Advisory
Circular

Subject: Dynamic Evaluation of Seat Date: 01/10/06 AC No: 25.562-1B
Restraint Systems and Occupant Initiated by: ANM-110
Protection on Transport Airplanes

1. PURPOSE. This advisory circular (AC) provides information and guidance
regarding acceptable means of compliance with the requirements of 14 CFR part 25
applicable to dynamic testing of seats. The AC provides background and discussion of
the reasoning behind the test procedures. It also describes the test facilities and
equipment necessary to conduct the tests.

2. APPLICABILITY.

a. The guidance provided in this document is directed to airplane manufacturers,
modifiers, foreign regulatory authorities, Federal Aviation Administration (FAA)
transport airplane type certification engineers, and FAA designees.

b. This material is neither mandatory nor regulatory in nature and does not
constitute a regulation. It describes acceptable means, but not the only means, for
demonstrating compliance with the applicable regulations. The FAA will consider other
methods of demonstrating compliance that an applicant may elect to present While these
guidelines are not mandatory, they are derived from extensive FAA and industry
experience in determining compliance with the relevant regulations. On the other hand,
if we become aware of circumstances that convince us that following this AC would not
result in compliance with the applicable regulations, we will not be bound by the terms
of this AC, and we may require additional substantiation or design changes as a basis for
finding compliance.

c. This material does not change or create any additional regulatory requirements
nor does it authorize changes in, or permit deviations from, existing regulatory
requirements.

3. CANCELLATION. Advisory Circular 25.562-1A, dated 01/19/96, is canceled.
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4. RELATED REGULATIONS. Sections 25.562, 25.785, 25.787, and 25.789 of Title
14, Code of Federal Regulations.

Ali Bahrami

Manager

Transport Airplane Directorate
Aircraft Certification Service
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1. DEFINITIONS. The following definitions apply to the terms used in this AC.
These terms may be used in other documents with different meanings and should,
therefore, be verified in the context of those documents.

Anthropomorphic Test Device (ATD)—A device—sometimes called a test “dummy”—
used to provide realistic dynamic response representing that of a human.

Baseline Testing—The initial series of tests performed as part of the original certification
to substantiate that a family of seats meets regulatory requirements.

Energy Absorbing Device—An energy dissipating element of a seat which is load-rate or
peak-load sensitive.

Energy Absorber “Bottom-Out”—The energy absorber “bottoms out” when it reaches its
maximum stroke and no longer provides an energy absorption function.

Energy Absorber Rating—The load required to actuate the energy-absorbing device. The
“highest rated” energy-absorbing device would be the device that requires the highest
load to initiate.

Family of Seats—A group of seat assemblies, regardless of the number of seat places,
built from equivalent components in the primary load path. See paragraph 4c and
Appendix 3 for an expanded discussion.

Instability Failure—An instantaneous loss of the load-carrying capability of a structural
member (for example, the collapse of a column).

Occupant Position—The static relationship of the occupant relative to fixed points on the
seat. This is assessed using the Seat Reference Point (SRP), as defined in Society of
Automotive Engineers Aerospace Standard AS8049 Revision A.

Rational Analysis—An analysis based on good engineering principles, judgment, and/or
accepted methodology. This can include, but is not limited to, static/dynamic load
comparison, static strength analysis, comparative static/dynamic strength analysis, linear
static and non-linear finite element analysis, and inspection.

Seat Primary Load Path—The components within the seat that carry the load from the
point of load application to the structure that reacts the load from the seat system or sub-
system. The primary load path may be segmented into its discrete elements, depending
on the parameter being evaluated, as follows:

e Structural: from seat belt to fittings which attach the seat system to the airplane
structure.

e Lumbar: from bottom cushion to fittings which attach the seat system to the
airplane structure.
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e Row-to Row Head Injury Criterion (HIC): from point of ATD head contact to the
attachment of seat primary structure.
e Head Path (for example, front row or large pitch seats): same as structural.

Similar Design Philosophy - A design which uses the same:

e Method of construction and manufacturing process (for example, machined part
versus built-up part),

e Detail part materials (for example, alloys or heat treat),

e Load path,

e Geometry, including section properties, except for minor differences resulting
from space limitations within the seat or aircraft interface, and

e Attachment method, except for minor differences resulting from space
limitations within the seat

Typically—to be considered “minor”’—differences to the geometry and attachment
method must be shown to be equivalent to or less critical than the seat tested during
“baseline testing” with regard to strength, stiffness, and seat permanent deformation.

2. DISCUSSION.

a. Intent of Tests. The intent of the tests is to evaluate airplane seats, restraints,
and related interior systems in order to demonstrate their structural strength and their
ability to protect an occupant from serious injuries in a survivable crash. For example,
the potential for serious head injury, which is influenced by head strike envelopes and
seat pitch, is assessed in the tests. A standardized methodology for making head impact
injury assessments is provided in Appendix 4. This methodology should minimize the
amount of testing required.

b. Standardized Test Procedures—Reason and Practicalities. The tests described
in this AC are standardized procedures generally regarded as the minimum necessary to
demonstrate compliance. Standardized procedures seek to obtain consistent results
between different test facilities. These facilities may be of varying types, as described in
paragraph 6. Often they are not under the direct control of the designer or manufacturer
of the article under test, and they may be primarily dedicated to testing which is not
related to the aerospace industry. To foster industry standardization, this AC describes
many of the procedures and evaluations that are already accepted as standards by
government and commercial test facilities. These procedures have been modified only as
necessary for the specific testing of civil airplane systems.

c. Standardized Test Procedures—Relationship to Design. As stated above, the
tests are standardized by necessity. However, the seat/restraint should be designed to
protect the occupant under all conditions within the impact envelope specified in
§ 25.562.
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(1) Occupant representation. The dynamic tests are performed with an
anthropomorphic test device (ATD)—representing approximately the 50™ percentile male
occupant—in accordance with 49 CFR part 572.

(a) Occupant Weight. Although the basic structural capability of the
seat/restraint system is not demonstrated for occupants of other weights, substantiating
the seat using the 50" percentile ATD protects the widest range of occupants. Seats that
are optimized for occupants at either extreme would have stiffness characteristics that
would be incompatible with occupant mass at the other extreme. That is, such seats
would either be too stiff to absorb energy for lighter occupants or too flexible to provide
protection for heavier occupants.

(b) Occupant Size (dimensions). The seat should not be point-designed around
the 50™ percentile occupant size. The designer should consider other design factors that
are directly influenced by occupant size, such as energy absorbing systems, restraint
system design and anchorage locations, and seat adjustments.

(2) Test conditions. This AC describes two basic types of dynamic test
procedures (see Figure 3-1): a test where the predominant impact vector is vertical and a
test where the dominant impact vector is horizontal. These procedures address the tests
required to demonstrate compliance for one seat and restraint system installation.
Typical use of a seat model on a particular airplane will involve variations of seat design
and installation. Additional tests may be necessary to demonstrate compliance for these
variations, if they cannot be adequately addressed by analysis. This point is discussed at
length in paragraph 5, and a methodology for establishing a seat “family” is described in
Appendix 3.

(3) Pre-test floor deformation. For certain structural evaluations, the test
procedure requires that the seat/floor interface should be deformed. This procedure
provides a measure of the seat’s ability to deform and absorb energy during an impact.
The seat and restraint system should also perform properly, if the floor remains
undeformed.

(4) Head impact. Occupant head impact with the interior of the airplane is
evaluated by using a Head Injury Criterion (HIC) that can be measured directly in the
tests described in this AC or in alternative tests. The HIC is measured on the most
critical surface within the £10 degrees yaw envelope (measurement of the HIC does not
supersede the requirements of § 25.785, which may have a different head strike envelope
than § 25.562). The HIC does not evaluate injuries that occur at low impact velocities
from contact with surfaces having small contact areas or sharp edges, especially if those
surfaces are relatively rigid. These types of injuries require assessment in accordance
with § 25.785.

(5) Eemur injury. Extensive seat testing has shown that the femur loading
criterion is not exceeded when seats are tested in accordance with the conditions defined
in this AC. For this reason, the femur loads need not be recorded in the individual test, if
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compliance can be shown by rational, comparative analysis using data from previous
tests.

NOTE: There may be several other aspects of the standardized test
procedure that need to be considered when determining the test program
required to demonstrate compliance or interpret the test results. The
extent of the test program will depend on the most critical case
determination and its applicability to other configurations. Further
discussion on this aspect of testing is provided in paragraph 5.

3. TEST CONDITIONS

a. General. A minimum of two dynamic tests is required to assess the
performance of an airplane seat, restraints, and related interior system. The seat, the
restraint, and the nearby interior are all considered to act together to provide protection to
the occupant during a crash. For side-facing seats, there may be additional criteria
necessary to determine that the seats provide the level of safety intended by § 25.562.
(See paragraph 9d for additional considerations regarding side-facing seats.)

(1) Test 1 (Figure 3-1), as a single row seat test, determines the performance of
the system in a test condition where the predominant impact force component is along the
spinal column of the occupant in combination with a forward impact force component.
This test evaluates the structural adequacy of the seat, critical pelvic/lumbar column
forces, and permanent deformation of the structure under combined downward and
forward impact loading. The test may also yield data on ATD head displacement,
velocity, and acceleration time histories.

