lower engine power consumption
by as much as 35 %. In addition, the removal of the hundreds
of pounds of extra ducting for bleed air (required for CSDs),
and its corresponding effect on lowering thrust efficiency,
will reduce fuel burn while cruising by 1 to 2% (Sinnett,
2017). This move to a MEA requires additional electrical
power and has been a motivating factor for modern aircraft,
such as the Boeing 787, to switch to VFGs.
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Figure 3: Weight savings can be realized by removing mechanical and
pneumatic systems (adapted from AbdElhafez & Forsyth, 2009)
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Newer aircraft such as the A320neo, B737max, and
C919 now require that many onboard electrical systems
are designed to handle variable frequency, typically 115V
AC 200-900 Hz. Examples of aircraft equipment that can
support variable frequency AC power include fuel and
hydraulic system motors which, because they are designed
to operate at different speeds, can reliably handle variable
power loads. In contrast, some equipment, such as cockpit
displays, fuel pumps, and brakes, rely on DC power. Here,
solid state electronics can be used to turn VFP into DC
power.

frequencies as noted in the following list (ISO/TC 20/SC 1,
2010):
•

200 kHz (AC or DC voltage distortion spectrum/ factor)

•

100 kHz (AC transient characteristics)

•

80 kHz (DC transient characteristics)

•

72 kHz (other AC characteristics)

•

20 kHz (DC voltage, ripple range and steady state
current)

Standardizing the methods for Industry’s first 3-phase monitor
measuring aircraft electrical that meets ISO 12384
In response to this demand, Curtiss-Wright has developed
systems
a module capable of meeting the requirements of ISO
As aircraft design makes the shift from constant to
VFP, monitoring the data during flight testing becomes
a challenge because VFP requires new standards and
monitoring equipment (to account for transient power events
for example). An attempt to standardize was introduced in
2010 with ISO 12384 which intends to “explain, establish,
and standardize specific methods for digital measurements
of the aircraft electrical system” (ISO/TC 20/SC 1, 2010).

12384. The AXN/ADC/408 monitors 3-phase power lines
and supports VFP monitoring (frequency range from 200
Hz to 1 KHz). It has a programmable gain amplifier and a
65,536-point conversion table for each of the six channels,
each of which is sampled simultaneously at 2 Msps. The
AXN/ADC/408 does not require an external transformer
as the voltage is divided down on the module instead. The
accepted voltage input range is +/- 291V.

ISO 12384 details the measurement criteria for a wide
range of steady state and transient characteristics. A small
sample of the measurements include the following:
•

Phase voltage imbalance, modulation, and displacement

•

DC and AC voltage distortion factor

•

Voltage transients

•

Steady state DC voltage

The standard details the allowable measurement errors, for
example, steady state AC and DC voltages should be in the
range of ±0.5% (absolute error of readings). It also notes
how the equipment should be capable of operating in an
airborne environment and, in particular, needs to handle
large amounts of data. For example, ISO 12384 states the
hardware should be capable of sampling at or above the

Figure 4: The AXN/ADC/408 power monitoring
monitor for the Axon DAU
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Figure 5: User definable ranges allow for flagging of transient events

A user can define 13 steady state and 3 transient parameters
per channel and set the expected range of operation for
frequency, RMS voltage, and current — inputs outside this
range are flagged as transients. To make optimal use of the
data, after a transient is detected, raw data is acquired at
1.8 Msps. This high rate enables accurate plotting of any
detected transients but means the DAU must be able to
cope with high data throughput.
Most DAUs currently on the market are incapable of fully
meeting ISO 12384 standards in a practical application due
their architecture throughput being too limited. The AXN/
ADC/408 is the only viable solution on the market today,
thanks to being hosted in Curtiss-Wright’s new Axon data
acquisition unit (DAU). The Axon can handle a throughput
in excess of 500 Mbps – this is enough capacity to host
multiple modules into a single chassis.

Conclusions
Modern aircraft are switching from IDGs to VFGs in order to
increase efficiency and lower fuel burn as well as meet greater
electrical demands. As aircraft design shifts from constant to
variable frequency electrical power requirements, Flight Test
Instrumentation (FTI) engineers increasingly need a power
monitoring solution able to collect data from generators that
output power at up to 1 kHz.
ISO 12384 provides a roadmap towards standardizing
hardware, but such high data throughput requirements
mean high performance DAUs are required. The Axon and
the AXN/ADC/408 module are the industry’s only variable
frequency power monitoring solution to support 1.8 Msps
sampling rates, enabling a wider range of measurements to
address a variety of power monitoring applications.

To ease design-in, the module also supports all legacy
parameters provided by current Curtiss-Wright power
monitoring solutions. Additionally, bandwidth can be downfiltered using the module’s built-in digital filter, prior to
processing by the math engine, and the raw data can be
packetized into many standard formats including iNET-X,
IENA, TmNS, Ch10, and DARv3.
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