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1.

1.1

1.2

1.3

SCOPE:

General:

This SAE Aerospace Standard (AS) defines minimum performance standards, qualification
requirements, and minimum documentation requirements for passenger and crew seats in
civil rotorcraft, transport aircraft, and general aviation aircraft. The goal is to achieve comfort,
durability, and occupant protection under normal operational loads and to define test and
evaluation criteria to demonstrate occupant protection when a seat/occupant/restraint system

is subjected
in the applic

Guidance fo
presented toj

While this da
divided betw
responsibility
and supplyin
for safe seat

Applicability:

This documd
to be used in

Seat Types:

This docums
following cat

TABLE 1 - Seat Type Categories

cument addresses system performance, responsibility for the seati
een the seat supplier and the installation applicant/The seat suppli
consists of meeting all the seat system performance requirements
g to the installation applicant all the data prescribed by this docume
installation applicant has the ultimate system responsibility in assuring that all re
installation have been met.

nt addresses the performange criteria for seat systems requiring dy
civil rotorcraft, transport-aircraft, and general aviation aircraft.

nt covers all passenger and crew seats for use in aircraft type-certi
bgories shown'in Table 1:

1o staticatty appiied uittmate foads and to dynamic impacttestconditions set forth
hble Federal Regulations 14 CFR 23, 25, 27, or 29.

test procedures, measurements, equipment, and interpretation of fesults is also
promote uniform techniques and to achieve acceptable data.

ng system is
or's

and obtaining
nt. The
quirements

namic testing

icated in the

Applicable Federal

Seat Type Aircraft Category Regulations
| A Transport Airplane 14 CFR 25
| B Normal Rotorcraft 14 CFR 27
| B Transport Rotorcraft 14 CFR 29
| C General Aviation Aircraft 14 CFR 23
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1.4 Units:

In this document U.S. customary units (in-pound) and International System of Units (SI) are
provided. In all cases, the in-pound units take precedence and the Sl (metric) units provided
are approximate and conservative conversions. Those who routinely use Sl units in practice
may make the conversions more precise.

2. REFERENCES:

The following publications form a part of this document to the extent specified her
issue of SAE publications shall apply. In the event of conflict between the text©f i
and references cited herein, the text of this document takes precedence. Nothing
document, however, supersedes applicable laws and regulations unless a‘specifia

has been obtajned.

2.1 SAE Publications:

Available fro

211 SAE J211

2.1.2 SAE J211

2.1.3 SAE J173]
2.1.4 SAE ARPS§

2.1.5 SAE Technical Paper 1999-01:1609 A Lumbar Spine Modification to the Hybri

Aircraft Se

2.1.6 SAE ARP§

2.1.7 SAE J826

2.2 Code of Fed

bt Tests

eral Regulations (CER) Publications:

M SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

1 Instrumentation for Impact Tests - Part1-- Electronic Instrumentaf

P Instrumentation for Impact Tests.£Part 2 - Photographic Instrume
Sign Convention for Vehicle Crash Testing

482 Photometric Data Acquisition Procedures for Impact Test

526 Aircraft-Seat Design Guidance and Clarifications

2in. The latest

nis document
n this
exemption

ion

ntation

d Il ATD for

Pevices for Use in Defining and Measuring Vehicle Seating Accommodation

U.S. Government Printing Office, Superintendent of Documents, Mail Stop SSOP,
Washington, DC 20402-9328.

2.2.1 Code of Federal Regulations, Title 14 Part 21 (14 CFR 21) Certification Procedures for
Products and Parts

2.2.2 Code of Federal Regulations, Title 14 Part 23 (14 CFR 23) Airworthiness Standards:
Normal, Utility, and Acrobatic Category Airplanes

2.2.3 Code of Federal Regulations, Title 14 Part 25 (14 CFR 25) Airworthiness Standards:
Transport Category Airplanes
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224

2.2.5

226

227

2.2.8

3. GENERAL DHESIGN:

3.1

3.2

3.2.1

3.2.2

3.2.3

3.24

3.2.5

Code of Federal Regulations, Title 14 Part 27 (14 CFR 27) Airworthiness Standards: Normal
Category Rotorcraft

Code of Federal Regulations, Title 14 Part 29 (14 CFR 29) Airworthiness Standards:
Transport Category Rotorcraft

Code of Federal Regulations, Title 14 Part 121 (14 CFR 121) Certification and Operations:
Domestic, Flag, and Supplemental Air Carriers and Commercial Operators of Large Aircraft

Code of Fdderal Regulations, Title 49 Part 572 (49 CFR 572) Anthropomorphit Test
Dummies

ATD Draw|ng 3703: Available using instructions contained in 49 CFR-572

Guidance:

The guidancg information previously contained in Section-3.1, including Sections 3.1.1
through 3.1.81, has been removed from this revision~Réfer to SAE ARP5526 Aifrcraft Seat
Design Guidance and Clarifications for this guidance:

Requirements:

This section|provides requirements for. aseat and restraint system design that are not
described elgewhere in this document.*The seat structure, cushions, and occupant restraint
shall be consgidered to act as a total system. Any substitution of these elements ghall be made
only on the RQasis of additional tests or rational analysis based on test.

Seat systems shall be desighed to provide occupant impact protection at seat|adjustment
positions, ¢rientationspand locations allowed during takeoff and landing.

Seat eleménts shall be designed so that, when evaluated under the test conditions of this
document,|they.d0 not generate hazardous projections that could significantly contribute to
injury to oqcupants that are seated or moving about the airplane or that could {mpede rapid
evacuation.

Quick-release type fittings, adjustment handles, and buttons shall be designed, installed,
and protected such that their positions can be easily verified, and incorrect installation or
inadvertent activation is unlikely.

[Intentionally left blank]

Electrical or electronic devices incorporated in a seat shall be supplied with grounding.
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3.2.6

3.2.7

3.2.8

3.2.9

3.2.10

3.2.11

3.2.12

3.2.13

3.2.14

3.2.15

Adjustable features (seat swivel, back recline, and stowage of movable tables, armrests,
footrests, etc.) shall be designed so that they can be returned by the occupant to the
positions required for takeoff and landing without release of occupant restraints. In addition,
these items shall not deploy under the dynamic impact test conditions of this document in a
manner that could significantly contribute to serious occupant injury or impede rapid egress

of any aircraft occupant.

When an under-seat baggage restraint is incorporated in a passenger seat, it shall be
designed to restrain at least 9.1 kg (20 Ib) or its placarded weight of stowed items per
passenger place under the test conditions of this document in a manner that will not

significantl
[Intentiong
[Intentiong

Rearward-
(36.5in) of
top of the s
in) can exi
the height
occupant

it shall be

tangent lin

Seat track

y Tmpede rapid egress from the seat.
lly left blank]

lly left blank]

facing seats shall be designed with a back height sufficient to provig
support for the occupant as measured from the seat reference poir
eat back. If a separate fixed headrest is provided, a maximum gap
5t between the bottom of the headrest and the'top of the seat back,
bf the headrest is sufficient to provide head support for the intended

o more than 100 mm (4 in). Measurements shall be taken along th
£, (See Figures 1A and 1B for the-definition, determination, and use

fitting locking devices shall readily indicate positive engagement an

when instafled in the aircraft environment (carpets, track covers, etc.).

The use of
as the sole

mechaniCj:
I

springs, ¢

Seats equi
extending

pure static friction between two or more flat or curved surfaces in d
means to restrain_items of mass is not acceptable. Items restraine
fasteners such-as screws, bolts, nuts, hook and loop fasteners, ta
mps, detents; rivets, etc., are not considered friction restrained iten

pped with foldup armrests shall incorporate means to preclude any
peyond adjacent seat backs into any ingress/egress space behind t

€ 930 mm

t (SRP) to the

of 100 mm (4
provided that
range of

ize. If there is a gap between the bottenrof the seat back and the SRP waterline,

b seat back
of SRP.)

d locking

rect contact
j by

be, hooks,
NS.

armrest from
he seat.

[Intentiona

Ty Teft blank]

Except for rearward facing seats, the pelvic restraint system shall be designed such that the
vertical angle subtended by the projection of the pelvic restraint centerline and the seat
reference point (SRP) water line shall not be greater than 55°. The SRP water line is a
line/plane passing through the SRP parallel to the floor waterline. The pelvic restraint
centerline is formed by a line from the pelvic restraint anchorage to a point located 250 mm

(9.75in) fo

rward of the SRP and 180 mm (7.0 in) above the SRP water line.
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255 REF
(10.0)

DESIGN EYE POINT

\

DESIGN EYE WATERUNE

/ 12’?14' BACK ANGLE REF

|

790 REF
: {31.0)}
BACK TANGENT UNE

CCD
(COMPRESSED CUSHION DATUM)

SRP
BRP (SEAT REFERENCE POINT)
(BUTTOCK REFERENCE
POINT)

FLOCR WATER LINE

NOTE:
DIMENSIONS ARE IN MILLIMETERS.

DIMENSIONS IN PARENTHESES ARE IN INCHES.

FIGURE 1A - Terminology and Dimensions for 50th Percentile Male
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L - ... \\ ~ N
N
7 b AN
D 0IM / 0 \
/ . \
{ / o \
,/. o H-POINT 97 \\
I ., (3.8) \
I . . \
C DIN 4 l . .
Rd}- 1 \ .6 hd !
WATERLINE f /‘E !
Al (12°-147) "\ SRP \cco
SECTI BACK ANGLE 2N /
ISCHIAL REF N (50) ,
\ 7/
N 7
BACK S e
TANGENT N -
LINE ~~____l--
420
(16.5
ISCHIAL 1
TUBEROSITY
| =
CCD (COMPRESSED
A LENGTH CUSHION DATUM)
* SRP (SEAT REFERENCE POINT)
B HEIGHT BRP (BUTTOCK REFERENCE POINT)
* FLOOR/WATER L INE
Note: Dimgnsions are-in millimeters; Dimensions in parentheses are in inches.
[1] This angle is used only in the H-Point Method Using ATD
| FIGUREtB="Defimtiomand BDetermimationof SRP

Definition of SRP:

The Seat Reference Point (SRP) is the intersection of the Compressed Cushion Datum
(CCD) and the back tangent line of a seat occupied by a 75 to 80 kg (160 to 180 Ib) subject.