(2) Test 2 (Figure 3-1), as a single row seat test, determines the performance of a
system in a test condition where the predominant impact force component is along the
longitudinal axis of the airplane in combination with a lateral impact force component.
This test evaluates the structural adequacy of the seat, and permanent deformation of the
structure. It also evaluates behavior and loads of the pelvic restraint and, if applicable, of
the upper torso restraint. The test may also yield data on ATD head displacement,
velocity, and acceleration time histories as well as the seat leg loads imposed on the seat
tracks or attachment fittings.

This test requires simulating deformation between the seat and airplane floor by
deforming the test fixture, as respectively prescribed in Figures 6 and 7 for single
occupant and multiple occupant seats, prior to applying the dynamic impact conditions.
The purpose is to demonstrate that the seat/restraint system will remain attached to the
airframe and perform properly, even though the airplane and/or seat are deformed by the
forces associated with a crash.

(3) For seats placed in repetitive rows, an additional test condition using two
seats in tandem placed at representative fore and aft distance between the seats (seat
pitch) directly evaluates injury of the head and femur. This test is similar to Test 2 with
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or without the floor deformation. (Floor deformation is required, if the test also
demonstrates structural performance.) These injury criteria are dependent on seat pitch,
seat positions occupied, and the effect of hard structures within the path of head
excursions in the +10 degrees yaw attitude range of the Test 2 conditions. See Appendix
4 for a standardized procedure for evaluating row-to-row head impact.

NOTE: It may be possible to evaluate the HIC using alternative tests.
Specific methodologies will require acceptance for certification. (See
paragraph 12d.)
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Figure 3-1. Seat/Restraint System Dynamic Tests




AC 25.562-1B 01/10/2006

b. Consideration of Test Criteria. The tests should be planned to achieve the
“most critical” conditions for the criteria to be evaluated during each test.
Philosophically, the objective of the requirement is to test the critical structural
configuration (that is, the seat with the critically stressed components in the primary load
path). The primary structural load path and other components that influence occupant
injury criteria (for example, HIC or shoulder restraint retention) are evaluated to generate
the baseline certification tests. As much as practical, all pass/fail criteria should be
assessed during tests that are conducted to show seat structural compliance. Additional
structural tests should not be generated to evaluate parts of the seat that are not in the
primary load path or do not influence occupant injury criteria. (For example, a dynamic
test would not be conducted to specifically evaluate the most critical load on a baggage
bar if that is different from the most critical test for the seat structure.)

(1) For multiple place seats, a rational structural analysis is used to determine the
number and seat location for the ATDs and the direction for seat yaw in Test 2 to provide
the most critical seat structural test. (A detailed procedure is provided in paragraph 5.)
The floor deformation procedure should be selected to increase the load on the highest
loaded seat leg and to load the floor track or fitting in the most severe manner. However,
a special procedure has been provided, as discussed in paragraph 9c¢(2), to account for
seats that have more than two pairs of legs.

(2) 1f multiple-row testing is used to gather data to assess head and femur injury
protection in passenger seats, the seat pitch must be selected so that the head would be
most likely to contact hard structure in the forward seat row. The effect of the 10 degree
yaw in Test 2 and the seat back breakover should be considered. (A detailed procedure is
provided in Appendix 4.) Results from previous tests or rational analysis may be used to
estimate the head strike path of similar seats in similar installations. The front row may
be unoccupied.

(3) The separate requirements of 8§ 25.562(c)(1) and (c)(3) can result in tests to
address both directions of yaw. Section 25.562(b)(2) explicitly requires testing in the
direction that would increase the likelihood that the occupant could come out of the
restraint (typically over the trailing shoulder). Section 25.562(c)(1) requires assessment
of the maximum upper torso restraint loads, which requires testing in the critical
structural direction. However, experience has shown that most upper torso restraint
geometries have good retention characteristics and can be justified on the basis of
similarity to previously tested installations. Thus, if there are test data showing retention
(belt over the trailing shoulder) that are applicable to the current installation, only the
yaw direction for the critical structural test need be conducted for that installation.
Occupant retention should be assessed during this test and the applicability of previous
testing verified. In most cases this should be sufficient, and tests in both yaw directions
would not be required.
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(4) If a seat has vertical or horizontal adjustments, it is tested in the position that
produces the most critical loads on the seat structure (typically the highest vertical
position). Positions prohibited for takeoff and landing need not be considered. Seat
adjustments that do not have a significant effect on structural loading (for example, thigh
support angle, lumbar support, or armrest and headrest positions) are tested in the design
positions for the 50 percentile male occupant, unless special requirements dictate the
positions allowed for takeoff and landing. In addition, height adjustment should be
relative to the interior envelope as it relates to the upper contour (ceiling) of the airplane
whenever a specific seat design is approved in a particular airﬁ)lane. For example, the
seat need only be raised to the point where the head of the 50" percentile ATD contacts
the upper portion of the airplane interior. Height adjustment to a level above the normal
50™ percentile male location is intended to validate the strength of the seat and is not
related to testing for a range of occupant sizes.

4. TEST ARTICLES.

a. General. In all cases, the test article must be representative of the final
production article in all structural elements and must include the seat cushions, restraints,
and armrests. It must also include a functioning position adjustment mechanism and
correctly adjusted breakover (if present). Food trays or any other service items or
accouterments that are part of the seat design must be representative of the final
production item, if they influence seat stiffness or injury criteria. Otherwise, they and
any other items of mass that are carried on or positioned by the seat structure need only
be representative masses (see paragraph 10g). Examples include weights simulating
luggage carried by luggage restraint bars [9.1 kilograms (20 Ib) per passenger place], fire
extinguishers, survival equipment, and emergency equipment. If these items of mass are
placed in a position that could limit the function of an energy-absorbing feature in the test
article, they should be of representative shape and stiffness as well as weight.

(1) If items of mass of any significance detach, they could become projectiles or
impede evacuation. Detachment of certain items, such as an in-arm ashtray or decorative
trim, can be considered inconsequential and should not be grounds for re-test. (The
means of restraint should be improved, however.) In any case, detachment of an item of
mass should not leave any sharp or injurious edges. Once retention of an item of mass
has been demonstrated, subsequent tests may be conducted with the item secured for test
purposes.

(2) Appendix 5 discusses means of compliance in greater detail. This AC does
not establish operational requirements for equipment attached to the seat system.
Function of equipment or systems after the test is not required.

b. Critical Components. Components that are critical to the performance of the
seat should be assessed according to the test parameter(s) being investigated. What is
critical for evaluation of seat structural performance may not be critical for an assessment
of HIC. However, design changes made as a result of one performance parameter can
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influence other performance parameters. The following summarizes critical elements
relative to the assessment criteria.

(1) The primary load path for structural tests typically includes seat components,
such as seat legs, lateral beams (cross tubes), spreaders, cushion supports and cushions,
seatbelts and their attachments, attachments between structural members, seat track
fittings, and energy absorbers. (Observe that energy-absorbers are normally integrated
into the other seat components.) The strength and deformation responses of these
members are evaluated during structural tests.

(2) The primary load path for lumbar load tests typically includes bottom
cushions, bottom cushion supports, and lateral beams (cross tubes). Also part of this load
path are seat legs, spreaders, attachments between structural members, seat track fittings,
and energy absorbers.

(3) The primary load path for row-to-row HIC tests typically includes
components in the seat assemblies, such as those installed on the seat back (for example,
food tray tables, video monitors, and telephones), recline mechanism, breakover devices,
seat back energy absorbers, seat back attachment hardware and, in some cases, arm rests.

(4) The primary load path for head/knee path tests is typically the same as that for
the structural tests.

(5) Some components affect the positioning of the occupant in the seat place that
in turn can influence ATD dynamic response and occupant injury criteria. Examples
include seat bottom cushions, bottom cushion support, armrests, and seat backs.

c. Family of Seats.

(1) The concept of a family of seats is a design philosophy. A family of seats is a
group of seat assemblies (regardless of the number of seat places) built from equivalent
components in the primary load path. By definition, aft and side-facing seats are
considered a separate family of seats from forward-facing seats. Most seats are, to some
extent, part of a “family.” The intent of the family concept is to permit a simplified test
article selection process. A group of seats can be designed either using the same design
concept or as separate entities (non-family members). If the components in the seat
design are carefully considered in advance, the baseline testing described in this
document may substantiate the majority or all of the seat part numbers for compliance
with § 25.562. Additional tests beyond the baseline may be required to substantiate
variations in seat design that are beyond the basic family principles. In the context of
Appendix 3, the procedures for substantiation depend on a rigorous definition of the
“family” and are valid only if we adhere to that definition.

(2) The family of seats is defined based on design characteristics. Criticality
assessments determine, in part, the scope of the test program within a family, not between
families. Discussions of the definition of a family of seats and determinations of
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structural criticality are intended to be complementary. Determinations of structural
criticality assume that the family of seats has been established and that variations within
the family will be substantiated either by tests or analysis. The decision whether to
conduct tests or perform analysis is made based on the guidelines given, with the
underlying assumption that such choices are made within a well-defined family of seats.
Therefore, a comparison between families to establish that one design is more structurally
critical than another is not addressed or recommended by this procedure and is not
considered practical.

