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1. SCOPE:

1.1

1.2

1.3

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 to statically

applied ultimate loads and to dynamic impact test conditions set forth in the applic

Regulations 14

This documen
comfort, servid
interpretation (¢

While this doc
between the s¢
meeting all thq

| CFR Part 23, Part 25, Part 27, or Part 29.

also provides guidance for design by enumerating certainzdesign d
eability, and safety. Guidance for test procedures, measurements,
f results is presented to promote uniform techniques and to achieve

iment addresses system performance, responsibility for the seating
pat supplier and the installation applicant. The.seat supplier's respor
seat system performance requirements and-obtaining and supplyin

installation apﬂ)r:icant all the data prescribed by this document. The installation apf

ultimate syste
met.

Applicability:

This documen
used in civil ro
seats certified

Seat Types:

This documen
following categ

responsibility in assuring that all requirements for safe seat install

addresses the performance criteria for seat systems requiring dyna
forcraft, transport aircraft, and general aviation aircraft. These crite
solely on the basis of static test or analysis.

covers-all passenger and crew seats for use in aircraft type-certific
orieséshown in Table 1:

able Federal

oals to enhance
equipment, and
b acceptable data.

system is divided
sibility consists of
g to the

plicant has the
ation have been

Amic testing to be
ia do not apply to

ated in the

TABLE 1 - Seat Type Categories

Applicable Federal

Seat Type Aircraft Category Regulations
A Transport Airplane 14 CFR Part 25
B Normal Rotorcraft 14 CFR Part 27
B Transport Rotorcraft 14 CFR Part 29
C General Aviation Aircraft 14 CFR Part 23
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2. REFERENCES:

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

2.1 SAE Publications:

Available from|SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
2.1.1 SAE J211 Ingtrumentation for Impact Tests
2.2 Code of Federal Regulations (CFR) Publications:

US Government Printing Office, Superintendent of Documents$¢/Mail Stop SSOP, Washington, DC
20402 - 9328.

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

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

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

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

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

2.2.6 Code of FederalRegulations, Title 14 Part 121 (I4 CFR Part 121) Certification and Operations:
Domestic, Flag, and Supplemental Air Carriers and Commercial Operators of Large Aircraft

2.2.7 Code of Federal Regulations, Title 49 Part 572 (49 CFR Part 572) Anthropomorphic Test Dummies
3. GENERAL DESIGN:
3.1 Guidance:

Section 3.1 provides the designer with information that experience has shown enhances comfort,

serviceability, and safety. These items are not requirements of this document. Satisfactory designs
may include features that differ from this guidance material.
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3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

3.1.6

3.1.7

3.1.8

3.1.9

3.1.10

3.1.11

3.1.12

3.1.13

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 should be provided under all
conditions throughout the aircraft performance envelope, including movement on the surface,
takeoff, landing, and emergency flight maneuvers.

Crew seats and restraints should accommodate adult occupants ranging in stature (standing

height) from

1.57m(5ft2in)to 1.9 m (6 ft 3in).

Passenger s
child to the 9
adjustable tg

The seat sys
avoided.

If the seat ddg

or other means should be provided in the seat design to,maintain clearances for

stroking.
The seat des
Personal flot]

Crew restrai
prevent crew

The seat sys
inspected to

Restraint sy9
provided, thg
and anchora|

pats and restraints should accommodate occupants encompassing
9th-percentile male occupant. The restraint attachments and length
function properly in safely retaining this range of occupants:

tem should be designed to absorb energy where practical. Brittle m

sign incorporates energy absorbing features through deformation o

ign should include provisions to mitiimize static electricity buildup.
ation devices should be accessible to a seated occupant (refer also

Nt systems, while fastened, should neither significantly impede acce
s from performing their ‘duties.

tem should be designed so that the primary structural elements can
detect weardeterioration or any other condition that would degradsg

tem anchorages should provide self-aligning features. If self-alignin
static.and dynamic tests in this document should be conducted wit
p€s positioned in the most adverse configuration allowed by the deg

the 2-year old
1s should be

aterials should be

r stroking, shields
he deformation or

to 3.1.20).

Ss to controls nor
be readily

b safety.

g features are not

h the restraints
ign. The

anchorage system should minimize the possibility of Incorrect Installation or inal

disconnectio

n of the restraints.

vertent

All members of the primary structure should be protected to minimize deterioration from

environmental factors. Members should be protected or designed to accommodate deterioration
without compromise of safety or function. The design should address loss of strength caused by
vibration, humidity, dissimilar metals, in-service impact damage, and other expected conditions,
including spillage, exposure to cleaning agents, or dirt.

Materials should be selected that minimize smoke and toxic gas emissions in the presence of fire.
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3.1.14

3.1.15

3.1.16

3.1.17

3.1.18

3.1.19

3.1.20

On passenger 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.

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

Electrical or electronic devices incorporated in a seat should be provided with appropriate shielding

and provisio

All moving p
such that the

If the area of
during an ing

Any portion
designed to

When requir
position whig
than one dirg
container sh
a seated pas
following crit

1S to minimize electromagnetic interference.

hrts (e.g., legrests, deployable video) should have restricted. motion
y are free of pinching and/or shearing effects to eliminate potential

the seat back table latch/coat hook is considered to be’a target for
ident the latch/coat hook should be designed to migimize serious in

f the deployable video system that could be, struck by the seated pas
minimize serious injury. All corners should,be rounded.

bd by 14 CFR 121, life vest stowage should be provided at each pa
h can be occupied during takeoff artd landing. If the seat can be pg
ction, a life vest should be accessible for each possible position. T
buld be designed and located so that it does not hinder the retrieval
senger. The life vest container should be designed and located ac
Bria:

est location should\be readily apparent to the seated passenger.
e by an adult seated passenger. Passengers should be able to acc
aving, texunbuckle their lap belt.

phiner and opening for life vest access should be properly sized for t

or be designed
njury hazards.

he head and face
jury.

ssenger should be

bsenger seating
sitioned in more
he life vest

of the life vest by
cording to the

p seat is in jts-configuration for takeoff and landing, the life vest sholild be readily

bss their life vest

ne life vest that it

The method of opening the container should not be dependent on a specific direction of force

application by the passenger. Fasteners that can be released only by pulling in a specific
direction should be avoided. When life vest pull straps are used to retrieve the life vest, they
should operate by pulling from all angles within a range of at least 45 degrees from the
horizontal, unless limited by seat cushions or structure.

a. The life \

b. When th¢
retrievab
without h

c. The cont
contains.

d.

e.

