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1.3 Types: This AS covers all passenger and crew seats for use in aircraft
type-certificated in the following categories:

SEAT T

A
B
B

YPE AIRCRAFT CATEGORY APPLICABLE FAR
Transport Airplane Part 25
Normal Rotorcraft Part 27
Transport Rotorcraft Part 29

2., REFERENCE PUBLICATIONS:
2.1 Society of Automotive Engineers (SAE):

2.1.1
2.2
2.2.1

2.2.2

2.2.3

2.2.4

2.2.5
2.3

SAE J211

Instrumentation for Impact Tests

Federal Aviation Regulations:

Code of §
Products

Code of R
Transport

Code of B
Normal C3

Code of H
Transport

Code of H
Order of Py

ederal Regulations, Title 14 Part 21 Certification Py
and Parts

ederal Regulations, Title 14 Part 25 Airworthiness Si
Category Airplanes

ederal Regulations, Title 14 Part 27 Airworthiness §f
tegory Rotorcraft

ederal Regulations, Title 14cPart 29 Airworthiness Sf
Category Rotorcraft

ederal Regulations, Title 49 Part 572 Anthropomorphi

ecedence: In the .event of a conflict between the te

3. GENERAL DEST

3.1

3.1.1

3.1.2

3.1.3

Guidance:

and the ref
Nothing in

experience
Satisfacton

erences cited herein, the text of this AS shall take

rocedures for
candards .
candards:
:andards:
. Test Dummies

t of this AS
precedence.

this AS, however, shall supersede applicable laws and regulations.

GN:

Section-3.1 provides the designer with information,

hich,

has <shown, enhances comfort, serviceability, and safety.

y -designs may include features that differ from this

guidance

material.

Attention should be given to ergonomic, utility, and comfort aspects of
seats commensurate with the intended use and duration of flight.

Comfortable support and protective retention of the occupant under all
conditions ‘throughout the aircraft performance envelope, including
movement on the surface, takeoff, landing, and emergency flight maneuvers

should be

provided.

Crew seats and restraints should accommodate adult occdpants encompassing
the 1.57 m (5 ft 2 in) female to the 1.9 m (6 ft 3 in) male occupant.

-2 -
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.10

1

12

13

14

.15

Passenger seats and restraints should accommodate occupants encompassing
the 2-year old child to the 99th-percentile male occupant. The restraint
attachments and lengths should be adjustable to function properly in
safely retaining this range of occupants.

The seat system should be designed to absorb energy where practical.
Brittle failure should be avoided. Failures of joints and attachments
should not occur first in the primary load path of the structure.

If the seat design incorporates energy absorbing features through
deformation or stroking, shields or other means should be provided in the
seat design to maintain clearances for the deformation or stroking.

The seaft design should include provisions to minimize stati¢ electricity
buildupl

Safety pdevices should be accessible without release ofooccupant restraints.

Crew restraint systems, while fastened, should neither signjficantly
impede pccess to controls nor prevent crews from performing|their duties.

The sept system should be désigned so that the primary structural
elementts can be readily inspected to detect wear, deterioration or any
other [condition that would degrade safety.

Restralint system anchorages shouldcprovide self-alighing features. If
self-alligning features are not provided, the static and dypamic tests in
this should be conducted with the restraints and anchorages positioned
in the| most adverse configuration allowed by the design. The anchorage
system should minimize the possibility of incorrect instaljation or
inadvejrtent disconnection-of the restraints.

deteripration from'environmental factors. Members should be protected or
designed to accommodate deterioration without compromise of safety or
function. Theldesign must address loss of strength caused|by vibration,
humidifty, dissimilar metals, in-service impact damage, and|other expected -
conditlionsy including spillage, exposure to cleaning agentf, or dirt.

Materilals should be selected that minimize smoke and toxiclgas emissions
in the presence of fire.

All meEbers of the primary structure should be protected to minimize

On seats which use studs or other fittings for attachment of the seat to
seat tracks or fittings, anti-rattle designs or devices should be
considered to reduce wear on the seat tracks or fittings.

A11 exposed portions of the seat should be free from projections and
sharp edges that could catch or damage the occupant's clothing or cause
injury.

-3 -
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3.1.16 Electrical or electronic devices incorporated in a seat should be
provided with appropriate shielding and provisions to minimize

3.2 Requirements:
restraint system design which are not described elsewhere in this AS.

3.2,

3.2

electrom

agnetic interference.

This section provides additional requirements for

1

2

.3

.4
5

.6

2.7

.8

2.9

a seat and

Seats shall be designed to provide impact protection for the occupant.
This protection shall be provided at all seat positions that are allowed

to be occ

upied during takeoff and landing.

Demonstration of impact

protection shall be either by test or by analysis based on test of a
similar type seat.

conditio
signific

Seat elements shall be designhed so that, when evaluated undery
ns of this AS, they do not leave hazardous projections

Quick-rel
designed,
verified,

Magnesium alloys shall not be used.

Electrica
with grou

Adjustabl
tables,

returned
without r
not deplo
significa
of any ai

When an u
designed

place und
significa

tly contribute to occupant injury or impede rapid ey

ease type fittings, adjustment handles, andcbuttons g
installed, and protected such that their/positions ¢
and incorrect installation or inadvertent activation

1 or electronic devices incorporated in a seat shall
hding.

p features (seat swivel, back recline, and stowage off
by the occupant to theCpositions required for takeoff

please of occupant restraints. In addition,

ntly contributesto serious occupant injury or impede
rcraft occupant-

nderseat baggage restraint is incorporated in a seat,
o restratn at teast 90 N (20 1b) of stowed items pen
pr the—test conditions of this AS in a manner that wi
ntly mpede rapid egress from the seat.

The cushi

the test

that could

acuation.

hall be
an be

is unlikely.

be supplied

movable

armrests, footrests, etc.)shall be designed so that tthey can be

and landing

these itlems shall

y under the test.conditions of this AS in a manner that could
rapid egress

it shall be
passenger

11 not

f the

occupant or sltippage of the restraint when evaluated under the dynamic

test cond

The seat
to act as

jtions of this AS.

structure, cushions,

a total system.

and occupant restraint shall be considered
Any substitution of these elements shall be

made only on the basis of additional tests or rational analysis based on

test.
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3.2.10 Rearward facing seats shall be desighed with a back height sufficient to
provide 930 mm (36.5 in) of support for the occupant as measured from the
seat reference point (SRP) to the top of the seat back. If a separate
headrest is provided, a maximum gap of 100 mm (4 in) can exist between
the bottom of the headrest and the top of the seat back, provided that
the height of the headrest is sufficient to provide hard support for the
intended range of occupant size. (See Figures 1A, 1B, and 1C for the
definition, determination, and use of SRP.)

3.2.11 Seat track fitting locking devices shall readily indicate positive
engagement and lTocking when installed in the aircraft environment
(carpets, track covers, etc.).

3.3 Materials pndWorkmanstiip Requivements:

3.3.1 Materials shall be of a quality that experience or tests'have demonstrated
to be sufitable for use in aircraft seats.

3.3.2 HWorkmanship shall be consistent with high-grade air‘craft mandfacturing
practicel

3.4 Fire Protertion Requirements:

3.4.1 The cushfion system, covering and upholstery and all other exposed material
used in fthe seat shall have self-extinguishing properties as|specified in
the applicable FAR.

. 3.4.2 HWhere refuired by the FAR, cushioh systems shall be tested and shall meet
the fire| protection provisions of Appendix F, Part II of FAR|Part 25 or
shall be[ demonstrated by analysis (similarity) to provide eqlivalent
protectipn.

3.4.3 If ashtrpys are instalded in or attached to the seat, they shall be
self-contained, completely removable types. The ashtray housing shall be
fire resfistant and.sealed to prevent burning materials from falling into
seat structure in’icase the ashtray is missing. Ashtrays in folding
armrests| shall.be designed to preclude release of burning material when
the armrpst 45 folded with or without the ashtray 1id closed

Jude

initiation of a fire from overheating.

