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EXECUTIVE SUMMARY

In 2004 Boeing, Airbus and the Air Transport Association (ATA) announced an RFID for aircraft parts
initiative. The ATA updated SPEC 2000 in order to encompass RFID. Boeing and Airbus started a number of
trials of RFID in part labels (mounted permanently onto parts), and with temporary labels attached to parts
for their life before use.

IATA saw an opportunity for the use of RFID on parts to benefit the airlines logistical processes in
engineering and has authored this opportunity analysis through the Simplifying the Business programme.
The Simplifying the Business programme looks at leading the industry in areas of change for all airlines. The
opportunities presented in this document are not suitable for every airline today, and as such the Simplifying
the Business team will not recommend a global adoption of RFID to the IATA Board, however some airlines
are working in the areas identified.

This study examined the potential use of RFID to tag parts on board aircraft. Due to weight restrictions, cost
and tag design, only 700 part numbers have been selected, accounting for about 2000 actual parts. The
number of parts to be tagged will increase over time, as new aircraft are brought into production. The fitting
of some RFID enabled parts to the Boeing 787 and the design-in of RFID for parts on the Airbus A350
demonstrates this evolution. RFID embedded into aircraft parts is therefore a long-term proposition that
should be followed by airlines with a specific interest in this area.

In the near to medium term there are many opportunities that are of interest to airlines, including the use of
RFID on shipping labels to speed inventory management, RFID on lifejackets and other equipment needing
checking prior to ETOPS and RFID on high churn items such as seat covers and blankets.

The IATA Simplifying the Business recommendation is that whilst RFID offers benefit for all of the areas
above, the overall industry benefit does not justify a mass action driven by IATA to force the adoption of
RFID through a Simplifying the Business programme. Each airline should therefore examine the areas of
interest and pursue those where the maximum benefit is expected. IATA will continue to assist airlines in this
activity.
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1 Project Background
1.1 Stakeholders Involved

The RFID on aircraft parts initiative was launched in 2004, with participants from Boeing, Airbus and the Air
Transport Association of America. Boeing and Airbus share 70% common part suppliers and many of the
suppliers of these parts are also involved in the programme through the Auto-ID laboratories. The Auto-ID
Laboratories is an academic alliance of seven universities, with a track record of RFID success in the retail
area. The Auto-ID laboratories were asked to work on the problem of tagging aircraft parts. This work
involved the production of a number of tools for the analysis of part tagging, research on how data may be
collected and kept consistent between tags and databases, and research into a number of other areas.
IATA was asked to join the programme in 2005 and has followed the research closely.

1.2 Programme Objectives

This programme was initiated increase the efficiency and effectiveness of aircraft part logistics in the
airframe manufacturer’s production processes. A typical aircraft can consist of over 6 million parts, and each
part must be totally auditable in terms of provenance as well as being available on time. Not surprisingly both
Boeing and Airbus have deployed sophisticated ERP systems to support their production of aircraft, however
data entry issues still cause errors in the ERP systems, leading to delays in production.

1.3 Progress to date

SPEC 2000, a set of specifications, tools and documents that enable a cooperation to overcome supply
chain challenges in the aviation industry, has been updated to include RFID. SPEC 2000 is authored by the
Air Transport Association of America.

Work has also been carried out to test the various types of RFID technology — High Frequency Passive,
Ultra-High Frequency Passive and Active RFID Tags — to identify the appropriate RFID technology for use on
parts. These tests have been carried out on 40 aircraft parts installed in an operational MD-10 cargo aircraft
used by FedEx. The tests proved that UHF Passive and Active technologies could both be used onboard.
However, current FAA and FCC rules prevent the use of active technology inflight without a special licence.
Passive RFID technology is approved for use inflight as the tags cannot transmit. The interrogation of RFID
tags during flight is not permitted as this would involve operating a reader, and hence transmission, during
flight.

! See www.spec2000.com
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2 Issue Statement

When looking at RFID projects it is essential to consider the business problem to be addressed. Many RFID
projects start as technology trials, undertaken to bring familiarity with the technology to an organisation. If
these trials are taken forward without consideration of the business problem that needs to be addressed then
the trial seldom leads to an implementation and the planned benefits are lost.