For purposes of this document, there are four accepted methods for determining the SRP of
a seat (pin method, soft bar method and two variations of the H-point method). Each SRP
measurement may give slightly different measurements; thus, a 6.4 mm (0.25 in) tolerance
should be considered on the results. A consistent methodology is critical to minimize the
actual deviation.
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Figure 1B (Continued):

Pin Method - Procedure for Establishing SRP:

1.

Place a 75 to 80 kg (160 to 180 Ib) subject or 50% male anthropomorphic test dummy
(ATD) on a seat (Figure 1B).

Locate and mark a point on the cushion directly under an ischial tuberosity (the BRP).

Drill a hole vertically through the seat pan cushion and structure at that point and insert a
headed pin of length "A".

Place the subject on the seat and measure from a reference water line to the lower end of
the pin ("B" height).
The addition of this height "B" and the pin length "A" establishes the CCD fromyihg
referen¢e waterline.
Insert two round bars horizontally between the subject's back and the seatyback clishion at
90 mm (3.5 in) and 420 mm (16.5 in) vertically above the CCD and detgfmine their
positions from a vertical datum. (Alternatively, soft bars may be used\in'a manner similar to
that degcribed in the soft bar method.)

Plot theltwo positions with the CCD and establish the SRP at their intersection.

Soft Bar Mgthod — Procedure for Establishing SRP:

1.

Place a|75 to 80 kg (160 to 180 Ib) subject or 50% male anthropomorphic test dummy
(ATD) gn a seat (Figure 1B).
Locate and mark a point on the cushion direetly under an ischial tuberosity (the BRRP).
Place a|soft bar (lead, soft solder, or funetional equivalent), approximately 6 mm (D.25 in)
diametqr, across the seat at the mark onh-the seat pan cushion (located in step 2).
Place the subject on the seat ensuring-that the soft bar deflects vertically.

Ensure fthat the top ends of the soft.bar are at a common height and note the height from a
referenge water line (dimension "C").
Removeg the subject and measure the deflection of the soft bar from the top at the|ends to
the point of maximum deflection (dimension "D").
The CCD is established by subtracting the deflection (dimension "D") from the eng height
(dimendion "C"). (TheCCD is at the bottom edge of the subject, so the bar thickness must
be condidered in the'measurements and/or calculations).
Insert two soft bars horizontally between the subject's back and the seat back cushion at 90
bsitions

H-point Method Using H-point Machine — Procedure for Establishing SRP:

1.

Place an H-point Machine in the seat in accordance with SAE J826 and measure the
horizontal and vertical coordinate of a seat datum point (typically the front stud), the H-
point, and note the indicated seat back angle.

Establish the back tangent line. The back tangent line is the line parallel to the seat back
angle passing through a point 127 mm (5.0 in) directly behind the H-point.

Establish the Compressed Cushion Datum (CCD). The CCD is a line parallel to the floor
water line 97 mm (3.8 in) below the H-point.

The SRP is located at the intersection of the CCD and the back tangent line.
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Figure 1B (Continued):

H-point Method Using ATD — Procedure for Establishing SRP:

Note: The 4° angle shown in Figure 1B is for the purpose of deriving the back tangent line per
this method. The actual seat back angle is not required to align with this line.

1. Mark the head CG and H-point on a Hybrid Il anthropomorphic test dummy (ATD) (per
drawing ATD 3703), or on a FAA Hybrid Il ATD (per drawing 78051-58 and -60).

2. Place the ATD in the seat in accordance with AS8049B paragraph 5.3.8.3 and measure the
horizonfal and vertical coordinates of a seat datum point (typically the front stud), the H-
point, aphd the head CG.

3. Establigh the back tangent line:

a. |Establish a line at an angle of 4° from a line between the ATD H4point and head

CG.

b. [The back tangent line is a line parallel to the line established\in 3.a passing through

a point 127 mm (5.0 in) directly behind the H-point.

4. Establigh the Compressed Cushion Datum (CCD). The CCBis*a line parallel tp the floor
water line 97 mm (3.8 in) below the H-point.

5. The SRP is located at the intersection of the CCD and the:back tangent line.

3.3 Materials anf Workmanship Requirements:

3.3.1

3.3.2

3.3.3

3.4 Fire Protectipn Requirements:

3.4.1

3.4.2

Materials ghall be of a quality that experience or tests have demonstrated to bg suitable for
use in aircfaft seats.

Workmanship shall be consistent with aircraft industry standard manufacturing practices.

Magnesium alloys shall not betused.

All materials used-in_the seat shall have self-extinguishing properties as specified in the
applicable [Fedefal Regulations.

Type A-Tran Airplan r, fli ion systems
shall be tested to and shall meet the fire protection provisions of Part Il of Appendix F of 14
CFR 25, as required in 14 CFR 25.853(c) effective March 6, 1995 , or the equivalent shall
be demonstrated by similarity to provide equivalent protection.

Type B-Transport Rotorcraft passenger, flight attendant, and observer seat cushion systems
shall be tested to and shall meet the fire protection provisions of 14 CFR 29.853(b) effective
October 26, 1984, or the equivalent shall be demonstrated by similarity to provide equivalent
protection.

Type B-Normal Rotorcraft upholstery shall be self extinguishing when tested to meet the fire
protection provisions of 14 CFR 27.853(b) effective February 4, 1980.

-10 -
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3.4.2

3.4.3

3.4.4

3.4.5

3.4.6

3.5

3.5.1

(Continued):

Type C-General Aviation Aircraft seat cushions shall be self extinguishing when tested to
meet the fire protection provisions of Appendix F of 14 CFR 23, as required in 14 CFR
23.853(d)(3)(ii) effective February 9, 1995.

If ashtrays are installed in or attached to the seat, they shall be self-contained, completely
removable types. The ashtray housing shall be fire resistant and sealed to prevent burning
materials from faIImg |nto seat structure in case the ashtray is mrssmg Ashtrays in folding

armrests s
folded with

Electrical d
overheatin

If oxygen ¢
damage to|
The adequ

[Intentiona
Allowable P¢

Allowable ps
dynamic imp
shall be dets
Measuring p
on the test s
directions re

before and gfter the tests. The difference between the pretest and posttest mea

shall be reca

or wrthout the ashtray lid closed.

omponents in a seat shall have provisions to preclude initiation of g
of

enerators are incorporated into a seat, provisions_shall be made to
the seat, including initiation of a fire due to the heat produced by th
acy of the design shall be demonstrated.

ly left blank]
rmanent Deformations:

rmanent deformations sustain€d by a seat subjected to the ultimatg
act tests of this document are-specified below. Permanent seat def
rmined for a critically loaded seat after exposure to static and dyna
pints, as described in the-following subparagraphs, shall be identifig
bat, and their positiens measured in the lateral, vertical, and longitu
ative to fixed paints on the test fixture. These measurements shall

rded and reported as permanent deformations.

For dynamic
measureme
deformation

|

tests, if-floor deformations are applicable, consistency in pretest an
ts shall be maintained. If the pretest measurements are made befo

mrest is

fire from

preclude
e generator.

static tests or
brmations

mic tests.

d and marked
dinal

be recorded
surements

d posttest
re floor
eformations

are applied, the posttest measurements shall be made after floor g

have been removed. Conversely, It the pretest measurements are made atter tfloor

deformations are applied, the posttest measurements shall be made before removal of floor
deformations.

Longitudinal Direction: The longitudinal measurement in the forward direction shall be made
at the forward-most hard point(s) of the seat at a height up to and including the armrest or
635 mm (25 in) above the floor for seats without armrests. If the seat exhibits longitudinal
deformation in the aft direction, the maximum rearward longitudinal measurement shall be
made at the aftmost point(s) of the seat and at a point where row to row clearance with an
undeformed seat behind is at a minimum.

-11 -
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3.5.2

3.5.3

3.54

3.5.5

3.5.6

3.5.7

Downward Direction: There is no limitation on downward permanent deformati

on provided it

can be demonstrated that the feet or legs of occupants will not be injured or entrapped by
the deformation, and that adequate clearance for that deformation can be assured by the
seat design, with full consideration of the potential presence of under seat baggage or

stowed items.

Seat Rotation: The seat bottom rotational permanent deformation shall not result in an angle

that exceeds 20° pitch down or 35° pitch up from the horizontal plane. This rot

ational

deformation shall be measured between the fore and aft extremities of the seat pan at the
centerline of each seat bottom (Figure 2A). Rotation of the seat pan shall not cause

entrapmentof the occupant.

Sideward Direction: The maximum sideward permanent deformations towards
be measurged for heights below 635 mm (25 in) above the floor and forteights
in) or morg above the floor. The determination of which parts of the geat are af
is made prjor to testing and before applying floor deformation.

Other Defgrmation Limits: The most forward surface of a seatback centerline
deform to & distance greater than one half the original distance to the forward-
structure on the seat that supports the seat bottom cushion (see Figure 2B). T
measurement may be made with the seat back returided to its pretest upright ¢
deformed position using no more than 155 N (35,Ib) force applied at the cente
seat back.

Stowable $eats: A stowable seat (manual‘or automatic) installed near exits or
must stow [posttest and remain stowed without interfering with the exits or exit
permanent deformation shall not exceed 40 mm (1.5 in) from the pretest uprig
For seats that are stowed manually;"a posttest stowage force not to exceed 45
above the priginal stowage force-may be used to stow the seat prior to measu
permanent deformation. Foriseats that stow automatically, a posttest stowage
greater thgn 45 N (10 Ib), applied at the centerline of the seat back, may be ug
with automatic retraction-prior to the calculation of permanent deformation.

an aisle, shall
635 mm (25
what heights

must not
most hard
he posttest

r structurally
fline of the

in exit paths

paths. The

ht position.
N (10 Ib)

rement of
force no

ed to assist

caps over in-
owed for taxi,
nt

deformation™ i the item deploys into an area that must be used by multiple passengers (in

addition to the occupant of the seat) for egress. The location of the measuring

point used for

determining the deformation of the deployed item shall be either at the point of full
deployment or at the point of the actual deployment if a partially deployed item resists

further deployment upon application of a static load of 45 N (10 Ib) along the direction of the
inertial load path. Such deployments can be considered acceptable, even if they exceed the
provisions of 3.5 and its subparagraphs, if they are readily pushed out of the way by normal
passenger movement, and remain in a position that does not affect egress. Any items that
remain in a position that would affect egress shall be reported as permanent deformation.

