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RATIONALE

Document being updated to add rationale and project data on development of component impact test for seat back monitors.

EFOREWORD
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Initial objectives of the working group are as follows:

Evaluation of seat back monitor design changes

a. Seat back IFE monitor revisions can be evaluated at the monitor component level for similarity i

n regard to blunt trauma

to the head and post-impact sharp edge generation, in lieu of testing the integrated seat design.

Initial design and certification of integrated seat

a. Design and validation of a surrogate target that emulates the IFE monitor impact energy attenuation characteristics
when being struck by the anthropomorphic test device (ATD) head.

b. Evaluate the propensity of an IFE monitor design to generating sharp and injurious edges without the need for
performing a head impact test on the integrated seat.

c. Generate IFE monitpr data that could be used in refining analytical models of the integrated ‘Sgat design.

The initial focus of the working team was to assess whether changes to internal companents of
monitors (touch screen| display panel, electronics) would appreciably affect how the ‘integrated
impact. Various test methods were investigated, including row-to-row seat dynamic test‘methods, h
static bend testing. The simplest and most consistent test methods are static bend tésts. Parametrig
simulation of various seat designs were undertaken to assess how much varianeg. in seat back IFE
performance would still fesult in a similar level of performance. These parametric studies were fog
touch screen and display panel of the IFE monitor, as those subcomponents change most frequern
bend test methods and criteria that can be used to evaluate whethertwo configurations of th
can be considered simiilar for HIC when installed on the seat back(of a passenger seat. Anoth
is general guidelines for|developing IFE monitor analytical models.

Development of a component test to evaluate the monitor far‘post-impact sharp edges and a re
validate surrogate targets were in work at the time of publishing ARP6330. Subsequent effort
component test for asg

incorporated into Revisipn A of ARP6330.

seat back mounted IFE
seat attenuates a head
pad impact devices, and
studies using computer
monitor static bend test
used on changes to the
tly. The result is static
e same monitor model
er product of this activity

commended practice to
5 focused on a monitor

bessing the monitor resistance, to- generating sharp edges due to head impact, which will be
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1. SCOPE

This document provides background information, rationale, and data (both physical testing and computer simulations) used
in defining the component test methods and similarity criteria described in SAE Aerospace Recommended Practice (ARP)
6330. ARP6330 defines multiple test methods used to assess the effect of seat back mounted IFE monitor changes on blunt
trauma to the head and post-impact sharp edge generation. The data generated is based on seat and IFE components
installed on type A-T (transport airplane) certified aircraft. While not within the scope of ARP6330, generated test data for
the possible future development of surrogate target evaluation methods is also included.

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 applicaple-issue-ef-etherpublications-shal-be-the-issue-in-effeet-onthe-date-of-the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this doGument takes precedence.
Nothing in this documept, however, supersedes applicable laws and regulations unless a(specific exemption has been
obtained.

2.1.1  SAE Publications

Available from SAE Intefnational, 400 Commonwealth Drive, Warrendale, PA 16096-0001, Tel: 87[7-606-7323 (inside USA
and Canada) or +1 7244776-4970 (outside USA), www.sae.org.

ARP5765 Analytical Methods for Aircraft Seat Design and Evaluation

ARP6330 Methods to Evaluate Impact Characteristics of'Seat Back Mounted IFE Monitqrs

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

2.1.2 ASTM Publicatipns

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

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

2.1.3 Code of Federa] Redulations (CFR) Publications

Available from United States-GevernmentPrinting-Office;/32-North-Gapitel-Street- NWWashington, DC 20401, Tel: 202-
512-1800, www.gpo.gov.

Title 14 Part 25 Airworthiness Standards: Transport Category Airplanes

Title 49 Part 571.201 Standard No. 201; Occupant protection in interior impact


file://netapp1/wordproc/aero/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/EN87363Q/www.sae.org
http://www.astm.org/
http://www.gpo.gov/
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2.1.4 FAA Publications

Available from Federal Aviation Administration, 800 DC 20591,

Tel: 866-835-5322, www.faa.gov.

Independence Avenue, SW, Washington,

ANM-03-115-28 Policy Statement on Use of Surrogate Parts When Evaluating Seat backs and Seat back 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)

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

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

Change 1

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

2.1.5 Other Publicatid

Mainstone, R.J. (1975).
https://doi.org/10.1007/H

ns

Properties of materials at high rates of straining or loading. Materials and S
BF02476328.

Limbach, R., Rodriguez,
404, 124-134. https://do

B.P., and Wodraczek. L. (2014). Strain-rate sensitivity of glasses. Journal g
.org/10.1016/j.jnoncrysol.2014.08.023.

2.2 Definitions

BASELINE IFE MONIT
impact performance.

HEAD INJURY CRITERION (HIC): A measure of head impact blunt trauma severity as defined in

INTEGRATED SEAT: A
electronic components 1

REVISED IFE MONITO
seat design.

SURROGATE TARGET]

DR: The IFE monitor configurationcin which the integrated seat was valida

n airplane seat approved under a seat TSOA/LODA that includes elec
nay include IFE, in-seat power systems, inflatable restraints, and electrically

R: The IFE monitor configuration proposed to be substituted for the baseline

: An_acCeeptable substitute for a production part per FAA memorandum AN

fructures, 8(2), 102-116.

f Non-Crystalline Solids,

ted for acceptable head

4 CFR §§ 25.562(c)(5).

ronic components. The
actuated seat features.

monitor in an integrated

M-03-115-28.

2.3 Acronyms
AC

AIR

ARP

AS

ASTM

ATD

Advisory Circular

Aerospace Information Report

Aerospace Recommended Practice
Aerospace Standard

American Society of Testing and Materials

Anthropomorphic Test Device


http://www.faa.gov/
https://doi.org/10.1007/BF02476328
https://doi.org/10.1016/j.jnoncrysol.2014.08.023
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B/C

CFR

E/C

FAA

FEM

FMH

FMVSS

HCTD

HIC

IFE

LCD

LED

MMPDS

N/A

PED

PCB

SRP

TSO

Business Class

Code of Federal Regulations

Economy Class

Federal

Finite E

Aviation Administration

lement Model

Free Motion Headform

Federal

Motor Vehicle Safety Standards

Head
Head In
In-Fligh

Liquid €

Light Emitting Diode

Metallic

Not Apy

Personal Electronic Device

Printed

Seat R4

Technid

3. PROPOSED TEST

In addition to full scale r
group members during i

mpornent Test Device
jury Criterion
t Entertainment

rystal Display

Materials Properties Development and Standardization

licable

Circuit Board

ference Point

al Standard Order
METHODS INVESTIGATED

bw-to-rowHIC dynamic testing commonly employed, three test methods wére proposed by working
hitial development of ARP6330.

a. Row-to-row HIC dyr

amic testing (baseline).

b. Head component testing of the integrated seat back.

c. Head component testing with a simple seat back fixture.

d. Static compression bend testing.
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Full Scale HIC Testing

Head Component Testing - Seat

Head Component Testing - Simple

Figure 1 - Testing methods investigated

Static Compression Test

After the publication of ARP6330, efforts focused on the development of component impact testing to evaluate a monitor

design’s ability to not gg

3.1 Row-to-Row Dyn{
Row-to-row dynamic Hl
Circular 25.562-1B Cha

Initial validation and cel
HIC testing. Test results
(HIC < 1000) and post-i
to §25.785(d)(2). As std
modifications separate f|

3.2 Head Component]

Impact testing of seat b

Circular 25-17A Change¢ 1), with additional options of'the free motion headform (FMH) and the i
HCTD) developed later (referto FAA policy ANM-03-115-31). These test methods have been used

component test device (
to assess §§25.785(b),(|
measuring HIC.

Determine whe
HIC performandg

Goal:

Use of the HCTD was
inclusion of a neck mor
devices have a linear m

nerate unacceptable sharp edges or loose pieces when impacted by an A
mic HIC Testing

C testing is described in AS8049. Additional guidance for this testing can b
hge 1.

tification of the integrated seat to AS8049 HIC requirements are done us
can be used to substantiate the integrated seat back (seat and IFE monit
mpact sharp edges. Data collected using this methed can sometimes be u
ted earlier in this document, there is a need to‘have test methods that €
Fom its installation within the seat back.

Test of Integrated Seat
hcks has been performed for decades, starting with a bowling ball impacto
d)(2) criteria for blunt trauma to the head and post-impact sharp edges bu
her the HCTD can evaluate the significance of seat back IFE monitor g
e.

bursued.instead of the other head impact devices, as the rotational mot

b closely tepresents the ATD head interaction with the seat back. The bo
ption.and do not include a neck.

I'D head.

e found in FAA Advisory

ing row-to-row dynamic
br) for both blunt trauma
5ed to show compliance
valuate the IFE monitor

r (refer to FAA Advisory
nverted pendulum head

t have not been used in

esign changes on seat

on of the head and the
wling ball and FMH test

3.3 Head Component

lest Using Seat back lest FiXiure

This method is similar to the test method described in 3.2, except the impacted structure is a pivoting steel test fixture
instead of the integrated seat back. The seat back test fixture is an inverted pendulum with a mounting frame on the top to
attach the monitor and associated mounting hardware. A cable tie is used to prevent the test fixture from shifting from its
initial position before head impact. See Figure 2 for pictures of the proposed pivoting test fixture.
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While not a substitute foj
monitor (both blunt trau
the production article it
back design and, theref
Goal: Develop a seat |
on blunt trauma

Figure 2 - Seat back test fixture

r row-to-row HIC dynamic testing, the test data might be ‘used to evaluate @
ma and post-impact sharp edges), as well as a methed to compare a prop
s designed to substitute for in seat testing. Test -data would not be speci
bre, could be applicable to a variety of different seat back installations.

pack test fixture/HCTD test method that can evaluate the significance of IFE
to the head and post-impact sharp edges, as well as similarity between a

production IFE monitor.

3.4 Static Compressig

The least complex test
tests. As this type of tes|

n Bend Tests

methods investigated were-static compression tests, specifically three- ar
t method is not an impact test, static tests are to evaluate changes in moni

changes in the perform

nce of the integrated'seat back to attenuate head impacts. Evaluation of

generation would need {o be done with another test method.

Two different static bend tests were/evaluated.

a.

Three-point bending test to"assess the IFE monitor stiffness.

hanges to the seat back
psed surrogate target to
fic to an integrated seat

monitor design changes
surrogate target and the

d four-point static bend
tor stiffness and thereby
post-impact sharp edge

b. Four-point bending {estfo assess glass material stiffness.

The goal was to use published industry standards to define the static bend tests. ASTM D6272-17 was evaluated and
determined to be suitable for performing four-point bend tests on panel materials. Published three-point bend test standards
did not define the necessary test definition for this application (test article support locations, load applicator, etc.). Therefore,
the three-point test method had to be defined in ARP6330.

The three-point bend test configuration is with the IFE monitor placed on two simple supports and the load applied at the
center of the viewing screen. Location of the simple supports is directly under the monitor attachment points, running parallel
with the short edges of the monitor. The load is applied until the applicator has pressed into the monitor at least three
quarters the component thickness. See Figure 3 for an example of a seat back monitor three-point bend test.
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Figure 3 - Three-point bend test

A four-point bend test is similar to the three-point bend test; however, the load is applied using two simple supports to load

the test sample more eV

A three-point bend test
bend test for evaluating
internal layers of the m
stresses induced by a h
between the load applig
is large enough to not be
to cause bending in sm
and to avoid stress con
monitor to bend more ea
of the test article suppq
defined in ARP6330 to
supports is also not criti

The supports are positiq
to the rest of the seat
three quarters the moni

enly. See Figure 4.