The access path used in retrieving the life vest should be free of obstructions due to

components of the seat such as seat legs, baggage bars, seat electronic devices, shrouds, etc.

seat usage, takeoff, flight through turbulence and all dynamic conditions.

The life vest should be retained during all normal operations, including hard landings, normal

-6-
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3.1.20

3.1.21

3.1.22

3.1.23

3.1.24

3.1.25

3.1.26

3.1.27

(Continued):

Each passenger in a multiple occupancy seat should have access to a life vest.

The life vest container should not present any sharp edges or points that could damage the life

vest during storage or retrieval, or that could injure the passenger retrieving the vest.

i. Pull straps should not be difficult to reach or operate, even after repeated use of moveable seat

items.

j-  The opening of the life vest container should not be constricted by elastic ma

hinder lif

Passenger i
cannot be e3
be in contrag

If aisle seat |
mechanism
passengers
moderately 1

b vest retrieval.

formation markings or placards should be permanently’ affixed, loca
sily obscured and of a type that cannot be easily €rased. The color
t to the background.

packs are provided with a breakover mechanism, the force required
should be at least 110 N (25 Ib) applied-at'the top centerline of the §
may use the seat back for support while moving along the aisles du
pugh air.

For the insta)lation of unique features (e.g., inflight entertainment equipment, ind

equipment, €
integrated in

Wire bundles
prevent dam
where move
and seat stry

Wiring route
operation of

tc.), the attachment requitements, protective shrouds, and related \
o the passenger seat design.

installed on the seat should be contained and protected within the
pge or disengagement by the seat occupants. The wire bundles shq
ment by the. passenger can cause abrasion (e.g., between the seat
cture).

| throdgh an in arm food tray cavity should be protected from abras
tHe tray table. This abrasion protection also applies to wiring in all r

iterials that could

ited so that they
of the text should

to activate the
eat back, so that
ing flight through

ividual video
viring should be

seat structure to
uld not be routed
bottom cushion

on due to
ptating or

articulating

hazard and should be avoided. Loose wiring should be secured.

EVICES, (€.7g., armrests and in-arm video). EXposed wire should be considered a fire

The passenger should not have ready access to the internal contents or electrical connections of
any electrical components on the seat.

The seat assembly should be designed and constructed to permit easy removal of any burning
materials (cigarette, cigar, etc.) which have dropped down into the seat structure or between the
seat and aircraft cabin trim.
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3.1.28 Where seat recline could adversely effect emergency evacuation, passenger seat recline and
control mechanisms should have an override feature so that the reclined seat back may be moved
to the upright position without releasing the recline control button and by exerting a force not

greater than 67 N (15 Ib) near the top of the seat back.

3.1.29 Passenger seat secondary structure should be designed to meet the handling and service loads,

but these must not compromise seat safety. The following are suggested as criteria for the
handling and service ultimate loads where applicable:

TABLE 2

Aisle Armrg

Aisle Armrg

pStS

pStS

Other Armnests

Other Armnests

1.3 kN (300 Ib)

0.9 kN (200 Ib)

1.1 kN (250 Ib)

0.65 kN (150'Ib)

Applied downward’ 75 mm (3
forward end’ofarmrest.

Applied sideways 75 mm (3
forward end of armrest.

Applied downward 75 mm (3
forward end of armrest.

Applied sideways 75 mm (3
forward end of armrest.

in) from

in) from

in) from

in) from

y

y

Foodtray Thbles 0.65 kN (150 Ib) Applied downward and evern
distributed.

Flight Attendant Step 1.3 kN (300 Ib) Applied downward and ever
distributed.

Seat Back 0.9 kN (200 Ib)

Applied to the top of the seat back

opposite the seat lock in a di
cause back to recline.

rection to
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3.1.30 Passenger seat secondary structure should be designed to reasonable fatigue life criteria. The
following are guidelines, where applicable:

TABLE 3

20,000 cycles 0.36 kN (80 Ib) On corner of back opposite to lock in
a direction to cause back to recline

for a full breakover back afd in both
fore and aft directions\for Qacks with
limited or no breakever.

10,000 cycles 0.22 kN (50 Ib) On end of aisle and center|armrests
in an inbeatd and outboard direction.

20,000 cycles 0.33 kN (75 Ib) Orxend of center armrests|in a
downward direction.

20,000 cycles 0.45 kN (100 Ib) On end of aisle armrests i an
upward and downward direction.

50,000 cycles 0.76 kN (170 Ib) Evenly distributed over seat bottom
cushion on the seat frame|in a
downward direction.

15,000 cycles Seat back recline mechanism and
linkages.

1,000 cyclgs Seat back breakover system to
remain 9010 1 35 Ib)
without adjustment.

10,000 cycles 0.22 kN (50 Ib) Equally distributed load on food
tables in a downward direction.
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3.1.31 Energy absorbing devices should not activate under limit static loads.

3.2 Requirements:

3.2.1

3.2.2

3.2.3

3.2.4

3.2.5

3.2.6

3.2.7

3.2.8

3.2.9

This section provides requirements for a seat and restraint system design which are not described
elsewhere in this document. The seat structure, cushions, and occupant restraint shall be considered
to act as a total system. Any substitution of these elements shall be made only on the basis of
additional tests or rational analysis based on test.

Seat system
positions, or

Seat elemenits shall be designed so that, when evaluated under thectest conditio
ey do not leave hazardous projections that could significantly contribute to occupant

document, th
injury or imp

Quick-releas
protected su
activation is

[Left intentio
Electrical or

Adjustable fqg
etc.) shall bg
takeoff and |
under dynan;
contribute to

When an un
restrain at le

5 shall be designed to provide impact protection for the occupant’at

bde rapid evacuation.