3.4.5 If oxygen generators are incorporated into a seat, provisions shall be
made to preclude initiation of a fire due to the heat produced by the
generator. The adequacy of the design shall be demonstrated.

3.4.6 1If in—afm food trays are installied, the bottom of the cavity should be
open to prevent accumulation of waste. If it is not possible to provide
an opening, the cavity shall be sealed.

-5 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=b49bad01e996ab36635406449bc653e8

SAE ASx8049 90 mM 8357340 0054581 3 W

AS8049

SAE

91BN 3| ljudd4ad y310§ 404 suoisuswiq pue Abojouiwts) - yi JUNOIA

INIT d31vM d00TH

INICd 33N3¥343y 1v3S
INIOd 33N3d43434 Mo0L1ing

]
Q.
A4
v

ddd

(V1 ¢/°g)
ww 0G}

ddSz
3NIT ¥3LYM S Yfig

—

3N
A>EQZMN

JTIONY
NJONVL HIIHL

JIONV
AJVG-1y¥3s

\

c~oﬁ~

v

NI g31vM 3A3 N9OIS3A

T
o~
C T~ 3A3 N9ISIA

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=b49bad01e996ab36635406449bc653e8

SAE AS*BDLH 90 WW 8357340 0054582 5 WA

SAE  AS8049

SEA
PAN

BOTTOM
CUSHION

T

ISCHIAL
TUBEROSITY

BRP/SRP
SRP / WATERL INE

4

MARK (DEFLECTED) s

PIN MARK (UNDEFLECTED) J///'//
N BRP
REFERENCE
WATERLINE SRP
FIGURE 1B - Mgthod for Establishing BRP/SRP FIGURE 1C — BRP/SRP Template

PROCEDURE

TUBEROSITI

PLACE A 75
LOCATE AND

[O ESTABLISH BRP AND SRP:

TO-80 kg (160 TO 180 LB) SUBJECT OR DUMMY ON A SEAT [(FIGURE 1B).
MARK THE BUTTOCK PRESSURE POINTS ON THE CUSHION DUE

ES .

INSERT A PIN OF LENGTH "D" (FIGURE 1B).

MARK THE PROTRUSION OF THE PIN WITH THE SEAT UNOCCUPIED ("A").
PLACE THE SUBJECT ON THE SEAT AND MEASURE HEIGHT "H" FROM A REFERENCE

WATERLINE AND MEASURE PROTRUSION "B".

WATERLINE.

THIS ESTABLISHES THE BRP AND SRP WATERLINE: BRP/SRP WATERLINE = REFERENCE
WATERLINE + H + D - B.

THE CUSHION DEFLECTION AT THE BRP IS B - A,
MEASURE 146mm (5.75 in) FROM THE BRP TOWARDS THE SEAT BACK ALONG THE BRP

THIS ESTABLISHES THE SRP.

IF DESIRED, A TEMPLATE MAY BE MADE WHICH MARKS THE POSITIONS OF THE BRP AND

SRP ON A SEAT FOR CONVENIENT MEASUREMENTS AND OBSERVATION IN TESTING OR

INSTALLATION (FIGURE 1C).

-7 -
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3.5 Allowable Permanent Deformations:

3.5.1

3.5.2

3.5.3

3.5.4

3.5.5

Allowable permanent deformati

ons sustained

by a seat subjected to the ultimate static tests or dynamic impact tests of

this AS are

specified below. Permanent seat deformations shall

be measured

on the critically loaded seat after both static and dynamic tests.
Significant measuring points shall be identified and marked on the test

seat, and t

heir positions measured in the lateral, vertical, and

longitudinal directions relative to fixed points on the test fixture.
Measurement of the selected points shall be recorded before and after the

tests.
in pre- and

post-test measurements shall be maintained. If the

For dynamic tests, if floor deformations are applicable, consistency

pre-test

measurements are made before floor deformations are applied, the post-test
measurements shall be made relative to the fixed points on the undeformed

test fixtur
measurement
measurement

Longitudi
seat mode

not excee
forward-m
armrest.

Downward
deformati
occupants

Seat Rota
exceed 20
axis of t
exceeded.
and aft e
(Figure 2
occupant.

Sideward

of a seat
above the
(25 in) o

s are made after floor éeformations ére applied, the
s shall be made before removal of floor deformations.
hal Direction: The longitudinal permanent defdection

d 100 mm (4.0 in). The measurement shall<be made at
bst hard point(s) of the seat at a height up to and i

Direction: There is no limitationson downward perman
pn provided it can be demonstrated that the feet or 1
will not be entrapped by the;deformation.

tion: The seat bottom rotational permanent deformati
deg pitch down or 35 deg pitch up from the forward h
he seat provided the.deformation Timits of 3.5.5 are
This rotational deformation shall be measured betwe
xtremities of the seat pan at the centerline of each
).

Direction? The sideward permanent deformation, towar
shall. hot exceed 40 mm (1.5 in) at heights below 635
floof,"and shall not exceed 50 mm (2.0 in) at height

r more above the floor. Height above the floor is de

prior to

imposing the floor deformation of 5.3.3.

Other Deformation Limits:

The most forward surface of a seat

post-test

of a Type A

1 shall not exceed 75 mm (3.0 in) and a Type B seat model shall

the
ncluding the

ent
egs of

on shall not
orizontal
not

en the fore
seat bottom

Rotation of the seat pan shall not cause entrapmjent of the

ds an aisle,
mm (25 in)
s 635 mm
termined

back must

not deform to a distance greater than one half the original distance to
the forward-most hard structure on the seat (see Figure 2B).
post-test measurement may be made with the seat back returned to its

pre-test upright or structurally deformed position using no more than the

original

seat back breakover forces.

The

-8 -
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L >

b

4///UNDEFURMED SEAT
DEFORMED SEAT

g%?EHPSgWN ANGLE . HORIZONTAL "Z/ SECTION AqA
FROM HORIZONTAL i
NOT TO EXCEED 20°

FLOQR

Nf//UNDEFORMED SEAT

SEAT PAN //
ITCH UP ANGLE /
FROM HORIZONTAL /1 _—-DEFORMED SEAT

NOT TGO EXCEED 35° \\\\ﬁ
|

HORIZONTAL SECTION A-A

FLOOR

FIGURE 2A - Maximum Posttest Seat Pan Rotation
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- B ——— |
C 4 .

4

’
/L H

,

[~ ——

/1 DEFORMED
/ / (POST-TES

j
[
/o

I
rk\\\UNDEFORMED
/ (PRE-TEST)

SEAT

SEAT

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

FIGURE 2B - Maximum Seat Back Permanent Deformation
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3.5.6 Stowable Seats: A stowable seat (manual or automatic) must stow post-test
and remain stowed without interfering with the exit. The permanent
deformation shall not exceed 40 mm (1.5 in) from the pre-test upright
position. A post-test stowage force not to exceed 45 N (10 1b) may be
used to stow the seat prior to measurement of permanent deformation.

4. STRENGTH:

A1l 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 Static Strength: Seats shall be designed and demonstrated by |test or
appropriate analysis that they will withstand, without ptimary load path
failure of deformations exceeding the allowable permanent deformations
defined ip 3.5, the ultimate load factors specified in Table |. Forces
representiing the sum of each occupant weight of 750 N (170 1b), plus the
complete seat weight which includes all trim and<{accessories, |plus the total
weight of| any item of mass (e.g., underseat baggage, stowage ¢ompartment
weight plps weight of contents, etc.) restrained by the seat, [all multiplied
by the appropriate load factor from Table 1, shall be applied|to the seat.
The forwapd, side, down, up, and aft loads shall be applied séparately for
at Teast B seconds without failure. Static strength shall be|demonstrated
under all| variations of seat occupancy and adjustments which produce
critical [loading of any structural member.