Glass

Figure 4 - Four-point bend test

ith the load applied at the center of the viewing screen was determined to b
the monitor, as this central location typically will cause the maximum am
bnitor (touch screen, display panel, printed circuit boards) and would bet
ead impact. The load applicator shape was chosen to be circular to redu
ator and monitor surface. Thelead applicator diameter range of 1.5 to 2 i
come a point load while allowing enough distance between the applicator 3
bller monitors. The allowancé of a hard rubber pad was included to help d
tentrations at the edge\of the load applicator. The monitor test supports ar
sily under load and te.feduce stress concentrations on the back surface of t
rts and loading rate“were not critical to the performance of the test; hoy
improve test setup consistency between labs. The specific material of
cal as long as the material is sufficiently rigid to not deform during testing.

ned under the monitor attachment locations, as those areas are where th
structure when installed into the seat back. A minimum load applicat
torthickness was chosen, as the front face of the monitor typically does

b better than a four-point
ount of deflection in the
er represent the biaxial
te stress concentrations
ches (38.1 to 50.8 mm)
nd test sample supports
istribute the load evenly
e cylindrical to allow the
e monitor. The diameter
vever, parameters were
the load applicator and

B monitor transmits load
br test displacement of
not reach that level of

displacement during HlI
force-displacement curv

als 3 A Ho £ 41 E'S + dat H a4+ [ b+ A
— Colrly. A TrrnmunT Ur tuinmtt tTolo Wwdo UTITTTTIITICU 1U DT TIHUuyit tu-u

e of the monitor.

rive a suitably accurate

Bend testing of the internal subcomponent only (touch screen, display panel, printed circuit board) was considered, but
typically, the internal subcomponent change is accompanied by other internal monitor changes to accommodate the revised
subcomponent (subcomponent attachment points, connector locations, etc.). Therefore, the cumulative effect may be more
than just the modified subcomponent itself. To address an internal subcomponent change in its entirety, efforts were focused
on developing testing methods using the entire monitor.

For evaluation of glass material changes, material science experts consulted concurred that a four-point test of the glass
material is preferred, as it more evenly loads the glass pane. Flaws present in the glass material are a significant factor in
how the glass panel will perform under load, as flaw locations are where fractures will initiate. Test methods that use more
localized loading may have more variation in results due to the location of loading relative to the material flaws in the glass
panel. Testing 11 glass samples provides a sufficient sample count to assess changes to the glass stiffness and brittle
fracture mechanics, based on a Weibull distribution of the data.
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Goal: Develop a static bend test method that can evaluate the significance of seat back IFE monitor design changes on
blunt trauma to the head, as well as evaluate proposed surrogate targets.
3.5 Component Testing for Sharp Edges

After the development of static bend test methods, there remained a need for a component test method to assess whether
a seat back monitor modification has degraded the monitor's ability to withstand head impacts without generating
unacceptable sharp edges or loose pieces (frangibility). Previous efforts had an impactor strike a monitor mounted to a rigid
surface so that there was no impact energy attenuation other than the monitor. However, this approach, while potentially
valid for older and thicker monitor designs that would fail under a compressive load, would not be valid for newer monitor
constructions that are more flexible and bend under impact loads.

Goal: Develop a test method that evaluates the significance of seat back IFE monitor design changes on the monitor’s
ability to not generate unacceptable sharp edges or loose pieces when undergoing a head impact.

4. EVALUATION OF TEST METHODS FOR HEAD BLUNT TRAUMA

Existing HIC test data W
for the different test met

d be suitable test cases
lowing criteria.

as compiled to determine which seat and IFE monitor combinations woul
hods proposed. Five seat/IFE combinations were chosen, based‘on the fo

a. Typical economy class seat designs.

b. Typical seat back IHE monitor designs.

c. HIC data for the segt/IFE combination, both for the “baseline” moniter-configuration and modified IFE monitor.
d. Variation in seat design philosophy (data from Safran, Collins Aerospace, and Recaro).

e. Variation in IFE monitor sizes (8.9, 10.6, and 11.1 inches)'and manufacturers (Panasonic and [Thales).

Initially, the plan was to|
determine any trends b
integrated seats using th
performance difference
component testing meth
variations in monitor stif]

The seat /IFE monitor g
(Configurations #1 throu

4.1 Row-to-Row Dynd

have data for all four proposed test methods for all five integrated seat ¢
etween different test methods using the same integrated seat design. [
e HCTD, it became apparéntthat the head acceleration data generated w

pnfigurations in order to
During impact testing of
Id not be able to discern

0
5 due to changing IFE ‘monitor internal components. At that point, fur*her testing using head

ods was discontinued;-and the focus shifted to evaluating static bend testi
fness to HIC. See-4.2/for more details.

onfigurations,and the associated IFE monitor change being investigated
gh #5). More details on the evaluation of each test method are detailed in

mic HIC Testing

nicalh

ng methods and relating

bre listed in Appendix A
the rest of this section.

Seating manufacturers typically 5ults to testing or design
variations has not been previously quantified. However, there are a few references available that indicated that the variance
in row-to-row dynamic HIC testing results will be much greater than the effect of a typical subcomponent change within an
IFE monitor.

do-notreneatrow-to-row HIC taste- tharaefore—sensitivitveof HIC ra.
GO-HO+HE8 P8+ FOW-tO-FOW T ot8StS5tHBHBtOre S RS- O 18

a. Effect of ATD variation on HIC test results (see 4.1.1).

b. ARP5765 development (see 4.1.2).

The HIC results for the seat/IFE configurations evaluated in this study are provided in Appendix B. In general, the HIC result
between two variations of the seat back monitor design were within 100; however, two data sets show a difference in HIC
results over 100, with one comparison differing by 299. Test data is inconclusive whether the differing test results are due
to the IFE monitor change, variations in test parameters, the inherent variance in the glass material used in the touch screen,
or a combination of factors.
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Conclusion: The variance in row-to-row HIC dynamic testing (possibly up to 200 HIC) will obscure the effect of a typical
IFE monitor change, and, therefore, simpler methods are needed.

4.1.1 Effect of ATD Variation on HIC Test Results

In 2011, Recaro Germany conducted a series of HIC tests to determine the variation in HIC results due to factors other than
the seat design. A fully adjustable custom “iron seat” (full rigid seat) was built and used to seat two ATDs next to each other.
The seat adjustment features were used to match ATD position and seat reference point (SRP) to a production aircraft
passenger seat. The same settings were used throughout the testing. See Figure 5 for a picture of the iron seat and location
of ATD positioning targets (leg, arm, hip, and head).

Five calibrated Hybrid Il ATDs were used in total. Each test was executed with two out of the five ATDs, with varying
combinations of ATDs used. All tests used the same type of nylon lap belt and, where applicable, the same generic prismatic
type of bottom cushion.

Figure 5 - ATD seated in iron seat

The head impact target was a rigidly supported 2-mm thick Boltaron wall. A wall was used instead of a pivoting seat back
in order to generate a more consistent head impact. See Figure 6 for pictures of the impact target.
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Six tests were performeg
HIC equaled 100. The H
one source of variation

Figure 6 - Head impact test wall

d. Head acceleration results are shown in Table 1. The data.was normali
IC range was 1605 to 2177. Tests results show a HIC variance of +12 to
n HIC testing (the calibrated ATDs) can have a noticeable effect on the Hl

Table 1 - Head acceleration results from Recaro HIC variation study due tg

zed so that the average
18%, indicating that this
C measurement.

ATD

HIC, a_max a_dms
Testd avg. =100| (g) ()
1 1 104 167 150
2 1 101 | A-160 144
3 1 09 155 142
1 2 4 98- 14 130 Variation| within
2 2 ( oy ) 160 137 ATD #2 alone:
3 2 No 82 A 14 125 -14% | +12%
4 3 96 147 137
5 3 L 102 150 137
6 3 112 152 144
4 R 89 135 125
5 4 102 142 137
6 4 186 54 139
Average 100 150 137
Min 82 135 125
Max 112 167 150
WVanation, total 29 32 25
Vanation, from awg. -18% -10% 9%
12% 11% 9%
Median 101 151 137

Including other test variations (sled deceleration, seat build, lap belt tightness, positioning of ATD in seat, etc.) will increase
HIC variation beyond the +12 to -18% variance measured in these tests.
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4.1.2 ARP5765 Development

The SAE team working on ARP5765 uses an estimated HIC variance of +200 for row-to-row dynamic testing criteria, based
on industry experience with dynamic testing. While anecdotal, it provides a notional estimate of the variation expected during
a typical row-to-row HIC test.

4.2 Head Component Testing of Integrated Seat
Three seal/IFE configurations (#2, #3, and #5) were tested in this investigation. Test results are provided in Appendix C.

Testing was performed per FAA policy memorandum ANM-03-115-31, which specifies an initial head strike velocity of
34 ft/s. This specified velocity was verified to be representative of ATD head contact with the seat back during a row-to-row

dynamic test. See Appe

ndix D for more details of the seat back head strike velocity study.

The only seat/IFE configuration with head component testing data for two variations of the same monitor design is
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fractured for this particu
sensitive to the flaws in
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SCauT arrasurmo— T I e oo ) e e atatttroTratiornm protsarc o

b |[FE monitor (in this case, the touch screen) made a difference(iy
ver, one test had a head acceleration plot that had a “double peak,’while
e peak test was the only one where the touch screen glass fractured, it is
] acceleration plot shape can be attributed to the touch screen, glass fr
ar test is unknown, as the monitor and seat were built per drawing. HoweV
the glass and the location of the applied load relative to flaws, so it could
5 near the center of the panel.

#3 showed considerably more variation in the head ‘acceleration plots. T
and were built per the drawing. Due to the variation in test results seen in

istent, with no indication

head impact severity
the other tests only had
reasonable to conclude
hcturing. Why the glass
er, glass panel failure is
be that there was a flaw

he tested seat and IFE
the integrated seat with

ting with the modified IFE monitor was suspended. Therefore, all the data presented in Appendix C

d #3 is of the baseline seat/IFE configuratien.only.

#5 head component tests where the monitor touch screen did not usually fi

in Configurations #2 and #3 consistently fractured during head impact. The variance in head acce

presumed to be due to
material, it was determi

the variance in flaws within the“touch screen glass panel. As this varia
ned that this test method wouldikely not provide the consistent test resul

evaluate the effect of a monitor change on HIC.

Conclusion: Head com
(evaluating
IFE monita

In the investigation intq
additional definition and
performing head impact

ponent testing of thelintegrated seat is acceptable for the defined sc
post-impact sharp.edges and non-HIC blunt trauma concerns); however
r changes on seat-HIC performance is doubtful.

the use, ef{head component testing devices, the working team detern
improvements to the baseline guidance of ANM-03-115-31 could be help
5 using component test methods. These additions are documented in ARP

a.

acture, the touch screen
eration between tests is
nce is inherent in glass
ts that could be used to

ppe of ANM-03-115-31
evaluating the effect of

hined that the following
ful to those planning on
6330 Section 5.2.

tien definition (both seat and IFE monitor) derived from dynamic test and

Test article configur
experience.

ead component testing

An additional head impact when using the FMH. Since the FMH travels in a linear motion, it does not drag down the

monitor face similar to an ATD head impact from a seat dynamic test or HCTD. For example, when the FHM impacts
the center of the viewing screen, the bottom part of the monitor sustains minimal impact loading. While not a concern
for blunt trauma, this lack of direct head contact on the bottom part of the monitor has been an issue for monitor designs
where the monitor lower portion has a propensity to break away from the rest of the monitor. Therefore, an additional
test in ARP6330 was added to impact the monitor lower edge to evaluate post-impact sharp edges. A 45-degree head
impact angle was chosen, as vertical and horizontal vector components are equivalent.