Ch that their positions can be verified, and.incorrect installation or in
Linlikely.

nally blank]
plectronic devices incorporated'in a seat shall be supplied with grou

atures (seat swivel, back-recline, and stowage of movable tables, a
designed so that théy can be returned by the occupant to the posit
hnding without reléase of occupant restraints. In addition, these iten;
ic impact test canditions of this document in a manner that could si
serious occapant injury or impede rapid egress of any aircraft occu

ler-seat-baggage restraint is incorporated in a passenger seat, it sh
st 9:4kg (20 Ib) or its placarded weight of stowed items per passe

the test conqitions of this document in a manner that will not significantly impede

seat adjustment

entations, and locations allowed to be occupied during takeoff\and landing.

ns of this

e type fittings, adjustment handles, and buttons shall be designed, installed, and

advertent

nding.

mrests, footrests,
ons required for
s shall not deploy
pnificantly

bant.

all be designed to
hger place under

rapid egress from

the seat.

[Intentionally left blank]

[Intentionally left blank]

-10 -
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3.2.10 Rearward-facing seats shall be designed 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 fixed 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 head support for the intended range of occupant size. If there is a gap
between the bottom of the seat back and the SRP waterline, it shall be no more than 100 mm

(4 in). Measurements shall be taken along the seat back tangent line. (See Figures 1A and 1B for

3.2.11

3.2.12

3.2.13

3.2.14

3.3 Materials and

3.3.1

3.3.2

3.3.3

the definition

, determination, and use of SRP.)

Seat track fit
installed in tH

The use of fr
friction devic|
direct contad
such as scre|
considered f

Seats equipy
extending bg

Special pass
moving the g
attention sh3
likely to injur

Materials sh

aircraft seatg.

Workmanshi

ting locking devices shall readily indicate positive engagement,and
e aircraft environment (carpets, track covers, etc.).

iction as the sole means to restrain items of mass is not acceptable
es will be limited to pure static friction between two or ‘more flat or ¢
t, as the sole means of restraining the item. Itemsestrained by me
ws, bolts, nuts, Velcro, tape, hooks, springs, clamps, detents, rivets
iction restrained items.

ed with foldup armrests shall incorporate means to preclude any ar
yond adjacent seat backs into any ingress/egress space behind the

enger seats to be used by handicapped passengers shall have a di
isle armrests to allow safe, comfortable and easy ingress and egreq

b the handicapped passenger.
Workmanship Requirements:

Il be of a quality that experience or tests have demonstrated to be

p shall.be consistent with high-grade aircraft manufacturing practice.

ocking when

The definition of
rved surfaces in
chanical fasteners
| etc., are not

mrest from
seat.

screet means of
s. Particular

Il be given to providing ingress space with no sharp edges or hard points which are

suitable for use in

Magnesium

alloys shall not be used.

3.4 Fire Protection Requirements:

3.4.1 The cushion system, covering and upholstery and all other exposed material used in the seat shall
have self-extinguishing properties as specified in the applicable Federal Regulations.

3.4.2

Where required by the Federal Regulations, cushion systems shall be tested and shall meet the
fire protection provisions of Appendix F, Part Il of 14 CFR Part 25 or shall be demonstrated by
analysis (similarity) to provide equivalent protection.

-11 -
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255 REF
(10.0)

DESIGN EYE POINT
\

LT

12*-14° BACK ANGLE RE
OESIGN EYE WATERUNE

790 REF
{31.0)}

CCD
(COMPRESSED CUSHION DATUM)

SRP
(SEAT REFERENCE POINT)

BRP
(BUTTOCK REFERENCE
POINT)

FLOOR WATER LINE

NOTE:
DIMENSIONS ARE IN MILLIMETERS.

DIMENSIONS IN PARENTHESES ARE IN INCHES.

FIGURE 1A - Terminology and Dimensions for 50th Percentile Male

12 -
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12%314° BACK
ANGLE REF

[f——

REF WATERLINE

SECTION THROUGH
ISCHIAL TUBEROSITY

: SRP
(SEAT REFERENCE POINT!
FLOOR WATER)LINE

A —
A BRP VERTICAL
: (BUTTOCK REFERENCE POINT) DATUM

NOTH:
DIMENSIONS ARE IN MILLIMETERS
DIMENSIONS IN PARENTHESES ARE IN INCHES

PROCHDURE FOR ESTABLISHING SRP:

1. PLACE A 75 TO 80 KG (160 TO 180 LB) SUBJECT'OR ANTHROPOMORPHIC TEST DUMMY (ATD) ON A SEAT]
(FIGURE 1B).

2. LACATE AND MARK A POINT ON THE CUSHION DIRECTLY UNDER AN ISCHIAL TUBEROSITY (The BRP)

3. DRILL A HOLE VERTICALLY THROUGH THE SEAT PAN CUSHION AND STRUCTURE AT THAT POINT AND|
INSERT A HEADED PIN OF LENGTH\"A".

4. PLACE THE SUBJECT ON THE-SEAT AND MEASURE FROM A REFERENCE WATERLINE TO THE LOWER END OF
THE PIN ("B" HEIGHT).

5. THE ADDITION OF THIS HEIGHT "B" AND THE PIN LENGTH "A" ESTABLISHES THE COMPRESSED CUSHION
DATUM FROM THE REFERENCE WATERLINE.

NJTE: STEPS 3, 4, AND'S MAY BE REPLACED BY THE USE OF APPROXIMATELY 6 MM (.25 IN) DIAMETER $OFT
(LEAD, SOET SOLDER, OR FUNCTIONAL EQUIVALENT) PLACED ACROSS THE SEAT AT THE MARK ON THE
AT PAN CUSHION (LOCATED IN STEP 2) AS FOLLOWS:

PLACETHE SUBJECT ON THE SEAT ENSURING THAT THE SOFT BAR DEFLECTS VERTICALLY
ENSURE THAT THE TOP ENDS OF THE SOFT BAR ARE AT A COMMON HEIGHT AND NOTE THE HEIGHT
FROM A REFERENCE WATERLINE DIMENSION "C'.

OP A1

HE ENDS
TO THE POINT OF MAXIMUM DEFLECTION DIMENSION "D".

THE COMPRESSED CUSHION DATUM IS ESTABLISHED BY SUBTRACTING THE DEFLECTION (DIMENSION
"D") FROM THE END HEIGHT (DIMENSION "C") AND ADDING HALF THE SOFT BAR DIAMETER 3MM (.125 IN).