5. TEST ARTICLE SELECTION AND RELATED TEST SETUP.

a. General. Test articles are selected in order to create the critical case condition
for the parameters being measured. As a minimum, the most highly stressed
configuration is selected for the dynamic tests, so that other configurations could be
accepted by comparison with that configuration. For the test article selection to be valid,
there must be sufficient design commonality among the seats, so that testing one seat will
qualify another. As previously mentioned, this approach is predicated on seats being part
of a family of seats. However, the principles of test article selection are valid for
individual seats as well as families of seats, so the procedures provided could be applied
to a “family” consisting of only one seat. Test article selection for family design
concepts is discussed in more detail in paragraphs 5.d. and 5 e. The following additional
items should be considered in choosing test articles.

(1) 1f a multiple-place seat incorporates energy-absorbing or load-limiting
features that are necessary to meet the test criteria or other requirements, a partially
occupied seat may adversely affect the performance of that seat. In such a case, rational
analysis or additional testing must show that the seat will continue to perform as
intended, even with fewer occupants.

(2) Experience has shown that small details in the design often cause problems in
meeting the test performance criteria. If different configurations of the same basic design
of primary load-path members, especially joints or fasteners differ in detail design, the
performance of each detail design should be demonstrated in a dynamic test.

(3) Additional dynamic impact testing may be required for a seat with features
that could affect the non-structural performance criteria of § 25.562(c)(1-6), even though
the test may not be the most critical case based on structural performance. For example,
if in one of the design configurations, the restraint system attachment points are located
so that the pelvic restraint is more likely to slip above the ATD's pelvis during the impact,
that configuration should also be dynamically tested—even though the structural loading
might be less than the critical configuration in a family of seats.

(4) Evaluation of typical dress cover materials, including synthetic fabrics,
natural fabrics, and leather, has shown that the effect on test results is small, considering
other factors such as occupant clothing. These typical materials can be used on a seat
without testing more than one material or they can be substituted on an already

10
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certificated seat. It is possible that some unusual seat surfaces that exhibit very low
friction coefficients may require some additional substantiation. An unusual seat surface,
for example, would be hard plastic.

(5) Test article selection (whether or not from the family of seats) is dependent
on the installation and, in particular, on the seat track. Installation on a different seat
track will require substantiation by test or rational analysis.

b. Criteria for Selection. The two main performance criteria used for test article
selection are structural strength of the primary load path and injury criteria. In certain
cases, emergency egress considerations may be necessary. For example, retention of a
footrest may not be critical in the primary load path but could significantly impede egress
at an exit if it were to deploy.

(1) Compliance with all parts of 8§ 25.562 can be demonstrated with data obtained
from tests using these selection criteria.

(2) To the extent possible, tests are conducted to maximize the amount of useable
data and to address more than one performance criterion.

c. Family of Seats When a family of seats is identified using the procedures
identified in Appendix 3, a test article selection process based on those procedures can be
followed that will minimize the amount of testing required and maximize the usability of
the data generated. This process is intended to be integrated with the seat design and not
applied to seats post hoc in order to reduce testing once a program is completed or new
designs are produced. However, assuming the family definition is robust, modifications
to family members can be made or new models can be added to the family following the
procedures given. Comparisons between seats in a family should always refer to a seat
that was actually tested, rather than two seats that have not been tested. In principle, the
seats that have been tested are determined to be critical for the parameters being
measured, and any subsequent comparison should be made against the critical
configuration. See Appendix 3 for a detailed discussion of the variation in design
intended to be inclusive of a family using this process.

d. Structural Tests for seats with the family design concepts (see 88 25.562(c)(7)
and (8)).

(1) Substantiation of the 169 longitudinal load condition for each family of seats:

Step 1: Determine the 99 forward static interface loads (or any other standard
load) for all seats. It is generally accepted that the interface loads calculated at 0° are
sufficient to determine the most critical seat. Special seat design features may require
interface load calculations that would take into account the aircraft tapered sections. All
occupancy variations and combinations shall be considered for each seat (from
unoccupied to fully occupied). The critical test case may be determined by analysis
(Finite Element Method [FEM] or static interface loads) or by using test data.

11
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Step 2: Group the seats into two groups: Seats with two legs and seats with more
than two legs.

Step 3: For each group of seats (see figure 2):

Step 3a: Compare the aft fitting resultant loads of the seats within each group and
identify the seat with the highest load. This seat will be tested.

Step 3b: Subgroup the seats by lateral leg spacing.

NOTE: For groups with more than two legs, there will be multiple lateral
leg spacing. The sub-grouping of seats should be based on the leg-pair
with the minimum lateral leg spacing.

Step 3c: ldentify the subgroup with the minimum (narrowest) lateral leg spacing
and identify the seat with the highest seat leg aft fitting resultant load within that
subgroup.

Step 3d: If the aft fitting resultant load of the seat identified in step 3c (narrowest
leg spacing) is greater than 80 percent of the highest load found on the seat selected for
test in step 3a, then the seat identified in step 3c will also be tested, or a single test
combining both conditions will be necessary. If the aft-fitting resultant load of the seat
identified in step 3c (narrowest leg spacing) is less than 80 percent of the highest load
found on the seat selected for test in step 3a, then this seat will only require static
substantiation of its ability to tolerate floor deformation. (See Figure 3).

Step 3e: Conduct a 16g longitudinal dynamic test of each seat selected in steps 3a
and 3d from each group. If the seats selected in steps 3a and 3d do not include the seat
with the most critical beam load, that seat should be tested as well.

Step 3f: The occupancy that produced the highest calculated seat leg resultant
tension reaction in the aft fitting is used for the test, unless the load of the fully occupied
seat is within 10 percent of the highest seat leg load. Due to the statically indeterminate
nature of seat structure, there are assumptions used to calculate interface loads, which
will result in some uncertainty. Data indicate that calculated reactions within 10 percent
of one another are effectively equivalent. In such cases, a fully occupied seat will impart
an overall greater load than a partially occupied seat. Therefore, if the fully occupied seat
leg load is within 10 percent of the highest loaded seat leg, test the seat fully occupied.

Step 3g: Select yaw, pitch, and roll for test setup.
NOTE: If any seat in the family is intended to be installed on canted seat
tracks, the yaw angle for the test for those seats should be 10 degrees plus

or minus the aircraft installation cant angle (if it is more critical)
depending on which yaw angle maximizes the calculated reaction. (A test
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yaw angle greater than the minimum required may be used to
accommaodate the test fixture adjustment capability.) Cant angles of 2

degrees or less may be neglected.

Step 3h: The mass of baggage, life vests, and literature pocket contents should
be installed at each seat place, regardless of seat occupancy.

Step 3i: Retention of a specific item of mass, including emergency equipment,
need only be demonstrated once during the 169 longitudinal load condition, if suitable
retention using the production means of attachment is shown by dynamic test. The item
of mass may be restrained for all other 16g longitudinal tests.

Family of Seats

Group

Two Leg Seats

I
Sub-Group | |

Narrowest Leg Spacing All Other Leg Spacings

| Group

More Than Two Legs

1 Sub-Group

Select Critical Seat(s)
|

169 Test

See next figure

Narrowest Leg Spacing

All Other Leg Spacings

Select Critical Seat(s)

169 Test

Figure 5-1. Decision Chart—16g Test
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| T
Narrowest All other

spacing spacings
_ _ Determine Determine
1) Determine 9g interface loads highest loaded highest loaded @
leg leg

2) Comypare the highest loaded legs | |

Question: Is seat with narrowest spacing the Yis o Test ;che sseati\xtgnl
one with the highest loads in this group? sz | SHSEER e Ny @

No
Question: Does the seat with the narrowest leg Y Test Both
spacing have an interface load than 80% of the OR
highest interface of this group? YES Ballast/modify seat narrow
leg spacing to make it more
critical
Final Choice: The highest interface load on the + NoO

seat with the narrowest leg spacing is less than
80% of the highest interface load in this group. Test the highest loaded leg

AND @
Perform “pitch & roll” test on
seat with narrowest leg spacing

Figure 5-2. Structural Test Article Decision Tree for Seat Family

NOTE: A “Pitch and Roll” test is a static floor deformation test used to
substantiate the flexibility of the seat with the narrowest leg spacing.
Pass/fail criteria for this test are the same as for any static or dynamic
structural test. However, no injury or other performance criteria are
assessed by this test
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A. 9g static interface loads are the generally accepted indicator of seat structure
criticality. Based on this analysis, the highest loaded leg will indicate the most
critical configuration to test. (Other features may drive criticality, e.g., beam
bending, in addition to the interface loads analysis.) Using 9g static interface
loads, identify the highest loaded leg for the seats with the narrowest leg spacing
sub-group and the highest loaded leg for the seat from the wider spaced-leg sub-

group(s).

B. Compare the interface loads of the highest loaded seat leg from the sub-groups(s).
It is generally accepted that the seat with the narrowest leg spacing will exhibit
the highest pre-loads during “pitch & roll.”

C. By testing the seat with the narrowest leg spacing, the test covers the highest
loaded leg and the highest pre-load from “pitch & roll.”

D. If the static interface loads for the seat with narrowest leg spacing is within 20%
of the seat with the wide leg spacing, it cannot be easily determined which is the
more critical to test. The pre-load from “pitch & roll” contributes more to the
criticality of the seat with narrow leg spacing. Since the most critical seat cannot
be easily determined, either test both seats or create the critical case, using the
narrow seat so that it has the more critical interface loads and the highest pre-load
from “pitch & roll.”

Test only the narrow seat. The critical case can be created one of two ways, either
by ballasting the seat so that the interface loads are increased to match those of
the absolute critical seat or by modifying the seat to increase the structural
criticality. These are two different approaches, and will change the load
distribution on the seat, which is acceptable as long as it maintains criticality.