The business reason for the use of RFID on parts is:

A need to improv e supply chain logistics in the ai rframe manu facturing, improv ing time to market,
costs and m ainten ance.

This need is relevant to the airlines, who procure aircraft, and indicates two issues. The first is a constant
and smooth supply of parts for aircraft manufacture, the second the maintenance of aircraft. The two issues
— managing a store of parts for predicted or ad-hoc maintenance and managing the constant supply of parts
for manufacturing purposes are similar but certainly not identical. The needs of the airlines are therefore not
necessarily addressed by the introduction of RFID technology by the airframe manufacturers. For example:
Despite the fact that the issue at hand is not directly related to airlines’ daily operations, the analysis and its
results can bring forth opportunities or benefits to the engineering process. These benefits could have a
significant impact in improving efficiencies and lowering costs associated with maintenance.

The airline issue is therefore: Does the introduc tion of RFID tags on parts, pr ovided by the airframe
manufa ctur er, bring a benefit to engi neering pro cesses?

2.1 Common issues at aircraft stores in a typical airline
Airlines face several common problems when handling aircraft spares.
2.1.1 Multiple part numbers

Many aircraft spares have several associated part numbers. Each time an airframe manufacturer revises a
part it issues a new part number. This can lead to confusion over which part number is appropriate for a
specific aircraft type, or to the airline holding a number of no longer valid parts because of a revision by the
manufacturer.

Figure 1: Par t label for th e flight com puter

2.1.2 Multiple additional numbers

In addition to having a chain of part numbers for a particular part, each aircraft spare can have several other
numbers associated with it. These additional numbers are often printed along with the part number in
barcode form. This can cause further confusion as the barcode symbology used can lead to the wrong
number being scanned when barcodes are used.
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2.1.3 Paper trails

Some parts are impossible to label. These parts have a paper label that is attached to the part. The label is
used to indicate the state of the part — serviceable or not, and other key data. This is especially the case for
rotable parts where a service must be carried out after a certain number of uses, or hours of operation.
Should the label become separated from the part then the part must be re-certified, as the provenance/origin
of the part cannot be ascertained. The ability to have the entire history of a part, with the part, is also key as
parts are often moved between airlines.

2.1.4 Dislocati on of Events (action a nd entry of data)

Many engineering operations rely upon the entry of data into sophisticated ERP systems. The nature of
engineering operations, especially fit and remove types of operations, means that immediate access to the
ERP system is unlikely to be available. The ERP system is therefore always out of date. This dislocation can
be severe for instance when an operation is carried out at a remote site and not updated until return to base.

2.1.5 Harsh Environments

Aviation components are often installed in harsh environments, for instance in a bath of hydraulic fluids. This
results in harsh working conditions, where accessing the part can entail lengthy processes. The ability to
identify a part in a hazardous or harsh environment without the need to directly access the part is therefore
desirable.
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3 RFID systems and their component s

Given the range of problems that are faced when working with traditional labels on parts, RFID can be seen
to offer significant benefits. To understand these it is necessary to understand the operation of a typical RFID
system.

3.1 RFID Background

An RFID system has three basic components: tags, Interrogators and antennas, and a host computer. The
host computer can be responsible for controlling the readers, interpreting the information on the tag and / or
presenting the results. RFID tags contain semiconductor chips and miniaturized antennas inside some form
of packaging. RFID tags needed for use on aircraft parts have the form factor of a standard aircraft parts
label. The RFID labels can contain a variety of data, from a small unique number to several kilobytes of
information.

RFID systems operate using radio waves. These waves are similar to radio, but you could not detect them
with a regular radio receiver because the frequency that is used is outside of the regular bands used by
commercial radio.

RFID readers are used to interrogate the tags, and can communicate with many tags at once. The reader
does not need to “see” the RFID label to read it, just like you do not need to see a radio transmitter to listen
to your favourite programs.

Most RFID systems comprise of several readers, all networked and sending information to a reporting
service. RFID makes use of networking technologies so that a supplier of materials may see when their
customer has received goods. Sometimes it is even possible to see when the goods need to be replaced so
that re-ordering may be automatic.