4.3 Head Component

Test Using Seat Back Test Fixture

Three IFE monitor designs (Configurations #1, #5, and #6) were tested in this investigation. Test results are provided in
Appendix E. Head component testing was performed similar to the parameters outlined in 4.2.
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The first tests used small aluminum blocks to mount the monitor to the seat back fixture instead of a typical sheet metal
bracket. The idea was that the aluminum blocks have minimal energy attenuation in this test condition. Therefore, this test
setup would be considered a conservative representation of seat back monitor installations currently in use. Testing showed
that using rigid monitor mounts is too conservative, with monitors exhibiting damage significantly greater than damage due
to HIC dynamic testing (see Figure 7). Further work is required to find a test configuration (seat back test fixture and monitor
mounting) that is conservative enough to cover a wide range of monitor installations on seat backs but is not so conservative
as to cause acceptable monitor designs to fracture into unacceptable sharp edges and loose pieces.

Figure 7 - Head component-test using seat back test fixture

Conclusion: Head component testing using the seat/back fixture as currently defined requirgs additional refinement
and validation.

4.4 Three-Point Stati¢ Bend Tests

Five IFE monitor designfs were tested (four/production monitors, one “mass equivalent” monitor) tg assess the consistency
of the test method and [to determine,general force-displacement patterns. Test results are provided in Appendix F. Test
parameters varied from(those described in 3.4 and ARP6330 Section 5.3 (load application speed, applicator shape, etc.)
due to different labs rupning tests~at different times; however, these testing variations did not affect the consistency or
general response of mopitor designs. A “mass equivalent” monitor is a dummy part that has the saine external dimensions,
attachment points, mass$,-and c.g. as a production monitor and is typically used as ballast during [a seat dynamic test. As
this “mass equivalent” monifor design is known to be stiffer than a production monitor (plastic screen, metal plates instead
of electronics), the mass equivalent monitor was also tested to validate that the three-point static bend test could discern
between obviously different monitor stiffnesses.

Test results clearly show the effect of glass failure variability, where the monitor will fail at different points along the
force-displacement curve and create a sawtooth pattern. An example of this behavior is provided in Figure 8. However, the
monitor force-displacement curve before and after subcomponent failure is sufficiently consistent to be able to make a
comparison between two monitor configurations.


https://saenorm.com/api/?name=019efea566c2fd51d202ee337fc004ae

SAE INTERNATIONAL

AIR6908 ™A

Page 16 of 105

900
800
700
600
200

400

Force (pounds)

300

200

100

While static bending tes
change in blunt trauma
component testing) wag
static test performance
static and dynamic test
parametric study was urf
of one monitor parame
measuring head accele
demonstrating complian
and head acceleration if

To reduce the number o
the Panasonic 10.6-inch
seat back IFE monitors
packaged in a boxlike
functions to protect the

ts can measure the change in stiffness of the {FE monitor, the results do n

ration and HIC in absoluté_terms using analytical methods is not currently
ce, measuring the general trends and sensitivities of a seat back monitor

f variations to be analyzed in the HIC sensitivity study, one monitor design
currently peing produced: a layered construction of a touch screen, displa

structuressThe monitor design also includes a polymer protective film o
hlass'ffom damage and to retain glass fragments if the glass fractures. Th

the seat structure by w

0.7

0.4 0.5 0.8

Displacement (inches)

0.2 0.3 0.6

Figure 8 - Example IFE monitor force-displacement curve

TestA
— TestB
— TestC

0.9

ot directly translate to a

(head acceleration and HIC). Some type.of-head impact testing (seat dypamic HIC testing, head

considered in developing a transfer function to correlate the significance

results doubtful. To determine the)sensitivity of HIC results to variation
dertaken using analytical modeling techniques defined in ARP5765. This a
er (touch screen stiffness, .forsexample) while all other parameters are

feasible.

seat back monitor tested in seat/IFE Configuration #1. The monitor desigr

y-of threaded mounting holes on the back surface of the monitor. Figure

construction of an IFE mesitor

5
pproach allows variation
held constant. Although

y
h the touch screen that

of a variation in monitor
to a variation in HIC results; however; the variation in head impact test fesults made correlating

in monitor stiffness, a

an accepted means of
change in terms of HIC

vas chosen for analysis:

is representative of the
panel, and electronics

e monitor is attached to
9 illustrates the typical


https://saenorm.com/api/?name=019efea566c2fd51d202ee337fc004ae

SAE INTERNATIONAL AIRG6908 ™A

Page 17 of 105

Internal components of
materials, which, for t

manufacturer and literature found on the subject (see 2.1.3). @

NOTE: IFE monitor deq
evaluation to determine whether the new panel*component constructions can be consig
during head imq

The overall approach to

|

Frame structure Q(b(b
(b%
N
Printed circuit board g\(b'
@)

X

Figure 9 - Exploded view of IFE moniggexample)

Display Shroud

Touch screen Pl

O
current monitor constructions, such as the touc@:écreen and display panel,
nis application, are considered non-rate@nsitive based on discussio

N
igns where the internal panels de él\\e from a primarily glass-based cons
act. N
\\O
the HIC sensitivity study.is'shown in Figure 10.

C)O Validate

l

primarily consist of glass
ns with a major glass

ruction will need further
ered non-rate sensitive

lation)

)
. . Simulated 3 point
3p mﬁéndlng test bending testp
HIC sensitivity
analysis (simu
= <~
? £
A ! Simulated 3 point
e [
0.20 0.40 0.60 0.80

0.00

Equivalency criteria

bending test
sensitivity ana

Figure 10 - HIC sensitivity analysis approach

lysis


https://saenorm.com/api/?name=019efea566c2fd51d202ee337fc004ae

SAE INTERNATIONAL AIR6908 ™A Page 18 of 105

4.4.1 Development of Seat Back Monitor Finite Element Model

The first step was to create a finite element model (FEM) of the Panasonic 10.6-inch monitor from 3D geometry and material
properties. The monitor FEM was then calibrated by simulating a three-point bend test using LS-DYNA and correlating
results to monitor static bend test data. Correlation results are shown in Figure 11. While the display panel is slightly stiffer
than the production monitor, the difference was determined to be negligible for this application.
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Figure 11 - 10.6-inch Panasonic monitor FEM correlation

4.4.2 HIC Sensitivity Analyses

HIC sensitivity analyseg were then performed-by Collins Aerospace, Recaro, and Safran of the integrated seat/10.6-inch
Panasonic monitor using LS-DYNA. As with,the evaluations of head component testing methods, the seat designs analyzed
were typical HIC-complignt economy class seat designs currently in production. Separate analyse$ were performed by the
three companies using|their engin€ering teams to develop and analyze models for this sensitjvity analysis. This was
purposely done to take|into account differing design philosophies, approaches to head impact epergy attenuation in the
seat back design, and njodeling:techniques.

The analyses concentrgtédyon modifications to the touch screen and display panel, which are the most common monitor
subcomponents to be c by +50% to determine
whether a change of that magmtude will significantly alter the energy attenuation properties and HIC result of the seat.
Variance in the onset of glass fracturing was also analyzed. See Table 2 for a list of the monitor parameters modified.
Initially, the stiffness variation to be analyzed was £+25%, but the first few analyses performed did not result in a noticeable
change in HIC results, so the variation was increased to +50%. Collins Aerospace provided additional parametric studies
with a range of stiffness values to supplement the +50% variance dataset.
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Table 2 - HIC sensitivity study modified parameters

1 Baseline E=10.0x10° psi E=10.0x10° Low-range
2 Stiffer touch screen E=15.0x10° psi Unchanged Unchanged
3 Less stiff touch screen E=5.0%108 psi Unchanged Unchanged
4 Stiffer display panel Unchanged E=15.0x10° psi Unchanged
5 Less stiff display panel Unchanged E=5.0%108 psi Unchanged
6 Glass breaks later Unchanged Largest deflection

Analysis results are pro
simulated to assess a rd

Most of the analyzed m
the general estimate off
200 variance, the analy
display panel (HIC incrd
not exceed 144. The an
for one analysis that res
change (stiffer display

resulted in a HIC increa
fracturing function did n
function in the model, ur

Based on the analysis
decreased from 50 to 3(

Unchanged

ided in Appendix G. Head impacts from both head component test.and dyr
nge of head impact severities.

bnitor variations did not result in a change in HIC greaterthan 200, which
HIC variance for seat dynamic testing. Collins Aerospace had two anal
bis with the 50% stiffer touch screen (HIC increasedby 212) and the anal
ased by 194). For the other analyses simulating dynamic test conditions,
alyses simulating a head component test did potresult in a change in HIC

banel) and seat design (Safran) were also analyzed using seat dynami
se of only 104. Varying the monitor FEM"glass material erosion paramete
pt result in significant changes to HI€. This is likely due to the consisteng
like the glass material itself where\fracturing is defined by the random siz€

provided by Collins Aerospace; the acceptable stiffness variance of moni
%.

Conclusion: Most of the analyzed variations\in seat HIC performance due to the changes in mon

were belov
stiffness d

the estimated variance in full scale HIC testing. Therefore, limited changsg
b not have a sighificant effect on the integrated seat HIC performance.

443 Three-Point Bending Sensitivity Analysis

To assess the change in

force=displacement curves due to the variations analyzed in the HIC sensi

bend test of the monitor

amic test methods were

as mentioned in 4.1, is
yses around the HIC of
ysis with the 50% stiffer
the changes in HIC did
greater than 60 except

Lilted in a HIC increase of 162. This outlier is@specially curious as the sam¢ combination of monitor

C test conditions, which
rs that control the glass
y of the glass fracturing
s and locations of flaws.

or subcomponents was
tor component stiffness

s to monitor component

ivity study, a three-point

FEM was simulated using a 30% monitor subcomponent stiffness variatic

n. Results are provided

in Figures 12 and 13.

As these variations in monitor stiffness were determined not to have a significant effect on seat HIC performance, a monitor
configuration within the range of analyzed force-displacement curve variations is considered similar to the baseline monitor
configuration in terms of blunt trauma. The similarity criteria slope variance of +17.5% for the part of the force-displacement
curve before monitor subcomponent failure was determined to be acceptable, as this matches closely to the slope variances
calculated for the 30% touch screen stiffness changes (both less and more stiff). For the post-failure portion of the force-
displacement curve, all the HIC parametric studies performed consistently showed that the less stiff display panel did not
have a significant effect on the HIC performance of a seat design; therefore, even though the calculated slope change in
force-displacement curves for less stiff display panels was quite small (-3.9% change), the similarity criteria for the lower
bound of the slope range was kept the same as the pre-failure part of the curve (-17.5%) for consistency. Display panels
that were stiffer did have a noticeable effect on HIC for the seat design analyzed; therefore, the similarity criteria upper slope
change limit of +10% for the post-failure part of the curve is used, based on rounding up the calculated force-displacement
slope change of +7.8%.
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4.4.4  Similarity Criteri
In addition to the stiffneg
where the averaged bg
curves where initial subd

Initial subcomponent fai

a and Limitations

s variations calculated\by the three-point bending sensitivity analysis desa
seline and revised\force-displacement curves are evaluated was limited
omponent failure\is’occurring and (b) allow a “settle in” displacement distan

ure has beefi shown in multiple monitor designs (see Appendix F) to vary

of glass material in the subcomponent panels. As noted earlier, flaws present in glass will b

propagation and signific
locations, number, and

Antly affect how the subcomponent (and, therefore, the monitor) will perforn
severity are variable, the load at which initial failure occurs will also vary

ribed in 4.4.3, the range
to (a) avoid comparing
Ce at the start of the test.

primarily due to the use
e the sites for fracture
h under load. As the flaw

It was determined that

orce-displacement curves within the range of where initial failure occurs

attempting to compare

(which then results in a

step change in load) would likely not be able to accurately assess the effect of the design change. Therefore, portions of
the curve before and after initial failure were chosen for comparison. The displacement comparison point of half or
three quarters of monitor thickness (depending on overall thickness of monitor) was chosen, as it typically falls between
initial subcomponent failure and monitor catastrophic failure. A more complex method of determining a comparison point
based on the range of initial failures was discussed; however, it was decided a simpler method based on monitor thickness
would provide for a sufficient comparison criteria.