-12 -
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DEFORMED SEAT

/ UNDEFORMED SEAT

SEAT PAN /
PITCH DOWN ANGLE . morpzoNTM,  {*-a nf SECTION A-A
FROM HORIZONTAL g
NOT TO EKCEED 20+ __ e '
e FI.OOR
/UNDEFGF?MEE SEAT
'
SEAT PAN /:;
PITCH|UP ANGLE !
FROM_HORIZONTAL . i P R A
NOT TG EXCEED 35°* ~<o. .
2
APRLIONTAL -2 SECTION A[A
FILOOR

FIGURE 2A - Maximum Posttest Seat Pan Rotation

-13 -
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8

DEFORMED SEAT
(POSTETEST)

!h\ UNDEFORMED SEAT

77 Oy

DIMENSION “C” MUST BE
AT LEAST 50% OF DIMENSION “B”

FIGURE 2B - Maximum Seat Back Permanent Deformation
(Note: Applicable for Forward Facing Seats Only)
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4. STRENGTH:

All seats qualified for occupancy during takeoff and landing shall be capable of withstanding,
within the criteria defined below, both statically and dynamically applied loading.

4.1

411

41.2

413

4.1.5

Static Strength:

Seats shall be designed and demonstrated by test or appropriate analysis to withstand the
ultimate loads determined by using the load factors specified in Table 4. Forces representing

the sum of ¢
seat weight
under-seat

the seat, all
(see 5.1.7 a
for at least 3
seat occupa
loads need d

Pilot and C
rearward Iq
application
adjustmen

Limit Loads

downward
seats shall
applied 20

Attachmenits: The strength-of the seat attachments to the aircraft structure ang

restraint or
times the (

Casting Fqctors; if-eastings are used in the construction of the seat, the castin

a factor of

ch occupant weig g
including all trim and accessories), plus the total weight of any item
aggage, stowage compartment weight plus weight of contents, etc.
ultiplied by the appropriate load factor from Table 4, shall'lbe appli
d 5.1.9). The forward, side, down, up, and aft loads shall/be applie
s without failure. Static strength shall be demonstratedyunder all va
ncy and positions that produce critical loading of any structural men;
nly be applied for allowed take off and landing positions.

opilot Loads: Pilot and copilot seats shall be eapable of withstandin
ad of 4.45 kN (1000 Ib) applied 200 mm-(8’in) above the SRP to pr
of pilot forces to the flight controls. Consideration must be given to
position or configuration that the pilot may use while controlling thg

. All seat systems shall be capable of withstanding limit loads in thg
directions without any detrimental permanent deformations. Pilot an

D mm (8 in) above the SRP without any detrimental permanent defo

upper torso restraint attachments to the seat or aircraft structure sh
Itimate loads specified in Table 4 (except as noted for Type A seat

safety.and related inspection requirements in accordance with the 3

the complete
of mass (e.g.,
restrained by
ed to the seat
] separately
riations of
ber. Ultimate

g an ultimate
bvide for the
any seat
aircraft.

e upward and
d copilot

additionally be capableofwithstanding a 3 kN (667 Ib) rearward limit load

rmation.

the pelvic
all be 1.33
sideward).

gs shall have
pplicable
1, or 29.621.

portions off

sections of the Federal Regulations: 14 CFR 23.621, 25.621, 27.62

If a fitting is or contains a casting, the casting will be statically tested to the higher of the
casting factor of safety or the 1.33 fitting factor for ultimate load conditions or the 1.15 factor

for ground

or flight loads, but not the combination of factors.

Headrest Loads: When a headrest is used on a rearward facing Type B seat, the headrest

shall be ca

pable of withstanding a forward ultimate load of 1.23 kN (277 Ib).
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TABLE 4 - Ultimate Load Factors

Direction Type A Seat Type B Seat Type C Seat

(Relative to (Transport Airplane) (Rotorcraft) (4)(6)

Aircraft

Factor Factor Factor

Forward 9.0 16.0 9.0
Sideward 4,00 8.0? 3.09)
UpW d 3.0(2) 4_0(2) 3_0(2\(5)
Downward 6.0 20.0¥0 3.090("
Rea:{/';rd 1.5 1.5

M Includes 1.33 fitting factor.

@ Incfease these load factors as necessary for reduced weight gust/flight
loadls or landing requirements. All seat adjustment positions and occupancy
variations, including those used in flight, must be evaluated when using
thege increased load factors.

® Lodd to be applied after stroking of the seat enetgy absorbing system.

“ Normal, Utility and Commuter Category.

® Use occupant weight of at least 98 kg (215:Ib) for design of the seat/restraint
sysfem when subjected to the maximum-Joad factors corresponding to the
specified flight and ground load conditions, as defined in the operating
envelope of the airplane. In addition; these loads must be multiplied by|a
factor of 1.33 in determining the strength of all fittings and attachment of
eadh seat to the structure and\each safety belt and shoulder harness t¢ the
seat or structure.

©® Usg occupant weight of 86 kg (190 Ib) which accommodates passengers
wearing parachutes, €xcept that, if the seat is designed specifically for
norfmal category aifplanes and the seat is marked “for normal category
airdraft only” in_addition to the marking requirements of Section 6 of thig
dodument, occupant weight of 77 kg (170 Ib) may be used. For Commuyter
Category airplane seats use occupant weight of 77 kg (170 Ib).

" Fadtor of6.0 when certification to the emergency exit provisions of
140FR23.807 (d)(4) applies.

4.2 Dynamic Strength/Occupant Protection:

The seat structure, cushions, and occupant restraint, as a system, shall be designed and
demonstrated by test or appropriate analysis based on test of similar seats to withstand the
dynamic impact test conditions prescribed in 5.3 and meet the pass/fail criteria of 5.4.
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5. QUALIFICATION TESTS:

5.1

5.1

5.1

5.1

5.1

A

2

3

5

Initial qualification of a seat shall be performed by static and dynamic tests. Subsequent
qualifications related to design changes to seats of a similar design may be performed by
rational analysis based on existing qualification test data.

Static Qualifi

restraint sy
Items that
test and pa
included wj

A body blo
restrained
satisfactor
the resulta

For the ap
opposed tq

For forwar

or on a non-rigid foam block representative’of the bottom cushion. For the side

back cushi

Forward lo
forward-fa
block with

block shall
over the se

cation Tests:

ss/fail criteria, may be excluded from the test article, but their-weig
hen determining the static loads.

ck shall be installed in each occupant place that will beyloaded and
by the occupant restraint. The body blocks shown.ir’Figures 3, 4, 5

ht load application point for each static test shall comply with 5.1.6

plication of down loads, representative distributed loading of the sez
loading rigid boundary members) mustbe achieved.

| or side loads, the body block shall be placed either on the actual k
pn or a non-rigid foam block representing the back cushion shall be

Aads on seat backs of rearward-facing seats and rearward loads on
ting seats shall be applied by a body block as shown in Figure 3, or|
he same back dimensions. The back cushion or an equivalent non-
be placed between the body block and the back structure to distrib
at back rather'than just the rigid boundary structure.

for static test purposes. They may be refined enmodified if desired;

The test seat shall be complete to the extent that the primary structure, the occupant

shall be

A, and 5B are
however,
Table 5).

t pan (as

ottom cushion
 load, the
in place.

seat backs of
by a rigid
rigid foam
Lite the load
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380 ) 1
{t5.0)

E_ MIOSHOULDER
HEIGHT

650

150 ,’\_/ (25.5)
(6.0} 7
[

SRP

ISEET\
ELLIPSOIDAL REF
CONTOUR POINT)

FIGURE 3 - Optional Body Blogk-for Static Testing

200

2ol

e (8.0)
(2.0)
/ i hs 330
8 1 \\ (13.0}
e 190 & P
210 17,5) \\
(16.0) ] \ )
FRONT VIEW { gog} <
) i, 40 | N
{(18.0) \/
/y SIOE VIEW
%
APPROX R=50{2.0) TYP
SECTION A-A NOTE .

DIMENSIONS ARE IN MILLIMETERS.
DIMENSIONS IN PARENTHESES ARE IN INCHES.

FIGURE 4 - Optional Body Block for Static Testing
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. 380
NOTE 7 q (15.0) — 7
AN 125
\\ (5.0
N0 T
230
(9.0)
( J 4
L
o
25 (1l.0) R
TvP

7. PULL PUATE MATERIAL: 9.5 (0.375)

STEEL.
6. BLOCK

MATERIAL: LAMINATED

HARDWOOD
5. DRILL 1{0 (25/64) DIA HOLE AND

COUNT!
ATTACH

RBORE AS REQUIRED FOR
ENT BOLTS AT LOCATIONS

LABELED “B".
4. REMOVE CENTER SECTION FORWARD

OF THIS

OF RESTRAINT SYSTEM'WITH
NEGATIVE - G STRAR

3.25 (1.0)
(0.75) DI

D.D. STEEL-SPACER OVER 19.0
\ BOLT.

2. THIS SURFACE-COVERED WITH NYLON
OVER 2§ (4:0) THICK SLOW REBOUND

FOAM P

LINE AS REQUIRED FOR TESTS

180 ((:chﬁR‘ﬁig%ugF ~
. \ 25 50 Yo
N T.af aRrT
NOTE 4
N\
NOTE 3 —_ |+ N/ 495 R
N T(19.5)
Ll SYM
- % i
) NOTE 2
A \
\
230 110
(3.0) (4.25)
460
" 118.0)

90
{3.51
165
(6.5) 5
l (o
i
I ]
I"L
| )
125 i
(570) (753,014
(9.0 (0.730)

1= 4

1. DIMENSlONS ARE IN MILLIMETERS.
DIMENSIONS IN PARENTHESES ARE IN

INCHES.
NOTES:

410
(16.3) :

OETAIL A

FIGURE 5A - Lower Torso Block
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TE 3

SYN§ 9.5 10.3751 DIA TIF BOLY

" LOCATE FROM DETAIL A

/—F’LLL BAR
1 ND PLATE
/SOTE 8

.ENDH
(0.25
. CORH
HARL
. DRILL
PLAT]
. DRILL
LABE]
.13.0
SPAQ
bolt.
. 127 (§
SPAQ
. THIS
OVEH

90
(3.5)

125
(5.0)

LATE AND PULL BAR MATERIAL.: 6.5
STEEL

MATERIAL: LAMINATED

WOOD.