Figure 2: Atypical RFID system

RFID technology operates in a considerably different manner to barcodes. Barcode systems require that a
label be seen in order to be read, and once printed the barcode label is generally fixed.
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The following table lists a number of key differences between the technologies.

Capabilit y

Read Characteristic

Barc ode

Line of sight only

RFID

Any tag, anywhere within reader
field.

Number of simultaneous reads One Many

Accuracy (automatic) 70-95% 99.99%

Durability Paper: limited. Good durability cannot be
Metal etched: good, but can be scratched. Able to detect if
scratched. damaged.

Changeable No, read only Yes, can be changed and

changes tracked.

Maintenance of reader

infrastructure (automatic)

Regular maintenance needed to

achieve high read rates.

Almost zero after initial

configuration

Cost

Paper: Almost free

Metal: $$

Passive tags $0.5 > $8

Active tags $10 to $1000

Table 1 — comparison between barcodes and RFID
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3.2 Use of RFID On Aircraft (certification)

The use of RFID on aircraft is governed by the Federal Aviation Administration, Civil Aviation Authority and
various other authorities around the globe. The use of active RFID tags onboard aircraft is not allowed at the
time of publication, and thus only passive tags may be used to identify airline assets.

The reason that these regulations exist is that radio frequency identification Systems make use of radio
transmissions in order to operate and are therefore required to operate without interfering with other radio
systems. Aircraft make extensive use of radio, and thus there is concern over the use of RFID systems on
board aircraft. The following is taken directly from the FAA memorandum “Policy for Passive-Only Radio
Frequency Identification (RFID) Devices” issued on May 13" 2005.

After examination of the current RFID technology by the FAA team, the FAA has determined that the use of
“passive-only” technology poses no safety risks and is acceptable for use on civil aircraft, given the following
conditions:

The RFID devices operate in the “passive-only” mode;

The RFID devices must not radiate (back-scatter) characteristics with harmonics below a level of 35
dBuv/m

This limit is established to prevent any unwanted signals from becoming a possible source for
interference to, or intermodulation with, required critical or essential aircraft equipment or systems.
(Note: Applicant may use RTCA/DO-160, Section 21, CategoryM for radiated interference to ensure
tag harmonics are less than 35 dBuv/m)

The frequency assignment for passive devices must remain outside of the published aviation
frequency bands in order to prevent their radiation from affecting critical or essential aircraft systems;
The generation of harmonic frequencies from the RFID tags will be maintained such that the
fundamental through the 4™ harmonic frequencies do not impinge upon any assigned aviation
communication or navigation frequency

The use of passive-only devices is restricted to ground operations only, i.e., aircraft not-in-motion,
where the intended interrogation of any passive RFID device is not conducted while the aircraft is
positioned on an active taxiway or runway

The RFID devices must meet the requirements of Federal Aviation Regulations 23, 25,27, and
29.1301, i.e., each item of installed equipment must—function properly when installed; and, the
passive-only RFID devices must be of high integrity, i.e., be designed to operate in an aircraft
operational environment with robust radio frequency stability.

This policy applies to passive-only RFID tags permanently installed on aircraft parts or equipment, on
cargo containers or pallets (such as ULDs), and RFID tags temporarily attached to cargo, galley carts,
or baggage carried on-board aircraft. This policy is applicable to all aircraft operations conducted under
14 CPR parts 91, 135, and 121 as called out in 891.21, §135.144, and 8121.306, respectively.

In conclusion, the FAA has determined that the use of passive RFID technology is acceptable when those
devices are used in the “passive-only” mode, they comply with the seven conditions described above, and
their function is intended for aircraft on-ground use only. The FAA is working to develop guidance material
pertaining to the development of criteria and performance specifications for active and battery-assisted RFID
technologies, including the pass/fail criteria for these types of device architecture.
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3.3 RFID on metal and in harsh environments

Radio waves of the frequency used in UHF Passive RFID devices are easily absorbed by water and reflected
by metal. The use of RFID in these environments is a particular challenge. The absorption of energy by
water is easily demonstrated by heating a mug of water in a microwave. UHF passive RFID is not at the
microwave frequency, and is thus not quite as easily absorbed, however any liquid that is substantially water
based (such as oils) will absorb some of the energy making is harder to read the RFID tags. Tags can be
designed to overcome this, one notable example being the use of RFID tags floating through water pipes so
that engineers could discover the route of the pipe without digging up roadways.