A displacement distance of 0.1 inch (2.54 mm) from initial load application was chosen as the “settle in” displacement
because it is typically less than the displacement at the initial subcomponent failure and allows the force applied to the
monitor to reach a level where comparing curves with a 17.5% variance was not overly restrictive. For example, the
allowable stiffness variance at 30 Ibf (133 N) would only be £5.25 Ibf (23.4 N).

Limiting the ARP6330 similarity criteria to IFE monitors with attachment locations on the monitor back surface was due to
the scope of the analyses performed. Similar analyses for monument mounted monitors or monitors with different
attachment locations could be performed to define a similar criteria for those monitor installation parameters.
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The applicability limitation based on the integrated seat HIC value is included in ARP6330 to provide an additional level of
conservatism in the use of the three-point bend test similarity criteria. HIC parametric studies generally show a higher
sensitivity to touch screen changes than display panel changes. The average HIC variance due to a 50% increase or
decrease in touch screen modulus of elasticity was +130 and +43, respectively, while a similar variance in the display panel
resulted in an average HIC variance of +117 and -22. The +30% variance in monitor subcomponent modulus of elasticity
for the Collins seat design showed that the touch screen still had a noticeable variance in HIC (+71 and +144), while the
display panel HIC variance decreased significantly (+63 and +3). A reduction in monitor component stiffness variation is
expected to have similar results in the Recaro and Safran designs (display panel HIC variance will be reduced more than
the touch screen variance).

The display panel variance shows more consistency as the HIC increases with increasing display panel stiffness. Since the
Collins analysis of a £30% results in a maximum HIC variance of +63, the HIC applicability limitation for the display panel
similarity criteria is 940 (1000 - 63 = 937 rounded up to 940). The overall HIC variance range of the Collins seat due to

1+30% stiffness change to the touch screen is +71 (more stiff) to +144 (less stiff). Therefore, using the +144 variance, the
HIC app||cab|||ty limitationforthe touch-screen cimilnrify criteria-is-860 (10(\0 =144 = 856 rounded p to 860)

5. ENERGY ATTENUATION STUDY

To further analyze what|is happening during an ATD head impact with an integrated seat{back, a sfudy on how the monitor
contributes to the overgll energy attenuation of the seat back system was undertaken’by Recarq and Safran. The same
FEMs and dynamic loading conditions used in the HIC sensitivity study were usedfor this study.|Results are provided in
Appendix H.

Total head impact energy dissipated by the integrated seat back is equivalent'in both simulations (Recaro = 353.9 J, Safran
= 346.4 J). The Recaro|integrated seat design attenuates head impact energy primarily by interndl strain energy (material
deformation), while the Safran integrated seat design attenuatesghead impact energy primarily by kinetic energy
(transference of momentum). Changes to a monitor typically doqot significantly change monitpr mass or c.g. (kinetic
energy); therefore, the |primary concern is whether the internalvstrain energy characteristics of |the integrated seat are
affected. Study results ghow internal strain energy attenuation.is’/accomplished by the seat back stfucture (=60%), followed
by the monitor (=30%) and monitor tilt bracket (=10%). See Figures 14 and 15 for the distribution|of energy dissipation in
Safran and Recaro analyzed integrated seat backs. Plots 6f'seat back internal strain energy over tinpe are provided in Figure
H1 (Recaro) and Figure|H4 (Safran).
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Of the various components that make up an IFE monitor, the monitor frame structure (internal and external) dissipates most
of the internal strain energy being attenuated by the monitor. The monitor components prone to design changes or
obsolescence (touch screen, display [LCD] panel, and electronics) contribute significantly less. This is due to the

construction of current IFE monitor designs.

a.

b.

being reacted by the frame.

the component.

The frame structure is primarily aluminum (ductile), while the internal components are primarily glass (brittle).

The internal components are attached to the monitor frame; therefore, load imparted to the internal components are

The glass material in the monitor internal components will fracture, significantly reducing further energy attenuation by

Plots of monitor internal strain energy over time are provided in Figure H2 (Recaro) and Figure H5 (Safran). The monitor

] din bhoaod ~~nt htha aoloe

4 ms. This is due to the

components experience
electronic components f
energy attenuation diffe
panel than the Recaro d
Other panel component

Analysis results also sH
internal strain energy d
calculated the effect of
effect was also minimg
attenuating head impaci

6. SURROGATE TAR

Currently, if the IFE m
representative of the prq
even though the monitg
testing. FAA policy men
1/4-inch aluminum platd
than seat back monitorg
few milliseconds of hea

|Gau|||g at :nit:al nmoeau UUIILaCL, ‘V‘V’il.ll uaunre UIUUtan:CS Iagg:ng Uty’ arcunu 1
ositioned in the back of the monitor. The contribution of the display panel
rs between FEM analyses, with the Safran seat design seeing a larger-co
esign. However, the overall contribution of the display panel for beth)seat
5, such as the electronics and touch screen, have a lower overall.contributig

owed the effect of touch screen and display panel stiffness changes on
stribution is minimal. Analysis results are provided in-Tables H4, H5, H¢
eliminating glass fracturing (no glass erosion) in the)teuch screen, and fi
| (see Table H10). This could be due to the already small contribution
energy.

SET EVALUATION

onitor is being contacted by the ATD~head during HIC testing, the IF

| CD panel) to seat back
ntribution by the display
Hesigns is less than 3%.
n to energy attenuation.

seat back and monitor
, and H11. Safran also
br their seat design, the
of the touch screen in

E monitor needs to be

duction part. This subjects the monitor design to repeated evaluation of fr

may be used as a substitute for the production monitor. The aluminum
and does not provide the impact energy attenuation of a seat back monitq
i contact. Therefore,smeeting the HIC < 1000 criterion using an aluminun

ngibility characteristics,

r design has previously shown, anacceptable level of robustness through previous head impact
horandum ANM-03-115-28 describes the use of a surrogate target in blunt trauma tests, where a

late is much more rigid
r, particularly in the first
plate is highly unlikely.

The policy does allow fhe use of surrogate parts less rigid than an aluminum plate; however, additional substantiation

is necessary.

One potential method o
still retaining its impact
wrap to the external surf
to the AC 25.562-1B CH

f using the-FAA surrogate part policy is to adapt the production monitor t
energy_attenuating capability. The working team explored the idea of apy
ace af-the monitor to make it a type of non-frangible surrogate part. The g
ange™1 guidance for retention of mass items under dynamic loads, where

be less frangible while
lying a polymer tape or
bneral concept is similar
once the retention of a

emonstrated. the design aspect has been validated and. therefore. su

mass item is already

conducted with the mass secured.

sequent tests may be

To evaluate the possible change to monitor impact energy attenuation performance with the addition of tape, Panasonic
tested three monitor configurations using the seat back test fixture described in 4.3: no tape added (baseline configuration),
duct tape added, and mover’s stretch wrap added. Additional layers were added for conservatism. See Figure 16 for pictures
of test samples.
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= )
»

Figure 16 - Panasonic 10.6-inch monitor with duct tape and mover’s wrap added

Two locations on the me#i
to the bottom edge of th

e monltor shroud were added to the testlng as there were quest|on

would affect how the ATD head would slide over the shroud edge. See Figures 17, 18, and 1

locations tested.

@
&

Baseline/

No Tape Duct Tape

he monitor. Head impacts
lether the addition of tape
plctures of the head strike

Impact |%¢:§I{}n 1 (at Center)

Impact location 2 (at edge)

Mover's Tape

Figure 18 - Head component testing with added tape - center of view screen
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Test results area provided in Appendix | and show HCTD HIC results did not vary by morecthan
normal variance seen in this type of impact testing. Head strikes on the bottom edge shewed low
taped monitors but did ot vary by more than 10%.

Conclusion: The additign of a thin layer of tape (<0.010 inch [10 mils]) does not affect head contact ¢

properties
7. DEVELOPMENT O

The following goals wer

a. The monitor is allowed to bend during the impact.

b Test method is conservative enough to cover a wide~range of seat back installations but ng
significantly overestjmate head impact severity.

c. Impact energy is attenuated in a similar fashion as a seat back:

1. Monitor alone a

2. Monitor + structpre attenuates the-rest of the impact energy.
d. The test method allows for adjustment of impact characteristics and severity.

e The testis simple td set dp,and run.

f. Consistent results.

pf the monitor and, therefore, would not alter the HIC resdlts of the integra
F IMPACT TEST TO ASSESS MONITOR FRANGIBILITY

e used in developing a test method for monitotArangibility.

tenuates impact energy at initial head contact.

0%, which is within the
er HIC numbers for the

r the energy attenuation
ed seat.

t so conservative as to

As stated earlier, older monitor designs were thicker and more rigid, and the typical design issues experienced were due to
compressive loading, unlike the thinner and more flexible monitors, which undergo bending. Therefore, standoffs, brackets,
or some other way of spacing the monitor aft surface away from fixture surfaces was needed.

Developing an approach on how to define the impact severity on the monitor was challenging, and multiple ideas were

proposed, such as:

e Atest fixture and test method defined to represent a seat back with a HIC = 1000.

e A test fixture and test method that matched a “generic” seat energy attenuation profile.

e Test with a “generic

” seat back.

¢ A test matching the head deceleration of 1-inch (25.4-mm) thick padding typically used for head impact protection.
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Because each seat design has its specific way of attenuating head impact energy (see Section 5), it was decided to not try
and define the behavior of a “generic” seat, or how a seat can meet the HIC < 1000, but focus on the monitor behavior itself.

From initial investigations of seat back reactions to head impact during seat dynamic testing (see Appendix G) plus
discussions within the SAE SEAT Committee, it was desired to replicate the general behavior of how monitor installations
attenuate energy when installed on a seat; first the monitor and then the monitor + mounting structure (brackets, seat back,
etc.). This goal plus the other goals expressed by the committee (adjustable, simple, and consistent) resulted in a test fixture
that is primarily rigid, with the only impact energy attenuating features being the monitor and an aluminum sheet. Aluminum
has been used in the past as an impact attenuator when researching HIC compliance with bulkheads. It is also easy to
procure, easy to work with, provides repeatable results, and different thicknesses are available.

Rigid standoffs

-
—

\\ik\\"

— Impact diregtion

7NN

N\
k\; \ Monitor

Aluminum sheet, affixed by fasteners

.y

Rigid fixture

Figure.20 - Monitor impact test fixture
7.1 Initial Assessments Using Simulation
To assess the propose( test fixtureisimulations using different impactors (free motion headform gnd pendulum impactor),

aluminum thickness, anf impact.velocity were performed. The monitor model used was the basellne Panasonic 10.6-inch
model used in the previgus three-point bend test simulations. Findings were the following.

a. The test method ggnerates an impactor deceleration curve with an initial short duration pulse followed by a longer
duration second pulse, which is a general pattern seen in seat back HIC testing.

b. Aluminum thickness primarily alters the impactor second deceleration pulse.

c. Impact speed alters amplitudes of both peaks in the impactor deceleration.

d. The pendulum impactor, due to the larger mass, creates a larger secondary deceleration pulse.