NOTE: Modification of the seat should be limited to relocating seat legs
along a beam to create a more critical overhang. Modifications should not
change seat hardware.

E. If the highest static interface load on the seat with the narrowest leg spacing is
less than 80% of the highest loaded seat in this group, it can be assumed that the
narrow seat with the higher pre-load not be more critical. Only the seat with the
highest leg load need be dynamically tested. A check must still be made on the
narrowest leg spacing seat to ensure the structure has enough flexibility to
accommodate floor warpage. This seat should be placed on a static test fixture
and the floor warpage applied. No dynamic test of this configuration is required.
This is a test of the primary structure. No ATDs or other additions to test
article/set-up are required.
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(2) Substantiation of the 149 download condition for each family of seats:

Step 1. Determine the 14g downward static interface loads (or any other standard
load) for all seats. Compare the aft fitting resultant loads of all seats in the family,
regardless of the number of legs on the seat, and identify the seat with the highest load.
This will usually be the same seat that was selected for the critical forward structural test.
This one seat will be tested.

Step 2. Conduct a 14g vertical dynamic test of the seat selected above.

Step 3. Use full occupancy for this test. This is to ensure that the maximum
compressive load is put on the structure.

Step 4. Install the mass of life vests and literature pocket contents at each seat
place, regardless of seat occupancy. Ballast may be used for non-critical parts of the seat
(for example, under seat In-Flight Entertainment (IFE) boxes). However, if this test is
also used to acquire lumbar loads, the criticality of parts should be assessed with that in
mind. (See paragraph e(2)(b) discussion below regarding compliance with
§ 25.562(c)(2).)

NOTE: Weights representing under-seat baggage are not required for the
14g vertical test. The ATDs identified in the § 25.562(c)(2) part of this
test selection process should be instrumented to collect lumbar loads.

Step 5. Retention of a specific item of mass, including emergency equipment, need
be demonstrated only once during the 14g vertical load condition, if suitable retention
using the production means of attachment is shown by dynamic test. The item of mass
may be restrained for all other 149 vertical tests.

Step 6. Include a representative floor in the test setup for the ATD’s feet.

NOTE: Refer to paragraph a(1) above to address special design features
(for example, unique energy-absorption features).

e. Injury Criteria (see 88 25.562(c)(1) to (c)(6)). Injury criteria may be either
measured during tests used to show compliance with other requirements or in dedicated
tests, depending on the seat design and the practicality of acquiring the necessary data.

(1) Section 25.562(c)(1) - Upper torso restraint tension loads.

(&) The upper torso restraint tension loads must be collected during a structural
test where the seat is yawed in the direction that produces the highest tension load in the
restraint system. Typically this is the yaw direction that puts the upper torso restraint
over the shoulder of the ATD which is moved further forward as a result of the yaw.
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(b) If the 169 longitudinal test that demonstrates compliance with § 25.562(c)(7)
is yawed in the appropriate direction, the restraint tension load data may be collected
during this test, and an additional test is not required.

(c) If the 169 longitudinal test that demonstrates compliance with § 25.562(c)(7)
is not yawed in the appropriate direction, an additional test must be added to the baseline
testing. The test article for the additional test is the same seat selected for the 169
longitudinal test that demonstrates compliance with § 25.562(c)(7). It is yawed in the
direction that creates the highest tension load in the restraint system, with the pitch and
roll selected using the guidance in this AC.

(2).Section 25.562(c)(2) - Lumbar loads.

(@) The ATD lumbar loads must be collected during the 14g vertical test that
demonstrates compliance with § 25.562(c)(7). An additional test for collecting lumbar
loads is not required in the baseline testing (except as noted in paragraph (b) ).

(b) ATDs instrumented to measure lumbar loads must be placed in seat places
that represent the stiffest load path from the center of the occupant place to the structure
and the least-stiff load path from the occupant place to the structure. This requirement
will typically result in two instrumented ATDs, but will not exceed three instrumented
ATD locations in a single test.

NOTE: See paragraph a(1) to address special design features (for
example, unigque energy-absorption features) that may function differently,
depending on seat occupancy.

If there is an item (for example IFE) or structure located at a specific seat place (typically
beneath the seat pan) that may influence lumbar loads due to seat deflection and/or ATD
contact, then lumbar loads must be addressed and substantiated for this location in
addition to the locations identified above. These loads may be addressed and
substantiated by either data showing no contact or an additional test(s) added to the
baseline testing.

(3) Section 25.562(c)(3) - Upper torso restraint remains on shoulder.

(a) For seats with a single upper torso restraint (for example, a 3-point restraint),
a test may be required which demonstrates that the upper torso restraint strap remains on
the ATD’s shoulder during impact with the seat yawed in the most critical direction.
Typically, this is the yaw direction that puts the upper torso restraint over the shoulder of
the ATD which is moved aft as a result of the yaw. (See Figure 5-3).

(b) If the 16g longitudinal test that demonstrates compliance with § 25.562(c)(7)
is yawed in the appropriate direction so that the restraint is over the trailing shoulder, the
restraint retention may be demonstrated during this test. An additional baseline test is not
required.
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Restraint trailing occupant FWD
(Overhead view)

Figure 5-3. Restraint Trailing Occupant

(c) If the 169 longitudinal test that demonstrates compliance with § 25.562(c)(7)
is not yawed in the appropriate direction and the criteria discussed in paragraph 3b(3)
cannot be met, an additional test may be necessary. The test article for the additional test
would be the same seat selected for the 16g longitudinal test. This demonstrates
compliance with § 25.562(c)(7), yawed in the direction most critical for the restraint strap
to remain on the ATD’s shoulder and with the pitch and roll selected in accordance with
the guidance in this AC.

(d) For seats with a dual upper torso restraint, the 16g longitudinal test that
demonstrates compliance with 8 25.562(c)(7) is acceptable for demonstrating that the
upper torso restraint straps remain on the ATD’s shoulder during impact. An additional
baseline test is not required.

(e) High-speed test film or video of the test must be used to demonstrate that the
upper torso restraint strap remains on the ATD’s shoulder during the impact.

(4) Section 25.562(c)(4) - Lap belt remains on pelvis. It must be demonstrated
that the pelvic restraint remains on the ATD pelvis during the deceleration pulse,
including after ATD rebound. Verification that the belt is on the ATD pelvis post-test is
sufficient to demonstrate compliance. High-speed cameras may be used to demonstrate
compliance, if the lap belt angle is greater than 55 degrees or less than 45 degrees.
Additional baseline tests are not required.

(5) Section 25.562(c)(5) - Head injury criterion (HIC). The HIC is applicable to
all seats occupiable for takeoff and landing. Typically, seats located behind interior
structure (front row seats) can be addressed in one test, since the potential contact
surfaces tend to be homogeneous. Repetitive seat rows introduce more variables and
typically require more than one test to demonstrate compliance.
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(@) In an effort to reduce the regulatory burden and both simplify and clarify the
procedure for demonstrating compliance, the following procedure for row-to-row HIC
has been developed. In the majority of cases, this procedure should allow demonstration
of compliance for HIC with two tests. The procedure takes into account seat pitch, the
relative position of the target seat and the occupied row behind it, and range of occupant
sizes. The intent of this procedure is to provide default conditions that can be used in lieu
of conducting several tests or performing lengthy analytical studies. The procedure is
covered in detail in Appendix 4 but relies on two basic contact areas to assess HIC.
These areas are the center of the seat back and the lateral edges of the seat back/armrest.

(b) Demonstration of compliance with the HIC should address seat pitch,
occupant height (5™ percentile female to the 95™ percentile male) and yaw angle (up to
but not necessarily limited to + 10 degrees). Once a seat back is qualified for HIC, any
seat could be installed aft of it, provided the installation limitations result in comparable
conditions to those under which the seat was tested.

(c) Compliance with the HIC is dependent on the details of the seat design as
well as the installation. Variations between seats in the contact surfaces will require
evaluation by test, unless it can be shown that one surface is more critical than the other.
With respect to installation, there are several considerations:

e Seats on canted seat tracks such that the seats are parallel but at an angle
with respect to the airplane longitudinal axis.

e Seats on staggered seat tracks such that the seat places row-to-row are
staggered.

e Non-parallel seat rows.
e Staggered seating due to a change in the number of seat places.

Different width seats that result in seat places row-to-row that are
slightly staggered.

(d) There are acceptable approaches to addressing range of occupant heights that
do not require explicitly adding length to the head path of the ATD to assess HIC. These
approaches provide protection mechanisms that apply to all occupants, and demonstration
of compliance with the ATD at the installed seat position is sufficient. These methods
address both row-to-row and front row seats. Use of one of these methods is considered
to inherently address a range of occupants and, therefore, the HIC result acquired with the
ATD can be considered valid for the range of occupants. This is acceptable, even if the
ATD does not contact the forward surface during the test. The acceptable approaches are
as follows:

e Effective upper torso restraints
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e Inflatable restraint systems

e Energy absorbing features of or on a uniform contact surface that are
effective (i.e., sized to cover the contact area) for the range of occupants
identified in paragraph 5.e(5)(b).

e Head path reducing features (such as articulating seat pans, rate
sensitive foams, low elongation restraints) that are effective and provide
protection for the range of occupants identified in paragraph 5.e(5)(b).

e HIC not exceeding 1,000 units when solid head contact (i.e., not a slight
scraping of the ATD head on the monument) occurs during the dynamic
test.