RFID in a metallic environment is also challenging due to reflections of the radio waves. In this case the
energy is prone to bounce around, making it hard to tell which tags are being read. There are techniques
available to minimise this problem, as demonstrated by on-metal mount tags from several suppliers. Many of
these tags now use cheaply available metamaterials and such passive RFID tags have been used in direct
contact with metal and read distances of over 2 meters have been achieved. There is still an issue with
locating the correct tag amongst many reflected readings.

The effects of metal and liquid environments are often sighted as a reason for not using passive RFID to tag
parts, as the aviation environment is full of these materials. Certainly such environments present a challenge
to the RF engineer; however they can be engineered out of the system.

3.4 RFID designed into aircraft parts

Looking at the challenges presented in using RFID directly mounted in a permanent fashion to the part we
can see that there are many challenges. However, this is an area where there is considerable lead time, and
hence opportunity for clever engineering. The use of RFID can overcome all of the problems described at the
start of this section.
Multiple part numbers: RFID tags can overcome this issue in 2 ways — through the use of an individual
number for every part (so part 123 is the same as part 124, but it's entire lifetime history is known
separately) or by using object identifiers to distinguish between current and previous part numbers.
Multiple additional numbers — the storage capability of RFID tags allows many numbers to be stored
without confusion between them.
Paper trails: A directly embedded RFID tag cannot be separated from the part and therefore cannot be
lost. Furthermore the plans to use the tag to store an engineer’s note on the part will allow paper to be
eliminated from the engineering process.
Dislocation of Events (action and entry of data): The use of RFID readers when working on a part
allows the transaction (such as remove part) to be recorded at the same time as the actual work is
undertaken.
Harsh Environments: RFID is capable of working in harsh environments so long as this is
acknowledged early and designed into the system.

Given that passive RFID can work when embedded into parts and can be used to solve the problems above,
what are the remaining issues with using RFID on parts? The main issue is one of rate of adoption.
Retrofitting RFID introduces an issue for the weight of the aircraft. Boeing limited the RFID weight burden to
a maximum of 20 Ibs. An encapsulated tag weighs only a few grams, but when multiplied by thousands of
parts this adds up. This acts as a barrier, as encountered by Boeing who have decided to tag 700 individual
part numbers on later 787 aircraft. This represents a tagged part population of approximately 2000 parts, and
still adds a weight burden. The design and build process for new aircraft takes a considerable time but this

www .iata.org/stbsupportportal 11 IATA Simplify ing the Business



does offer the best opportunity for the inclusion of RFID on aircraft parts as the weight can be designed into
aircraft (so that the aircraft part weighs the same with RFID as without).

Should airlines invest in the infrastructure needed to read parts that are tagged with RFID today? Customers
of Boeing for the 787 and Airbus for the A350 should certainly be planning for this once the aircraft start to
be delivered, and airlines that are technology leaders should continue to work with the technology, however
it would not be appropriate to recommend the adoption of RFID as an IATA mandated project for all airlines
at this stage.
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4 The use of RFID in W arehouse Systems
4.1 General Scope

The previous section described the use of RFID embedded into aircraft parts. There are other uses of RFID
in parts management that can benefit the industry without the long lead time associated with new aircraft
design.

Airlines often operate warehouse systems for the storage of engineering spare parts. The supply of goods
from the warehouse falls into two categories — (1) parts scheduled to be used in planned maintenance (2)
parts that are held for random demands to cope with technical failures.

The flow of goods into the warehouse is driven by orders placed in response to planned demand and also
order placed in response to held part volumes falling below a critical value. In large operations the goods
inwards process is continuous.

4.2 General ERP systems

Enterprise Relationship Systems, such as SAP which is used here as an example, can be applied to a range
of warehouse operations through the use of the ERP Warehouse Management module. ERP systems create
virtual warehouses and assign goods to them, and the movement of goods between the warehouses ought
to reflect their movement through business processes. Transactions may be executed on the goods that
allow them to be assembled together, modified and processed. The accuracy of data entry is therefore
crucial to the operation of a warehouse system.