TABLE 1 - ULTIMATE LOAD FACTORS

Directipn Type A Seat Type B Seat
(Relatipe (Transport Airplane) (Rotorcraft)

to Aircraft) Factor: Factor
Forwargd 9.0 16.0
Sidewalrd 4.0€12(2) 8.0
Upward 3.0(2) ‘ 4.0
Downwajrd 6.0(2) 20.013)
Rearwajrd 1.5

(1) 1ncTudes T.33 Fitting factor
Increase these load factors as necessary for reduced weight gust/
flight loads or landing requirements.

(3)Load to be applied after stroking of the seat energy abosrbing system.

4,1.1 Pilot and Co-Pilot Loads: Pilot and co-pilot seats shall be designed to
withstand the uitimate rearward load of 4.45 kN (1000 1b) applied 200 mm
(8 in) above the SRP to provide for the application of pilot forces to the
flight controls.

Distributed under license from the IHS Archive
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4.1.2

4.1.3

4.1.4

4.2

Limit Loads: The seat shall be capable of withstanding limit loads in the
upward and downward directions, defined as 2/3 of the uitimate loads of
Table 1 except that the downward limit load factor for Type B seats shall
be the larger of 4 or the flight or landing 1imit load factor, Pilot
seats shall also be capable of withstanding a 3 kN (670 1b) aftward 1imit
load. These loads shall not cause any detrimental permanent deformation.

Attachments: The strength of the seat attachments to the aircraft
structure and the pelvic restraint or upper torso restraint attachments to
the seat or aircraft structure shall be 1.33 times the ultimate loads

specified _in Table 1 (except as noted for Type A seat sideward) or 4.1.1,

as appligable.

Casting Hactors: If castings are used in the constructign of |the seat,
the castings shall have a factor of safety and relatedsinspection

requiremgnts in accordance with the applicable portieons of FAR Section
25.621, 27.621, or 29.621.

Dynamic Striength/Occupant Protection: The seat.and occupant regtraint, as a
system, sh3l1 be designed and demonstrated by .test or appropriate analysis

based on tgdst of a similar type system to withstand the dynamic|impact
conditions [prescribed in 5.3 without primary 1oad path failure, |[deformations
that exceed the limitations specified in.3.5, or exceeding injufy criteria
of 5.4,

5. QUALIFICATION TESTS:

5.1
5.1.1

50]'2

5.1.3

Static Quallification.Tests:

Initial quallfification of a seat shall be performed by static and|dynamic
tests. Subsequent qualifications related to design changes to sqats of a
similar type| may be performed by rational analysis based on exisfing
qualificatign test data.

The test |[seat shall be complete to the extent that the primary structure,
the occupjant ‘westraint system, and the seat attachment fittings to the
aircraft prevaccurately represented. Items that are not part [of the seat
primary strdecture—the—omission—of—which—wilH—not—-atter—thetest and
pass/fail criteria, may be excluded from the test article, but their
weight must be included when determining the static loads.

A body block shall be installed in each occupant place that will be loaded
and shall be restrained by the occupant restraint. The body blocks shown
in Figures 3, 4, 5A, and 5B are satisfactory for static test purposes.
They may be refined or modified if desired; however, the resultant load
application point for each static test shall comply with 5.1.6 (Table 2).

For the application of dowh loads, representative distributed loading of
the seat pan (as opposed to 1oad1ng rigid boundary members) must be
achieved.

-I 2 Distributed under license from the IHS Archive
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A
380
(15.0) T
0 MIDSHOULDER

HEIGHT
(585)

150 fjtf// 2 ‘

(6.0)
|
SRP /
(SEAT

)\yft;/»~\\:t;// REFERENCE ,4/ ,

i At POINT) )
EESNTouR - — //// _\\\__OPTI NAL / BRP
conTou / 0 / (BUTTOCK REFERENCE
/ / POINT)
£_|75 (3.0)
RADIUS TYP R 75
(30) _ 150
= (5.[75)

90
! . ,
410 i
(16.0) i 460
FRONT VIEW 200 -~ (18%, —= A

SIDE VIEW

APPROX R=50(2.0) TYP

NOTE :

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

SECTION A-A
FIGURE 4 - Optional Body Block for Static Testing

- 13 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=b49bad01e996ab36635406449bc653e8

SAE ASx8049 90 BN 8357340 0054589 6 WA
SAE  AS8049
80 CENTERLINE OF
(7.0) RADIUS %? o R ?g oy RTYP
NOTE 4 N V! :
/'j\\ /
NOTE 3 — N/ —_495 R
FWD > [ _ (19.5)
< SYM (- H \ -
\ | NOTE 2
N \
\ Wﬁ
230 - | O\ 10
(9.0) -~ (4.25)
380
NOTE 7 o (15.0) ~ %?2.0) -
125
NS ~—T (5.0) NOTE P
. 7.0)
W] N -8 E)
J * 5 K 48
230 3 .
(9.0) 180 (2.0) +
(7. A ,;‘:»:! B
) i AB 1 B\
: 30
25 (1.0) R e 2.00 R
TYp £9.5(.375) INCH DIA TE BOLTS
LOCATE FROM DETAIL A
e 460 .
(18.,0)
7. PULL PLATE MATERIAL: 9.5 (0.375) STEEL. 9o < o] 105
o (4.1)

6. BLOCK MATERIAL: LAMINATED 65 (3.5) .
HARDWOOD .

(6.5) NOTE S\ (6.5)

5. DRILL 10.0 [(25/64) DIA. HOLE AND (5°0)

COUNTERBORE| AS REQUIRED. FOR ' | 75 R |'\B !
ATTACHMENT [BOLTS AT LOGATIONS > (3.0) ! 230
LABELED “B"|. ] - i +5 (9.0)

4. REMOVE CENTER SEGTION FORWARD \ 38 '*E p \ ¢
OF THIS LINE ASREQUIRED FOR I I :
TESTS OF RESTRAINT SYSTEM WITH o5 y 50 ;200)
NEGATIVE-G ISTRAR, 520 =?5g)DIA e .

3. 25 (1.,0) 0.D. STEEL SPACER OVER 19.0 (0,750) S R S (200)
DIA BOLT. }oo ) *

4.0 -

2. THIS SURFACE COVERED WITH NYLON 255
OVER 25 (!.0) THICK SLOW REBOUND - == 114.0)
FOAM PAD. 415

l. giﬁ%ﬁ?ﬁEQEsAigsI?NM§hLﬁE§TRES' DIMENSIONS IN (16.3)

CHES. DETAIL A

NOTES:

FIGURE 5A - Lower Torso Block
- 14 -
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NOTE 3 SYM @ 9.5 (0.375) DIA TIF BOLT
i " LOCATE FROM DETAIL A
| PULL BAR
““““ ,///FEND PLATE
////FNOTE 8 o
R
, (6.0)
\\\——NOTE 4
9
(3.5) D ThC . NOTE 2
il '
i
125 I
(5.0) i
G 1
R
200
(8.0) R
3, END PLATE AND |[PULL BAR MATERIAL:
6.5 (0.25) STHEL.
7. CORE MATERIALY{ LAMINATED HARDWQOD. ,
5. DRILL 13 (33/44) DIA. HOLE \ ?
THRU END PLATH AND CORE.
4 .
5. DRILL 10 (25/d4) DIA. HOLE AT 405 ?g.o)
LOCATIONS LABELED “C*(THRU END PLATE
AND CORE . DETAIL A -CORE
4. 13.0 (0.50) LONG %25 (1.0) 0.D.
STEEL SPACER (2“PLACES) OVER A 13.0 _ 305
(0.50) DIA BOLT. (7207
3. 127 (5.0) LONG X 25 (1.0) 0.D. e L A
STEEL SPACER OVER A 12.5 (0.50) DIA : . J
BOLT. —_— et _ Y 50
4 (2.0)
2. THIS SURFACE COVERED WITH NYLON // A
OVER 25 (1.0) THICK SLOW REBOUND ; |
DRILL 13.0 (33/64)
FOAM PAD. DIA HOLE %? 0)
|. DIMENSIONS ARE IN MILLIMETERS., DIMENSIONS IN - _
PARENTHESES ARE IN INCHES. DETAIL B -PULL BAR (NOTE 8)
NOTES:
FIGURE 5B - Upper Torso Block
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/
SEE FIGURE 5B FOR DETAIL
APPLIED LOAD _ = OPTTONAL
| DESIGN