6. INSERT TWO ROUND BARS HORIZONTALLY BETWEEN THE SUBJECT'S BACK AND THE SEAT BACK CUSHION
AT 90MM (3.5 IN) AND 420 MM (16.5 IN) VERTICALLY ABOVE THE CCD AND DETERMINE THEIR POSITIONS

FROM A VERTICAL DATUM.
7. PLOT THE TWO POSITIONS WITH THE CCD AND ESTABLISH THE SRP AT THEIR INTERSECTION

NOTE: STEPS 6 AND 7 MAY BE REPLACED BY THE USE OF A SOFT BAR IN A MANNER SIMILAR TO THAT
DESCRIBED IN STEPS A TO C ABOVE.

FIGURE 1B

-13 -



https://saenorm.com/api/?name=1722698f061598e829a87f7b7380bf75

SAE AS8049 Revision A

3.4.3

3.4.4

3.4.5

3.4.6

3.5

3.5.1

3.5.2

3.5.3

If ashtrays are installed in or attached to the seat, they shall be self-contained, c

ompletely

removable types. The ashtray housing shall be fire resistant and sealed to prevent burning
materials from falling into seat structure in case the ashtray is missing. Ashtrays in folding
armrests shall be designed to preclude release of burning material when the armrest is folded with

or without the ashtray lid closed.

Electrical components in a seat shall have provisions to preclude initiation of a fi
overheating.

re from

If oxygen ge
a fire due to
demonstrate|

nerators are incorporated into a seat, provisions shall be made to’pr
of

If in-arm foo
of waste. If

trays are installed, the bottom of the cavity should,bé-open to preV
is not possible to provide an adequate opening,he cavity shall be

Allowable Permanent Deformations:

Allowable permanent deformations sustained by a seat.subjected to the ultimate g
dynamic impagt tests of this document are specifiedibelow. Permanent seat defor
measured on the critically loaded seat after both static and dynamic tests. Signifig
points shall be|identified and marked on the test seat, and their positions measure
vertical, and Igngitudinal directions relative.to fixed points on the test fixture. Mea

bclude initiation of

the heat produced by the generator. The adequacy of the desigh shall be

ent accumulation
sealed.

tatic tests or
mations shall be
ant measuring

d in the lateral,
surement of the

selected point$ shall be recorded beforeiand after the tests. For dynamic tests, if floor deformations

are applicable| consistency in pre and‘posttest measurements shall be maintained.

measurementg are made before floer deformations are applied, the posttest meas
made after flopr deformations have been removed. Conversely, if the pretest meg
made after flogr deformations ‘are applied, the posttest measurements shall be ma
ations. Posttest deformations shall be recorded and reported.

Longitudinal [Directien:” The longitudinal measurement in the forward direction sh
forward-most hard{point(s) of the seat at a height up to and including the armrest

If the pretest
urements shall be
surements are
e before removal

all be made at the
or 635 mm (25 in)

above the flgorfor seats without armrests. If the seat exhibits longitudinal defor

ation 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.

Downward Direction: There is no limitation on downward permanent deformatio

n provided it can

be demonstrated that the feet or legs of occupants will not be entrapped by the deformation.

Seat Rotation: The seat bottom rotational permanent deformation shall not resu
exceeds 20° pitch down or 35° pitch up from the horizontal plane. This rotational

It in an angle that
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 entrapment of the occupant.
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(- i

-,//UNDEFORMED SEAT
DEFURMED SEAT

SEAT PAN ¥
PITCH DOWN ANGLE - . toepzowra (C-m 7/ SECTION A-A
FROM HOR[I ZONTAL g
NOT TO EKCEED 20 __ o :
e FL.LOOR
"//UNDEFORME[ SEAT
SEAT FAN

PITCH [UP ANGLE
FROM HORIZONYAL
NOT TG EXCEED/35* ~-..__

_--DEFORMED) SEAT

SECTION ARA

F-DOR

FIGURE 2A - Maximum Posttest Seat Pan Rotation
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3.5.4 Sideward Direction: The maximum sideward permanent deformations towards an aisle, shall be
measured for heights below 635 mm (25 in) above the floor and for heights 635 mm (25 in) or more
above the floor. The determination of which parts of the seat are at what heights is made prior to

testing and before applying floor deformation.

3.5.5 Other Deformation Limits: The most forward surface of a seat back centerline 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). The posttest measurement may be made with the seat back re
pretest upright or structurally deformed position using no more than 155 N (35 1b

turned to its
) force.

3.5.6 Stowable Sejats: A stowable seat (manual or automatic) installed near exits or in exit paths must

stow posttest and remain stowed without interfering with the exits or exit,paths.
deformation ghall not exceed 40 mm (1.5 in) from the pretest upright p@sition. Fq
stowed mantially, a posttest stowage force not to exceed 45 N (10-lb) above the
force may bd used to stow the seat prior to measurement of permanent deformat
stow automatically, a posttest stowage force no greater than\d5 N (10 Ib) applied
may be used to assist with automatic retraction, prior to measurement of permar

tray tables, gtc., are used by passengers in flight and are required to be stowed fq
landing. Deployment of such items should be tréated as “permanent deformatio
deploys into jJan area that must be used by multiple passengers (in addition to the
seat) for egre¢ss. Such deployments can.beconsidered acceptable, even if they
provisions of 3.5 and its subparagraphs,-if they are readily pushed out of the wa
passenger movement, and remain in-a position that does not affect egress.

3.5.7 Deployable{ems: Certain items on the seat, such asfood trays, legrests, arm ¢

4. STRENGTH:

All seats qualified for occupaney during takeoff and landing shall be capable of withs
criteria defined helow, bothstatically and dynamically applied loading.