(e) For front row seats (those seats which are located directly aft of a partition,
monument, or any other commodity certificated to 9g), simpler methods of compliance
are possible.

e Perform a dynamic test to determine the head path arc of the Title 49 CFR
Part 572, Subpart B ATD or equivalent and install the seat such that no
contact by the ATD head would occur. In this case, we would not require
more analyses or repositioning of the seat.

e For seats typically identified as “economy” class seats during air carrier
operations, place the seats 42 inches or more from the potential contact
point. For all other “front row” seats (e.g., first or business class) the
setback distance must be 45 inches or more. No dynamic test is needed
for HIC or head path arc for seats which follow a design philosophy that
includes the use of metallic components in the primary load path from the
seat beams through the seat legs. The distance is measured from the
cushion reference point to the vertical plane at the aft most potential
contact point. Advisory Circular 25-17 defines this as the seat reference
point.

f. Deformation for Egress. The seat permanent deformations (see Appendix 2)
must be measured in all structural tests. In addition, seat-back permanent deformations
must be measured in a test where the ATD’s head contacts the seat back (for example, a
row-to-row HIC test). All measured permanent deformations should be used to show
compliance with § 25.562(c)(8). (However, deformations that occur as an artifact of test
set-up orientation need not be considered.) Some of the seat permanent deformations will
be evaluated for acceptability as part of the dynamic test results (seat pan rotation, ‘B’ vs.
‘C’). Some of the seat permanent deformations will be used by the seat installer to
evaluate the seat installation and airplane interior configuration (seat forward, aft, side
deformations, seat back forward and aft deformations, and deployment of deployable
items). The seat installer must use the measured seat permanent deformations to show an
acceptable installation with regard to occupant egress of the airplane.
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6. TEST FACILITIES.

a. General. There are a number of test facilities that can be used to accomplish
dynamic testing. These are grouped into categories, based on the method used to
generate the impact pulse (that is, accelerators, decelerators, or impact with rebound), and
whether the facility is a horizontal (sled) design or a vertical (droptower) arrangement.
Each facility type has characteristics that have advantages or disadvantages for the
dynamic tests discussed in this AC. One particular concern with test facilities is the rapid
sequence of acceleration and deceleration that takes place in tests. In an airplane crash,
the acceleration phase is always gradual and usually well separated in time from the
deceleration (crash) phase. In a test, the deceleration always closely follows the
acceleration. When assessing the utility of a facility for the specific test procedures
outlined in this AC, it is necessary to understand the possible consequences of this rapid
sequence of acceleration and deceleration.

b. Deceleration Sled Facilities. In an airplane crash, the impact takes place as a
deceleration, so loads are applied more naturally in test facilities that create the test
impact pulse as a deceleration. Since it is simpler to design test facilities to extract
energy in a controlled manner than to impart energy in a controlled manner, several
different deceleration sled facilities can be found. The deceleration sled facility at the
Federal Aviation Administration's Civil Aeromedical Institute (CAMI) was used in
developing the test procedures discussed in this AC.

(1) The acceleration phase of the test, where sufficient velocity for the test impact
pulse is acquired, can distort the test results if the acceleration is so high that the test
articles or ATDs are moved from their intended pre-test position. This inability to
control the initial conditions of the test would directly affect the test results. This can be
avoided by using a lower acceleration for a relatively long duration and by providing a
coast phase (in which the acceleration or deceleration is almost zero) prior to the impact.
As a result, any dynamic oscillation in the test articles or the ATD which might be caused
by the acceleration would decay.

(2) To guard against errors in data caused by pre-impact accelerations, data from
the electronic test measurements (accelerations, loads) should be reviewed for the time
period just before the test impact pulse to make sure all measurements are at the baseline
(zero) level. Photometric film taken of the test should also be reviewed to make certain
that the ATDs used in the test and the test articles were all in their proper position prior to
the test impact pulse.

(3) The horizontal test facility readily accommodates forward-facing seats in both
tests discussed in this AC, but problems can exist in positioning the test ATDs in Test 1 if
the seat is a rearward-facing or side-facing seat. In these cases, the ATDs tend to fall out
of the seat due to the force of gravity and must be restrained in place using break-away
tape, cords, or strings. Since each installation will present its own problems, there is no
simple, generally applicable guidance for doing this. Attention should be given to
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positioning the ATD against the seat back and to proper positioning of the ATD's arms
and legs. It will probably be necessary to build special supports for the break-away
restraint, so that the supports will not interfere with the function of the seat and restraint
system during the test. Film taken of the test should be reviewed to make sure that the
break-away restraint did break (or become slack) in a manner that did not influence the
motion of the ATD or the test articles during the test.

c. Acceleration Sled Facilities. Acceleration sled facilities, usually based on the
Hydraulically controlled Gas Energized (HYGE) accelerator device, provide the impact
test pulse as a controlled acceleration at the beginning of the test. The test item and the
ATDs are installed facing in the opposite direction from the velocity vector (i.e., opposite
from the direction used on a deceleration facility) to account for the change in direction
of the impact. There should be no problem with the ATD or the test items being out of
position due to pre-impact sled acceleration, since there is no sled movement prior to the
impact test pulse.

(1) After the impact test pulse, when the sled is moving at the maximum test
velocity, it must be safely brought to a stop. Most of the facilities of this design have
limited track length available for deceleration, so that the deceleration levels can be
relatively high and deceleration may begin immediately after the impact test pulse.

(2) Since the dynamic response of the system follows the impact test pulse in
time, any sled deceleration that takes place during that response will affect the response
and change the test results. The magnitude of change depends on the system being
tested, so that no general “correction factor” can be specified. The effect can be
minimized if the sled is allowed to coast without significant deceleration until the
response is complete.

(3) If the seat or restraint system experiences a structural failure during the test
pulse, the post-impact deceleration can increase the damage and perhaps result in failures
of unrelated components. This will complicate the determination of the initial failure
mode and make product improvement more difficult.

(4) One other consideration is that the photometric film coverage of the response
to impact test pulse must be accomplished when the sled is moving at near maximum
velocity. On-board cameras or a series of track-side cameras are usually used to provide
film coverage of the test. Since on-board cameras frequently use a wide angle lens
placed close to the test items, it is necessary to account for the effects of distortion and
parallax when analyzing the film.

(5) The acceleration sled facility faces the same problems in accommodating

rearward facing or side-facing seats in Test 1 as the deceleration sled facility, and the
corrective action is the same for both facilities.
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d. Impact-with-rebound Sled Facilities. One other type of horizontal test facility
used is the “impact-with-rebound” sled facility. On this facility, the impact takes place as
the moving sled contacts a braking system which stores the energy of the impact and then
returns the stored energy back to the sled, causing it to rebound in the opposite direction.
This facility has the advantage over acceleration or deceleration facilities in that only one
half of the required velocity for the impact would need to be generated by the facility
(assuming 100 percent efficiency). Thus, the track length can be shortened, and the
method of generating velocity is simplified. The disadvantages of this facility combine
the problems mentioned above for both acceleration facilities and deceleration facilities.
Since one of the reasons for this type of facility is to allow short track length to be used, it
may be difficult to obtain sufficiently low acceleration just before or after the impact
pulse to resolve data error problems caused by significant pre-impact and post-impact
accelerations.

e. Drop Towers. Vertical test facilities can include both drop towers
(decelerators) and vertical accelerators. Vertical accelerators that can produce the long
duration/displacement impact pulse depicted in Figure 1 have not been generally
available. However, drop towers are one of the easiest facilities to build and operate and
are frequently used. In these facilities, the pull of earth's gravity is used to accelerate the
sled to impact velocity so that the need for a complex mechanical accelerating system is
eliminated. Unfortunately, these facilities are difficult to use for conducting Test 2,
particularly for typical forward-facing seats. In preparing for this test, the seat must be
installed at an angle such that the ATD tends to fall from the seat due to gravity. The
restraint system being tested cannot hold the ATD against the seat unless tightened
excessively and will not usually locate the head, arms, or legs in their proper position
relative to the seat. Design and fabrication of an auxiliary “break-away” ATD
positioning restraint system just for this test is a complex task. The auxiliary restraint
must not only position the ATD against the seat (including maintaining proper seat
cushion deflection) during the pre-release condition of 1g, but must also maintain the
ATD in that proper position during the free fall to impact velocity when the system is
exposed to 0g. It must then release the ATD in a manner that does not interfere with the
ATD response to impact. The usual sequence of 1g/0g impact—without the possibility of
a useful “coast” phase as done in horizontal facilities—causes shifts in initial conditions
for the test impact pulse that can affect the response to the impact. The significance of
this will depend on the dynamic characteristics of the system being tested, and these are
seldom known with sufficient accuracy to enable the response to be corrected. In
addition, the earth's gravity will oppose the final rebound of the ATDs into the seat back,
so that an adequate test of seat back strength and support for the ATD cannot be obtained.
The problems in Test 1 or with rear-facing seats in Test 2 are not as difficult, because the
seat will support the ATD occupant prior to the free fall. However, the 0g condition that
exists prior to impact will allow the ATD to “float” in the seat restraint system, perhaps
changing position and certainly changing the initial impact conditions. Again, use of an
auxiliary break-away restraint system to correct these problems is difficult.
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7. ANTHROPOMORPHIC TEST DEVICES.

a. General. The tests discussed in this AC were developed using modified forms
of the ATDs specified by the United States Code of Federal Regulations, Title 49, Part
572 Anthropomorphic Test Dummies, Subpart B — 50™ Percentile Male (known as the
Hybrid 11). These “Part 572B” ATDs have been shown to be reliable test devices that are
capable of providing reproducible results in repeated testing. However, since ATD
development is a continuing process, provision was made for using “equivalent” ATDs.
Instrumented ATD types should not be mixed when completing the tests discussed in this
AC. Any approved ATD type can be used when occupying the seat as ballast

b. Modification to Measure Pelvic/Lumbar Load.