APPLIED LOAD SRP
. L OPTIONAL
SFE FIGURE |BA FOR DETAIL ANERN DESIGN
Nl

[T777lZ777777777777777777

FIGURE 5C - Optional Combined Pelvic and Upper Torso Static Test
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5.1.4 For forward or side loads, the body block shall be placed either on the
actual bottom cushion or on a nonrigid foam block representative of the
bottom cushion. For the side load, the back cushion or a nonrigid foam
block representing the back cushion shall be in place. ,

5.1.5 Forward loads on seat backs of rearward-facing seats and rearward loads on
seat backs of forward-facing seats shall be applied by a body block as
shown in Figure 3, or by a rigid block with the same back dimensions. The
back cushion or an equivalent nonrigid foam block shall be placed between
the body block and the back structure to distribute the load over the seat
back rather than just the rigid boundary structure.

5.1.6 Static resultant load application points are summarized in Table 2.

TABLE 2 - STATIC RESULTANT LOAD APPLICATION POINTS
Forward-Facing Sideward-Facing Rearﬂard—Facing
Load Seat . Seat : Seat
Down Evénly over seat Evenly over seat Evenly over seat
bottom bottom botton
Side 270 mm €10.5 in) up 270 mm (10.5 dn) up 270 mn) (10.5 in) up
from SRP from SRP : from SRP
215 mm (8.5 in) 215 mm (8.5 in)
forward of SRP forwarnd of SRP
Up 21%5 mm (8.5 in) 215 _om (8.5 in) 215 mn (8.5 in)
foyward of SRP forward of SRP forwarld of SRP
Forward 270 mm (10.5 in) up 270 mm €10.5 in) up 270 mn} €10.5 in) up
from SRP from SRP and 215 mm from SRP
(8.5 in) forward of
SRP
Rearward 270 mm (10.5%#n) up 270 mm (10.5 in) up 270 mm €10.5 in) up
from SRP from SRP and 215 mm from SRP
(8.5 in) forward of
SRP

5.1.7 Loads due to stowed articles under the seat or due to other stowage
compartments that are part of the seat, and their contents, shall be
applied simultaneously with the loads due to occupant and the seat.

5.1.8 Devices used for indicating applied static loads shall be calibrated by
comparison with known standard loads.

5.1.9 The load due to any item of mass, including the seat, that is not
restrained by the occupant restraint system, may be applied in a
representative manner at the c.g. of the mass.
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5.1.10 If occupant restraint systems are not attached to the seat structure, the
occupant restraint system shall be attached to the test fixture at points
which are equivalent in location to those in the aircraft. The static
loads shall then be applied as specified in this section.

5.1.11 HWhen a seat is to be installed or adjusts to face in more than one
direction, tests shall be made to substantiate the seat strength for all
intended positions.

5.1.12 HKhen testing a vertically or horizontally adjustable seat, the most
critical seat position(s) shall be selected for each test condition.

5.1.13 The distr1hutiQn_Qf_siaIis_lQads_applied_io_a_séai_which_uses_upper torso
restraint| shall be 40% through the upper torso restraint and>60% through
the pelvip restraint.

5.1.14 HWhen a sept incorporates pelvic and upper torso restraints, static
testing of rational analysis shall be performed with-only the [pelvic
restraint| effective, as well as with both pelvic and upper torso
restraintp effective. 1In both cases the load application points shall be
as specifiied in Table 2.

5.1.15 After eacp test load is removed, measurements of permanent defiormation,
if any, shall be recorded.

5.2 Static Test { Pass/Fail Criteria: The static tests shall demonstirate the
following:

5.2.1 The seat ip capable of supporting the limit loads without detrimental
permanent geformation.

5.2.2 The structire is capable of supporting, without failure for at [least
3 seconds,|the ultimate-static loads specified herein when appllied
separately

If it can be showpn~that failure of an armrest on a seat assembly does not
reduce the|degree.of safety afforded the occupant, such failure[ will not
be cause for rejection.

5.2.3 After applicatd 3 . ds—as—de h 5.2.2,
the seat permanent deformation 11m1tations of 3 5 and 1ts subparagraphs

are met.

5.3 Dynamic Qualification Tests: This section specifies the dynamic tests to
satisfy the requirements of this AS.

5.3.1 Dynamic Impact Test Parameters: A minimum of two dynamic impact tests
shall be performed. 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 and 7).
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TEST | TEST 2

Illustratton shows a
forward-facing seat

yaw rlight or left
Inerttal load \\z\\\\\\\\
shown by arrow 10°
|

L/BO° ‘<'ﬁ--

Mtn Vl n/s (ft/s) 10.67 (35) 13.41] (44)
Max t. $ 0.08 .09
Min G. |4 16

Deform floor:

Degrees roll 0 |0
Degrees pttch 0 10
Test Pllse SUmulating 0 timd —s

Atrcraft Fkoor
Decelerattisn-Time
Historjt

deceleratton

T
|
I
|
l
I
|
I
l
|

. = rlse tlme
Vi = Impact Veloctty

FIGURE 6 - Type A Seat/Restraint System Dynamic Tests
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TEST | TEST 2

e

00 T

T—
-

Tllustration shows a
forward-faclng seatl

yaw right or lef1t

Inerttal load
shown by arrow

\>‘/30°

Mitn V., m/Ads (ft/s) 9.14 (30) 12.80 (42)
Max t, s 0.031 0.971
Min G. 30 18.4

Deform flloor:
Degreles roll {O (R6]

Degreles pttch [0 10

Test Pulge Stmulating 0 1 time -
Atrcraft |Flader r

Deceleratton=T tme 0
Htstory:

deceleratton

G

fr = rlse time
Impact Veloctty

<
1

FIGURE 7 - Type B Seat/Restraint System Dynamic Tests
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5.3.1.1

5.3.1.2 Test 2 (Figures 6 and 7), as a single row seat test, determines the

5.3.1.3 For spats placed in repetitive rows, an additional test c

5.3.1.4 Test P for Type A seats. and Tests 1 and 2 for Type B seat

5.3.2

Test 1 (Figures 6 and 7), as a single row test, determines the
performance of the system in a test condition where the predominant
impact force component is along the spinal column of the occupant, in
combination with a forward impact force component as a result of the

30 deg pitch angle. This test evaluates the structural adequacy of the
seat, critical pelvic/lumbar column forces, and permanent deformation of
the structure under downward and forward combined impact loading.

performance of a system in a -test condition where the predominant impact
force component is along the aircraft longitudinal axis and is combined
with a Tateral impact force component as a result of the 10 deg yaw
orientation. This test evaluates the structural adequacy of the seat,
permafent deformation of the structure, the pelvic restraint and upper
torso| restraint (if applicable) behavior and loads, and wi{11 yield data
on ATD head displacement, velocity, and accelerationotime [histories and
the spat leg loads imposed on the seat tracks or attachment fittings.