4.1 Static Strength:

The permanent

r seats that are
original stowage
on. For seats that
at a single point,
ent deformation.

aps over in-arm
br taxi, takeoff and
n” if the item

b occupant of the
exceed the

y by normal

anding, within the

Seats shall be designed and demonstrated by teSt or appropriate analysis to wWiths

tand the ultimate

load factors specified in Table 4. Forces representing the sum of each occupant weight of 77 kg
(170 Ib) unless otherwise noted, plus the complete seat weight which includes all trim and
accessories, plus the total weight of any item of mass (e.g., under-seat baggage, stowage
compartment weight plus weight of contents, etc.) restrained by the seat, all multiplied by the
appropriate load factor from Table 4, shall be applied to the seat (see 5.1.7 and 5.1.9). The forward,

side, down, up, and aft loads shall be applied separately for at least 3 s without fai

lure. Static

strength shall be demonstrated under all variations of seat occupancy and adjustments which

produce critical loading of any structural member.
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AT LEAST 50% OF DIMENSION “B”

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

FoTward 90 160 90
S$ideward 4.0D@) 8.0 3.0
Wpward 3.0@ 4.0 3.02)
Downward 6.0(2) 20.0) 30C))
Rearward 15

~

D) Includes 1.33 fitting factor.

—~

flight loads or landing requirements.

) Load to be applied after stroking ofithe seat energy absorbing
system.

" Normal, Utility and Commutef_Category.
) Use occupant weight of at)least 98 kg (215 Ib) for design of the

~

—~

) Increase these load factors as necessary for reduced weight gust

~

) Use occupant weight of 86 kg (190 Ib) which accommodates

seat/restraint system when subjected to the maximum load factors
corresponding to the specified flight and ground load conditions,
as defined in thefoperating 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 each seat to the
structure’and each safety belt and shoulder harness to the seat o
structure.

passengers wearing parachutes, except that, if the seat is

nnnnnnn

+

1q

marked “for normal category aircraft only” in addition to the
marking requirements of Section 6 of this document, occupant
weight of 77 kg (170 Ib) may be used. For Commuter Category
airplane seats use occupant weight of 77 kg (170 Ib).

() Factor of 6.0 when certification to the emergency exit provisions of

14CFR23.807 (d)(4) applies.
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4.1.1 Pilot and Copilot Loads: Pilot and copilot seats shall be designed to withstand the ultimate
rearward load of 4.45 kN (1000 Ib) applied 200 mm (8 in) above the SRP to provide for the
application of pilot forces to the flight controls.

4.1.2 Limit Loads: All seat systems shall be capable of withstanding limit loads in the upward and
downward directions without any detrimental permanent deformations. Pilot seats shall
additionally be capable of withstanding a 3 kN (670 Ib) aftward limit load without any detrimental

permanent deformation.

The strength of the seat attachments to the aircraft structure gnd tIhe pelvic restraint
0 restraint attachments to the seat or aircraft structure shall beyl.33 ftimes the ultimate
2d in Table 4 (except as noted for Type A seat sideward).

4.1.3 Attachments
or upper tors

loads specifi

5 shall have a
cable portions of
If a fitting is or
factor of safety or
br ground or flight

4.1.4 Casting Facfors: If castings are used in the construction of the seat) the casting
factor of safgty and related inspection requirements in accordance with the appli
sections of the Federal Regulations: 14 CFR 23.621, 25.621,27.621, or 29.621.
contains a casting, the casting will be statically tested to the-higher of the casting
the 1.33 fittirjg factor for emergency landing conditionsloads or the 1.15 factor f¢
loads, but nqt the combination of factors.

4.2 Dynamic Strerjgth/Occupant Protection:
The seat struc
demonstrated

fure, cushions, and occupantirestraint, as a system, shall be designed and
by test or appropriate analysis based on test of a similar type system to withstand the

dynamic impad

5. QUALIFICATIOI

Initial qualificatig
related to design
existing qualificg

t test conditions prescribed in 5.3 and meet the pass/fail criteria of
N TESTS:
n of a seat shall be performed by static and dynamic tests. Subseq

changes-6 seats of a similar type may be performed by rational ar
tion test:data.

b.4.

lent qualifications
alysis based on

5.1 Static Qualificaption Tests:

5.1.1 The test seat shall be complete to the extent that the primary structure, the occupant restraint
system, and the seat attachment fittings to the aircraft are accurately represented. Items that are
not part of the seat primary structure, the omission of which will not alter the test and pass/fail
criteria, may be excluded from the test article, but their weight must be included when determining
the static loads.

5.1.2 Abody 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 5).
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FIGURE 3 - Optional Body Block for Static Testing
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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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FIGURE 5A - Lower Torso Block
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FIGURE 5B - Upper Torso Block
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5.1.3 For the application of down loads, representative distributed loading of the seat pan (as opposed to
loading rigid boundary members) must be achieved.

5.1.4 For forward or side loads, the body block shall be placed either on the actual bottom cushion or on
a non-rigid foam block representative of the bottom cushion. For the side load, the back cushion or
a non-rigid 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 bagk dimensions. The back cushion or an equivalent non-rigid foamblock shall be
placed betwgen the body block and the back structure to distribute the lpad ovel| the seat back
rather than jlist the rigid boundary structure.

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

TABLE 5 - Static Resultant Load Application Points

Load Forwarg-Facing Seat Sideward-Facing Seat Rearward-Facing [Seat
Down Evenly|over seat bottom Evenly over seat-hottom Evenly over seat lpottom
Side 270 mm (10.5 in) up from SRP 270 mm (10.5'in) up from SRP 270 mm (10.5 in) pp from SRP

215 mm (8.5 in) forward of SRP 215 mm (8.5 in) fgrward of SRP
Up 215 mm (8.5 in) forward of SRP 215:mm (8.5 in) forward of SRP 215 mm (8.5 in) fgrward of SRP
Forward 270 mm (10.5 in) up from SRP 270 mm (10.5 in) up from SRP 270 mm (10.5 in) pp from SRP

215 mm (8.5 in) forward of SRP

Rearward 270 mm (10.5 in) up from SRP. 270 mm (10.5 in) up from SRP 270 mm (10.5 in) pp from SRP

215 mm (8.5 in) forward of SRP

5.1.7 Loads due td

the seat, an

stowed articles under the seat or due to other stowage compartme

their contentsshall be applied simultaneoushy with the loads due-t

ts that are part of

the 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.