(1) To measure the axial compressive load between the pelvis and lumbar column
due to vertical impact as well as downward loads caused by upper torso restraints, a load
(force) transducer is inserted into the ATD pelvis just below the lumbar column. There is
a load cell available for this purpose that does not require major alteration to the ATD.
The general installation is shown schematically in Figure 7-1.

(2) ATDs modified per prior methods involving installation of a femur load cell,
described in previous versions of this AC, continue to be acceptable for use.

(3) Alternative approaches to measuring the axial force transmitted to the lumbar
spinal column by the pelvis are acceptable if the method:

(a) Accurately measures the axial force but is insensitive to moments and forces
other than that being measured;

(b) Maintains the intended alignment of the spinal column and the pelvis, the
correct seated height, and the correct weight distribution of the ATD; and

(c) Does not alter the other performance characteristics of the ATD.
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Lumbar Spine

Load Cell
(Denton Model 1891
or equiv. shown)

Base Block
(Supplied with load cell)

Height Adjusting Shims

Pelvis Casting

Pelvis Accelerometer
Cavity

Figure 7-1
Installation of Pelvic-Lumbar Load Cell
in Part 572B ATD

c. Other ATD Modifications.

(1) To prevent failure of the clavicle used in Part 572 Subpart B ATDs due to
flailing, a clavicle of the same shape but of higher strength material can be substituted.

(2) Submarining indicators, such as electronic transducers, may be added on the
ATD pelvis. These are located on the anterior surface of the ilium of the ATD pelvis
without altering its contour, and indicate the position of the pelvic restraint as it applies
loads to the pelvis. These indicators provide a direct record that the pelvic restraint
remains on the pelvis during the test and eliminate the need for careful review of high-
speed camera images to make that determination.
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d. Equivalent ATDs. The continuing development of ATDs for dynamic testing
of seating restraint/crash-injury-protection systems is guided by goals of improved
biofidelity (human-like response to the impact environment) and reproducibility of test
results. A procedure to enable the use of a modified 49 CFR part 572, Subpart E (the
Hybrid I11) ATD has been developed and is documented in the Society of Automotive
Engineers (SAE) Technical Paper 1999-01-1609. The significant differences from a
certification standpoint are in the lumbar spine region. In addition, there are some mass
distribution adjustments that are necessary. The Hybrid 11l has a higher degree of
biofidelity, and other enhancements as compared to the Hybrid Il. Alternatively, ATDs
can be considered the equivalent of the Part 572B ATD if:

(1) They are fabricated in accordance with design and production specifications
established and published by a regulatory agency that is responsible for crash injury
protection systems;

(2) They are capable of providing data for the measurements discussed in this AC
or of being readily altered to provide the data;

(3) They have been evaluated by comparison with the Part 572B ATD and are
shown to generate similar response to the impact environment discussed in this AC; and

(4) Any deviations from the Part 572B ATD configuration or performance are
representative of the occupant of a civil airplane in the impact environment discussed in
this AC.

8. INSTRUMENTATION.

a. General.

(1) Electronic and photographic instrumentation systems must be used to record
data for qualification of seats. Electronic instrumentation should measure the test
environment and measure and record data required for comparison of performance to
pass/fail criteria.

(2) Photographic instrumentation should be used to document the overall results
of tests. Photographic instrumentation should also be used to confirm that the pelvic
restraint remains on the ATD's pelvis and that the upper torso restraint straps remain on
the ATD's shoulder during impact. The photographs should also document that the seat
does not deform as a result of the test in a manner that would impede rapid evacuation of
the airplane by the occupants and that the seat remains attached at all points of
attachment. For passenger seats with lap belt angles of between 45 and 55 degrees,
submarining is typically not a problem. For this reason, a second camera (for example,
an overhead camera) for evaluation of submarining is not necessary.
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b. Electronic Instrumentation. Electronic instrumentation should be
accomplished in accordance with the Society of Automotive Engineers Recommended
Practice SAE J211, “Instrumentation for Impact Tests,” using the sign convention of
SAE J1733 “Sign Convention for Vehicle Crash Testing.” In this practice, a data channel
is considered to include all of the instrumentation components from the transducer
through the final data measurement, including connecting cables and any analytical
procedures that could alter the magnitude or frequency content of the data. Each
dynamic data channel is assigned a nominal channel class that is equivalent to the high
frequency limit for that channel, based on a constant output/input ratio versus frequency
response plot which begins at 0.1 Hz (+1/2 to -1/2 dB) and extends to the high frequency
limit (+1/2 to -1 dB). Frequency response characteristics beyond this high frequency
limit are also specified. When digitizing data, the sample rate should be at least five
times the 3 dB cutoff frequency of the presample analog filters. Since most facilities set
all presample analog filters for Channel Class 1000, and since the 3 dB cutoff frequency
for channel class 1000 is 1650 Hz, the minimum digital sampling rate would be about
8000 samples per second. For the dynamic tests discussed in this AC, the dynamic data
channels must comply with the following channel class characteristics:

(1) Sled or drop tower vehicle acceleration is measured in accordance with the
requirements of Channel Class 60.

(2) Belt-restraint system and seat attachment reaction loads (when measured) are
measured in accordance with the requirements of Channel Class 60. Loads in restraint
systems that attach directly to the test fixture can be measured by three-axis load cells
fixed to the test fixture at the appropriate location. These commercially available load
cells measure the forces in three orthogonal directions simultaneously, so that the
direction as well as the magnitude of the force can be determined. If desired, similar load
cells can be used to measure forces at other boundaries between the test fixture and the
test item, such as the forces transmitted by the legs of the seat into the floor track. It is
possible to use independent, single axis load cells arranged to provide similar data, but
care should be taken to use load cells that can withstand significant cross axis loading or
bending without causing errors in the test data.

(3) ATD head accelerations used for calculating the Head Injury Criterion (HIC)
are measured in accordance with the requirements of Channel Class 1000.

(4) ATD femur forces are measured in accordance with Channel Class 600.

(5) ATD pelvic/lumbar column force is measured in accordance with the
requirements of Channel Class 600.

(6) The full-scale calibration range for each channel provides sufficient dynamic
range for the data being measured.

(7) Digital conversion of analog data provides sample resolution of not less than
1 percent of full-scale input.
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c. Photographic Instrumentation. Photographic instrumentation is used for
documenting the response of the ATDs and the test items to the dynamic test
environment. Both high-speed and still image systems should be used.

(1) Photographic instrumentation is in accordance with SAE J211, Part 2. High-
speed cameras that provide data used to calculate displacement or velocity should operate
at a minimum nominal speed of 500 frames per second. Photo instrumentation methods
should not be used for measurement of acceleration. The locations of the camera and
targets or targeted measuring points within the field of view should be measured and
documented. Targets should be at least 1/100 of the field width covered by the camera
and should be of contrasting colors or should contrast with their background. The center
of the target should be easily discernible. A description of photographic calibration
boards or scales within the camera field of view; the camera lens focal length; and the
make, model and serial number of each camera and lens should be documented for each
test. Appropriate digital or serial timing should be provided on the image media. A
description of the timing signal, the offset of the timing signal to the image, and the
means of correlating the time of the image with the time of the electronic data should be
provided.

(2) Rectilinearity of the image is documented in accordance with SAE J211,
Part 2. If the image is not rectilinear, as indicated by an overall error in excess of 1
percent, appropriate correction factors should be used in the data analysis process. A
rigorous, verified analytical procedure should be used for data analysis. The accuracy of
the procedure is considered adequate, if the difference between the measured and derived
distance separating the Validation Target Pair, as defined in SAE J211, Part 2, is not greater than 1.0
cm (0.4 inches).

(3) Cameras operating at a nominal rate of 200 frames per second or greater may
be used to document the response of ATDs and test items, if measurements are not
required. For example, actions such as movement of the pelvic restraint system webbing
off of the ATD's pelvis can be observed by documentation cameras placed to obtain a
“best view” of the anticipated event. These cameras should be provided with appropriate
timing and a means of correlating the image with the time of electronic data.

(4) Still image cameras should be used to document the pre-test installation and
the post-test response of the ATDs and the test items. At least four pictures should be
obtained from different positions around the test items in pre-test and post-test
conditions. Where an upper torso restraint system is installed, post-test pictures must be
obtained before moving the ATD. For additional post-test pictures, the ATD's upper
torso may be rotated to its approximate upright seated position, so that the condition of
the restraint systems may be better documented, but no other change to the post-test
response of the test item or the ATD should be made. The pictures should document
whether the seat remained attached at all points of attachment to the test fixture.
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(5) Still pictures may also be used to document post-test yielding of the seat for
the purpose of showing that it would not impede the rapid evacuation of the aircraft
occupants. The ATD should be removed from the seat in preparation for still pictures
used for that purpose. Targets or an appropriate target grid should be included in such
pictures, and the views should be selected so that potential interference with the
evacuation process can be determined. For tests where the ATD's head impacts a fixture
or another seat back, pictures shall be taken to document the head contact areas.