Results of these simulations are provided in Appendix J. Based on these results, the decision was made to perform physical
testing to assess the test method and test fixture for consistency and ease of use and to gather additional data. For the

initial round of testing, a linear metallic hemispherical impactor per FMVSS 201 was used due to its impact consistency and
ability to easily derive impactor energy during an impact.
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7.2 Impact Testing

The first few impact tests were performed with strain gages installed on the aluminum sheet with the idea that by measuring
the behavior of the aluminum sheet, the contribution of the sheet in attenuating the impact could be quantified. This data
could also be used in assessing the accuracy of the simulations previously created. The post-test condition of the aluminum
sheets was also scanned to measure deformation. While these efforts yielded additional data, it became clear this made
the testing burdensome and that a more straightforward method would be to use the impactor acceleration data to assess
energy attenuation of the monitor.

Test parameters for the first series of tests (three with the same monitor, one test without monitor) are provided in Table 3.
The monitor used in all tests was a Panasonic 9-inch designed for seat back installations.

Table 3 - Monitor frangibility impact test parameters

. . Industry standard Q-
| t L h h
mpactor inear hemisphere One axis | "Q)Cb
Aluminum sheet thickness 1/16 inch (1.58 mm) Simulations show thinnéf’sheet represents head
deceleration better thian a thicker sheet (higher initial peak,
lower secondary-péak).
v
Impactor velocitly 22 ft/s (6.7 m/s) Highest im gvelocity where simulations show that the
aluminum\ eet would not deflect into the fixture.
Impactor angle| Perpendicular with Keep.joad condition simple (one axis)

screen surface

'\" . . .
Impactor contact logation Center of monitor scree@A * Max'f"“m be|_1d|ng Gl sy g
X ¢ Loading monitor area of changg (glass, plastic film,

o5 etc.)
Test results showed the|following.

a. An impact with the [behavior desired, witfr the first 5 ms of the impact being attenuated by the monitor, followed by
another peak involvng the monitor mounting. See Figure 21.

b. The same test parameters resulted in similar results.

load path reduced the impactor peak force while the impact duration increased. See Figures 2P and 23.

c. The contribution of "‘he monitor to attenuate the impact was noticeable in the test data. Addind a monitor to the impact

Feedback from the test lab is that the test setup is straightforward after elimination of the strain gages.
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Force [1bf]

Figure 21 - Frangibility testing - general characteristics

25
Time [ms]
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Figure 22 - Frangibility test impactor force - with and without monitor
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Figure 23 - Frangibility test impactor energy - with and without monitor
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Another series of tests were performed with a higher impact velocity of 35 ft/s (10.7 m/s) to see how an increase in impactor
velocity would be reflected in the test data. As expected, the peak force and impact duration increased relative to the tests
performed at 22 ft/s (6.7 m/s).

Test data is provided in Appendix K. In all tests, the lab personnel verified there was no contact between the aluminum
sheet and the test fixture.

8. NOTES
8.1 Revision Indicator

A change bar (I) located in the left margin is for the convenience of the user in locating areas where technical revisions, not
editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document title
indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in original
publications, nor in docymentsthat-contaireditorial-changes-onhy-

PREPARED BY SAE AIRCRAFT SEAT COMMITTEE
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APPENDIX A - SEAT/IFE MONITOR CONFIGURATIONS INVESTIGATED

Table A1 lists the integrated seat configurations being investigated, the associated IFE monitor change, and the type of test
data gathered.

Table A1 - Seat/IFE monitor configurations investigated

1. Safran Seats USA / 10.6 inch Display panel X X X
Panasonic replacement
2. Safran Seats USA/ 10.6 inch Display panel change X X X
Thales (b(b
3. Safran Seats USA / 8.9 inch Display panel X X Q.)Q X
Thales replacement . @
>
4. Collins / Thales 10.6 inch Display panel change X 6\ X
5. Recaro / Panasonic 11.1 inch Touch screen change QQQ X X X
i N\
6. None / Panasonic 9 mc_h mass N/A s\& X X
equivalent e
3@
R\
xO
<
<&
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APPENDIX B - SEAT DYNAMIC TEST HIC RESULTS
HIC results for the five integrated seat configurations investigated are provided in Tables B1, B2, and B3. The “HIC zone”
referred to is the location of the seat back being struck by the ATD head as defined in FAA AC 25.562-1B, Appendix 4.
Figures B1 and B2 provide photos of monitors in their post-test condition.

Table B1 - Safran Seats USA HIC test data

Baseline Monitor Modified Monitor

1 € = KOBOT3——855—NIAH

oy
2 c = K0O9042 772 K14137 %Q) +45
3 c - K10060 =~ 817  K14112 (§738 -79

K

(1) HIC test data wgs not available for this seat/IFE monitor configuration. Q O

Table B2 - Collins Aerospace HI(‘\Q‘{gt data
<

N

Baseline Q@br Modified Monitor

4 C 30 . &784372 940 | WS5891 641 -299
O

4 A 34 - V12-890 735  V14-458 719 -16

4 A C)Q WS5690 842  WS5845 817 -25

Figure B1 - Collins Aerospace HIC test post-test photos - modified monitors (Zones C and A)
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Table B3 - Recaro HIC test data

Baseline Monitor Modified Monitor

5 Cc - - 660 - 805 +145

Figure B2 - Recaro HIC test post-test photo%@'aseline and modified monitor

S
¥
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APPENDIX C - INTEGRATED SEAT HEAD COMPONENT TEST DATA
CA1 CONFIGURATION #2: SAFRAN SEATS USA/THALES 10.6-INCH MONITOR

Head component test data for Configuration #2 is provided in Table C1. ATD head velocity and acceleration are provided

in Figures C1 and C2. Post-test photographs of the monitors are provided in Figures C3 to C7.

Table C1 - Configuration #2 test results - baseline monitor only

H14089 34.6 221 665 Q—) +117
H14090 35.2 144 335 (.OQQ- 6 -213
H14126 354 199 410 (§ - -138
H14127 354 238 705 6\ +3 +157
H14128 34.2 236 624 <§< +2 +76
Average 208 548 0\\‘
Variance 94 370 @S\
X0
38 : @&
37 -
36 ®,
35 b\
34 ~ '\'\f“
32 o
31 \
E 30 f\w
» \J
£2 N\ H14089
28 —
2 27 o
8 26 oc ——H14090
] o N S
> 25 AN ——H14126
T 24 4
2 23 - ——H14127
T, o) I
51 | ——H14128
20
18 ———
—
17
16
15 T T T T T T T T T T T T T 1
0.116 0.117 0.118 0.119 0.12 0.121 0.122 0.123 0.124 0.125 0.126 0.127 0.128 0.129 0.13
Time (seconds)

Figure C1 - Configuration #2 ATD head velocity during impact test
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250
200 :
@ \
£ 150 H14089
® ——H14090
9
2 100 H14126
9
< \N ——H14127
50 \/\\ ; é’ ——H14128
A U <
0 -+ T @) (2}1
0.115 0.12 QQ 0.125
Time (sec) 8)

Figure C2 - Configuration #2 ATD head c.g. resu@( acceleration

igq L

Figure C3|- H14089 ;@est photo

%O

Figure C5 - H14126 post-test photo Figure C6 - H14127 post-test photo
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C.2 CONFIGURATI

Head component test d

in Figures C8 and C9. Host-test photographs of the monitors are provided in

Figure C7 - H14128 post-test photo (bq
S

DN #3: SAFRAN SEAT USA/THALES 8.9-INCH MONITOR &(b\

O
pta for Configuration #3 is provided in Table C2. ATD E{Qd velocity and a

Table C2 - Configuration #3 test results - Q&\eline monitor only

cceleration are provided

res C10, C11, and C12.

H14133 344 177 ,\c\)&soo -8 47
H14134 35.2 183 C} 556 2 +9
H14135 34.% 196,\@ ’ 584 +11 +37
Average 1€5V 547
Variance Q’ 18 84
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38
37
36
35—
34 \\\\
33 Ny
32 \©
< 31 \\
23 |\
£ W
237 A\
S AN ——H14135
g 26 N\
> %ZSL \§ ———H14133
el
3 >3 i\\ ———H14134
21
19 (b‘b
17 ®)
i O
15 T T T T \
.12 0.122 0.124 0.126 0.128 0‘\6.2{3
Time (seconds) QQ
) . ) \<2 )
Figure C8 - Configuration #3 ATI d velocity
(s
200 $\\\
@
180 -
xO
160
?D .
= 140 ~—
5 O@ “
2 A4
< 100 C)Q‘ H14135
[=
% % \ ———H14133
n 80 ™Y
& CJ\?~ ———H14134
]
g 60 \
I
40
20
0 T T T T T 1
0.11 0.115 0.12 0.125 0.13 0.135 0.14
Time (seconds)

Figure C9 - Configuration #3 ATD head c.g. resultant acceleration
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|

Figure C10 - H1

C.3 CONFIGURATI

|| onmm—— ~ .@Q

E——

.\()
Figure - H13135 post-test photo

DN #5: RECARO/P@&SE)NIC 11.1-INCH MONITOR

Head component test data for Configu tgﬁ #5 is provided in Table C3. ATD head acceleration is
f the monit@e provided in Figures C14 and C15. Test series 17-# is W

Post-test photographs g
installed in the seat, and
issue and did not collect

-# is with the revised monitor installed in the seat. Test 17-1

test seri
heac&?@eration data.

X

provided in Figure C13.
ith the baseline monitor
had an instrumentation


https://saenorm.com/api/?name=019efea566c2fd51d202ee337fc004ae

SAE INTERNATIONAL

AIRG6908 ™A

Page 40 of 105

Table C3 - Configuration #5 test results

17-2 / H14119 34.0 155 254 115 +4 -15
17-3/14120 34.7 147 283 10.4 -4 +15
Average 151 268 11.0
Variance 7 29 1.1
] |
15-1 / H14121 345 164 286 1.4 Q(b(a-g -1
15-20 1 H14122 344 140 325 10.8 @b -15 +38
15-3/H14123 34.7 160 251 10.9 « f&\ + -36
Average 155 287 76
Variance 24 74 QQ5
| Y ! |
A Averages 4 19 Q:\ 2.3
() Touch screen fractufed. s\‘(\
NE
xO
O
&
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40 \# ! \\fo
\/ </ & O
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S
0.002 0.004 0.006 0. 0.01 0.012 0.014
Time (se S\ds)
®
xO

Figure C13 - Configura&'th,QS ATD head c.g. resultant acceleration
S
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%
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Faost Test Pictures Test# 17-2

Test# 17-1

Test# 17-3

HCT - TOUCH PaHEL {HARDE| WERSIR T | DEC b, 2004 | 50| 2B

Figure C14 - Test 17-1, 17-2, and@% post-test photos

Past Test Fu:l-:ur“ A\ﬁﬂ # 5.2
Test # 15-1 O 8

Test# 15-3

BT - TR PAMEL CRaHOE| WERSKON 3 | DES 08, 24| M| GBa Ll

Figure C15 - Test 15-1, 15-2, and 15-3 post-test photos
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APPENDIX D - ROW-TO-ROW HIC TESTING HEAD IMPACT VELOCITY ANALYSIS

Safran Seats USA analyzed a variety of their economy class (E/C) and business class (B/C) HIC dynamic test results. The
specific seat model has been denoted as a sequential number due to the proprietary nature of the data. As expected, the
shorter seat pitches typically resulted in lower head impact velocities due to the ATD head making contact with the seat
back before reaching a maximum head velocity. Shorter pitches typical of E/C seats had a head impact velocity from
18 to 25 ft/s, while longer pitches typical of B/C seats had a head impact velocity from 25.7 to 43.2 ft/s. While the seat design
and its reaction to the forward acceleration loads defined in AS8049 will affect the head impact velocity, in general, the
trends and magnitude of the head velocity ranges measured by Safran Seats USA can be considered applicable to a range
of seat designs.

