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1. SCOPE

This SAE Aerospace Recommended Practice (ARP) defines means to assess the effect of changes to seat back mounted
IFE monitors on blunt trauma to the head and post-impact sharp edges. The assessment methods described may be used
for evaluation of changes to seat back monitor delethalization (blunt trauma and post-test sharp edges) and head injury
criterion (HIC) attributes (refer to ARP6448, Appendix A, Item 4). Application is focused on type A-T (transport airplane)
certified seat installations.

1.1 Background

To meet the HIC of AS8049, seat manufacturers may be required to perform row-to-row seat dynamic testing to assess the
seat design’s ability to attenuate head impact severity, as measured by the HIC. As part of the test, seat back mounted IFE
components such as monitors and handsets are included in the tested configuration of the seat. While the primary purpose
of the HIC test is to measure the HIC value, the seat is also evaluated in its post-test state for unacceptable sharp edges,
loose pieces, and potential occupant egress impediments. Numerous difficulties for seat manufacturers, IFE manufacturers,
and the seat installer occur when demonstrating and maintaining compliance.

a. Obsolescence of parts within the IFE component is driven by the rapid pace of change in the consumer electronics
industry. Therefore, evaluation of IFE component changes for effects on HIC and post-impact sharp edges is frequently
performed by the IFE manufacturer, seat manufacturers, and the seat installers. As an IFE component can be integrated
within various seat designs manufactured by multiple seat manufacturers, a single change to an IFE component design
could affect a large number of different seat installations.

b. Seat manufacturers are knowledgeable in seat system behavior, while IFE manufacturers are knowledgeable about the
construction of their IFE components. Test failures that include both the seat and the integrated IFE part (especially
unacceptable post-impact sharp edges of the IFE component) are problematic due to shared involvement in the
integrated seat design. Therefore, it can be difficult to identify the design change needed to meet requirements.

Although FAA policy allows for more streamlined methods to be used, such as seat dynamic testing with surrogate targets,
the criteria defined in current policy is very conservative, which has prevented its widespread use.

2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this document takes precedence.
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AIR6908 Impact Characteristics of Seat Back Mounted IFE Monitors - Basis for ARP6330

ARP5526 Aircraft Seat Design Guidance and Clarifications

ARP6448 Gaining Approval for Seats with Integrated Electronics in Accordance with AC 21-49 Section 7.b
AS8049 Performance Standard for Seats in Civil Rotorcraft, Transport Aircraft, and General Aviation Aircraft
SAE J211-1 Instrumentation for Impact Test, Part 1 - Electronic Instrumentation
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2.1.2 FAA Publications

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591,
Tel: 866-835-5322, www.faa.gov.

14 CFR Part 25 Airworthiness Standards: Transport Category Airplanes

AC 21-49 Gaining Approval of Seats with Integrated Electronic Components (February 9, 2011)

AC 25.562-1B Dynamic Evaluation of Seat Restraint Systems and Occupant Protection on Transport Airplanes
Change 1 (September 30, 2015)

AC 25-17A Transport Airplane Cabin Interiors Crashworthiness Handbook (May 24, 2016)

Change 1

ANM-03-115-28 Policy Statement on Use of Surrogate Parts When Evaluating Seatbacks and Seatback Mounted
Accessories for Compliance with §§ 25.562(c)(5) and 25.785(b) and (d) (October 2, 2003)

ANM-03-115-31 Policy Statement on Conducting Component Level Tests to Demonstrate Compliance with §§ 25.785(b)
and (d) (May 9, 2005)

2.1.3 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM D6272-17  Standard Test Method for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical
Insulating Materials by Four-Point Bending

2.1.4 Code of Federal Regulations (CFR) Publications

Available from United States Government Printing Office, 732 North Capitol Street, NW, Washington, DC 20401, Tel: 202-
512-1800, www.gpo.gov.

49 CFR Part 572  Anthropomorphic Test Devices
2.2 Definitions

BASELINE IFE MONITOR: The IFE monitor configuration in which the integrated seat was validated for acceptable head
impact performance.

GLASS FAMILY: Glass materials where both the material chemistry and methods used to toughen the glass are similar.
HEAD INJURY CRITERION (HIC): A measure of head impact blunt trauma severity as defined in 14 CFR Part 25.562(c)(5).

INTEGRATED SEAT: An airplane seat approved under a seat TSOA/LODA that includes electronic components. The
electronic components may include IFE, in-seat power systems, inflatable restraints, and electrically actuated seat features.