ndition, using
distance
without the
criteria (the
s structural
pitch, seat

two seats in tandem placed at representativesfore and aft
betwegn the seats (seat pitch), similar to Test 2 with or
floor| deformation directly evaluates headyand femur injur
floor|deformation is required if the test-also demonstrat
performance). These injury criteria.aré dependent on sea
occuppncy, and the effect of hard structures within the p
excurpions in the -10 to +10 deg. yaw attitude range of th
condifions. The test procedure-using the appropriate dat
Test 2 as described in 5.3.6.6(may be an alternative to m
testipg.

obtained from
1tiple row

require

t fixture, as
ic impact

r the test is
attached to
and/or seat
h.

simulpting aircraft floor deformation by deforming the te
prescpibed in Figures 6 and 7, prior to applying the dyna
conditions. The purpose of providing floor deformation f
to deponstrate that the seat/restraint system will remain
the afirframe_and perform properly even though the aircraf
are spverely.deformed by the forces associated with a cra

Occupank Simalation: An anthropomorphic test dummy (ATD) rgpresenting a
50th pe def'i in B, or an

equivalent shall be used to simulate each occupant. An equivalent ATD
shall provide the same response to the test conditions of the AS as the
specified ATD. The ATDs shall be calibrated and periodically inspected
for proper function. Modification of these ATDs is necessary, as outlined
in 5.3.2.1, to record the compressive load between the pelvis and the
Tumbar column of the ATD.
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5.3.2.1 To measure the axial compressive load between the pelvis and lumbar
column due to vertical impact as well as downward loads caused by upper
torso restraints, a load (force) transducer shall be inserted into the
dummy pelvis just below the lumbar column. This modification is shown
in Figure 8. The illustration shows a commercially available femur load
cell, with end plates removed, that has been adapted to measure the
compression load between the pelvis and the lumbar column of the ATD.

A femur load cell is selected because of its availability in most test
facilities and its ability to measure the compression forces without
errors due to sensitivity to shear forces and bending or twisting
moments which are also generated during the test. To maintain the
correct seated height of the ATD the load cell must be fixed in a rigid
cup which is inserted into a hole bored in the top surface of| the ATD
pelvis. [The interior diameter of the cup provides clearante jaround the
outside (iiameter of the load cell, so that loads are transmitited only
through the ends of the cell. If necessary, ballast shall bel added to
the pelvfs to maintain the weight of the original (unmodified) assembly.

Alternatjve approaches to measuring the axial force transmitted to the
Tumbar spinal column by the pelvis are acceptable if the methjod:

- a. Accurately measures the axial force andis insensitive to moments
and forces other than that being measured

b. Maintains the intended alignment cof the spinal column and the
pelv)s, the correct seated height, and the correct weight
distribution of the dummy

c. Does|not alter the other-performance characteristics of the dummy

ATDs due

5.3.2.2 To prevent failure of theiclavicle used in Part 572 Subpart B
th

to flailyng, a claviclé of the same shape but of higher stren
material|can be substituted.

added on
f the
icate the

5.3.2.3 Submarinjng indicators such as electronic transducers, may be
the dummy pelviss These are located on the anterior surface
1ium of [ the{dummy pelvis without altering its contour and in
position|ofithe pelvic restraint as it applies loads to the pplvis.
These in estraint
remains on the pelvis during the test, and eliminate the need for
careful review of high-speed camera images to make that determination.

5.3.2.4 ATDs shalt be maintained at a temperature range between 18.9 to 25.6°C
(66 to 78°F) and at a relative humidity from 10 to 70% for a minimum of
4 hours prior to and during testing.

5.3.2.5 Each dummy should be clothed in form-fitting cotton stretch garments
with short sleeves, mid-calf length pants, and size 45 (11E) shoes
weighing about 11 N (2.5 1b).
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FIGURE 8 - Installationvof

Pelvic-Lumbar Spine Load Cell in [Part 572B

Anthropgmorphic Dummy,~ This il1lustration shows an acceptable adaptation of
a femur|load cell ¢d) at the base of the dummy lumbar spine|(a). The load
cell is|in line mith the centerline of the lumbar spine, and set below the
top surflace of (the pelvis casting to maintain the seated height of the
dummy. [A rigid adapter cup (e) is fabricated to hold the 1qad cell and a

hole is|bored in the dummy

pelvis to accept the cup. Cleargnce must be

provided between the walls of the adapter cup and the load qell for the
wires lgEdTHg_fTUm_thE_tETT___ThE_UUftUN‘Uf‘thE‘TUHU‘CETT‘TS bolted to the

adapter cup. Adapter p]ateé having similar hole patterns in their
periphery are fabricated for the lower surface of the lumbar spine (b) and
the upper surface of the load cell (c¢). These plates are fastened to the

Tumbar spine and load cell

holes in those components,

the peripheral holes. The

pattern which matches that

pelvis using screws to the

be placed under the flange

height. Additional weight

cup to compensate for any w
instrument cavity plug (g)

and added weight.

with screws through holes matching threaded

and are then joined together by bolts through
flange on the adapter cup has a bolt hole

on the pelvis. The cup is fastened to the
threaded holes in the pelvis. Spacers (f) may
of the cup to obtain the specified dummy seating
should be placed in the cavity below the adapter
eight lost because of this modification. The

is cut to provide clearance for the adapter cup
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ast 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, and provides the floor deformation if needed for the test; it
provides anchorage points if necessary for the restraint system; it
provides floor or footrest for the dummy; and it positions instrument
panels, bulkheads, or a second row of seats, if required.

5.3.3 Test Fixtures:

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 a bout a
longitudinal (x) axis (see Figure 9A for a schematic representation).
The beamg can be made of any rigid structural form: box, I-bgam,
channel, |or other appropriate cross section. The pitchcbeam hall be
capable ¢f rotating in the x-z plane up to +10 deg relative tp the
Tongitudi{nal (x) axis. The roll beam shall be capable of +10|deg roll
centerline of floor tracks or fittings..<A means shall be
to fasten the beams in the deformed pesitions.

5.3.3.1

sducer Installation: The pitch and roll beams shall|have

s for installing individual load &ransducers at each|seat leg

t point capable of measuring three reaction forces apd, if
(see 5.3.3.3), three reaction moments. The load transducers
shall haye provisions to install floor track or other attachment

fittings [on their upper surface inmya manner that does not alter the

above-flgor strength of the tragkor fitting.

Floor Track or Attachment Fitting Simulation: An ex
the minimum required representation of a floor track is shown

Figure 94, detail A, for one type of seat track. The track or
attachmert fittings must be representative of those used in the
aircraft| Alternatively, three components of reaction forces|and three
components of reaction moments shall be measured during dynamjc tests.
These siy components shall be applied simultaneously, by a separate

5.3.3.2 Load Trar
provision
attachmern

necessary

5.3.3.3 Aircraft

static o1 dynamic test, to a track or attachment fitting used
aircraft) or.%6 a more critical track or attachment fitting t
used on gn-aircraft, to demonstrate that the loads measured i

onh an
an that
the

dynamic impact test will not Tail the track or attachment Titting used
on an aircraft.

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. The seat positioning pins or locks shall be fastened in the
same manner as would be used in the aircraft, including the adjustment
of antirattle mechanisms, if provided. The remainder of the test
preparations shall then be completed (dummy installation and
positioning, instrumentation installation, adjustment and calibration,
camera checks, etc.).