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.
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5.1.11

5.1.12

5.1.13

5.1.14

5.1.15

5.2 Static Test - Pass/Fail Criteria:

The static test$ shall demonstrate the following:

521

5.2.2

5.2.3

5.3 Dynamic Qualffication Tests:

When 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.

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

The distribution of the forward static loads applied to a seat which uses upper torso restraint shall
be 40% through the upper torso restraint and 60% through the pelvic restraint. Using the body
block shown in Figure 3 or the optional test setup in Figure 5C may be acceptable.

When a Typ¢ B seat incorporates pelvic and upper torso restraints, static tgsting or rational
analysis shal be performed with only the pelvic restraint effective, as wellas with both pelvic and
upper torso festraints effective if the pelvic restraint is capable of beingalsed without the shoulder
harness. In poth cases the load application points shall be as specified in Table|5.

After each tgst load is removed, measurements of permanentdeformation, if any, shall be
recorded.

The seat is dapable of supporting the limit loads, as specified in 4.1.2, without dé¢trimental
permanent deformation or activating energy-absorbing devices. At any load up fo limit loads,
deformation may not interfere with safeeperation.

The seat stricture must be able to.support ultimate loads without failure for at legdst 3 s. If it can be
shown that failure of an armrestion a seat assembly does not reduce the degree|of safety afforded
the occupant, such failure willnot be cause for rejection.

After applicafion and release of ultimate loads, as described in 5.2.2, the seat pgrmanent
deformation |imitations of 3.5 and its subparagraphs are met.

This section specifies the dynamic tests to satisfy the requirements of this document.

531

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

performance 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 crash. 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).

-24-



https://saenorm.com/api/?name=1722698f061598e829a87f7b7380bf75

SAE AS8049 Revision A

SEE FIGURE

SEE FIGURE 5B FOR DETAIL
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FIGURE 5C - Optienal Combined Pelvic and Upper Torso Static T
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Illustration TEST 1 TEST 2
shows a forward
Yaw right or left
Inertial load "‘l‘-‘__\~‘
shown by arrow 10° // /

1, zﬁ& T
. G—

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

Defiorm floor:
DIgrees roll (1] 10

Degrees pitch 0 10

Telst Pulse Simulating o time
Aifrcraft Floor 0
Deceleration - Time
History:

deceleration

F=—Rise time S

= Impact Velocity

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

e

Q<4

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 E\lj--~\- /
shown_by arrow il 10 //
‘*\%‘
0° h
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:
D]grees roll 10 10
Deagrees pitch 10 10
time

Test Pulse Simulating

Aircraft Floor
De¢eleration-time
History:

deceleration

ty —m

rise time
Impact Velocity

Qg

G

Deceleration measured on

the test fixture or the
sled near the seat position

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 \\[:-~_~‘\ /
shown by arrow 10
N
-q L
0. ‘
CREW * PASSENGER CREW * PASSENGER
Min|vVv 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 0.0B
MinJ G. 19 15 26 21
Deform floor:
D[grees roll 0 0 10 10
Depgrees pitch 0 0 10 10
Tdst Pulse Simulating o ¢ time
Aarcraft Floor o ¥ >
Ddceleration-Time
Hilstory: i
deceleration E
tr= Rise time G s ¢
V = Impact 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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5311

53.1.2

5.3.1.3

53.1.4

5.3.2 Occupant Si
Subpart B, oran equivalent shall be used to simulate each occupant. An equivalent ATD shall
provide the same response to the test conditions of the document as the specified ATD. These
"Part 572B" ATDs have been shown to be reliable test devices that are capable of providing
reproducible results in repeated testing. However, since ATD development is a continuing process,
provision was made for using "equivalent" ATDs (Refer to 5.3.2.4). ATD types should not be mixed
when completing the tests discussed in this document.

Test 1 (Figures 6, 7A, and 7B), 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. This test ev

aluates the

structural adequacy of the seat, critical pelvic/lumbar column forces, and permanent deformation
of the structure under downward and forward combined impact loading and may yield data on

Anthropomorphic Test Dummy (ATD) head displacement, velocity, and accele
histories.

ration time

Test 2 (Figures 6, 7A, and 7B), as a single row seat test, determines the perfo
system in
longitudinal axis and is combined with a lateral impact force component{ \This
structural
upper torsg restraint (if applicable) behavior and loads, and may yield data on
displacement, velocity, and acceleration time histories and the.séat leg loads i
seat trackq or attachment fittings.

Test 2 for Type A and C seats and Tests 1 and 2 for Type'B seats require simu

mance of a

test condition where the predominant impact force component‘ig‘ajong the aircraft

test evaluates the

dequacy of the seat, permanent deformation of the structure; the pelvic restraint and

ATD head
mposed on the

ating aircraft floor

deformatiop by deforming the test fixture, as prescribed in Figures 6, 7A, and 1B, prior to
applying the dynamic impact test conditions. Thespurpose of providing floor dg¢formation for the

test is to dgmonstrate that the seat/restraint system will remain attached to the

perform prpperly even though the aircraft and/or seat may be severely deform
associated with a crash.

For seats placed in repetitive rows, an-additional test condition, using seats in

airframe and
bd by the forces

tandem placed at

ive fore and aft distance-between the seats (seat pitch), similar to Test 2 with or

without theg floor deformation directly evaluates head and femur injury criteria (the floor

These injury

criteria areldependent on seat pitch, seat occupancy, 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 lusing the-appropriate data obtained from Test 2 as described in 5.3[6.6 may be an

alternative to multiple row testing.

utation: An ATD representing a 50th percentile male as defined in

49 CFR Part 572,

Anthropomorphic dummies used in the tests discussed in this document should be maintained to
perform in accordance with the requirements described in their specification. Periodic teardown
and inspection of the ATD should be accomplished to identify and correct any worn or damaged
components, and appropriate ATD calibration tests (as described in their specification) should be
accomplished if major components are replaced.
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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 ATD pelvis just below the lumbar column. A load cell compatible with a
Part 572B ATD is available for this application with no ATD modification necessary except
installing shims as required to adjust the ATD seated height to the ATD specifications.