NON-HIC: Seat installation not required to meet the HIC.

REVISED IFE MONITOR: The IFE monitor configuration proposed to be substituted for the baseline IFE monitor in an
integrated seat design.

SURROGATE TARGET: An acceptable substitute for a production part per FAA memorandum ANM-03-115-28.
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TOUCH SCREEN: An input and output device normally layered on the top of an electronic visual display. For this document
the term “touch screen” is used generically to be the outer surface of the visual display, even though the component may
not have input/output functionality. This component may also go by the term cover glass, cover lens, or touch panel in
monitor construction.

2.3 Acronyms

AC

AIR

ARP

AS

ASTM

ATD

CFR

FAA

FEM

FMH

HCTD

HIC

IFE

LODA

PCB

TSO

usSB

Advisory Circular

Aerospace Information Report
Aerospace Recommended Practice
Aerospace Standard

American Society of Testing and Materials
Anthropomorphic Test Device
Code of Federal Regulations
Federal Aviation Administration
Finite Element Model

Free Motion Headform

Head Component Test Device
Head Injury Criterion

In-Flight Entertainment

Letter of Design Approval

Printed Circuit Board

Technical Standard Order

Universal Serial Bus

3. SEAT BACK MONITOR CONSTRUCTION

Seat back mounted IFE monitor designs typically consist of layers of subcomponents (touch screen, display panel, and
circuit boards) packaged in a boxlike structure. A shroud envelops the outer surfaces potentially exposed to the passenger.
See Figure 1 for an illustration of IFE monitor construction.

Full document details: SAE ARP6330A

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/sae-arp6330a
http://www.avadocuments.com/doc/sae-arp6330a

SAE INTERNATIONAL ARPG6330™A Page 7 of 40

Frame structure

Printed circuit board

Display  Shroud

I
Touch screen i

Figure 1 - Exploded view of IFE monitor (example)

The touch screen is a multi-layered panel typically consisting of polymer films, glass, adhesives, and sensors. A typical
construction is shown in Figure 2. The polymer protective film functions to protect the glass from damage and to retain glass
fragments if the glass fractures. The typical touch screen panel installation has an air gap with other subcomponents
(typically the display panel) located farther into the IFE monitor.

FrontSide (Touch Side)

Protective Film

Adhesive-1
Cover Glass
Adhesive-2
Sensor Glass
ouch Panel Location
in Monitor Layer Stack-up of Touch Panel

Figure 2 - Touch screen stack-up (typical)

A display panel (e.g., liquid crystal display) is typically mounted between the touch screen and the printed circuit board, with
air gaps between the display panel and neighboring subcomponent layers. Printed circuit boards used in monitors are typical
of those used in the consumer electronics industry and provide a mechanical support and electrical connection for a power
supply, integrated circuits, and other electrical small parts such as resistors or capacitors.
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For the rest of the document the term “touch screen” will be used to describe the outermost glass panel of the monitor
construction, even though for some IFE monitor designs the panel does not have touch-sensitive functionality or goes by a
different name (cover glass, cover lens, touch panel, etc.).

4. APPLICABLE ASSESSMENT METHODS FOR SUBCOMPONENT CHANGES

The assessment methods described in Section 5 are listed below in order of complexity, from most complex to
least complex.

a. Row-to-row HIC test (blunt trauma and post-impact sharp edges) (see 5.1)

b. Head component test of integrated seat back (blunt trauma and post-impact sharp edges) (see 5.2)
c. Component impact test (post-impact sharp edges) (see 5.7)

d. Three-point bend test (blunt trauma) (see 5.3)

e. Four-point bend test (glass material and touch screen; blunt trauma) (see 5.4 and 5.5)

f. Engineering rationale (blunt trauma and post-impact sharp edges) (see 5.6)

The first two methods (a and b) involve testing the IFE monitor installed in the seat back. While these methods can evaluate
changes to the seat back, IFE monitor installation, or one or more subcomponents within the IFE monitor, the evaluation is
specific to the integrated seat design tested. The other methods defined in this section (c, d, e, and f) evaluate changes to
the IFE monitor only. This is advantageous as one set of test results or rationale may be used to substantiate multiple
integrated seat designs.

Three-point and four-point bend testing (methods d and e) only evaluates whether a revised IFE monitor design may be
considered equivalent in terms of blunt trauma potential. Depending on the design change, impact testing may be required
to determine if sharp edges are produced by head contact. This may be accomplished by either row-to-row seat dynamic
testing, head component testing, or component impact testing. Changes to the IFE monitor weight and center of gravity are
addressed using other methods.