9. TEST FIXTURES.

a. General. A test fixture is required to position the test article on the sled or drop
carriage of the test facility and takes the place of the airplane’s floor structure. It does not
need to simulate the airplane floor flexibility. It holds the attachment fittings or floor
tracks for the seat and provides the floor deformation if needed for the test; it provides
anchorage points if necessary for the restraint system; it provides a floor or footrest for
the ATD; and it positions instrument panels, bulkheads, or a second row of seats, if
required.

b. Floor Deformation.

(1) Purpose of floor deformation. The purpose of providing floor deformation
for the longitudinal tests is to demonstrate that the seat system will remain attached and
perform properly, even though the seat or airframe may be deformed by the forces
associated with the crash. Floor deformation is not required for demonstrating
compliance with injury criteria.

(2) Floor deformation fixture. For the typical seat with four seat legs mounted
in the aircraft on two parallel tracks, the floor deformation test fixture should consist of
two parallel beams: a pitch beam that pivots about a lateral (y) axis and a roll beam that
pivots about a longitudinal (x) axis (see Figure 9-1 for a schematic representation). The
beams can be made of any rigid structural form: box, I1-beam, channel, or other
appropriate cross section. The pitch beam should be capable of rotating in the x-z plane
up to £10 degrees relative to the longitudinal (x) axis. The roll beam should be capable
of +10 degrees roll about the centerline of floor tracks or fittings. A means should be
provided to fasten the beams in the deformed positions.

The beams should have provision for installing a floor track or other attachment fittings
on their upper surface in a manner that does not alter the above-floor strength of the track
or fitting. The track or other attachment fittings must be representative in above-floor
configuration and in the strength used in the airplane. Structural elements below the
surface of the floor that are not considered part of the floor track or seat attach fitting
need not be included in the installation. Appropriate safety precautions should be taken
while imposing floor deformations.
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Figure 9-1. Schematic Floor Deformation Fixture—
Seat Legs Attached at Floor Level

(3) Airplane floor track or attachment fitting simulation. An example of the
minimum required representation of a floor track is shown in Detail A of Figure 9-1 for
one type of seat track. The track or other attachment fittings must be representative of
those used in the airplane. Alternatively, three components of reaction forces and three
components of reaction moments may be measured during dynamic tests. These six
components may be applied simultaneously, by a separate static or dynamic test to a track
or attachment fitting used on an airplane, or to a more critical track or attachment fitting
than that used on an airplane to demonstrate that the loads measured in the dynamic
impact test will not fail the track or attachment fitting used on an airplane.
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(4) Load transducer installation (optional). The pitch and roll beams should
have provisions for installing individual load transducers at each seat leg attachment
point capable of measuring three reaction forces and, if necessary, three reaction
moments (see paragraph 7b(3)). The load transducers should have provisions to install
floor track or other attachment fittings on their upper surface in a manner that does not
alter the above-floor strength of the track or fitting.

c. Other Mounting Configuration Constraints. The preceding discussion describes
the fixture and floor deformation procedure that would be used for a typical seat that uses
four seat legs and four attachments to the aircraft floor. These test procedures are not
intended to be restricted only to those seat configurations, but can be adapted to seats
having other designs. Special test fixtures may be necessary for those different
configurations. The following methods, while not covering all possible seat designs,
should be followed for the more common alternatives:

(1) Airplane seats with three legs may have one central leg at the front or back
of the seat and one leg on each side of the seat. The central leg is held in its undeformed
position as deformation is applied to the side legs.

(2) Seats that have more than two pairs of legs should be tested with the floor
warpage condition that results in the most critically stressed condition. This typically
involves warping adjacent pairs of legs. Seats that employ several pairs of legs, ganged
together by common cross tubes, can be distorted so that the critical pair of legs is rolled,
while the remaining legs on one side of the critical leg are pitched in unison. The legs
that are pitched should be selected to increase the load on the critical leg and stress the
floor or track fitting in the most severe manner (see Figures 9-2 and 9-3).
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(3) Seats that are wall-mounted must be evaluated individually. There are
several types of mounting schemes, some of which are discussed below. As noted in the
preamble to Amendment 25-64, the dynamic impact pulses defined in § 25.562 are
considered compatible with existing airframe structure. The definition of the test fixture
required for floor-mounted seats takes this into account, so that extensive floor structure
is not necessary for test; that is, only the seat track above the floor is used. The important
consideration is the retention of the seat under dynamic conditions, and the test setup
should account for this in wall-mounted seats as well. The following guidance has been
established with this objective in mind.

(a) Seats that are mounted to primary airplane structure, such as a pressure
bulkhead, need only be tested with the attachment fitting mounted to rigid structure in a
manner equivalent to the production installation.

(b) Seats mounted to a structure, such as a structural bulkhead, galley or
lavatory, where no integral structural members are used for attachment should be tested
with the seat attached to segments of the mounting surface. These segments are typically
eight inch by eight inch sections of the panel. These sections can, in turn, be mounted to
a rigid structure.

(c) Seats that are mounted to single panel furnishings, such as class
dividers or windscreens, where the panel essentially fulfills the role of the legs should be
treated the same as floor mounted seats. For the purpose of conducting tests, the entire
assembly, including the panel and its attachments, should be included in the test setup. In
this case, floor warpage should be applied to track-mounted furnishings.

(4) Seats that are attached to both the floor and a bulkhead should be tested on a
fixture that positions the bulkhead surface in a plane through the axis of rotation of the
pitch beam. The bulkhead surface should be located perpendicular to the plane of the
floor (the airplane floor surface, if one were present) in the undeformed condition or in a
manner appropriate to the intended installation. Either a rigid bulkhead simulation or an
actual bulkhead panel can be used. If a test fixture with a rigid bulkhead simulation is
used, the seat restraint system is attached to fittings installed in a test panel equivalent to
those used in the actual installation. The seat is attached to the bulkhead and the floor in
a manner representative of the airplane installation, and the floor shall then be deformed
as described in paragraph 9b.

(5) Seats that incorporate attachment to the aircraft sidewall must be evaluated
taking into consideration the expected aircraft fuselage cross-section deformation during
a crash. The seat could be mounted between sidewalls or to the sidewall and the floor.
The test fixture will allow either a pitch beam or a roll beam to be installed at the
outboard attachment structure of the seat. The seat positioning pins or locks are fastened
in the same manner as used in the aircraft, including the adjustment of anti-rattle
mechanisms, if provided. The following two seat attachment cases incorporating
sidewall attachment will be considered:
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(a) For the case where there are both sidewall and inboard floor
attachments, two tests may be required.

1 To substantiate the seat and sidewall attachment structure, the roll
beam is installed on the sidewall attachment and the pitch beam is installed on the
inboard floor location as shown in Figure 9. The test is conducted with the roll beam
rotated simulating the sidewall rotating outboard. The pitch beam rotation and the yaw
angle direction of the seat are selected to produce the critical loading condition for the
sidewall attachment structure.

2 To substantiate the seat and inboard floor attachment structure, the
roll beam is installed on the inboard floor attachment and the pitch beam supports the
sidewall attachment as shown in Figure 9. The pitch and roll directions of the test fixture
and the yaw direction of the seat are selected to produce the critical loading condition for
the inboard attachment structure.

Both tests are required, unless it is shown by rational analysis that testing one attachment
structure in its critical condition substantiates the other attachment structure.

(b) For the case where the seat is mounted between aircraft sidewalls with
no floor attachment structure, the roll beam is installed at the critical outboard attachment
structure, while the pitch beam is located at the other outboard attachment structure. The
test is conducted with the roll beam rotated simulating the sidewall rotating outboard.
The pitch beam rotation and the yaw angle of the seat are selected to produce the critical
loading condition for the outboard attachment structure.
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(6) Seats that are mounted between interior furnishings. Seats that are mounted
between two interior furnishings, such as an observer seat or a flight attendant seat
mounted between interior walls, should be tested with deformation in plane as shown in
Figure 9-5. Deformation is applied so that the critical attachment is first raised, resulting
in vertical displacement of 5 degrees from one side of the seat to the other, and is then
rolled outboard 5 degrees.
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(7) Seats that are cantilevered from one sidewall without connection to other
structure are not subject to floor deformation. A determination must be made whether
sidewall deformations could be expected that could generate a condition critical for seat
performance in a crash. If sidewall deformation is likely, the entire sidewall attachment
plane or the attachment points is deformed in a manner to represent the sidewall
deformation. Either a rigid sidewall simulation or an actual sidewall panel may be used.
If a test fixture with a rigid sidewall simulation is used, the seat/restraint system is
attached to fittings installed in a test panel equivalent to those used in the actual
installation.

(8) Seats that are mounted on adapter plates (plinth). Where the adapter
(plinth) is used to mount a single seat assembly (whether single or multiple place), and
the adapter plate is attached to the floor, the adapter plate is considered as part of the seat
assembly and should be deformed as described in paragraph 9b. Any items of mass
attached to the plinth need to be represented and included in the dynamic testing, as
discussed in Appendix 5 of this AC.

(9) Seats that are mounted on a pallet (for example, multiple seat rows). A
pallet is considered part of the floor structure of the airplane based on its size, structural
design, and redundancy of attachment. The seats should be attached to the test fixture in
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a manner representative of the airplane installation. The seat legs are deformed as
described in paragraph 9b. Any items of mass attached to the pallet and not part of the
seat structure do not need to be included in the dynamic testing.

d. Side-facing Seats.