13 (33/64) DIA HOLE THRU END

E AND CORE.

10 (25/64) HOLE AT LOCATIONS

| ED “C" THRU END PLATE AND CORE.
0.5) LONG X 25 (1.0),0:D. STEEL

ER (2 PLACES) OVER A 13.0 (0.5) DIA

.0) LONG X 25«1.0) O.D. STEEL
ER OVER Ad2.5 (0.5) DIA BOLT.

BURFACE (COVERED WITH NYLON
25 (1,0)-THICK SLOW REBOUND

FOAMN PAD:
1. DIMEINSIONS ARE IN MILLIMETERS.
DIMENSIONS IN PARENTHESES ARE IN

e o
DETAIL. A -CORE
e 305
(12.0) N
— = (% T |
] ; 1 2.

INCHES.

NOTES:

j /
ORILL 13.0 (33/64) °
0XA HOLE

}

25

(t.0)

-

QETAIL B -PULL BAR (nOTE 6)

FIGURE 5B - Upper Torso Block

-20 -



https://saenorm.com/api/?name=cdae65111afcc6f5e8c58244464430ed

SAE AS8049 Revision B

5.1.6 Static resultant load application points are summarized in Table 5.

TABLE 5 - Static Resultant Load Application Points

Load

Forward-Facing Seat Sideward-Facing Seat

Rearward-Facing Seat

Down

Side

Up

Forward

Rearward

Evenly over seat bottom Evenly over seat bottom

270 mm (10.5 in) up from SRP
215 mm (8.5 in) forward of SRP

270 mm (10.5 in) up from SRP

215 mm (8.5 in) forward of SRP 215 mm (8.5 in) forward of SRP 215 mm (8.5.in)

270 mm (10.5 in) up from SRP 270 mm (10.5 in) up from SRP

215 mm (8.5 in) forward of SRP

270 mm_(10.5 irf

270 mm (10.5 in) up from SRP 270 mm (10.5 in) up from SRP

215 mm (8.5 in) forward of SRP.

270 mm (10.5 irf

Evenly over seat bottom

270 mm (10.5 in) up from SRP
215 mm (8.5 in) forward of SRP

forward of SRP

) up from SRP

) up from SRP

5.1.7

5.1.8

5.1.9

5.1.10

5.1.11

5.1.12

5.1.13

Loads due
part of the
occupant g

Devices us
certified st

The load due to any item of mass, including the seat, that is not restrained by
stem may be applied in(arepresentative manner at the c.g. of the mass.

restraint sy

If occupan

system shall be attached to the test fixture at points that are equivalent in loca
pft. The staticloads shall then be applied as specified in this section.

in the aircr|

When a s¢
conducted
In addition

seat, and their contents, shall be applied simultaneously with the lo
nd the seat.

hndard.

restraint systems-are not attached to the seat structure, the occupg

that substantiate the seat strength for all positions used for take off|
flight'and gust loads shall be evaluated in all adjustable positions U

to stowed articles under the seat or due to other stowage compartments that are
nds due to the

ed for indicating applied static loads shall be calibrated by comparigon with a

he occupant

hnt restraint
fion to those

at is to be installed or adjusts to face in more than one direction, tests shall be

and landing.
sed in flight.

When testing a vertically or horizontally adjustable seat, the most critical seat position(s)

shall be se

lected for each test condition.

The distribution of the forward static loads applied to a seat that uses upper torso restraint
shall be 40% through the upper torso restraint and 60% through the pelvic restraint. These
loads shall be applied using the body block shown in Figure 3, the test setup shown in

Figure 5C,

or an equivalent method.
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SEE FIGURE 5B FOR DETAIL

APPLIED LODAD OPTIONAL

——— Lo
DESIGN
o —e - SRP
APPLIED LOAD |
AN

/ N | CPTIONAL

SEE FIGURE 5SA FOR DETAIL \]\uf/ DESIGN
N
N
[777477777777777777F7 7477
FIGURE 5C - Optional Combined Pelvic and Upper Torso Static Tedt

5.1.14 When a Tylpe B seat incorporates pelvic and upper torso restraints, static testing or rational
analysis shall be performed with only the pelvic restraint effective, as well as with both pelvic
and upper ftorso restraints effective if the pelvic restraint is capable of being uged without the
upper tors¢ restraints_in both cases the load application points shall be as spécified in
Table 5.

5.1.15 Prior to and after'the application of each test load, measurements for determination of
permanent deformation shall be recorded

5.2 Static Test - Pass/Fail Criteria:
The static tests shall demonstrate the following:
5.2.1 The seat is capable of supporting the limit loads, as specified in 4.1.2, without detrimental

permanent deformation or activating energy absorbing devices. At any load up to limit loads,
deformation may not interfere with safe operation of the aircraft.
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5.2.2 The seat structure must be able to support ultimate loads without failure for at least 3 s. If it
can be shown that failure of an armrest on a seat assembly does not reduce the degree of
safety afforded the occupant(s) or become a hazard, such failure will not be cause for
rejection.

5.2.3 After application and release of ultimate loads, as described in 5.2.2, the seat permanent
deformation limitations of 3.5 and its subparagraphs are met.

5.3 Dynamic Qualification Tests:

This section

5.3.1

5.3.1.1

5.3.1.2

5.3.1.3

specifies the dynamic tests to satisfy the requirements of this docuvlnent.

Dynamic Impact Test Parameters: A minimum of two dynamic tests is required to assess the

performang

e of an aircraft seat, restraints, and related interior system. The seat and

restraint are considered to act together as a system to provide protection to the occupant
during a crpsh. The test facility shall provide a means of constraining the movement of the
test fixture[to translational motion parallel to the arrow indicating the inertial load throughout

the test (Figures 6, 7A, or 7B).

Test 1 (Hi
system in
spinal co

gures 6, 7A, and 7B), as a single row test’determines the performance of the
a test condition where the predominantimpact force component ig along the
umn of the occupant, in combination with a forward impact force cgmponent.

This testlevaluates the structural adequacy:of the seat, critical pelvic/lumbar|column
forces, ahd permanent deformation of the’structure under downward and forward
combinedl impact loading and may yjeld data on Anthropomorphic Test Dummy (ATD)

head displacement, velocity, and-acceleration time histories.

Test 2 (Hi
system i

gures 6, 7A, and 7B), as a single row seat test, determines the performance of a
a test condition-where the predominant impact force component ig along the

aircraft Igngitudinal axis and is combined with a lateral impact force compongnt. This test
evaluate$ the structural adequacy of the seat, permanent deformation of the|structure, the
pelvic restraint and upper torso restraint (if applicable) behavior and loads, and may yield
data on ATD head displacement, velocity, and acceleration time histories and the seat leg

loads imposed-on the seat tracks or attachment fittings.

Test 2 for Type A and C seats and Tests 1 and 2 for Type B seats require simulating
aircraft floor deformation by deforming the test fixture, as prescribed in Figures 6, 7A, and
7B, prior to applying the dynamic impact test conditions. The purpose of providing floor
deformation for the test is to demonstrate that the seat/restraint system will remain

attached

to the airframe and perform properly even though the aircraft and/or seat may be

severely deformed by the forces associated with a crash.
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Illustration TEST 1 TEST 2
shows a forward

facing seat
Yaw right or left

Inertial load “1L-‘_-~_
10°

shown by arrow

—_— i
- .

Min Vv m/s(ft/s) 10.67 (35) 13.41 (44)
Max.| t,. s 0.08 0.09
Min.| 6 14 16

Deflorm floor:
DIgrees roll 0 10

Degrees pitch 0 10

Teist Pulse Simulating

Aircraft Floor 0
Deceleration - Time
History:

deceleration
tr= Rise time G

V|= Impact Velocity

= _Deceleration measured on
| test fixture or sled near
the seat position.

FIGURE 6 - Type A Seat/Restraint System Dynamic Tests
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Illustration TEST 1 TEST 2
shows a forward

facing seat

Yaw right or left
Inertial load ‘Nlt““-\
shown by arrow : 10

— i
o sy

Min ¥ m/s(ft/s) 9.14 (30) 12.80 (42)
Max.[t, s 0.031 0.071
Min. |G 30 18.4

Defprm floor:
ngrees roll 10 10

Degrees pitch 10 g 10

Test Pulse Simulating 0 time
Aircraft Floor 0 o
De¢eleration-time !

Higtory:

deceleration

V |=-Impact Velocity

G |="Deceleration measured on
the test fixture or the
sled near the seat position

t1= rise time G )

FIGURE 7A - Type B Seat/Restraint System Dynamic Tests
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Illustration TEST 1 TEST 2
shows a forward
facing seat
Yaw right or left
Inertial load ﬁ\[:‘*-~_\
shown by arrow 10
- 30° ‘
CREW * PASSENGER CREW * PASSENGER
Min vV m/s(ft/s) 9.45(31) 9.45(31) 12.80(42) 12.80(42)
Max.| t,. s 0.05 0.06 0.05 0.06
Min.| G. 19 15 26 211
Defjorm floor:
D]grees roll (1] 0 10 14
Dggrees pitch o o 10 1G
Test Pulse Simulating
Aircraft Floor
De¢teleration-Time
History:
deceleration
tn= Rise time
V |[=CImpact Velocity
G = Deceleration measured on

the test fixture or the

ition

* Refers to seats installed in the front row of the airplane

FIGURE 7B - Type C Seat/Restraint System Dynamic Tests
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5.3.1.4 For seats placed in repetitive rows, an additional test condition, using seats in tandem
placed at representative fore and aft distance between the seats (seat pitch), similar to
Test 2 with or without the floor deformation directly evaluates head and femur injury
criteria (the floor deformation is required if the test also demonstrates structural
performance). These injury criteria are dependent on seat pitch, occupant location, and
the effect of hard structures within the path of head excursions in the -10° to +10° yaw
attitude range of the Test 2 conditions. The test procedure using the appropriate data
obtained from Test 2 as described in 5.3.6.6 may be an alternative to multiple row testing.