Since the 34 ft/s head strike velocity defined in FAA policy memorandum ANM-03-115-31 is higher than the velocities
measured for all E/C dynamic tests and many B/C seats tests, using 34 ft/s for impact testing of seat back mounted video
monitors is appropriate for this investigation.

ble D1 - Initial head impact velocity with seat back during HIC testin

1 32 0 E/C #1 550 724~ 19.36 21.62
2 31 0 E/C #1 706 X 24.86 -
3 31 0 E/C #1 834 pf\\)"-- 24.12 -
4 30 0 EC #2 821 O - 25.29 -
5 31 0 E/C #1 o 924 - 20.41
6 30 0 E/C #2 605 - 19.66 .
7 30 0 E/C # (\’L}' 556 - 20.70 -

8 31 0 E/C # 904 680 18.46 17.95
9 30 0 E/C q@’#z 711 - 19.79

10 30 0 Ec-0° # 618 . 21.02

11 40 10 gle  #3 862 698 35.51 33.52
12 36 0 (Bl #3 727 . 25.77 -
13 36 oS BIC #3 624 743 27.64 25.35
14 36 0 BIC #4 718 . 43.16 ,
15 33 0 BIC #4 650 - 28.83 -
16 34 10 BIC #5 594 - 27.04 N
17 40 10 BIC #3 804 893 32.10 35.81
18 40 10 BIC #3 978 749 4217 37.77
19 40 10 BIC #3 903 768 40.85 37.88
20 36 0 BIC #3 785 - 36.82 -

Average ATD Head Velocity at Initial Head Contact = 28 ft/s
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APPENDIX E - SEAT BACK TEST FIXTURE HEAD COMPONENT TEST DATA
E.1 CONFIGURATION #5: PANASONIC 11.1-INCH MONITOR

Six monitors in total were tested. The first three tests were with the baseline monitor configuration, and the final three tests
were with the revised touch screen.

E1A1 Test Configuration
The vertical stand was held in place before head impact by a 75-pound capacity (333 N) cable tie. A 1.5-mm 6061-T6

aluminum plate and aluminum block spacers were used to mount the IFE monitor to the test fixture. See Figure E1 for
pictures of the monitor mounting.

Al Spacers

1.5-mm Al 606

E.1.2 Test Results

Head component test data for Configuration #5 is provided in Table E1. ATD head acceleration is provided in Figure E2.
Test #5 was the only one where the touch screen fractured, resulting in a noticeable drop in head acceleration and the
lowest HIC score of either monitor configuration. Figure E3 shows the difference between tests 4, 5, and 6 in the condition
of the touch screen after initial head impact.

Post-test photographs of the monitors are provided in Figures E4 and E5. Video analysis indicates that the rebound of the
seat back test fixture into the ATD head (secondary head impact) after initial head contact increased the severity of the
monitor damage.
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Table E1 - Configuration #5 test results

175 877 6.3 +3 -24

1 (Jan. 28, 2015) 35.6
2 (Jan. 28, 2015) 347 167 923 6.2 -5 +22
3 (Jan. 28, 2015) 34.9 174 902 6.1 +2 +1
Average 172 901 6.2
Variance 8 46 0.2
— — 77 ] |
4 (Jan. 29, 2015) 34.6 180 955 6.1 qQCb h +33
5 (Jan. 29, 2015) 34.7 186 873 6.0 \8) +P -49
6 (Jan. 29, 2015) 34.9 186 939 5.%\(0 +P +17
Average 184 922 Q‘é.o
Variance 6 82 \Q 0.2
./ | | ! |
A Averages
12 \(2@ 0.2
(Different touch screens) $\'
NE
xO
O
&
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Figure E2 - Configuration TD head c.g. resultant acceleration

N

Figure E3 - Configuration #5 photos of tests 4, 5, and 6 ATD head contact
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Figure E4 - Configuration #5 postitest photos of test 1, 2, and 3 monitors
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E.2 CONFIGURATI
One baseline monitor w
E.2.1 Test Configur|
Test configuration was {
E.2.2 Test Results

Head component test da

Figure E5 - Configuration #5 post-test photos of test 4, 5, and 6 monito

DN #1: PANASONIC 10.6-NCH MONITOR
bs tested as described'in seat/IFE Configuration #1.
ation

imilar to théone described in E.1.1.

ta-for Configuration #1 is located in Table E2. ATD head c.g. acceleration

s

s provided in Figure EG.

Post-test photographs of the monitors are provided in Figure E7, showing damage significant enough to dislodge the monitor

from its mounting.
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Table E2 - Configuration #1 test results

1 34.3 161 596 7.4 -- --

Resultant Acceleration [G]
-+

0115 | 01175 0.12 '0.1225

[
0.1'250 0.1275 0.13 0.1325
Q Time [s]

O
Figure E6 - Configuration #1 ATD head C@.‘\resultant acceleration
$

Figure E7 - Configuration #1 test photos

E.3 CONFIGURATION #6: PANASONIC 9-INCH MASS EQUIVALENT MONITOR

Six monitors in total were tested. The first three tests were with the 9-inch mass equivalent monitor, while the final three
tests were with the 9-inch production monitor.
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E.3.1 Test Configuration

The vertical stand was held in place before head impact by a 75-pound capacity (333 N) cable tie. An 18-mm hardwood
plywood sheet and aluminum blocks were used to mount the IFE monitor to the test fixture. See Figure E8 for pictures of

the monitor mounting.

E.3.2 Test Results

Head component test data is located in Table E3."ATD head acceleration plots are provided in Fi
noticeably deviated from tests #2 and #3. Lab‘personnel noted that the head impact angle and lo
slightly due to the time petween tests (over2'months) and inadequate control of the test setup. R

Figure E8 - Configuration #6 test setup

the monitors are providgd in Figure E10.

jure E9. Test #1 results
tation could have varied
Post-test photographs of
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Table E3 - Configuration #6 test results

1 (July 2, 2014) 345 734 2993 2.6 +113 +166
2 (Sept. 8, 2014) 34.8 575 2773 2.6 -46 -54
3 (Sept. 8, 2014) 34.8 555 2716 2.7 -66 -111
Average 621 2827 2.6
Variance 179 277 0.1
[ [ —— |
4 (June 30, 2014) 34.7 277 1959 3.9 chb 20 -192
5 (June 30, 2014) 34.9 289 2195 3.5 \8-) -8 +44
6 (July 1, 2014) 34.9 324 2298 a%(b 127 +147
Average 297 2151 QY 3.6
Variance 47 339 N\
___ﬂ | |
A Averages %)
(ME versus production 324 6 1.0
monitor) J ®$
4\
xO
O
>
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Figure E9 - Configuration #6 ATD head c.g. resultant acceleration

Figure E10 - Configuration #6 post-test photos of mass equivalent monitor
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APPENDIX F - THREE-POINT BEND TEST DATA

Figure F1 shows the results of the Panasonic 10.6-inch monitor three-point static bend testing (see Appendix A,
Configuration #1). The “A” samples are the baseline configuration of the monitor, and the “B” samples are the monitor
configuration with a revised display panel subcomponent.

1200

1000

800

600

Load (Ibf)

400

200

Figure F2 shows the res

Load (lbs)

1400

1200

1000

800

600

400

200

01

245 "
/’U:L/

0.

Displacement (inch)

Figure F1 - Panasonic 10.6-inch monitor three-point bend test data

3 0.4 0.5 0.6 0.7 08 09

= Sample A-1 S/N: E987738

Smaple A-2 S/N: E987740
———Sample A-3 S/N: E380678
——Sample B-15/N: F451583
= Sample B-2 S/N: F295953

———Sample B-3 S/N: F295954

ults of the Thales 10.6-inch-monitor three-point static bend testing (see Appendix A, Configurations
#2 and #4). The test data shown is only for the‘baseline configuration of the monitor.

0.1 0.2 03 04 0.5 06
Displacement (inches)

Figure F2 - Thales 10.6-inch monitor three-point bend test data
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Figure F3 shows the results of the Thales 8.9-inch monitor three-point static bend testing (see Appendix A,
Configuration #3). The test data shown is only for the baseline configuration of the monitor.

1200

1000

800

Load (lbs)

400

Figure F4 shows the
Configuration #5). The
configuration with the re

1000
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0

7

0.1 0.2 0.3 0.4 0.5 0.6

Displacement (inches)

Figure F3 - Thales 8.9-inch monitor three-point bend test data
results of the Panasonic 11.1-inch \monitor three-point static bend tes

vised touch screen subcomponent:

)
N

\Y

SOl
M //A

S

A o

%)

w

[%4)

0.7 -0.8

ting (see Appendix A,

A” samples are the baseline configuration of the monitor, and the “B” samples are the monitor

hmple A-1 S/N: G029527
hmple A-2 S/N: F804260

%)

hmple A-3 S/N: FR04261

4
|

/

P

"

0.1

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Displacement (inch)

Figure F4 - Panasonic 11.1-inch monitor three-point bend test data

/ Sample B-1 S/N: G033515
Sample B-2 S/N: G033551
Sample B-3 S/N: G033514

Figure F5 shows the results of three-point static bend testing of a Panasonic 9-inch mass equivalent (or dummy) monitor
(see Appendix A, Configuration #6). Figures F6 and F7 show photos of the testing in progress.
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Figure F5 - Panasonic 9-inch mass equivalent mon\i&' three-point bend tedt data

- Panasonic 9-inch mass equivalent monitor test - photo #1
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APPENDIX G - HIC SENSITIVITY ANALYSIS RESULTS
This appendix provides the results of HIC sensitivity analyses performed by various seat suppliers and some general details
about the seat FEMs used. Details as to the seat design and how it attenuates a head impact to achieve acceptable HIC
results are proprietary and are not available for publication. However, some information has been provided to document the
validity of the integrated seat models used.
G.1 COLLINS AEROSPACE
G.1.1 Seat FEM Construction

The target seat FEM is identical to the seat design with regard to:

e Seat spreaders.

e Seat back structure| including monitor mounting.

e HIC attenuation meg¢hanism about the seat back pivot.

The launch seat used in the row-to-row HIC simulations had the following characteristics:

e Hybrid Il ATD installed on a rigid seat structure using a lap belt.

e The seat pitch is ad|usted to facilitate a head strike to the center of the:xmonitor.

e Glass erosion functipn was included in the simulations to emulate-the effect of glass fracturing
Material properties werg from the following sources:

e  Aluminum: Metallic Materials Properties Development.and Standardization (MMPDS)

e Steel: MMPDS
e Seat back hoop composite: Material coupontest (internal)

e Lap belt webbing: Material coupon test/internal)

e Plastics: Supplier specificatiop-and Matweb database, and material coupon testing’

e Diaphragm: Supplief spe€ification and material coupon testing’

o Foam cushion: Thelseat-cushion-modsl-was—validated-by performing-static-and-dynamic-cempression tests for each
seat type, and the test data was converted to the material properties of the solver foam material card.

Collins Aerospace used their resident software tools, procedures, and model documentation/archival processes in the
development and execution of their models used in this study. Processes are based on the analytical modeling techniques
defined in ARP5765.