5.3.3.4
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ORIGINAL — [
POSITION  \
\\ I

\. ]
N\ |
NOTE :
FOR CLARITY, |
LOAD TRANSDUCERS |
ARE NOT SHOWN.
l
W _/
_ POSITION
- AFTER FLOOR
DEFORMATION
R4
PITCH AXIS
UNDER REAR
LEG ATTACHMENT
AM
o/
' MINIMUM SEAT TRACK
/ TO BE TESTED
10° ROLL /
LEFT OR RIGHT EE;’SB
AL
DETAIL (A)
EXAMPLE OF AIRCRAFT
TRACK BEAM

FIGURE 9A - Schematic Floor Deformation Fixture; Seat Legs Attached at Floor Level
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ORIGINAL ,
POSITION —\\\ ,

NOTE. :

FOR CLARITY,
LOAD TRANSDUCERS
ARE NOT SHOWN. |

POSITION
AFTER FLOOR
DEFORMATION

REPRESENTATION

7 SEAT TO
SIDEWALL

ATTACHMENT

ARIGID TEST
“| STRUCTURE

N

2

ORIGINAL —.
POSITION ™

PITCH AXIS
UNDER REAR
LEG ATTACHMENT

OUTBOARD
- 10° ROLL

FIGURE 9B - Schematic Test Fixture; Side Wall Mounted Seat
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5.3.3.4 (Continued):

The floor deformation shall be accomplished as the final action before
the test. The roll beam shall be rotated 10 deg and locked in place,
and then the pitch beam shall be rotated 10 deg and locked in place.
Each direction of rotation shall be selected to produce the most
critical -1oading condition on the seat and floor track or fitting.

5.3.3.5 Alternative Mounting Configurations: The preceding discussion described
the fixture and floor deformation procedure that would be used for a
typical seat that uses four seat legs and four attachments to the
aircraft floor. These test procedures are not intended to be restricted
only to those seat configurations, but shall be adapted to seats having

other flesigns. Special test fixtures may be necessary for [those

differgnt configurations.

The folllowing methods, while not covering all possible seat designs,

shall pe followed for the more common alternativest

a. Aircraft seats with three legs may have one‘central leg in front or
bagk of the seat, and one leg on each side of the seat)] The central
leg shall be held in itsundeformed position as deformgtion is
applied to the side legs.

b. Septs that mount solely to a bulkhead will not be subjdcted to
deformation prior to the test.¢ The test fixture shall |provide
either a rigid bulkhead or hold an actual bulkhead pandl. If a test
fikture with a rigid bulkhead is used, the seat/restraint system
shp1l attach to fittings-installed in a test panel equivalent to

se in the actual ipstallation.

ts that are attached to both the floor and a bulkhedd shall be
ted on a fixtune that positions the bulkhead surfacq in a plane
ough the axis) of rotation of the pitch beam. The bylkhead

face shald.be located perpendicular to the plane of |the floor

e aircraft floor surface, if one were present) in the undeformed
dition;~“or in a manner appropriate to the intended installation.
her{a rigid bulkhead simulation or an actual bulkhedd panel can
used. If a test fixture with a rigid bulkhead simulation is

s installed

in a test panel equivalent to those used in the actual
installation. The seat shall be attached to the bulkhead and the
floor in a manner representative of the aircraft installation, and
the floor shall then be deformed as described in 5.3.3.4.

d. Seats that are mounted between sidewalls or to the sidewall and
floor of an aircraft shall be tested in a manner that simulates
aircraft fuselage cross-section deformation during a severe crash,
Brackets shall be provided to attach the seat to the test fixture at
the same level above the fixture floor representing the installation
above the aircraft floor.
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5.3.3.5

5.3.3.6 Multiplel Row Test Fixtures:
normall
impact conditions are best -evaluated through tests that use s
rows of [seats.
This tesit allows direct ' measurements of the head and femur ir

(Continued):

a.

A sidewall bracket shall be located on the roll beam.

Then, as the

beams are rotated to produce the most critical loading condition
(sidewall rotates outward), the combined angular and translational
deformation will simulate the deformation which could take place in

a crash (see Figure 9B for a schematic representation).

If a seat is cantilevered from one sidewall without connection to

other structure, it is not subject to floor deformation.

A

determination shall be made whether sidewall deformations could be
expected which could generate a condition critical for seat

performance in a crash. If sidewall deformation is likel
enti S TUewW?o T oo Chmer Gi“ OoT eé—3a ot nment—pPo
defgrmed in a manner to represent the sidewall deformatix
a rigid sidewall simulation or an actual sidewall panel

y, the

s, shall be

pn,  Either
ay be used.

If g test fixture with a rigid sidewall simulationris used, the

seatl/restraint system shall be attached to fittings insts
test] panel equivalent to those used in the actual instal]

Mulfiple occupant seat assemblies may have ‘more than two
legs in some installations. If these assemblies are of f
congtant cross section and are comparable with respect tq
defgrmation tolerance, the outer legrassemblies shall be
to flloor deformation as described#n 5.3.3.4. The inner
shalll be maintained in their normal, undeformed position
dynamic tests.

In tests of passenger seats that
installed in repetitive rows in the aircraft, head 3

These conditions are usually critical only in
The

axis| at a yaw angle of -10 and +10 deg.
allow adjustment of the seat pitch.

ixture shall be capable of setting the aircraft long
The fixture shol

To al9ow direct measurement of head acceleration for head

11ed in a
ration.

pairs of
airly

) floor
subjected
leg pairs
for the

are
nd knee

t least two
Test 2.

jury data.

jitudinal
1d also

injury

assessment for a seat installation where the head O e
within striking distance of structure, a representative i

occupant is
mpact

surface may be attached to the test fixture in front of the front
row seat at the orientation and distance from the seat representing

the aircraft installation.
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5.3.3.7 Other Fixture Applications: Test fixtures shall provide a flat foot
rest for dummies used in tests of passenger seats and crewmember seats
that are not provided with special foot rests or foot operated aircraft
controls. The surface of the foot rest-shall be covered with carpet (or
other appropriate material) and be at a position representative of the
undeformed floor in the aircraft installation. . Test fixtures used for
evaluating crew seats that are normally associated with special foot
rests or foot operated controls shall simulate those components. Test
fixtures may also be required to provide guides or anchors for restraint
systems or for holding instrument panels 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
adequatestructurat—strength:

5.3.4 Instrumehtation: Electronic and photographic instrumentabion systems
shall be| used to record data for qualification of seats:” Elgctronic _
instrumeptation shall measure the test environment, and measyre and record
data required for comparison of performance to pass/fail criteria.

Photographic instrumentation shall document ovérall results of tests,
confirmipg that the pelvic restraint remains:on the dummy's pelvis, that
the uppefr torso restraint straps remain on‘*the dummy's shoulder during
impact apd documenting that the seat does‘not deform as a regult of the
i manner that would impede rapid-evacuation of the aircraft by the
and that the seat remains attached to the floor.
5.3.4.1 nic Instrumentation: Electronic instrumentation shall be

ished in accordance with SAE J211. 1In this practice, a data

is considered to include all of the instrumentation components
from the transducer through the final data measurement, in¢luding
connecfting cables and any analytical procedures that could|alter the
magnitude or frequency content of the data. Each dynamic data channel
is assfigned a nominal channel class that is equivalent to the high
frequepcy 1limit 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 exftends to)the high frequency 1imit (+1/2 to -1 dB). FKrequency
responise characteristics beyond this high frequency 1imit are also
speciffied;~“When digitizing data, the sample rate should be at least
five tjiimes the -3 dB cutoff frequency of the presample analog filters.
Since most facilities set all presample analog filters for Channel Class
1000, and since the -3 dB cutoff frequency for channel class 1000 is
1650 Hz, the minimum digital sampling rate would be about 8000 samples
per second. For the dynamic tests discussed in this AS, the dynamic
data channels shall comply with the following channel class
characteristics:

a. Sled or drop tower vehicle acceleration shall be measured in
accordance with the requirements of Channel Class 60, unless the
acceleration is also integrated to obtain velocity or displacement,
in which case it shall be measured in accordance with Channel Class
180 requirements.
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(Continued):

b. Belt-restraint system loads shall be measured in accordance with the
requirements of Channel Class 60.

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

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 60.

f. The[full scale calibration range for each channel shall [provide
sufficient dynamic range for the data being measured.

g. Digfital conversion of analog data shall provide sample rjesolution of

not| Tess than 1% of full scale input.