5.3.2

5.3.21

5.3.2.2

5.3.2.3

Occupant
Part 572,
equivalent

developme
(Referto 5

Anthropom
maintained
Periodic te
any worn d

their specification) should be accomplished if major components are replaced.

To meas

imulation:
ubpart B, or an equivalent shall be used to simulate each occupant
ATD shall provide the same response to the test conditions of.this ¢
i¢d ATD. These "Part 572B" ATDs have been shown to be reliable te
able of providing reproducible results in repeated testing)>Howeve
nt is a continuing process, provision was made for using "equivalen
3.2.4).

n representing a percentile male as define

orphic dummies used in the tests discussed inthis document shoul
to perform in accordance with the requirements described in their s
ardown and inspection of the ATD should‘be accomplished to ident
r damaged components, and appropriate ATD calibration tests (as

ure the axial compressive load.between the pelvis and lumbar colur

vertical i

transducer shall be inserted into the*ATD pelvis just below the lumbar colum
compatiljle with a Part 572B ATD-is commercially available for this applicatic

ATD mo
height to

Priorto t
ATD toin
done in g
and Figu

pact as well as downward loads caused by upper torso restraints,

ification necessary.except installing shims as required to adjust thg
the ATD specifications.

ne commereial availability of this load cell some test facilities had to
stall a femur load cell for this application. This modification is accej
ccordanee with the procedure outlined in AS8049 Revision A (Sect
re 8).

jn 49 CFR

. An
jocument as
st devices

, since ATD
t" ATDs

d be
specification.
fy and correct
described in

nn due to
a load (force)
n. A load cell
n with no
ATD seated

modify the
ptable if it is
on 5.3.2.1

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

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 can 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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(Section 5.3|2.1 revisions have made Figure 8 obsolete. Thefigure numbers have not been
renumbered to preserve references to figures in this dociment that occur elsewhere. )

FIGURE 8 - (Intentionally Left Blank)
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5.3.2.4 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. For the
purposes of the tests discussed in this document, these improved ATDs can be
considered the equivalent of the Part 572B ATD if:

a. 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;

b. They
or of
c. They
gene

docu
d. Any ¢
repre
this d
e. They
SAE
ATD dra
2.2.7)

5.3.2.5 ATDs sh

at a relative humidity from'10 to 70% for a minimum of 4 h prior to and durin

5.3.2.6 Each AT
mid-thigh
of the clg
backgrot

being readily altered to provide the data;

rate similar or improved response to the impact environment discus
ment; and

eviations from the Part 572B ATD configuration or performance ar¢
sentative of the occupant of a civil aircraft inithe impact environmen
ocument.

are Hybrid 1ll ATDs (49 CFR Part.572, Subpart E) modified in acco
Technical Paper 1999-01-1609 (Reference 2.1.5).

vings are available using the'instructions provided in 49 CFR Part 5

bl be maintained ata'temperature range between 19 to 26 °C (66 t

D should be,clothed in form-fitting cotton stretch garments with shof
length pants, and size 45 (11E) shoes weighing about 1.1 kg (2.5
thing.shoeuld be in contrast to the color of the restraint system and {
nds-The color of the clothing should be chosen to avoid overexposi

speed pH

are capable of providing data for the measurements discusseddn tll\is document

have been evaluated by comparison with the Part 572B ATD and are shown to

sed in this

t discussed in
rdance with

72 (Reference
b 78 °F) and

j the test.

t sleeves,

b). The color

he
ng the high

otographic images taken during the test.

5.3.3 Test Fixtures: 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 aircraft's floor structure. It does not need to
simulate the aircraft floor flexibility. It holds the attachment fittings or floor tracks for the seat.
If required for the test, it provides the floor deformation (also referred to as floor warpage or
floor distortion); provides anchorage points for the restraint system; provides a floor or
footrest for the ATD; and positions instrument panels, bulkheads, or a second row of seats.
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5.3.3.1

5.3.3.2

5.3.3.3

Floor Deformation Fixtures: For the typical seat with four seat legs mounted in the aircraft
on two parallel tracks, the floor deformation test fixture shall 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 9A for a schematic representation). The beams can be
made of any rigid structural form: box, I-beam, channel, or other appropriate cross section.
The pitch beam shall be capable of rotating in the x-z plane up to £10° relative to the
longitudinal (x) axis. The roll beam shall be capable of £10° roll about the centerline of
floor tracks or fittings. A means shall be provided to fasten the beams in the deformed
positions.

The beains shall have provisions for installing load transducers (see 5.3¢3,2

floor tra

alter the pbove-floor strength of the track or fitting.

Load Trgnsducer Installation: The pitch and roll beams shall have provisiong

individu
reaction
moments
attachme
strength

In some
points. F
points th
load cells
limitation

Aircraft F
must be
aircraft. §
the floor
example
one type

However

or other attachment fittings on their upper surface in a manner-tha

| load transducers at each seat leg attachment point’'capable of me
forces and, if following the alternate procedure 0f%5:3.3.3, three reaq
. The load transducers shall have provisions {e install floor track or
nt fittings on their upper surface in a mannérthat does not alter the|
pf the track or fitting.

cases the load cells cannot be physically centered under all the seg
pr this situation, the load cells shall*be centered under the critical s€
At will be highest loaded during the test. For the remaining attachmg
5 shall be positioned as close-to the center of the attachment that ph
s allow.

loor Track or Attachment Fitting Simulation: The track or other attaq
representative in.above-floor configuration and strength of those us
btructural elements below the surface of the floor that are not consig
frack or seaftattachment fitting need not be included in the installati
of the minimum required representation of a floor track is shown in
of seat-track.

, ifrepresentative track or attachment fittings are not used, three co|

that carry
t does not

for installing
hsuring three
ttion

other
above-floor

t attachment
at attachment
ent points the
ysical space

hment fittings
bd in the

ered part of
bn. An

Figure 9F for

mponents of

reaction

orces and three components of reaction moments shall be measured during
dynamic tests. These six components shall be applied simultaneously, by a separate static
or dynamic test, to a track or attachment fitting used on the aircraft in which the seat is to
be installed, or to a more critical track or attachment fitting than that used on the aircraft, to
demonstrate that the loads measured in the dynamic impact test will not fail the track or
attachment fitting used on the aircraft.
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NOTE: THIS ILLUSTRATION
PROVIDES FLOOR DEFORMAT QN
INFORMATION. HOWEVER, IT
MAY NOT BE REFRESENTATIVE
OF ACTUAL SEAT DEFORMATION.
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%Posmom

PITCH BE1S
AT AFTI FITTING

ROLL AX

DEFORMED
FOSTTION

FIGURE 9A - Schematic of Floor Deformation: Seat Legs Attached at Floor Level
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5.3.3.4 Seat Installation and Floor Deformation Procedure: The test seat shall be installed on the
parallel beams of the deformation fixture so that the rear seat leg attachment point is near
the pitch beam axis of rotation (see Figure 9A). The seat positioning pins or locks shall be
fastened in the same manner as would be used in the aircraft, including the adjustment of
anti-rattle mechanisms, if provided. The remainder of the test preparations shall then be

completed (ATD installation and positioning, instrumentation installation, adjustment and

calibration, camera checks, etc.).

5.3.3.5

The floor deformation shall be accomplished as the final action before the test. The roll

beam sh
and locksg
is arbitra
condition

Appropri

Other M¢
and floor|
legs (i.e.
be restrig
designs.

The follo
the more

fbe rotated 10" and focked h ptace, and the pitch beam(s) shalt b
pd in place. The order in which the pitch and roll deformations arera
ry. Each direction of rotation shall be selected to produce the-most q
on the seat and floor track or fitting (refer to Figure 9A).

pte safety precautions should be taken while imposingfloor deforma

unting Configuration Constraints: The preceding discussion descril]
deformation procedure that would be used fota typical seat that ug
four attachments to the aircraft floor). These-test procedures are n
ted only to those seat configurations, but'shall be adapted to seats
Special test fixtures may be necessary for those different configura

ving methods, while not covering-all possible seat designs, shall bg
common alternatives:

a. Aircr

leg in| front or back of the seat,"and one leg on each side of the seat. The
shall be held in its undeformed position as deformation is applied to the s

Seatg that have mare-than two pairs of legs should be tested with the flo

ft seats with three legs (i.e:, three floor attachment points) may hay

e rotated 10°
ccomplished
ritical loading

tion.

ed the fixture
es four seat
bt intended to
having other
ions.

followed for
e one central
central leg

side legs.

br warpage

cond|tion that results in the most critically stressed condition. This typically involves

warp|ng adjacent pairs of legs. Seats that employ several pairs of legs, ¢
together by'common cross tubes, can be distorted so that one pair (the ¢

legs

unisgn=-The legs that are pitched should be selected to increase the load

ralled, while the remaining legs on one side of the critical leg are

anged

ritical pair) of
bitched in

on the critical

leg, and stress the floor or track fitting in the most severe manner as shown in Figures
9B and 9C.

Seats that are wall-mounted must be evaluated individually. There are several types of

mounting schemes, some of which are discussed below. An 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. Seats that mount solely to a wall will not be
subject to deformation or warpage prior to test except as noted below. The following
guidance has been established with this objective in mind.
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5.3.3.5 (Continued):

1. Seats that are mounted to primary aircraft structure, such as a pressure bulkhead,

need only be tested with the attachment fitting mounted to rigid struct
manner equivalent to the production installation.