The starting seat FEM did not have an installed monitor and had to be modified to integrate the Panasonic 10.6-inch monitor
model and monitor attachment for this analysis. Before being modified, the seat FEM had been refined to the point where
the HIC results of the FEM compared favorably with dynamic test results of the same seat model and no IFE monitor
installed (see Table G1). Figure G1 provides screenshots of the row-to-row HIC simulation before load is applied and at
head initial contact with the seat back.

' Coupon testing by another company, with conformed samples from Collins.
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Table G1 - Comparison of Collins Aerospace FEM model and dynamic test HIC results

Simulation 748 <5 ms

Dynamic test 700 (average) 5ms+1ms

Pretest Setup Initial Contact

Figure G1 - Collins Aerospace:row-to-row HIC simulation screenshots

G.1.2 Analysis Resllts

Collins Aerospace decigled to simulate head)impacts using an FEM of the head component tes} device first in order to
expedite simulation resylts (run time greatlyreduced) and to improve consistency of the head impag¢t (no arm/leg interaction
with the seat back). Initial head contaetwas the center of the monitor viewing screen, with a head impact velocity of 34 ft/s.
Glass erosion function was included/in the simulations to emulate the effect of glass fracturing. Head acceleration results
are provided in Table GR and Figure G2.
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Table G2 - Collins Aerospace HCTD parametric study results

#1 Baseline Unchanged Unchanged Low-range 536 -- 5.0 --
#2 Stiffer touch E=15.0x10° psi Unchanged Unchanged = 553 +17 49 -0.01
screen
#3 Less stifftouch | p_g 0106 pei Unchanged  Unchanged = 547 +11 48 -0.02
screen
#4 Stiffer display ) Q)(b
Unchanged E=15.0x106 psi Unchanged 548 +12 Q 1.9 -0.01
panel Q)q
#5 Less stiff _ B et \K s
display panel Unchanged E=5.0x10° psi Unchanged 522 g\-@ b.0 0.0
{( Q
#6 Glass breaks Unchanged Unchanged Large;.t -17 1.9 -0.01
late deflection
N\
160
140 Head acc resukani
Hevad a2 rag ke
120
e Huiil aitos fagii ko
100
1
Came 1 HE: valus s
an HIC: 35 7
) TO: 000072837 3
o Te: DOOSTDEA3 &
I Diahis T i 0O0S600 =
B0
40
Il'r-\"' Locaa A B wadiie | Lomme & HIC i ix -
[ HE:: B AT HC: 532,191 R
1] / T 0000718628 = TOt 000079572 &
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Didta Tis 00045953 g | | Deta T s 00045605 5
0 /
W III.' I
Came I HIZ wlus iz Came 3 HI valus in
HIC: 553 30 HIC: £a7 298
-20 T0: 0 COO7ESE21 & T0: 0OO0EESF11 &
Ta: 000SEF003 & Ta: D0OOSEESE3 &
Dalis T i 000430021 = Dzl T i DO0SS002 =
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Figure G2 - Collins Aerospace HCTD parametric study ATD head c.g. resultant acceleration
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Collins Aerospace then proceeded to run multiple row-to-row dynamic test simulations with a £50% and +30% modulus of
elasticity change. See results in Table G3.

Table G3 - Collins Aerospace row-to-row dynamic test parametric study results

#1 Baseline Unchanged Unchanged Low-range 655 --

#2 Stiffer touch screen E=15.0x108 psi Unchanged Unchanged 867 +212

#3 Less stiff touch screen E=5.0x10° psi Unchanged Unchanged 766 +111 Q)(b

#4 Stiffer display panel Unchanged E=15.0x106 psi Unchanged 849 Qg&

#5 Less stiff display panel Unchanged E=5.0%108 psi Unchanged 690 g\(b\K +35

#2 Stiffer touch screen E=13.0x106 psi Unchanged Unchanged &60 +71

#3 Less stiff touch screen E=7.0x108 psi Unchanged Unchangexk 799 +144

#8 Stiffer display panel Unchanged E=13.0x106 psi Unch@gg;\\e)c; 718 +63

#9 Less stiff display panel Unchanged E=7.0x106 psi Qk:::\?anged 658 +3
R\

G.2 RECARO \Q
G.21 Seat FEM Cohstruction C)‘\\O
The seat FEM is identical to the seat design v&‘r«egard to:
e Seat spreaders. QO

e Seat back structure incIuding(r)Qn%; mounting.

¢ HIC attenuation me :hani@bout the seat back pivot.

The HIC attenuation mec&gm has been validated by component test, where the mechanism force versus displacement
was recorded and used accordingly in the seat model.

Material properties were from the following sources:

e  Aluminum: Coupon testing (internal)

Steel: Metallic Materials Properties Development and Standardization (MMPDS) and coupon testing (internal)
e Lap belt webbing: Coupon testing (internal)

e Plastics: Supplier specification and coupon testing (internal)

e Foam cushion: Coupon testing (internal)

e Diaphragm: Coupon testing (internal)
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Recaro used their resident software tools, procedures, and model documentation/archival processes in the development
and execution of their models used in this study. Processes are based on the analytical modelling techniques defined in
ARP5765.

G.22 Analysis Results

Recaro simulated a row-to-row HIC test with the following test parameters:

The IFE monitor mounting bracket tilt rotation mechanism was locked to eliminate variability due to monitor tilt.
Head contact at the center of the monitor viewing screen.

Row-to-row seat pitch set at 35 inches (63.5 cm) to facilitate a direct ATD head strike on the monitor.

Glass erosion functipn was included in the simulations to emulate the effect of glass fracturin

#1 Baseline Unchanged Unchanged g’ﬁr» ange 1127 - 8.5 -~

#2 Stiffer touch screen E=15.0x108 psi Unchanged 4\ Unchanged = 1253 +126 9.4 +0.9
#3 Less stiff touch screerf E=5.0x10° psi Unchaqg.e,% Unchanged 1103 -24 8.5 0.0
#2 Stiffer touch screen Unchanged E= @MOG psi Unchanged @ 1180 +53 9.2 +0.7
#3 Less stiff touch screer Unchanged O&=5.0X106 psi Unchanged 1086 -41 9.3 +0.8

@
&
e
2
oF
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HIC Sensitivity Study
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Figure G - Recaro dynamic test parametric study ATD head c.g. resultant acdeleration

G.3 SAFRAN AERQSPACE

G.3.1 Seat FEM Copstruction

The seat FEM is identical to the seat design with regard to:

e Seat base frame.

e Seat back structure

e HIC attenuation mechanismabout-the-seatback pivot:

A model of a production monitor mounting bracket was scaled to attach the baseline 10.6-inch monitor model to the
production seat back model. The HIC number and duration were comparable to the test data for this seat model.

The Hybrid Il ATD model used had been validated by the ATD manufacturer Humanetics.
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Material properties were from the following sources:
[ )

Aluminum: Metallic Materials Properties Development and Standardization (MMPDS)-07

Steel: MMMPDS-07

Plastics: Supplier material data?

Safran used their resident software tools, procedures, and model documentation/archival processes in the development
and execution of their models used in this study. Processes are based on the analytical modeling techniques defined in

ARP5765.

G.3.2

Analysis Results

Safran performed three
a. Head component te
b. HCTD impact with t

c. Row-to-row dynami

function locked out.

The initial head contact
was 34 ft/s. Glass erosi

seat design, Safran determined that eliminating touch screen gla

trends (stiffer touch scrg

Analysis results are pro

dirferent nhead sirike analyses. @

(b\{b

X
c test with the seats at a 35-inch (63.5-cm) pitch, wittQh@ production IR
was at the center of the monitor viewing screen \}iead impact velocity fo

on was included in most of the simulations, except for the results reporte
cturing in the model wou

5t device (HCTD) impact with a rigid IFE mounting bracket.

.

ne production IFE mounting bracket tilt function locked out.

en results in higher HIC).

N

ided in Tables G5, G6, G7, and G8 a‘ﬁgj"Figures G4, G5, and G6.

O
Table G5 - Safran HCTD pacﬁjins}étric study results with rigid bracket

-E mounting bracket tilt

r the HCTD simulations
d in Table G7. For their
d lead to expected HIC

#1 Baseline

#2 Stiffer touch screen

#3 Less stiff touch screen

#2 Stiffer touch screen

#3 Less stiff touch screen

#6 Glass breaks late

Unchanged Low-range

Unchanged Unchanged

Unchanged E=15.0x108 psi Unchanged = 1213 +58

Unchanged E=5.0%106 psi Unchanged 1143 -12
Largest

Unchanged Unchanged deflection 1097 -58

1.86 -0.32
2.02 -0.16
2.22 +0.04
2.02 -0.16
2.18 +0.00

2 Plastic materials were not in the primary load path of the head impact and, therefore, were not as critical for analysis
accuracy as the metallic components.
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Figure G4 - Sdfran HCTD parametric study ATD hea$:\g resultant acceleration wit

#1 Baseline

#2 Stiffer touch screen

#3 Less stiff touch screen

#2 Stiffer touch screen

#3 Less stiff touch screen

#6 Glass breaks late

T]

ble G6 - Safran HCTD parametnc*&lldy results with bracket tilt lock

Tim;u{uSec) @

h rigid bracket

d

Unchanger Unchanged Low-range 474 - 212
E=1 5%&& Unchanged Unchanged 487 +13 2.08
I@UMOG psi Unchanged Unchanged 513 +49 2.20
%Unchanged E=T15.0%10° psi Unchanged 636 +162 2.04
Unchanged E=5.0%108 psi Unchanged 439 -35 2.04
Unchanged Unchanged Largest 460 -14 2.52

deflection

-0.04

+0.08

-0.08

-0.08

+0.40
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Figure G5 - Safrgn HCTD parametric study ATD heayés. resultant acceleration with b
\)

667 0.0033333

0.005 >

Time (Sec
S

Table G7 - Safran row-to-row (@amic test parametric study results

00066667

0.0053333 om

racket tilt locked

#1 Baseline

#2 Stiffer touch screen

#3 Less stiff touch screen

#2 Stiffer touch screen

#3 Less stiff touch screen

#6 Glass breaks late

Unch ’ Unchanged

Low-range = 573 --
E=@1 08 psi Unchanged Unchanged | 626 +53
%ﬁ.ox 108 psi Unchanged Unchanged 616 +43
Unchanged E=15.0%10° psi Unchanged @ 677 +104
Unchanged E=5.0x108 psi Unchanged @ 557 -16
Unchanged Unchanged Largest 584 +11

deflection

2.25 --
2.32 +0.07
2.24 -0.01
2.18 -0.07
2.20 -0.05
2.20 -0.05
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Table G8 - Safran row-to-row dynamic test parametric study results (no glass erosion)

fr:oz?:sels";erosion) Unchanged Unchanged  Low-range 743 - 1.74 -

?nzosgtl'::; gl;c;:\oic):reen E=15.0x10° psi Unchanged = Unchanged = 766 +23 1.64 -0.10

*(*r?o'-;zz:gfot;‘;ﬁ; SCTeeN  E=50x10°psi  Unchanged =~ Unchanged = 664  -79 2.28 +0.54

024 02471 0.24514 0.24688 0.24857 0.25029 0252
s Time (Sec)

Figure G6 - Safra[ (for?gfvvetnc study ATD head c.g. resultant acceleration for row-to-rqw dynamic tests
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——Glass (Plus 50%)
Glass (Minus 50%)
——LCD (Plus 50%)
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@
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=
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APPENDIX H - ENERGY ATTENUATION ANALYSIS RESULTS
H.1 RECARO
The Recaro seat model energy attenuation analysis results presented are for the “baseline” seat back configuration. Tables
H1, H2, and H3 and Figures H2, H3, and H4 provide detailed data on the energy attenuation distribution of the integrated
seat back during head impact. Tables H4 and H5 provide results of a parametric study as to the effect a component change
would have on overall seat back energy attenuation properties (magnitude and distribution).