Photogrpphic_Instrumentation: Photographiciinstrumentation [shall be
used for documenting the response of the ATDs and the test iftems to the

dynamic| test environment. Both high speed and still image slystems

should pe used.

a.

High speed cameras that provide data used to calculate displacement
or yelocity shall operate at-a nominal speed of 1000 frames per
secpnd. Photo instrumentation methods shall not be used for

mea

or ghall contrast’/with their background. The center of [the target
shal1 be easity discernible. Rectilinearity of the image shall be
docyimented~“If the image is not rectilinear, appropriate correction
factors shall be used in the data analysis process.

A description of photographic calibration boards or scales within
the iew; —and the make
and model of each camera and Tens shall be documented for each

test. Appropriate digital or serial timing shall be provided on the
image media. A description of the timing signal, the offset of
timing signal to the image, and the means of correlating the time of
the image with the time of electronic data shall be provided. A
rigorous, verified analytical procedure shall be used for data
analysis.
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5.3.4.2 {(Continued):

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

c. Still image cameras shall be used to document the pre ~test

nstalled,
dummy. For
y be rotated
condition of
the restraint systems may be better documented, but no|other change
to| the post-test response of the test item or the ATD ghall be
magie. The pictures shall document that the seat remained attached
at|all points of attachment to the test fixture.

Sti11 pictures may also be used.to document post-test yielding of
the seat for the purpose of showing that it would not impede the
rapid evacuation of the aircraft occupants. The ATD sHould be
refioved from the seat in _preparation for still pictureg used for
that purpose. Targets or;an appropriate target grid should be
ingluded in such pictures, and the views should be seldcted so that
potential interference with the evacuation process can |be
determined. For _tests where the ATD's head impacts a fiixture or
anpther seat back, pictures shall be taken to document |the head
coptact areas.

5.3.5 Selectioh of Test'Articles: Many seat designs compose a family of seats
that have the-same basic structural design but differ in detdil. For
example,|a basic seat frame configuration can allow for sevedal different

seat leg| locations to permit installation in different aircrdft. If these
differenee%—aFe—e#—a—ﬂa%ﬁfe—%ha%—%he4f—effee%—eaﬁ—be—defefm+ged by

rational analysis, then the analysis can determine the most critical
configuration. As a minimum, the most highly stressed configuration shall
be selected for the dynamlc tests so that the other configurations could
be accepted by comparison with that configuration.

- 31 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=b49bad01e996ab36635406449bc653e8

SAE AS*8049 90 WM 8357340 0054L07 L WN

SAE  AS8049

5.3.5.1

5.3.5.2

5.3.6 Selection of Test Conditions:
conditions.

5.3.6.1

In all cases, the test item shall be representative of the final
production item in all structural elements, and shall include the seat,
seat cushions, restraints, armrests and armcaps; functioning position
adjustment mechanism and correctly adjusted breakover (if present); food
trays or any other service or accoutrement that is part of the seat
design; and any other items of mass that are carried or positioned by
the seat structure such as weights simulating luggage carried by luggage
restraint bars [90 N (20 1b) per passenger placel, fire extinguishers,

survival equipment, etc.

If these items of mass are placed in a

position that could 1imit the function of an energy absorbing feature in
the test item, they should be of representative shape and stiffness as
well as weight.

The fol

articles and the manner of loading:

If
Tim
oth
the
rat
to

af

multiple place seat incorporates energy absorbing o
ting features that are necessary to meet the test cr
r requirements, a partially occupied seat may advers

performance of that seat. In such a casé it shall b
onal analysis or additional testing, that the seat w
erform as intended even with fewer ocCcupants.

ifferent configurations of the same basic design inc
carrying elements, especially joints or fasteners,
etail design, the performance-of each detail design
nstrated in a dynamic test.  Experience has shown th
ils in the design often.cause problems in meeting th
ormance criteria.

tional dynamic impact testing may be required for a
ures that could affect its performance even though t

teria or

ly affect
shown, by
11 continue

brporate
that differ
shall be

pt small

b test

seat with
ne test may

be the most critical case based on structural performance; e.g.,

n one of the design configurations the restraint sys
chment points are located so that the pelvic restrai
1y to skip above the ATD's pelvis during the impact.
iguration shall also be dynamically tested even thou
ctural loading might be less than the critical confi
mi Ty "of seats.

tem

nt is more
That

gh the

guration in

The tests shall achieve the most critical

For multiple place seats, a rational structural analysis shall be used
to determine the number and seat location for the ATDs and the direction
for seat yaw in Test 2 to provide the most critical seat structural
test.
floor deformation procedure shall be selected to increase the load on
the highest loaded seat leg and to load the fioor track or fitting in
the most severe manner.

This will usually result in unequally loaded seat leg

s. The
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5.3.6.2

5.3.6.3

5.3.6.4

5.3.6.5

If multiple row testing is used to gather data to assess head and femur
injury protection in passenger seats, the seat pitch shall be selected
so that the head would be most likely to contact a hard structure in the

forward seat row.
breakover, and front seat occupancy shall be considered.

The effect of the 10-deg yaw in Test 2,

the seat back

Results from

previous tests or rational andlysis may be used to estimate the head

strike

path of similar seats in similar installations.

If nonsymmetrical upper torso restraints (such as single diagonal
shoulder belts) are used in a system, they shall be installed on the
test fixture in a position representative of that in the aircraft and

which would most likely a]]ow the ATD to move out of the restraint.

example
shoulde
that th

If a se
the pos
install

Floor ¢
seat dd

r belt, the seat should be yawed in Test 2 in a dire
e belt passes over the trailing shoulder.

at has vertical or horizontal adjustments, itOshall
ftion used by a 50th-percentile male occupant in the
ation.

eformation need not be considered invassessing the c
formation relative to the possibleimpairment of rap

For
le diagonal
ction such

be tested in
aircraft

bnsequence of
id evacuation

of the
returng
to detd

aircraft. After the test, the pi¥ch and roll floor beams may be
d to their neutral position and-the necessary measurpments made
rmine possible impairment of the evacuation process.
5.3.6.6 In some
injury
design
the sed
differg
and the
requirg
of targ
that th
interig
wWill ng
they c4

cases, it may not be possible to measure data for hpad impact
during the basic test of ‘the seat and restraint system. The
of the surrounding ijnterior may not be known to the Hesigner of
t system, or the system may be used in several applications with
nt interior confdgurations. 1In such cases, the head| strike path
head velocity-along the path shall be documented. [his will
careful placement of photo instrumentation cameras and location
ets on the ‘dummy representing the dummy head center pf mass so
e necessary data can be obtained. These data can be| used by the
r designer to ensure either that head impact with the interior
t take place or that, should any unavoidable head impacts occur,
n beevaluated using HIC.

5.3.7 1Installation of Instrumentation: Professional practice shall be followed
when installing instrumentation. Care shall be taken when installing the
transducers to prevent deformation of the transducer body which could
cause errors in data. Lead-wires shall be routed to avoid entanglement
with the dummy or test item, and sufficient slack shall be provided to
allow motion of the dummy or test item without breaking the lead-wires or
disconnecting the transducer. Calibration procedures shall consider the
effect of long transducer lead-wires. Head accelerometers and femur load
cells shall be installed in the dummy in accordance with the dummy
specification and the instructions of the transducer manufacturer. The
load cell between the pelvis and the lumbar column shall be installed
efther in accordance with the approach shown in Figure 8 of this AS, or in
a manner that will provide equivalent data (5.3.2.1). :
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5.3.7.1

5.3.7.2

5.3.8 Procedure|to Set Up the Test:

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

Since 1pad cells are sensitive to the inertial forces of thejir own
internall mass, to the mass of fixtures located bétween them [and the test
articlel, as well as to forces applied by the test article, it may be
necessayy to compensate the test data for that inaccuracy if| the error
is signfificant. Data for. such compensation’will usually be jobtained
from an|additional dynamic test that replicates the load celfl
installption but does not include the tést item.