2. Seats mounted to a structure such as a structural bulkhead, galley or

ure, ina

lavatory,

where integral structural members are used for attachment of the seat, need only

be tested with the attachment fitting mounted to a rigid structure, in a
efjuivalent to the production instalation.

manner

ats mounted to a structure, such as a structural bulkhead, galley or lavatory,
here no integral structural members are used for attachment) should be tested
ith the seat attached to segments of the mounting surfacer These segments are

typically eight inch by eight inch sections of the panel. These sectiong can, in turn,

be mounted to a rigid structure.

ats that are mounted to single panel furnishings, such as class div
indscreens, where the panel essentially fulfills'the role of the legs, s

ders or
hould be

treated the same as floor mounted seats. Fér the purpose of conducting tests, the
entire assembly, including the panel and its attachments, should be included in the

tgst setup. In this case, floor warpage’should be applied to track-mod
fyrnishings.

that positions the bulkhead surface in a plane through the axis of rotatior
. The bulkhead surface should be located perpendicular to the plan

manner appropriate te'the intended installation. Either a rigid bulkhead s

nted

d. Seatsg that are attached to both. the floor and a bulkhead should be tested on a fixture

of the pitch
e of the floor

ircraft floor surface;.if*one were present) in the undeformed condition, or in a

mulation or

an agtual bulkhead.panel can be used. If a test fixture with a rigid bulkhepd simulation

is used, the seatrestraint system shall attach to fittings installed in a test

panel

equivalent to_those used in the actual installation. The seat should be attached to the

bulkhead and-the floor in a manner representative of the aircraft installat
floor phall,then be deformed as described in 5.3.3.4.

on, and the
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FIGURE 9C - Schematic of Floor Deformation: Multiple Leg Seat
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5.3.3.5 (Continued):

e. Seats that incorporate attachments 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 shall 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 shall be
fastened in the same manner as would be 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.

1.

Fpr the case where there are both sidewall and inboard floor attachn]
tg@sts may be required.

Tp substantiate the seat and sidewall attachment structurenthe roll b
installed on the sidewall attachment and the pitch beam-will be instal
inboard floor location as shown in Figure 9D. The test shall be condu
roll beam rotated simulating the sidewall rotating.outboard as shown
he pitch beam rotation and the yaw angle diregtion of the seat shall
roduce the critical loading condition for the sidewall attachment stru

e installed on the inboard floor attachment and the pitch beam will
dewall attachment as shown in Figure 9E. The pitch and roll directi
fixture and the yaw direction of the seat shall be selected to produce
Igading condition for the inboard attachment structure.

T
p
T substantiate the seat and inboard floorattachment structure, the
b
s

Bloth tests are required unless it can be shown by rational analysis th
sfructure.

pr the case-wheére the seat is mounted between aircraft sidewalls w

tachment structure. The test shall be conducted with the roll beam

F
a
attachmentstructure while the pitch beam is located at the other outk
a
s

ents, two

bam will be

ed on the
cted with the
in Figure 9D.
be selected to
cture.

oll beam will
upport the
bns of the test
the critical

at testing one

aftachment structure.innits critical condition substantiates the other attachment

h no floor

tachment-structure, the roll beam shall be installed at the critical outboard

oard
rotated
pitch beam

mulating the sidewall rotating outboard as shown in Figure 9D. The
r! / - teoft R I I : :

loading condition for the outboard attachment structure.

e critical

f. Seats that are cantilevered from one sidewall without connection to other structure are
not subject to floor deformation. A determination shall 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, shall be 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 shall be attached to fittings installed in a test panel equivalent to those used in
the actual installation.
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5.3.3.5

5.3.3.6

5.3.3.7

(Continued):

g.

Floor mounted adapter plates that have single seat assemblies (whether single or

multiple place) attached to them should be considered part of the seat assembly. The
adapter plate and its attached seat should be deformed as described in 5.3.3.4. Any
items of mass attached to the adapter plate need to be represented and included in
the dynamic testing.

Adapter plate installations involving multiple seat assemblies may be considered part

of th
at the

i. Side-

Multiple

repetitive
tests tha
2. This t4g

a.
-10°

To al
seat
arep|
row S

installation.

Other Fi
feetin te

special fpot rests orfoot operated controls. The floor shall be at a position re
deformed floor in the aircraft installation. Floors should not influence the behavior

of the un
of the se
distortion

The fjxture shall be capable of setting the aircraft longitudinal axis at a ya

fioor structure of the airptane, but detineating factors have not bee
time of this document.

Facing Seats. Intentionally left blank

Row Test Fixtures: In tests of passenger seats that are normally ins
rows in the aircraft, head and knee impact conditionis are best eva
use at least two rows of seats. These conditions are usually critica
st allows direct measurements of the head and femur injury data.

and +10°. The fixture should also allow adjustment of the seat pitch

ow direct measurement of head acceleration for head injury assess
nstallation where the head of the occupant is within striking distanc
resentative impact surface may be attached to the test fixture in frof
eat at the orientation and distance from the seat representing the a

ture Applications: Test fixtures shall provide a flat floor for positioni
5ts using passenger seats and crewmember seats that are not prov

At or unduly restrict the movement of the ATD’s feet, especially whe
is applied. A floor is not required when Test 2 is conducted only fo

established

lalled in
uated through
only in Test

w angle of

ment for a

e of structure,
nt of the front
rcraft

ng the ATD’s
ded with
presentative

n floor
the purpose

of provid

ng-structural evaluation of the seat. Test fixtures used for evaluatin

j crew seats

that are normally associated with special foot rests or foot operated conirols shall simulate
those components. Test fixtures may also be required to provide guides or anchors for
restraint systems or for holding instrument panels, sidewalls, or bulkheads if necessary for
the planned tests. If these provisions are required, the installation shall represent the
configuration of the aircraft installation and be of adequate structural strength.
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FIGURE 9D - Schematic of Floor Deformation: Side Wall Mounted Seat

-38-



https://saenorm.com/api/?name=cdae65111afcc6f5e8c58244464430ed

SAE AS8049 Revision B

WOTE: THIS ILLUSTRATION
PROVIDES FLOOR DEFOQRMATIOM
INFORMATION, HOWEVER, IT
MAY NOT BE REPRESENTATIVE
OF ACTUAL SEAT DEFORMATION.

RIGINAL
POS 1T ION
. '\-\.,_L‘_

DEFDRHED—/
POSITION

PITCH AX
Tl

)
AT AFT FITTING

QRIG|
POSIT

—_— ==
=
—

DEFORMED
PCSITICH

FIGURE 9E - Schematic of Floor Deformation: Side Wall Mounted Seat
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5.3.4

()
u

EXAMPLE OF AIRCRAFT
TRACK BEAM

=

MINIMUM SEAT TRACK
TO BE TESTED

FIGURE 9F — Example of Minimum Seat Track for Testing

Instrumentation: Electronic and photographic instrumentation systems shall bg used to
record data for qualification of seats.

Electronic |nstrumentation shall measure the test environment, and measure gnd record
data requirned faf.comparison of performance to pass/fail criteria.

Photograp hicdnstrumentation shall document averall results of tests r‘nnfirmir*g that the
pelvic restraint remains on the ATD's pelvis, that the upper torso restraint strap(s) remain on
the ATD's shoulder(s) during impact, that the seat does not deform as a result of the test in
a manner that would impede rapid evacuation of the aircraft by the occupants, and that the
seat remains attached at all points of attachment.
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5.3.4.1

Electronic Instrumentation: Electronic instrumentation shall be accomplished in

accordance with SAE J211 using the sign convention specified in SAE J173

3. 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 characterlstlcs beyond this high

frequenc

a. Sled ppr drop tower vehicle acceleration data measurements shall be in a
with Channel Class 60 requirements. Velocity change obtained from the
acceleration by integration shall require acceleration data measured in a
with Channel Class 60 or 180 requirements.

b. Belt-festraint system and seat attachment;reaction loads (when required

Ild be at least
ost facilities
cutoff

rate would be
ument, the
cteristics:

ccordance

measured
ccordance

shall be

measgured in accordance with the requitements of Channel Class 60. Loads in restraint

systems that attach directly to the test fixture can be measured by three-
fixed|to the test fixture at the appropriate location. These commercially a
cells measure the forces in three orthogonal directions simultaneously,
direcjion as well as the magnitude of the force can be determined. If des

axis load cells
vailable load

sp that the

red, similar

load tells can be used te-measure forces at other boundaries between the test fixture

and the test item, such.as the forces transmitted by the legs of the seat i

hto the floor

track| It is possibleito-use independent, single axis load cells arranged td provide

similar data, but-care should be taken to use load cells that can withstan
crosq axis loading or bending without causing errors in the test data.

c. ATD headaccelerations used for calculating the Head Injury Criterion (H
meagured in accordance with the requirements of Channel Class 1000.

1 significant

IC) shall be

d. ATD femur forces shall be measured in accordance with Channel Class 600.

e. ATD pelvic/lumbar column force shall be measured in accordance with the

requirements of Channel Class 600.

f. The full scale calibration range for each channel shall provide sufficient dynamic range

for the data being measured.

g. Digital conversion of analog data shall provide sample resolution of not less than 1% of

full scale input.
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5.3.4.2 Photographic Instrumentation: Photographic instrumentation shall be 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. SAE ARP5482

provides

recommended practices for photometric data acquisition.

a. Photographic instrumentation shall be in accordance with SAE J211, Part 2. High
speed cameras that provide data used to calculate displacement or velocity shall
operate at a minimum nominal speed of 500 frames per second. Photo instrumentation
methods shall not be used for determination of acceleration. The locations of the

came
meas
by th
back

A des
view,
shall
on th
imag
data

Recti
If the
apprq
verifi
proce
dista

greater than 1.0 cm (0.4«in).

Cam
used
requi
webh
obtai

ured and documented. Targets shall be at least 1/100 of the fieldw
e camera and shall be of contrasting colors or shall contrast with thé
ground. The center of the target shall be easily discernible,

scription of photographic calibration boards or scales within the ca

be documented for each test. Appropriate digitahor'serial timing sh
e image media. A description of the timing sighal, the offset of timin
e, and the means of correlating the time of the"image with the time ¢
shall be provided.

inearity of the image shall be documented in accordance with SAE
image is not rectilinear, as indicated by an Overall Error in excess

priate correction factors shall:be’ used in the data analysis process
pd analytical procedure shallbe used for data analysis. The accuraq
dure is considered adequate if the difference between the measurg
nce separating the Validation Target Pair, as defined in SAE J211, |

pras operating.at-a nominal rate of 200 frames per second or greatg
to documentithe response of ATDs and test items if measurements
red. For example, actions such as movement of the pelvic restraint
ing offofithe ATD's pelvis can be observed by documentation came
n a<best view" of the anticipated event. These cameras should be

apprq

shall be
idth covered
Bir

era field of
the camera lens focal length, and the make and medel of each car;iera and lens

Il be provided
h signal to the
f electronic

J211, Part 2.
Df 1%,

A rigorous,
by of the

d and derived
Part 2, is not

r may be

are not
system

bras placed to
rovided with
electronic

priate timing and a means of correlating the image with the time of

data.