4.2.1 SAP RFID linkage

SAP has produced a number of RFID components in their system that allows transactions to be undertaken
based on RFID events. The use of RFID in a warehouse can be used to ensure data consistency, and to
allow multiple simultaneous transactions.

4.3 The Parts Warehouse

This section looks at typical warehouse operations and how RFID can impact them.

4.3.1 Goods Receipt

RFID tags have the potential to improve the warehouse’s goods receipt processes. Each product or case
must be scanned into a warehouse system before it's moved into the warehouse. RFID technology allows
significant improvements in the throughput speed of product at the receiving dock. The RFID scanner reads
the shipment within seconds as it passes through the portal readers. Additionally, the RFID technology
eliminates the need to physically check the bill of lading and/or the packing slip. Furthermore, RFID will
connect with the WMS system to indicate if a product needs a cross-dock movement, where goods received
are immediately shipped for use. The benefits from not scanning each shipment, automated bills of lading,
and improved cross dock movements reduce labour costs and allow the receiving docks to handle a greater
amount of product. There are also advantages to the supplier, as it is possible to notify the receipt of an item
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when it is delivered, even If the warehouse has a backlog on the movement of goods into the warehouse.
The supplier may then collect payment upon delivery.

In addition, the RFID system will help manage the flow of damaged goods into the warehouse. The damaged
goods that are set aside can be read by the RFID technology as received as damaged, and the supplier
need not be paid until the damaged goods are replaced.

Engineering parts are often irregular in shape, and this can lead to a problem when locating part
identifications. RFID does not rely upon line of sight, so there is no need to orientate a part to allow
identification.

4.3.2 Storage and pic king

Once received into the warehouse goods must be stored. The use of RFID allows either the goods to be
placed in the correct location through the use of “smart shelves” — shelves that will notify the user if the item
is placed incorrectly, or allow the use of free format storage. Free format storage uses location based RFID
services to ensure that wherever goods are placed; the system records the location for easy later retrieval.
Both of these techniques facilitate automatic stock checks. Many engineering parts warehouses are simply
too busy to make a regular stock check, and the ability to audit the warehouse in an instant has great benefit
to monitor shrinkage.

When it comes to retrieving the goods it is possible to guide the worker to the goods. Some RFID labels
actually light up to indicate that that particular item should be picked. Other system use lighting above the
shelving to illuminate the location of the goods. A worker with a handheld reader, or a reader on a fork lift,
can use feedback from the reader to locate the correct goods. As examples consider two bottles of aviation
lubricant in a store — the worker may pick either bottle to fill a request. If RFID is used then the bottle with the
closest expiry date may be selected easily. This is especially advantageous where there are large collections
of materials requiring special handling, such as anti-freeze. The anti-freeze must be kept in freezers, and
knowing which freezer has the most time critical stock can reduce wastage.

4.3.3 Dispatch

When goods leave a warehouse it is necessary to update the stock level in the warehouse and also to
ensure that the person receiving the goods receives the correct paperwork (and the correct goods). The use
of RFID can entirely automate the generation of paperwork based upon the goods to be dispatched, and also
confirm that the order is correct prior to dispatch. When an order is incorrect an alarm is triggered to notify
the worker that action must be taken.

4.3.4 Re-order

Once dispatched it is necessary to place order for the goods to be replaced. RFID can automate this by
checking the current stock levels (performing a stock check) and then instructing the Warehouse
Management System to re-order those items that are either below a critical level or will go below based upon
the activity over the planned delivery time.

4.4 Benefits to be gained from RFID in a warehouse environment

Industry studies have shown that RFID should deliver savings of 40-80% based on efficiencies gained
through labour savings, storage, picking and replenishment and shipping. These figures come from a study
undertaken at PENN State University Centre for Supply-Chain research.
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4.5 Further RFID opportunities