Due to the location, construction, and material properties of each subcomponent in the IFE monitor, the appropriate
assessment methods will vary depending on the area of change. Applicable assessment methods for each area of change
are defined in Table 1. These assessment methods will also cover the ancillary design changes to enable the subcomponent
change, such as wire routing changes, subcomponent attachment changes, etc. If an IFE monitor change does not meet
the performance criteria of the simpler test methodologies (c, d, €, f), one of the seat design specific assessment methods
(a or b) may be used to validate the IFE monitor change for that particular seat design.
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Table 1 - Applicable assessment methods for IFE monitor subcomponent change

Area of Change Methods Section |

Row-to-row seat dynamic testing 51
Any Change (as listed below)

Head component test of the integrated seat(" 5.2
Display Panel Three-point bend test 5.3

Three-point bend test 5.3
Printed Circuit Board

Engineering rationale (depending on change to PCB) 5.6

Impact test, either:

¢ Row-to-row dynamic testing 51
Touch Screen: Protective Film ¢ Head component test of the integrated seat 5.2

e Component impact test 5.7

Three-point bend test 53
Touch Screen: Glass - Same Family Three-point bend test 53

. . . Three-point bend test and 5.3

Touch Screen: Glass - Different Family Four-point bend test 54
Touch Screen: Other Changes Three-point bend test 53

(1) Does not address potential changes to HIC measurement.

The three-point bend test method and similarity criteria of 5.3 is intended for subcomponents and a general construction
typical of monitors produced at the time of document publication. Designs that deviate significantly from those described in
Section 3 may require additional evaluation.

Sections 5.3 and 5.4 are only applicable when the following limitations are met:

a. Seat back mounted IFE monitors only. Furniture or monument-mounted IFE monitors, or seat back designs that do not
rotate forward to attenuate head impact, are out of scope.

b. IFE monitor attachments to seat structure that are located on the monitor back surface only (opposite side from the
viewing screen).

c. Materials used for major internal subcomponents are not rate sensitive. For example, glass materials for this application
are considered non-rate sensitive.

d. HIC results for the applicable integrated seat design:
1. For touch screen changes, HIC results do not exceed 860.
2. For other internal changes (display panel, printed circuit board), HIC results do not exceed 940.
3. Test results where the monitor viewing screen was not within the primary ATD head impact load path may be
excluded in the application of this limitation. For example, seat HIC tests where only the monitor shroud periphery
was contacted by the ATD head.

4. Integrated seat installations that do not require HIC to be measured are not subject to this limitation.

AIR6908 Section 4.4.4 provides background on the rationale used to define three-point bend test similarity
criteria limitations.

Documents

Document Sharing Hub

Full document details: SAE ARP6330A


http://www.avadocuments.com/doc/sae-arp6330a
http://www.avadocuments.com/doc/sae-arp6330a

SAE INTERNATIONAL ARP6330™A Page 10 of 40

4.1 Touch Screen

The area of change to the touch screen defines the method of testing needed to demonstrate similarity. The test methods
prescribed assume no substantial changes to touch screen geometry and a protective film is part of the monitor design. If
the geometry of the touch screen does change significantly or no protective film is used, head impact testing (either using
a seat dynamic test, head component test device, or component test) is needed.

4.1.1  Area of Change: Protective Film

If the touch screen protective film is changed, both (1) IFE monitor impact energy attenuation characteristics for blunt trauma
and (2) the potential for unacceptable post-impact sharp edges and protrusions need to be evaluated. Therefore, both an
impact test and a three-point bend test shall be performed.

4.1.2 Area of Change: Glass - Same Family

If the glass inside the touch screen is changed but the replacement glass still belongs to the same family of glasses,
three-point bend testing of the monitor is needed to assess similarity between the two monitor configurations. In order for
glasses to be considered part of the same family, their underlying chemistries must be similar and any methods used to
toughen the glass must also be similar. As such, all ionically toughened alkali-aluminosilicate glasses can be considered
part of a single family, while all thermally tempered soda-lime glasses are part of a different family.

4.1.3 Area of Change: Glass - Different Family

If the glass inside the touch screen is changed and the replacement glass no longer belongs to the same family of glasses,
both three-point bend testing (of the IFE monitor) and four-point bend testing (of the glass material) are needed to assess
similarity between the two monitor configurations. The four-point bend test of the touch screen glass material can be used
to prove that the different glasses have a similar stiffness. Then the overall stiffness of the monitor can be evaluated with
the three-point bend test.