Hourglass energy was insignificant for this analysis, with backrest structure at 0.35 J and no hourglass energy for the
monitor and tilt bracket.

Table H1 - Kinetic/internal strain energy attenuation - Recaro

Kinetic 130.0 36.7% o

®)

Internal 223.9 62(3%

Table H2 - Seat back internal strain energ{§stribution - Recaro

Seat back ’1@.0 61.7%
O
, N 0
Monitor Q 65.0 29.0%
Tilt bracket O® 20.9 9.3%

O
S
e
S
c}“
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Figure H2 - Monitor internal st(tﬁr%nergy distribution over time - Recato
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Table H4 - Effect of monitor change@}\seat back internal strain energy distribution - Recaro

#1 Baseline

#2 Stiffer touch screen

#3 Less stiff touch screen

#4 Stiffer display panel

#5 Less stiff display panel

Unchanged 138 65.0
Q/% (61.7%) (29.0%)

6 140.5 65.5
@YE.OMO psi Unchanged (61.7%) (28.8%)

E=5.0x108 psi Unchanged 138 60.6
(62.0%) (27.2%)

. 139 63.8

= 6

Unchanged E=15.0%10° psi (61.8%) (28.4%)

Unchanged E=5.0x106 psi 142 65.4
(60.9%) (28.0%)

20.9
(9-3%)

21.7
(9.5%)

24.1
(10.8%)

22
(9.8%)

25.9
(11.1%)
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Table H5 - Effect of monitor change on monitor internal strain energy distribution - Recaro

#1 Baseline Unchanged Unchanged 5.8 9.9 1.6 19.8 28.0
(8.9%) (15.2%) (2.4%) (30.5%) (43.0%)
#2 Stiffer
. 7 10.3 1.7 25.6
touch E=15.0x10° psi Unchanged 20.9
e (10.7%) (15.7%) (2.6%) (31.9%) (39.1%)
#3 Less stiff E=5.0x10° psi Unchanged 3.7 9 1.6 18.8 27.5
touch (6.2%) (14.9%) (2.6%) (30.9%) (45.4%)
screen
#4 Stiffer _ . 6.6 103 15 Q)(b 195 25.9
display panel Unchanged | = E=15.0x10"psi (10.4%) (16.1%) (2.4%) @Q (B0.5%) (40.6%)
#5 Less stiff Unchanged E=5.0%10° psi 4.8 6.8 1.5 (§ 21.2 31
display panel (7.3%) (10.5%) (2.3(5)Q (B2.4%) (47.5%)

H2  SAFRAN QQ
L

The Safran seat model ¢nergy attenuation analysis results presented arg[p the “baseline” seat bqck configuration. Tables
H6, H7, and H8 and Figures H6, H7, and H8 provide detailed data or@h energy attenuation distfibution of the integrated
seat back during ATD hgead impact. Tables H9, H10, H11, and H12\‘§¥ovide results of a parametri¢ study as to the effect a
component change would have on overall seat back energy atte@ation properties (magnitude and distribution).

\
Hourglass energy was insignificant for this analysis. OA
X
Table H6 - Kinetic/interérstrain energy attenuation - Safran
N

Kinetic @ 244.2 70%

Inte@ 113.4 30%

X
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Table H7 - Seat back internal strain ene@} distribution - Safran

Seat back c\}:aa 6 59%
S,

Monitor 33%

Tilt bracket C)O® 9.6 8%

Q-
Q.
O
3

X

figure H3 - Kinetic/internal strain energy attenlq\ n over time - Safrah
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Figure H4 - Seat back internal strain &@rgy distribution over time - Safrlan

Table H8 - Monitor intern\ﬁ‘@rain energy distribution - Safran

puch screen 1.8
isplay pa CD) 10.9
ectr@% 3.1
In fﬁzrfrm 8.0

Time (Sec)\\g\@

External frame

13.4
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The parametric study of the seat back monitor internal strain @@by distribution was done with and yithout the glass erosion
function to determine whether the variability seen due to glass failure would affect the overall engrgy distribution through
the seat back system. Results show that changing thg §I§ss stiffness and not including glass erodion has negligible effect

on the internal strain engrgy dissipation from the m

not performed.

Table H9 - Effect of mo@%ﬁénge on seat back internal strain energy distribution

assembly. Hence, the analyses for display panel variations were

O

glass erosion function) - Safran

#1 Baseline %%changed Unchanged 66.6 37.2 9.6
(59%) (33%) (8%)

. . 66.8 38.5 10.1

- 6
#2 Stiffer touch screen E=15.0x10° psi Unchanged (58%) (33%) (9%)
#3 Less stiff touch E=5.0%108 psi Unchanged 68.4 41.8 10.1
screen (57%) (35%) (8%)
. . . 73.7 40.2 9.1
- 6

#4 Stiffer display panel Unchanged E=15.0%x10° psi (60%) (32%) (8%)
#5 Less stiff display Unchanged E=5.0%108 psi 66.3 38.5 9.6
panel (58%) (33%) (9%)
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#1 Baseline

Table H10 - Effect of monitor change on seat back internal strain energy distribution
(without glass erosion function) - Safran

#2 Stiffer touch screen

#3 Less stiff touch screen

Unchanged

E=15.0x108 psi

E=5.0x106 psi

Unchanged

Unchanged

Unchanged

66.5
(54%)

64.8
(53%)

66.8
(56%)

45.0
(37%)

44.7
(37%)

41.8
(35%)

11.6
(9%)

121
(10%)

115
(9%)

Table H11 ; Effect of monitor change on monitor internal strain energy di&)@llt n - Safran

#1 Baseline
#2 Stiffer

touch screen

#3 Less stiff
touch screen

#4 Stiffer
display panel

#5 Less stiff
display panel

Table H12 - Effect of

Unchanged Unchanged
E=15.0x10° psi Unchanged
E=5.0x10° psi Unchanged
Unchanged E=15.0x108 psi
Unchanged E=5.0x10° psi
monitor cha

1.8 10.9
(5%) (29%)
2.0 11.0
(5%) (29
3.2 . @*!A.z
(8%) ANer%)
O
1.6 \b\ 12.3
4 A,)C}\() (31%)
23 10.1
) (26%)

3.1
(8%)

3.1
(8%)

3.1
(7%)

2.9
(7%)

3.0
(8%)

eon monitor internal strain energy distribution - Safr.

8.0
22%)

8.6
22%)

1.1
26%)

8.0
20%)

9.8
25%)

13.4
(36%)

13.8
(36%)

13.2
(32%)

15.4
(38%)

13.3
(35%)

n (no glass erosion)

#1 Baseline

#2 Stiffer
touch screen

#3 Less stiff
touch screen

Unchanged

E=15.0x10° psi

E=5.0x10° psi

Unchanged 11.8 5.2 3.1 8.3
(27%) (12%) (7%) (19%)

132 47 33 8.2
Unchanged (29%) (11%) (8%) (18%)

Unchanged 9.2 6.1 3.1 8.3
(22%) (15%) (7%) (20%)

15.6
(35%)

15.3
(34%)

15.1
(36%)
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APPENDIX | - WRAPPED MONITOR RESULTS
Information provided in this appendix was not used in the development of ARP6330 and is included for possible future uses.
1.1 IMPACT LOCATION #1
Test data is located in Table 11. Head acceleration plots for the three monitor configurations tested (baseline, duct tape

added, mover’'s wrap added) are shown Figures 11, 12, and I3. Pictures of the tested monitors post-test are provided in
Figure 14.

Table I1 - Impact location #1 test data

No Tape (baseline) N &9
Q

BT 34.68 277 20 (7%) 1959 -192 (-9%) s*3(20 191 14 (-7%)
(June 30, 2014) 1™ ° o O3 A
BT2 ) 0
A ey 34.91 289 8(-3%) 2195 +4i§§4,) 3.50 208 +3 (+2%)
BT3 ) 0
e 30, 2014) 34.89 324 27 (+9%) 2298 \,&@’47 (+7%) | 3.40 215 +10 (+5%)
Average - 297 - 3@1‘ - 3.60 205 -

xO
Duct Tape (2 layers) \'?
oy 34.95 329 Ck\f’o) 2208 -132(-6%) 35 209 -8 (-4%)
(June 30, 2014) 1" TP ° : °
D12 34.86 3300 1a(1%) 2040 -100(4%) 34 213 4 (-2%)

(July 1, 2014)

DT3 S

73 o 19, 0, 0,
AL 35.09 § 307 3(1%) 2572 +232(+10%) 3.2 230 +13 (+6%)
Average %?‘S/ 330 -- 2340 -- 3.37 217 --
Mover’s Tape (10 layers)
MT1 . , ,
Uy 1, 2014) 34.76 325 ¥38 (13%) 2179 +147 (+7%) 33 213 +12 (+6%)
MT2 e (00 68 (30 6 (-39
e 34.94 261 26 (-9%) 1964 68 (3%) 3.7 195 6 (-3%)
MTS3 35.03 275 12 (-4%) 1952 80 (4%) 37 194 7 (-3%)

(July 25, 2014)

Average -- 287 -- 2032 - 3.6 201 --
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1.2 IMPACT LOCATION #2

Head component test data is located in Table 12. Head acceleration plots for the three monitor configurations tested
(baseline, duct tape added, mover’s wrap added) are provided in Figures 15, 16, and I7.

Table 12 - Impact location #2 test data

No Tape (baseline)

EBT1

Quly 14, 2014) b4.84 227 +11(7%) 1384 21 (1%) 40 ch(b 164 1 (-1%)
%)

EBT2 +20

e S 34.77 205 A1 (%) 1425 T &%\@ 166 +1 (+1%)

Average -- 216 -- 1405 -- QQ O 4.0 165 --

Duct Tape (2 layers) s\\)\\Q

EDT1 4.91 214 1 (+0%) 123651 (-4%) 45 150 6 (-4%)

(July 14, 2014) ' \S\\S\ '

EDT2 R +51 .

Quly 15, 2014) 34.46 211 2 (-1 A,z\' 04}338 (+4%) 4 162 +6 (+4%)

Average - 213 \\c\,{‘ 1287 - 4.25 156 .

Mover’s Tape (10 layers) @ :

EMTA O +51

Quly 15, 2014) 34,69 @ H1(0%) 1385 o 42 161 +4 (+3%)

B2 24.76 O<2~227 2(-1%) 1282  -52(-4%) 4.4 153 4 (-3%)

(July 16, 2014) : :

Average G;)?~ 229 -- 1334 -- 4.3 157 --
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APPENDIX J - IMPACTOR SIMULATION RESULTS

Simulation results using various impactors and aluminum sheet thicknesses with an impact velocity of 34 ft/s (10.4 m/s) are
provided in this appendix. The Hybrid lI-like impactor is the same pendulum tester as the Hybrid llll neck, but with the rubber
plates in the neck fused together such that they act as one column, roughly approximating a Hybrid Il neck. Monitor is the
baseline Panasonic 10.6-inch seat back monitor design.

Figure J1 - Free motion héadform simulation

RMH

—— 1 58 MM
2.38 mm

—3 17 mm

0 ) 10 15 20 25 30
Time (ms)

Figure J2 - Free motion headform simulation results
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Figure J4 - Pendulum tester simulation results
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Impactor acceleration plots showing the variations due to the-impactor type are provided below.
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Figure J6 - Acceleration comparison between impactors - 1.58-mm aluminum thickness
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Figure J8 - Acceleration comparison between impactors - 3.175-mm aluminum thickness
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