Still image cameras shall be used to document the pretest installation and the posttest

response of the ATDs and the test items. At least four pictures shall be obtained from
different positions around the test items in pretest and posttest conditions. Where an
upper torso restraint system is installed, posttest pictures shall be obtained before
moving the ATD. For additional posttest 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 posttest response of
the test item or the ATD shall be made. The pictures shall document that the seat

rema

ined attached at all points of attachment to the test fixture.
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5.3.4.2 (Continued):

5.3.5 Selection gf Test Articles: Many seat designs comprise a family of seatsthat h
basic strugtural design but differ in detail. For example, a basic seat frame con

5.3.5.1

Still pictures may also be used to document posttest 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.

allow for s
differences
analysis cg
stressed ¢
configurati

There are
configurati
determineq
analysis cag
analysis c3
based on |
a family of

floor deformation are more critical for narrowly spaced legs. Thus, a test or rat

of the seat
most highl

In all cas
structura
must als
break ov

veral different seat leg locations to permit installation in different ai
are of a nature that their effect can be determined bycrational analy
n determine the most critical configuration. As a midimum, the mos|
pnfiguration shall be selected for the dynamic tests/so that the other
bns could be accepted by comparison with that.configuration.

t

wo factors that must be considered in selecting the critical structurs
bns. First, the seat to aircraft interface,lJoads (undeformed seat) can
by rational analysis for the seat design and load configurations. Th
n be based on static or dynamic seat/occupant analytical methods.
n form the basis for selecting the most highly stressed critical confi
pad. Additionally, the effects of seat deformation should be conside
seats typically includes seat' models with varied seat leg locations.

model with the minimum seat leg spacing must be conducted to ev
stressed critical'configuration based on deformation.

es, the test-article must be representative of the final production art
| elements)and shall include the seat, seat cushions, restraints and
b includesa functioning position adjustment mechanism and correctl
er (if, préesent).

ave the same
figuration can
'craft. If these
sis, then the

highly

| test

be

e rational
The rational

guration

ed. As noted,

he effects of

onal analysis

aluate the

cle in all
armrests. It
adjusted

Weights simulating Tuggage carried by Tuggage restraint bars [9.1 kg (20 Ib) per passenger
place] need only be representative masses.

Items 0.15 kg (0.33 Ib) or greater carried by the seat that affect the dynamic performance
of the seat, including occupant injury and egress, must be representative of the production

item and

production means of attachment on the test article.

Items 0.15 kg (0.33 Ib) or greater carried by the seat that do not affect the dynamic
performance of the seat may be representative masses, but the production means of
attachment must be on the test article.
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5.3.5.1

5.3.5.2

(Continued):

Items less than 0.15 kg (0.33 Ib) and their means of attachment are not required to be on
the test article. However, the mass of the item must be included on the test article as
ballast.

Wiring harnesses, regardless of weight, may be represented on the test article by ballast
weights. The production means of attachment need not be included in the test.

Life vest§ must be installed on the test article, it provisions are provided, but

required

be included on the test article. The life vest may be ballasted to substantiate

vests.

to be the production life vest. Any life vest of equivalent weight, g

are not
reater, may
heavier life

In any cdse, the separation of an item of mass should not leave any sharp of injurious

edges. Function of equipment or subsystems after the test.iscnot required. O
been demonstrated that an item can be retained in its critical loading case, §
tests may be conducted with the item secured for test purposes.

nce it has
ubsequent

The folloving additional items shall be considered.ifi choosing test articles ahd the manner

of loading:

a.

If a multiple place seat incorporates energy absorbing or load limiting feg
necegsary to meet the test criteria or-other requirements, a partially occu

tures that are
pied seat may

advefsely affect the performance of that seat. In such a case it shall be ghown, by

ratio

even|with fewer occupants.

If different configurations' of the same basic design incorporate load-carry
especially joints orfasteners, that differ in detail design, the performance

design shall be demonstrated in a dynamic test. Experience has shown that small

deta

Addi

affect itoperformance even though the test may not be the most critical ¢

nal analysis or additionaltesting, that the seat will continue to perfor

ils in the design often cause problems in meeting the test performan

m as intended
ing members,
of each detail
ce criteria.

s that could

tlonal dynamic impact testing may be required for a seat with featurs

ase based on

structural performance; e.g., 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 shall also be dynamically tested
even though the structural loading might be less than the critical configuration in a
family of seats.
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5.3.5.2

5.3.6 Selection d

5.3.6.1

5.3.6.2

5.3.6.3

5.3.6.4

(Continued):

d. Typical dress cover materials, including synthetic and natural fabrics, and leather, can
be used on a seat without testing more than one material, or substituted on an already
certificated seat. Evaluation of such materials has shown that their effect on test
results is small, particularly considering other factors such as occupant clothing.
Unusual seat surfaces, such as hard plastics that exhibit very low friction coefficients,
may require some additional substantiation.

5.3.3.5(h) provides a procedure for use with seats havingymore than two paifs of legs.

If multiple row testing is used to gather data to assess-head injury protection|in passenger
seats, the seat pitch shall be selected so that the head would be most likely fo contact a
hard structure in the forward seat row. The effect-of the 10° yaw in Test 2, the seat back
breakovgr, and front seat occupancy shall be;considered. Results from previous tests or
rational gnalysis may be used to estimate-the head strike path of similar seats in similar
installations. The front row may be unoccupied. This test methodology may also be used
to asses$ femur injury protection.

If a non-g$ymmetrical upper torso restraint system (such as a single diagonal|shoulder belt)
is used im a system, it shall beinstalled on the test fixture in a position repregentative of
that in thg aircraft. For a forward-facing seat equipped with a single diagonall shoulder belt,
the Test R yaw direction should be selected such that the belt passes over the trailing
shoulder

If a seat has vertical or horizontal adjustments, it shall be tested in the positipn that
producesg the.most critical loads on the seat structure (typically the highest vertical
position)| Only positions allowed for takeoff and landing need be considered| Seat
adjustments that do not have a significant effect on structural Toading (€.g., thigh support
angle, lumbar support, armrest and headrest positions) shall be tested in the design
positions for the 50th-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 aircraft whenever
a specific seat design is approved in a particular aircraft. Therefore, the seat need not be
raised to a position that causes a 50th percentile male occupant to extend outside the
confines of the aircraft interior.
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5.3.6.5 Floor deformation need not be considered in assessing the consequence of seat
deformation relative to the possible impairment of rapid evacuation of the aircraft. After a

5.3.6.6

5.3.7

5.3.71

test, the pitch and roll floor beams may be returned to their neutral positions

and the

necessary measurements made to determine possible impairment of the evacuation

process.

In some cases, it may not be possible to measure data for head impact injury during the

basic test of the seat and restraint system. The design of the surrounding int

erior may not

be known to the designer of the seat system, or the system may be used in several

of photo jnstrumentation cameras and location of targets on the ATD represt
ATD's hgad center of mass so that the necessary data can be obtajned. The
be used py the interior designer to ensure either that head impactwith the in
take plage or that, should any unavoidable head impacts occur;they can be
using HIC measurements in subsequent subsystem tests.

ul placement
enting the

se data can
terior will not
evaluated

Installation| of Instrumentation: Professional practice shallbe followed when in
instrumentgtion. Care shall be taken when installing the-tfransducers to preven

stalling
deformation

of the trangducer body which could cause errors in data. Transducer lead-wirgs shall be

routed to

oid entanglement with the ATD or test article, and sufficient slack ghall be

provided tg allow motion of the ATD or test article without breaking the lead-wires or

disconnec
introductio
transducer
installed in
transducer
installed in

ing the transducer. Cables and wites shall be sufficiently secured td
n of cable whip errors. Calibration procedures shall consider the effg
lead-wires. When needed, head accelerometers and femur load ce
the ATD in accordance with'the ATD specification and the instructi

a manner that will provide equivalent data (5.3.2.1).
If an uppgr torso restraint-is used, the tension load shall be measured in a s¢
webbing
structure| (the anchar point or a webbing guide). Restraint webbing shall not
insert a Ipad cell-in series with the webbing, since that will change the chara
the restraint.system. Load cells that can be placed over the webbing without

inhibit the
ect of long
lIs shall be
bns of the

manufacturer. The load cell between the pelvis and the lumbar colymn shall be

egment of

between the“ATD shoulders and the first contact of the webbing with hard

be cut to
bteristics of
cutting are

commergially available. They shall be placed on free webbing to minimize cqg

ntact with

hard structure, seat upholsiery, or the ATD during the test. They shall not be
double-reeved webbing, multiple-layered webbing, locally stitched webbing,
webbing unless it can be demonstrated that these conditions do not cause e

used on
or folded
rrors in the

data. These load cells shall 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
system to sag, the weight of the load cell can be supported by light string or
break away during the test.

restraint
tape that will
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5.3.7.2 Since load cells are sensitive to the inertial forces of their own internal mass, 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 article.

5.3.8 Procedure to Set Up the Test: Preparation for the tests will involve positioning and securing
the ATD, the ATD restraint system, the seat, and the instrumentation. This will be done for
the specific critical condition being tested. Preparations that pertain to the normal operation
of the test facility, VY P P
of the testq, are specific to the test facility and will not be addressed in thistcdegument.