RFID can also be used in imaginative ways to bring further benefit to the airlines. These methods take the
use of RFID on parts outside of the warehouse management system.
Invalid Combinations: RFID can be used to ensure that engineers cannot have invalid combinations of
materials checked-out at the same time. This prevents the use of parts containing rubber compounds
and rubber corrosive adhesive being checked out simultaneously.
Loans: Airlines frequently loan parts to other carriers. RFID can be used to accurately track the loan
item through the other carriers processes, allowing accurate charging based on use.
Tool calibration: The life of RFID tagged tools may be tracked, and notification can be sent if a tool that
needs recalibration is used.
Tool Location: Many tools in aviation are specialist in nature, designed for use on specific parts or
requiring calibration for each use. The Licensed Aircraft Engineers are also highly trained and therefore
costly to employ. Having a licensed aircraft engineer search for tools is wasteful and can be avoided by
having less trained staff locate tools using RFID.
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5 RFID scope for p arts logistics

RFID can be applied to parts for most warehouse operations through the adoption of RFID shipping labels. In
this form the RFID tag is applied to the shipping label at the time of part dispatch from the supplier (if not
earlier, allowing the supplier to share in the benefits of an RFID operation).

The RFID tag is encoded with essential information regarding the shipment, such as the originating purchase
reference and the goods that are included in the shipment. A single tag an be applied to a large shipment, as
a meta-tag, with each individual part’s box tagged for checking that everything ordered is present.

The great advantage for the airline is that the parts can then be recorded as received without the need for
any manual data entry or barcode scanning. A portal reader at the point of good reception can indicate if the
order is complete and whether it should be cross-docked for use of stored. The advantage for the supplier is
that the airline can acknowledge receipt of the order immediately and often eliminate 30, 60 or 90 day terms
used for payment, and have shortfalls in deliveries fixed far faster.

There is an issue in the use of shipping labels for parts with RFID is that there is no common standard for
shipping labels between suppliers. The Air Transport Association of America may update SPEC 2000 with
this in the near future, which would remove this block.

Warehouse logistics can certainly be improved using data portals and RFID for goods inwards, and the use
of RFID shipping labels can extend into other areas such as part location and improved stock taking. Once a
single standard for shipping labels is agreed then airlines with major parts logistics operations should
investigate the technology fully.

6 Other RFID uses on p arts

RFID tags have been used to tag parts and items that have an expiration date and are needed for
operational safety. This includes the use of RFID for the tagging of life jackets.

These are excellent items to tag as it is necessary for airlines to ensure that they are in place, and in date,
prior to the operation of a flight.

A simple RFID tag is added to the life jacket sleeve, as this does not affect the life jacket at all. The tag can
then be read, along with all other tags, by a member of the cabin crew walking through the aircraft with a
reader. The reader simply counts the tags to ensure that there is the correct number onboard the aircraft. A
refinement involved including the expiration date of the gas cylinder used to inflight the life jacket either on
the tag or in a database. When a cylinder is about to expire then an alarm is triggered and the life jacket can
be replaced. This can offer substantial savings, not just in pre-flight checks (Boeing found the time for a
check to be reduced from 30 minutes to 5) but also in terms of the servicing of the life jackets.

Other ideas have been proposed such as tagging blankets to reduce loss and the tagging of seat covers.
There are many examples where a simple passive tag can save process time and cost for the airlines and
these should be investigated by airlines when addressing problems such as operational efficiency and
amenity shrinkage.
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7 Recommendation

This report has examined some opportunities for the use of RFID on parts. There are clearly benefits that
could be made using the technology, and as new aircraft are introduced then the use of RFID will become a
common place occurrence. Airlines that are innovative and forward looking should continue to examine these
opportunities so that they can benefit from the technology as it is introduced over the next few years.

Airlines should also specifically consider RFID when examining the inventory of life jackets, blankets, seat
covers, medical kits and other equipment stored on the aircraft. Each airline with projects to improve
efficiency or reduce loss in these areas should consider the use of RFID as a matter of course in their
business analysis.

The IATA Simplifying the Business programme looks at implementations across all the airlines to drive the
industry to core savings, such as electronic ticketing, bar coded boarding passes and baggage improvement.
Currently the outlook for embedded parts is sufficiently distant to not warrant such as programme of adoption
by the airlines. The lack of a single standard for shipping labels is also a hindrance to the adoption of RFID
on parts for logistics processes. The Simplifying the Business programme would not therefore seek approval
from the IATA Board to drive the adoption of RFID for engineering parts as an industry mandate.
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