5.3.2.2

5.3.2.3

Prior to the availability of this load cell some test facilities had to modify their ATD’s, as shown in
Figure 8, using a femur load cell 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. This m

acceptabl

and the procedure outlined here is retained as an aid to facilitiés)th

incorporated this procedure. To maintain the correct seated height of the\ATD
be fixed inja rigid cup which is inserted into a hole bored in the top sutface of t
The interiof diameter of the cup provides clearance around the outside diamet
so that loafls are transmitted only through the ends of the cell., If\necessary, b
added to the pelvis to maintain the weight of the original (unmodified) assembl
illustrates the accepted modification and shows a commergially available femu

end plates
and the lun

Alternative

removed, that has been adapted to measure.the compression load |
nbar column of the ATD.

approaches to measuring the axial force transmitted to the lumbar

the pelvis are acceptable if the method:

a. Accurately measures the axial forceiand is insensitive to moments and forg

being n

b. Mainta
height,

c. Doesn

To prevent
same shaq

neasured

ns the intended alignment of the spinal column and the pelvis, the g
and the correct weight distribution of the ATD

ot alter the other performance characteristics of the ATD

failure-of the clavicle used in Part 572 Subpart B ATDs due to flailin
e butof higher strength material can be substituted.

odification is

at have

the load cell must
he ATD pelvis.

br of the load cell,
hllast shall be

y. Figure 8

r load cell, with
etween the pelvis

5pinal column by

es other than that

orrect seated

j, a clavicle of the

Submarinir

1g 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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This illustrdtion shows an acceptable adaptation of a femur load cell (d) at the base of the ATD

lumbar spinje (a). The load cell is-in+line with the centerline of the lumbar spine, and set below the
top surface] of the pelvis casting to maintain the seated height of the ATD. A rigid ada}ter cup (e)
is fabricatefl to hold the load\céll and a hole is bored in the ATD pelvis to accept the cyp.
Clearance must be provided between the walls of the adapter cup and the load cell for the wires
leading from the cell.~The bottom of the load cell is bolted to the adapter cup. Adaptef plates
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 lymbar spine
and load cell with-screws through holes matching threaded holes in those components| and are
then joined|together by bolts through the peripheral holes. The flange on the adapter ¢up has a
bolt hole pattern which matches that on the pelvis. The cup is fastened to the pelvis using screws
to the threaded holes in the pelvis. Spacers (f) may be placed under the flange of the cup to
obtain the specified ATD seating height. Additional weight should be placed in the cavity below
the adapter cup to compensate for any weight lost because of this modification. The instrument
cavity plug (g) is cut to provide clearance for the adapter cup and added weight.

FIGURE 8 - Installation of Pelvic-Lumbar Spine Load Cell in Part 572B ATD
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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;

They a
being r

They h

generalte similar response to the impact environment discussed in this doc

Any de
the oca

ATDs shal
relative hu

5.3.25

Each ATD
length pan
should be
clothing sh

5.3.2.6

5.3.3 Test Fixtures
test facility a
aircraft floor

floor deformation (also.feferred to as floor warpage or floor distortion) if needed

provides ang
ATD; and it {

fe capable of providing data for the measurements discussed in-thig
badily altered to provide the data;

ave been evaluated by comparison with the Part 572B ATD and arg

viations from the Part 572B ATD configuration 6r performance are r
upant of a civil aircraft in the impact environment discussed in this ¢

be maintained at a temperature range:pbetween 19 to 26 °C (66 to ]

should be clothed in form-fitting-cotton stretch garments with short §
s, and size 45 (11E) shoes weighing about 1.1 kg (2.5 Ib). The co
n contrast to the color of the’restraint system and the background.

ould be chosen to avoid-overexposing the high speed film taken du

. Atest fixture is(fequired to position the test article on the sled or d
nd takes the place of the aircraft's floor structure. It does not need {
flexibility. Ithaolds the attachment fittings or floor tracks for the seat,

horage-points if necessary for the restraint system; it provides floor
ositions instrument panels, bulkheads, or a second row of seats, if

document or of
shown to
iment; and

epresentative of
locument.

Y8 °F) and at a

midity from 10 to 70% for a minimum.ef 4 h prior to and during the test.

leeves, mid-thigh
or of the clothing
The color of the
ing the test.

op carriage of the
0 simulate the
and provides the
for the test; it

or footrest for the
required.
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5.3.3.1 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.

5.3.3.2

5.3.3.3

5.3.34

The beams
surface in

or other att
that which
are not cof
installation

Load Trang
individual |
reaction fo
load transd

upper surface in a manner that does not alter:the above-floor strength of the tr

Aircraft Flg

representation of a floor track is showhiin Figure 9A, detail A, for one type of s
er attachment fittings must be representative of those used in the ajircraft.

track or oth

Alternative
reaction fo
tests. The
test, to a tr
more critic
loads mea

shall have provision for installing floor track or other attachmentitti
h manner that does not alter the above-floor strength of the track or
achment fittings must be representative in above-floor configuration
would be used in the aircraft. Structural elements below the surfacs
sidered part of the floor track or seat attach fitting need not be inclu

Appropriate safety precautions should be taken:while imposing flg

sducer Installation: The pitch and roll beams shall have provisions f
pad transducers at each seat leg attachment point capable of meas
rces and, if following the alternate procedure of 5.3.3.3, three reacti

y, if representativefrack or attachment fittings are not used, three ¢
rces and three components of reaction moments shall be measured
e six compganents shall be applied simultaneously, by a separate s
ack or attachment fitting used on the aircraft for which certification is
bl track-orattachment fitting than that used on the aircraft, to demon
bured<dn the dynamic impact test will not fail the track or attachment

ngs on their upper
fitting. The track
and strength to

b of the floor that
ded in the

or deformations.

or installing
Lring three
bn moments. The

ucers shall have provisions to installsfloor track or other attachment fittings on their

ack or fitting.

or Track or Attachment Fitting Simulation: An example of the minimum required

pat track. The

omponents of
during dynamic
tatic or dynamic

5 sought, orto a
strate that the
fitting used on the

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 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.).

The floor deformation shall be accomplished as the final action before the test. The roll beam
shall be rotated 10° and locked in place, and then the pitch beam shall be rotated 10° and locked
in place. Each direction of rotation shall be selected to produce the most critical loading
condition on the seat and floor track or fitting.
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FIGURE 9A - Schematic Floor Deformation Fixture; Seat Legs Attached at Floor Level
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5.3.3.5 Other Mounting Configuration Constraints: The preceding discussion described the fixture and
floor deformation procedure that would be used for a typical seat that uses four seat legs (i.e.,
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 designs. Special
test fixtures may be necessary for those different configurations.