4.1.4 Area of Change: Other Changes

Other small changes to the touch screen can be evaluated using the three-point bend test of the IFE monitor.

4.2 Display Panel

A display panel change may have an effect on the IFE monitor impact energy attenuation characteristics and must be
examined to demonstrate similarity. Since the display panel is typically not an exposed surface and does not function to
retain fragments after impact, a display panel change does not require additional data for addressing post-impact sharp
edge concerns. Therefore, three-point bend testing of the IFE monitor is sufficient for assessing display panel changes.
4.3  Printed Circuit Board

Changes to a printed circuit board (PCB) are commonly small parts (e.g., resistors or capacitors) that typically do not have
a noticeable effect on either the IFE monitor’s impact energy attenuation characteristics or its propensity to generate sharp
edges. Therefore, changes to a PCB may be acceptable by engineering rationale (see 5.6).

If engineering rationale is insufficient, the PCB change may be assessed by performing a three-point bend test on the IFE
monitor (see 5.3), as the PCB is typically not an exposed surface.

5. ASSESSMENT METHODS
5.1 Row-to-Row Dynamic Testing

Any IFE monitor change may be validated by performing row-to-row dynamic testing as described in AS8049. Additional
guidance for this testing can be found in AC 25.562-1B, Change 1.
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Results from this testing may be used to substantiate an IFE monitor change for both blunt trauma to the head (HIC < 1000)
and post-impact sharp edge aspects for that particular integrated seat design only. The ATD head must impact the IFE
monitor to evaluate the seat back or seat furniture with the revised IFE monitor installed. Typically, only a “Zone C”
row-to-row test configuration is needed in evaluating a monitor change, as this usually results in a head impact where a
significant portion of the impact load is transferred through the monitor, whereas the “Zone A” and “Zone B” test
configurations result in head impacts that do not contact the monitor or where the impact load is shared between the monitor
and surrounding structure.

5.2 Head Component Testing

IFE monitor changes where the generation of post-impact sharp edges or non-HIC blunt trauma need to be assessed can
be done by impact testing using a headform test device. One test is typically sufficient to evaluate the seat back with the
revised IFE monitor installed. An example test is shown in Figure 3. The testing definition and evaluation criteria provided
in this section are based on the guidance contained in FAA policy memorandum ANM-03-115-31.

Figure 3 - Head component testing of an integrated seat back
5.2.1 Test Device
Two devices may be used: an inverted pendulum called a Head Component Test Device (HCTD) or a free motion headform
(FMH) typically used in the automotive industry. Electronic instrumentation shall be accomplished in accordance with
SAE J211-1. If required, accelerations shall be measured in accordance with the requirement of Channel Class 1000.
5.2.1.1 Head Component Test Device
The head component test device is an inverted pendulum with a neck and head from a 50th percentile male Hybrid I

anthropomorphic test device (ATD) mounted at the free end. An example inverted pendulum construction is shown in
Figure 4, with dimensions defined in Table 2.
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Figure 4 - Head component test device inverted pendulum example

Table 2 - Inverted pendulum measurements (example)

| fem _ Measurement  ___________ Notes

Pendulum Length 32.75 inches Arm = 19.25 inches and Headform = 13.5 inches
(83.19 cm)

43.5 pounds
(19.7 kg)

e 0.375 inch, back from front of arm (9.5 mm)
e 6 inches, down from base of neck (152.4 mm)

Pendulum Mass Arm including triaxial accelerometer pack

Center of Gravity

5.2.1.2 Free Motion Headform (FMH)

FMH device is defined in 49 CFR Part 572 subpart L.
5.2.2 Test Articles

5221 Seat

Seat test articles shall be representative of the production configuration. Details of what a representative seat test article
consists of for this test are as follows:

a. The seat frame (legs, fittings, beam, and such) does not have to be of a production configuration, unless the frame
component is part of the articulation or energy attenuation function of the seat back assembly. For example, the seat
back could be mounted to an “iron” seat frame as long as the seat back, pivoting mechanism, and energy attenuating
features are correctly located relative to each other.

b. Acceptable missing components are those not in the head impact zone or do not contribute to the seat back behavior
under head impact conditions, such as:

1. Instruction or safety placards.
2. Seat belts.

3. Under-seat electronic boxes.
4. Shrouds and cables.

5. Electronic components not installed on seat back assemblies. Documents
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