5.3.8.1

5.3.8.2

5.3.8.3

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

Each seat shall be installed in the test fixture and secured in a manner
represeptative of its_intended use.

Each ATD shall be placed in the seat in a uniform manner to genhance
reproducible results. The following suggested procedures have been
found to be adeqtiate by previous experience.

a. The|friction in a 1imb joint shall be set so that it barply
restrains the weight of the limb when extended horizontallly.

b. The ATD should be placed in the center of the seat, in as nearly a
symmetrical position as possible.

c. The ATD's back should be against the seat back without clearance.
This condition can be achieved if the ATD legs are lifted as it is
Jowered into the seat. Then, the ATD is pushed back into the seat
back as it is lTowered the last few inches into the seat pan. Once
all 1ifting devices have been removed 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).

- 34 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=b49bad01e996ab36635406449bc653e8

SAE AS*A049 90 WM 8357340 DO54610 & W

SAE  AS8049

5.3.8.3

5.3.8.4

5.3.8.5

(Continued):

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
that has aircraft controls, the ATD's hands should be 1
to the controls.

in a mockup
ightly tied

If only the seat/restraint system is tested, the

ATD's hands should be tied together with a slack cord that provides
approximately 610 mm (24 in) of separation before the cord becomes

tight.
rebound phase.

This will prevent excessive arm flail during the dummy

f. All seat adjustments and controls shall be set as indicated in

5.3.6.
adjustment, orientation, etc. for take-off or landingg
shg11 represent those conditions.

g. Thg feet shall be in the appropriate position for“the t
of |a seat being tested (flat on the floor, on cControl p
451deg footrest for flightcrew systems). The feet shal
so [that the centerlines of the lower legs.@re approxima
pavallel, unless the need for placing the{feet on aircr
digtates otherwise.

For tegts where the ATD's head is expected to impact a fixt
anothert seat back, the head and face.of the ATD shall be du
chalk dust to mark head contact areas.

The regtraint system adjustmentishall be made as follows.
system|shall not be tightened beyond the level that could r
expected in use and the emergency locking device (inertia r
not be |locked prior to the~impact. Automatic locking retra
be allgwed to perform the webbing retraction and automatic
functign without assistance. Care shall be taken that emer
retractors which are’/sensitive to acceleration do not lock
impact [test because of pre-impact acceleration applied by t
facility. If comfort zone retractors are used, they shall
in accgrdance.with instructions given to the user of the re

removed but the restraint system shall not be adjusted 56 t
unduly tight. HWebbing preload in manually adjusted pelvic
systems shall not exceed 50 - 70 N (12 —~ 15 1b). Since thi

its position,
the test seat

ype and usage
pdals or on a
I be placed
tely

aft controls

ure or
sted with

The restraint
pasonably be
pel) shall
ctors shall
locking

gency locking
prior to the
he test

be adjusted
straint

lack shall be
hat it is
restraint
s load is too

small to be accurately measured by transducers selected to measure the

high loads encountered in the impact test, it should be mea
manually as the restraint is being adjusted. Special gauge
in making this measurement are commercially available. The
force applied to a manually adjusted upper torso restraint

sufficient to remove slack.

sured

s to assist
webbing
shall be just

Preload in the restraint system shall be

checked and adjusted if necessary just prior to the floor deformation

phase of the test.
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5,3.8.6 Floor deformations, if applicable, shall be applied with the load
measuring instrumentation functioning so as to record the imposed loads
at attachment points.

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 1imits of the data collection
system. If these occur early in the test in essential data channels,
the dat j : occur late
in the ftest, after the maximum data in each channel has beeR recorded,
the valjidity of the data should be carefully evaluated, ‘but [the maximum
values pf the data may still be acceptable for the tests deslcribed in
this AS|, The HIC does not represent simply a maximum’data vialue, but
represepts an integration of data over a varying time base. | The head
accelerption measurements used for that computation are not ﬁcceptable
if errors or loss of data are apparent in thecdata at any time from the
beginnipg of the test until the ATD and all:test articles are at rest
after the test.

5.3.9.2 Impact Pulse Shape: Data for evaluating the impact pulse shape are
obtainefl from an accelerometer that measures the acceleration in the
direction parallel to the inertial.response shown in Figures| 6 and 7 of
this AS| The impact pulse intended for the tests discussed [in this AS
has a symmetrical (isosceles) triangular shape. Since this [ideal puise
is consjidered a minimum test.condition, it is possible to evialuate the
actual test pulse by comparing it with the ideal triangular pulse. The
ideal plilse can be drawn, to scale, in the data plot of the [test sled or
carriage acceleration versus time.

The test pulse is_acceptable if the plotted data are equal tp or greater
than the ideal impact pulse. However, this can lead to using a test
pulse sjgnificantly higher than the ideal pulse unless the tpst facility
has pre¢isecontrol in generating the test pulse. To avoid [that

problem| an-alternate graphic technique may be used to evalupte test
impact pulse shapes which are not precise isosceles triangles. The
graphic Technique, TTTustrated Tn Appendix A, uses the following steps:

a. Extend the calibration baseline (zero G) through the plot of test
sled or carriage acceleration versus time.

b. Locate the maximum acceleration (Gp) indicated on the plot.

c. Construct reference lines parallel to the baseline at levels of
0.1 Gp, 0.9 Gp, and 1.0 Gp.
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5.3.9.2 (Continued):

d. Construct an onset line through the intersection points of the
0.1 Gp and 0.9 Gp reference lines with the increasing (onset)
portion of the data plot. The data plot shall not return to zero G
between the two points selected.

e. Locate the intersection points of the onset line with the baseline
and with the 1.0 Gp reference line. The interval between these two
points, measured along the time axis of the data plot, is considered
th i -

f. The rise time of the test impact pulse shall not exceed| the value of
(ty) given in Figure 6 or 7 for each test.

g. The area under the data plot curve within the wise time|of the test
impact pulse shall represent at least one hadf of the impact
velocity given in Figures 6 and 7 for each-test. If thp value of

k acceleration measured in the test .exceeds the levell given in

Figure 6 or 7 by no more than 10%, the.pelvis to lumbar| spinal

column force, femur loads and the upper torso restraint| force

medsured in the test may be adjusted by multipiying the| measured

values by the ratio of the peak .acceleration given in Fiigure 6 or 7

divided by the measured peak acteleration, if necessaryl

h. The magnitude of Gp shall equal or exceed the minimum G| given in
Figure 6 or 7 for each test.

1. Thgq area under the data plot curve from the intersectiop point of
thq onset line and:the zero G basline and a Tater time pot more than
2.3 times the appropriate rise time specified in Figure|6 or 7 shall
equal or exceed.the minimum impact velocity specified ip Figure 6
or|7.

5.3.9.3 Head Injury €riterion (HIC): Data for determining the HIC heed be
collected . during the tests discussed in this AS only if the| ATD's head
is expgsed to impact in a particular aircraft installation.| The HIC is
calcula HE

t2
HIC = [Cta-tp)  LA/CEp-ty)) I a(t)dt]z'SJ MAX.

t

Where: t3, t2

any two points in time during the head impact, in
seconds

the resultant head acceleration during the head
impact, in multiples of g¢'s.

a(t)

The HIC is a method for defining an acceptable limit; i.e., the maximum
value of the HIC shall not exceed 1000. The HIC is calculated by
computer based data analysis systems. The discussion that follows
outlines the basic method for computing the HIC, but manual attempts to
use this method with real data are likely to be tedious. - The HIC is
based on data obtained from three mutually perpendicular accelerometers
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