(1) General. All seats occupiable for takeoff and landing are subject to the
specified dynamic test conditions. Included are side-facing seats and both single
occupancy and multiple place seats, such as divans. Compliance with the structural
requirements should be demonstrated for side-facing seats, using the same conditions for
the test and pass/fail criteria as for fore- and aft-facing seats. The seat should be loaded
in the most critical case structurally. Means of restraining the ATDs may need to be
adapted to ensure adequate retention during the test. The application of floor distortion
will need to be assessed on an individual basis, depending on the design of the fixation of
the seat. The injury criteria of § 25.562 are not adequate to demonstrate equivalent safety
of side-facing seats when compared to fore- and aft-facing seats. To demonstrate
equivalent safety fully in the absence of such specified criteria, the applicant must use
other injury criteria which may be derived from the automotive industry, which uses
side-impact ATDs.

(2) Assessment criteria. Research into side-facing seats is ongoing. As
research proceeds, the FAA will work toward establishing a more definitive policy with
respect to the acceptance of side-facing seats. Until then, in the absence of specific
compliance guidance, the FAA is prepared to assess side-facing seats on the following
basis:

(@) The seat must demonstrate compliance with the structural requirement.

(b) If an acceptable side impact ATD has not been used with assessment of
the corresponding injury criteria, it must be shown that the occupants are restrained in a
manner that prevents substantial energy absorption by body to body contact (on a
multiple occupancy seat) and which, using the best available engineering judgment,
minimizes injury to the occupant(s).

e. Multiple Row Test Fixtures. In tests of passenger seats that are normally
installed in repetitive rows in the airplane, head and knee impact conditions are best
evaluated through tests that use at least two rows of seats. These conditions are usually
critical only in Test 2. This test allows direct measurements of the head and femur injury
data.

(1) The fixture must be capable of setting the airplane longitudinal axis at a
yaw angle of -10 to +10 degrees. The fixture should also allow adjustment of the seat
pitch and installation angle with respect to the airplane center line.

(2) To allow direct measurement of head acceleration for the head injury
assessment of a seat installation where the head of the occupant is within striking distance
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of structure, a representative impact surface may be attached to the test fixture in front of
the seat at the orientation and distance from the seat representing the airplane installation.

f. Other Fixture Applications. Test fixtures should provide a flat footrest for ATDs
used in tests of passenger seats and crewmember seats that are not provided with special
footrests or foot-operated airplane controls. The surface of the footrest must be at a
position representative of the floor in the airplane installation. Test fixtures used for
evaluating crew seats that are normally associated with special footrests or foot-operated
controls must simulate those components. (A footrest is optional for Test 2 structural
tests—see paragraph 10f.) Test fixtures may also require guides or anchors for restraint
systems or for holding instrument panels or bulkheads. If these provisions are required,
the installation must represent the configuration of the airplane installation and be of
adequate structural strength. The strength of any such restraint anchorages should be
equivalent to the actual installation, whereas instrument panels or bulkheads should be
sufficiently strong to ensure that they withstand the test pulse.

10. TEST PREPARATION.

a. Preparation for the Tests will involve positioning and securing the ATD, the
ATD restraint system, the seat, and the instrumentation. This is done for the specific
critical condition being tested. Preparations that pertain to the normal operation of the
test facility, such as safety provisions and the actual procedures for accomplishment of
the tests, are specific to the test facility and are not addressed in this AC.

b. Use of Anthropomorphic Dummies. Anthropomorphic dummies used in the
tests discussed in this AC should be maintained to perform in accordance with the
requirements described in their specification. Periodic teardown and inspection of the
ATD should be accomplished to identify and correct any worn or damaged components,
and appropriate ATD calibration tests (as described in their specification) should be
accomplished if major components are replaced. For the tests discussed in this AC, the
following procedures have been found to be adequate:

(1) Since extremes of temperature and humidity can affect ATD performance,
the ATDs should be maintained at a temperature range between 66 to 78 degrees F (19 to
26 degrees C) and at a relative humidity from 10 to 70 percent for a minimum of 4 hours
prior to the test.

(2) Each ATD should be clothed in form-fitting cotton stretch garments with
short sleeves, mid-calf length pants, and shoes (size 11E) weighing about 2.5 pounds.
The color of the clothing should be in contrast to the color of the restraint system.

(3) For tests where the ATD's head is expected to impact a fixture or another

seat back, the head and face of the ATD may be treated with a suitable material to mark
head contact areas. The material used must not reduce the resulting HIC values.
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(4) The friction in limb joints should be set so that they barely restrain the
weight of the limb when extended horizontally.

(5) The ATD should be placed in the center of the seat in as nearly a
symmetrical position as possible. The ATD should be placed in the seat in a uniform
manner so as to obtain reproducible test results.

(6) The ATD's back should be against the seatback without clearance. This
condition can be achieved, if the ATD's legs are lifted as it is lowered into the seat. Then
the ATD is pushed back into the seatback as it is lowered the last few inches into the seat
pan. Once all lifting devices have been removed from the ATD, the ATD should be
“rocked” slightly to settle it in the seat.

(7) The ATD's knees should be separated about four inches.

(8) The ATD's hands should be placed on the top of its upper legs, just behind
the knees. If tests on crew seats are conducted in a mockup that has airplane controls, the
ATD's hands should be lightly tied to the controls. The ATD arms should be positioned
such that they are not over the armrests, so as not to bear on the armrests and influence
the collection of lumbar loads during the down test.

(9) The feet should be in the appropriate position for the type of seat tested (flat
on the floor for a passenger seat, on control pedals or on a 45-degree footrest for
flightcrew systems). The feet should be placed so that the centerlines of the lower legs
are approximately parallel, unless the need for placing the feet on airplane controls
dictates otherwise.

(10) If the system is tested in other than a “horizontal floor” position, it is
recommended that the ATD be placed such that the hip joints are in essentially the same
position relative to the seat as when seated with a 1g pre-load as shown in Figures 10-1
and 10-2. Achieving this position may require that the lap belt be very tight and a shim
be placed behind the ATD’s back and pelvis.

(11) Auxiliary restraints may be required to ensure that each ATD will be in its
proper position prior to the impact. The auxiliary restraint(s) must not interfere with the
results of the test.

c. Seat Adjustment. Except as noted in paragraph 3b(4), to the extent that they
influence the injury criteria, all seat adjustments and controls should be in the design
position intended for the 50™ percentile male occupant. If the seat restraint systems being
tested are to be used in applications where special requirements dictate their position for
landing or takeoff, those positions should be used in the tests.

d. Installation of Instrumentation. Professional practice should be followed when
installing instrumentation. Care should be taken when installing the transducers to
prevent deformation of the transducer body that could cause errors in data. Lead-wires
should be routed to avoid entanglement with the ATD or test article, and sufficient slack
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should be provided to allow motion of the ATD or test article without breaking the lead-
wires or disconnecting the transducer. Calibration procedures should consider the effect
of long transducer lead-wires. Head accelerometers and femur load cells should be
installed in the ATD, in accordance with the ATD specification and the instructions of
the transducer manufacturer. The load cell between the pelvis and the lumbar column
should be installed in accordance with the approach shown in Figure 7-1 of this AC or in
a manner that will provide equivalent data (see paragraph 7b).

(1) If an upper torso restraint is used, the tension load should be measured in a
segment of webbing between the ATD's shoulders and the first contact of the webbing
with hard structure (the anchor point or a webbing guide). Restraint webbing should not
be cut to insert a load cell in series with the webbing, since that will change the
characteristics of the restraint system. Load cells that can be placed over the webbing
without cutting are commercially available. They should be placed on free webbing to
minimize contact with hard structure, seat upholstery, or the ATD during the test. They
should not be used on double-reeved webbing, multiple-layered webbing, locally stitched
webbing, or folded webbing, unless it can be demonstrated that these conditions do not
cause errors in the data. These load cells should be calibrated using a length of webbing
of the type used in the restraint system. If the placement of the load cell on the webbing
causes the restraint system to sag, the weight of the load cell can be supported by light
string or tape that will break away during the test.

(2) Since load cells are sensitive to the inertial forces of their own internal mass
and to the mass of fixtures located between them and the test article as well as to forces
applied by the test article, it may be necessary to compensate the test data for that
inaccuracy if the error is significant. Data for such compensation will usually be
obtained from an additional dynamic test that replicates the load cell installation but does
not include the test item.

e. Restraint System Adjustment. The restraint system must not be tightened
beyond the level that could reasonably be expected in use, and the emergency locking
device (inertia reel) must not be locked prior to the impact. Automatic locking retractors
must be allowed to perform the webbing retraction and automatic locking function
without assistance. Care must be taken to assure that emergency locking retractors that
are sensitive to acceleration do not lock prior to the impact test because of pre-impact
acceleration applied by the test facility. If comfort zone retractors are used, they must be
adjusted in accordance with instructions given to the user of the restraint system.

(1) If manual adjustment of the restraint system is required, slack must be
removed, and the restraint system should be snug but not excessively tight, about the
ATD. For test 2, this can normally be determined when two fingers fit snugly between
the belt and the pelvis of the ATD. The restraint system shall be checked and adjusted
just prior to the floor deformation phase of the test.

(2) If the system is tested in other than a “horizontal floor” position (see
paragraph b(10) above), the restraint should be properly adju