5.3.8.1 The test fixture shall be oriented as required for the given test conditions.

5.3.8.2 Each seat shall be installed in the test fixture and secured in@'manner representative of
its intended use.

5.3.8.3 Each ATD shall be placed in the seat in a uniformimanner to enhance reproducible
results. The following suggested procedures have been found to be adequgte by previous
experienge.

a. The friction in a limb joint shall be set sodthat it barely restrains the weight of the limb
whern extended horizontally.

b. The ATD should be placed in the-center of the seat, in as nearly a symmgetrical position
as pqgssible.

c. The ATD's back should beagainst the seat back or the shim described in paragraph h
of thig section without elearance. This condition can be achieved if the AJTD legs are
lifted|as it is lowered into the seat. Then, the ATD is pushed back into th¢ seat back as
it is Iowered theAdast few inches into the seat pan. Once all lifting devices| have been
remojved from'the ATD, it should be rocked slightly to settle it in the seat

d. The ATD's)Knees should be separated approximately 100 mm (4 in).

e. 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 aircraft controls, the ATD's
hands should be lightly tied to the controls.

f. All seat adjustments and controls shall be set as indicated in 5.3.6.4. To the extent that
they influence the injury criteria, all seat adjustments and controls should be in the
design position intended for the 50th percentile male occupant. If seat restraint
systems are being tested that are to be used in applications where special
requirements dictate their position for landing or takeoff, those positions should be
used in the tests.
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5.3.8.3

5.3.8.4

5.3.8.5

5.3.8.6

5.3.8.7

(Continued):

g.

The feet shall be in the appropriate position for the type and usage of a seat being

tested (flat on the floor, on control pedals or on a 45° footrest for flightcrew systems).
The feet shall be placed so that the centerlines of the lower legs are approximately
parallel, unless the need for placing the feet on aircraft controls dictates otherwise.

If the seating system is tested in other than a “horizontal floor” orientation, it is

recommended that the ATD be placed such that the hip joints are in nominally the

sam€
Figun
a shi

i. If ned

propég
resul

For test

head ang
areas. The material used must not reduce the resulting HIC values.

The res

emerge
locking

function

sensitive
accelera
adjusted

If manu
restrain
can nor
pelvis 0

floor defgrmation phase of the test.

m behind the ATD’s back and pelvis.

s of the test.

S
face of the ATD may be treated with a suitable material to mark he

ned beyond the level that could reasonably be expected in use and

reétractors shall be allowed to-perform the webbing retraction and aut
ithout assistance. Care-shall be taken that emergency locking retr:

ion applied by the test facility. If comfort zone retractors are used, t
in accordance with/instructions given to the user of the restraint syq

al adjustment of the restraint system is required, slack shall be remo
t system should be snug, but not excessively tight, about the ATD. F
r}ally be:determined when two fingers will fit snugly between the belt

fthetATD. The restraint system shall be checked and adjusted just p

essary, auxiliary restraints may be used to ensure that.each ATD W
r position prior to the impact. The auxiliary restraint(s)must not inte

mmmymmmm-gwmli- hown in
e 10. Achieving this position may require the lap belt be very tight\and insertion of

ill be in its
rfere with the

where the ATD's head is expected to impact:a.fixture or another sgat back, the

ad contact

traint system adjustment shall be made as follows. The restraint system shall not
be tighte

the

ncy locking device (inertia reel)-shall not be locked prior to the impagt. Automatic

pmatic locking
hctors that are

to acceleration do not-lock prior to the impact test because of preimpact

hey shall be
tem.

ved, and the
br Test 2, this
and the

rior to the

Floor deformations, if applicable, shall be applied with the load measuring instrumentation
functioning so that the measured loads will include the loads due to floor deformation as
well as those resulting from the dynamic test.

A floor is not required for Test 2 structural tests, but if a floor is installed, it should not
influence the behavior of the seat, or unduly restrict the movement of the ATD’s feet. This
is a concern especially when floor distortion is applied. A floor should be used for tests
conducted to gather head path data.
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5.3.9 Data Analysis:

5.3.9.1

General: All data obtained in the dynamic tests should be reviewed for errors. Baseline

drift, ringing, and other common electronic instrumentation problems should be detected
and corrected before the tests. Loss of data during the test is readily observed in a plot of
the data versus time and is typically indicated by sharp discontinuities in the data, often
exceeding the amplitude limits of the data collection system. If these occur early in the test
in essential data channels, the data should be rejected and the test repeated. If they occur
late in the test, after the maximum data in each channel has been recorded, the validity of

the data
acceptah
maximur
head acq
loss of d
ATD and
5.3.9.2 ImpactP
accelero
responss
discusse
consider
the ideal
requirem

The five
(referring

Ehould be carerully evaluated, but the maximum values of the data

le for the tests described in this document. The HIC does not repre
n data value, but represents an integration of data over a varying tin
eleration measurements used for that computation are not-accepta
hta are apparent in the data at any time from the beginningof the te
all test articles are at rest after the test.

ulse Shape: Data for evaluating the impact pulse shape are obtaing
meter that measures the acceleration in the ditection parallel to the
shown in Figures 6, 7A, and 7B. The impact-pulses intended for th

ed minimum test conditions. Since the aetual acquired test pulses W
it is necessary to evaluate the acquired test pulses to insure the m
ents are satisfied.

broperties of the ideal pulse-that must be satisfied by the acquired t
to Figures 6, 7A, and 7B, and as discussed in Appendix A):

may still be
sent simply a
e base. The
ble if errors or
st until the

d from an
nertial
e tests

d in this document have an isosceles triangle shape. These ideal pdlses are

ill differ from
nimum

bst pulse are

Pulse shppe: isosceles triangle
Greq: peak deceleration required by test condition
Treq: rise)time required by test condition
Vi:-total velocity change required by test condition
Vtr:  velocity change required during Treq (Vtr = V/2)

A graphical technique can be used to evaluate pulse shapes that are not precise isosceles
triangles. Appendix A presents the graphical method of evaluating the acquired pulse (the

recorded

test sled acceleration versus time).
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5.3.9.2 (Continued):

5.3.9.3

For the acquired pulse to be acceptable, the following five criteria must be met:

tot =Tz must
change for the

net.
tot=Tq+
£q)), the end

ng the entire
re satisfied,

ng the entire
I the ideal

ss than the
i pulse to be

a. The magnitude of the peak value for the acquired pulse, Gpk, must be greater than or
equal to Greq.
b. The actual rise time, Tr = T, - T4, must be less than or equal to Treq.
c. The ffesult of integrating the acquired pulse during the inferval from t=T
be equal to or greater than Vtr, which is one-half of the required veloCity
specified test. If the magnitude of the acquired pulse is greater than'the ideal pulse
during the entire Interval from T4 to T, this requirement is automatically 1
d. The result of integrating the acquired pulse during the interval from t = T4
2.3(Treq) must equal or exceed the required test velocitychange, V, of the test
condjtion. If the acquired pulse returns to zero G's atd="T, < (T, + 2.3(Tr
of thg interval of integration is reduced to t = T..
e. If themagnitude of the acquired pulse is greater’than the ideal pulse dur
interyal of t = T4 to T,, and the parameters of (a), (b), (c), and (d) above §
then the acquired pulse is acceptable.
If the malgnitude of the acquired pulse is-hot greater than the ideal pulse dur
interval t|= T1to 1.33(T; — T,), the difference between the acquired pulse anc
must be ho greater than 2.0 G's at those times when the acquired pulse is le
ideal. Parameters of (a), (b), (c) above must also be satisfied for the acquire
acceptahle.
Total Velocity Changexlmpact velocity can be obtained by measurement of ;

and a co
test impa
computa
used to ¢

rresponding)sled displacement that occurs just before or after (if ap
ct and then'dividing the displacement by the time interval. When m
ion, thepossible errors of the time and displacement measurement
alcujate a possible velocity measurement error, and the test impact

h time interval
bropriate) the
bking such a
s shall be
velocity

should e

xceed the velocity shown in Figure 6, 7A or 7B by at least the velocity

measurement error. If the sled is not changing velocity during the immediate preimpact or
postimpact interval, the impact velocity is the total velocity change. If the sled is changing
velocity during the immediate preimpact or postimpact interval or if the facility produces
significant rebound of the sled, the total velocity change can be determined by integrating
the plot of sled acceleration versus time as described in Appendix A. If this method is
used, the integration shall be performed on acceleration data measured in accordance

with Cha

nnel Class 180 requirements (see 5.3.4.1a).
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5.3.9.4 Head Injury Criterion (HIC): Data for determining the HIC need to be collected during the
tests discussed in this document only if the ATD's head is exposed to impact on aircraft
interior features (not including the floor or the ATD’s own leg) during the test. The HIC is

calculate

where t4
the resul

The HIC
shall not
invariabl
follows o
from thrg
accordar
using a ¢
the data

d according to the following equation:

> 25
HIC = {(tz_t1)t(1/(t2—t1))ﬁ a(t)dtJ }

max

ant head accel

is a method for defining an acceptable limit; i.e., the maximum’ valu
exceed 1000 for head impact against interior surfaces ina<rash. T|

calculated by computer based data analysis systems,‘and the disc
utlines the basic method for computation. The HIC is based on datg
e mutually perpendicular accelerometers installed. in the head of the
ce with the ATD specification. Data from these accelerometers are
ata system conforming to Channel Class 1000, as described in SA
taken during head impact with the aircraftdnterior need be consider:

usually indicated by a rapid change in the magnitude of the acceleration dat

test may
time bas
switches

show head impact that can be correlated with the acceleration datg
e common to both electronic and photographic instrumentation. Sim
that do not significantly alter theysurface profile could also be used

initial contact time.

In many
not be ng
cases, th
occur, or

cases, a full system sled-test to evaluate specific occupant injury co
beded to evaluate a redesign of the seat system that affects only Hl
e photometric headpath data can be gathered and used to ensure

a compo
such as

used for

nent test of severity comparable to the whole system sled test. Othe

(Eq. 1)

ct, and a(t) is

b of the HIC
he HIC is
ussion that
obtained

b ATD in
obtained

- J211. Only
ed; this is

h. Film of the
by using the
ple contact
to define the

nditions may
C. In such
no contact will

to define the head angle and velocity at impact. These data can thg¢n be used in

r factors,

he inertialresponse of the impact target, must be accounted for in the component
test condition so'that the impact condition is representative. Component test

IC faeasurement must be demonstrably equivalent to whole syste

HIC mealsuréments.

ng methods
M sled test

Additionally, a seat may be designed for use in multiple locations where head contact
against a range of unknown bulkhead targets is anticipated (e.g., front row seats). For
these seats, HIC may be measured using a representative impact target mounted in front
of the seat at the installation setback, or range of setbacks. This target will represent
typical fixtures such as galleys, partitions, lavatories, and closets, and its stiffness will be
representative for those monuments. If contact occurs, the HIC must not exceed 1000.
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