The following methods, while not covering all possible seat designs, shall be followed for the
more common alternatives:

a. Aircraft
front of
initsu

Seats
that reg
pairs o
tubes,

legs or
selecte
severe

mounti
retentic
wall-m
deform
been e

seats with three legs (i.e., three floor attachment points) may have
back of the seat, and one leg on each side of the seat. The(éentra
hdeformed position as deformation is applied to the side legs:

hat have more than two pairs of legs should be tested with the floor

ults in the most critically stressed condition. This‘typically involves
legs. Seats that employ several pairs of legs, ganged together by
can be distorted so that one pair (the critical pair) of legs is rolled, w
one side of the critical leg are pitched in unison. The legs that are
d to increase the load on the critical leg;‘@nd stress the floor or track
manner as shown in Figures 9B and. 9C.

Seats that are wall-mounted must be evaluated individually. There are se\

Ng schemes, some of which.are discussed below. An important con
n of the seat under dynami¢’conditions, and the test setup should 3
punted seats as well. Seats that mount solely to a wall will not be su
ation or warpage priar. to test except as noted below. The following
stablished with thisobjective in mind.

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

be testedwith the attachment fitting mounted to rigid structure, in
ivalent to.the production installation.

ats mounted to a structure such as a structural bulkhead, galley or I

one central leg in
leg shall be held

varpage condition
warping adjacent
COMmMOnN Cross

nile the remaining
pitched should be
fitting in the most

eral types of
sideration is the
ccount for this in
bject to
guidance has

b bulkhead, need
A manner

vatory, where

production installation.

onl

equ
2. Se

the
3.

Inly be tested with

ent to the

Seats mounted to a structure, such as a structural bulkhead, galley or lavatory, where no

integral structural members are used for attachment, should be tested with the seat
attached to segments of the mounting surface. These segments are typically eight inch
by eight inch sections of the panel. These sections can, in turn, be mounted to a rigid
structure.
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FIGURE 9B - Floor Warpage - Multiple Leg Seat
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5.3.3.5 (Continued):

4, Seats that are mounted to single panel furnishings, such as class dividers or

windscreens, where the panel essentially fulfills the role of the legs,

should be treated

the same as floor mounted seats. For the purpose of conducting tests, the entire
assembly, including the panel and its attachments, should be included in the test
setup. In this case, floor warpage should be applied to track-mounted furnishings.

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

positio
bulkhe
surface
intende

used.
attach

The se
aircraft

Seats
tested

Bracke

fixture
attach
track.

A sideV
produc
and trapslational deformation will simulate the deformation that could take
(see Fi
fastenq
anti-rattle mechanisms, if provided.

Seats

sidewall deformation is likely
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.

| b=) thC bu:lr\hcad oL,ufa\.,c ;II A P:QIIC thlUuUh thc CLA;D Uf |utat;uu Uf th

hd surface should be located perpendicular to the plane of the floot
, if one were present) in the undeformed condition, or in a manheér 4
d installation. Either a rigid bulkhead simulation or an actuahbulkhg
If a test fixture with a rigid bulkhead simulation is used, the seat rest
At should be attached to the bulkhead and the floortin a manner rep
installation, and the floor shall then be deformed)as described in 5.

trat are mounted between sidewalls or to the sidewall and floor of ar
n a manner that simulates aircraft fuselage’cross-section deformatig
ts shall be provided to attach the seat to'the test fixture at the same
loor representing the installation aboyve the aircraft floor where the i

ment is located. The roll axis should be approximately at the center

b the most critical loading condition (sidewall rotates outward), the g

gure 9D for a schematic representation). The seat positioning pins
d in the sameymanner as would be used in the aircraft, including thé

that afe cantilevered from one sidewall without connection to other g

pitch beam. The
the aircraft floor
\ppropriate to the
bad panel can be
aint system shall

o fittings installed in a test panel equivalent to those used in the actual installation.

resentative of the
B.3.4.

1 aircraft shall be
n during a crash.
level above the
nboard tracks or
of the outboard

vall bracket shall be locdted on the roll beam. Then, as the beams are rotated to

ombined angular
place in a crash
pr locks shall be
b adjustment of

tructure are not
all deformations

Seats that are mounted on a plinth. Where a plinth is used to mount a single seat, and the

plinth is attached to the floor, the plinth should be considered as part of the seat assembly as
an adapter and should be deformed as described in 5.3.3.4. Any items of mass attached to
the plinth need to be represented and included in the dynamic testing.
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FIGURE 9D - Schematic Test Fixture; Side Wall Mounted Seat
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5.3.3.5 (Continued):

h. Seats that are mounted on a pallet (e.g., multiple seat rows). The pallet is considered part of
the floor structure of the aircraft. The test seat should be attached to a segment of the pallet
in a manner representative of the aircraft installation. The seat legs should be deformed as
described in 5.3.3.4. Any items of mass attached to the pallet which are not part of the seat
structure do not need to be included in the dynamic testing.

i. Side-Facing Seats. Intentionally left blank

5.3.3.6 Multiple Rd
rows in the
least two r
direct mea

w Test Fixtures: In tests of passenger seats that are normally,instdlled in repetitive
aircraft, head and knee impact conditions are best evaluatedthirough tests that use at
bws of seats. These conditions are usually critical only in Test 2. This test allows
surements of the head and femur injury data.
The fixjure shall be capable of setting the aircraft longitudinal axis at a yaw| angle of -10 and
+10°. The fixture should also allow adjustment of the Seat pitch.

a.

v direct measurement of head acceleration for head injury assessment for a seat
installation where the head of the occupant is within striking distance of strjicture, a
represgntative impact surface may be attached to the test fixture in front of|the front row seat
at the grientation and distance from the seat representing the aircraft installation.

To allo

5.3.3.7

Other Fixtu
tests using
or foot ope
in the aircr
the moven
required w
seat. Test
rests or foqg
required to

re Applications: Test fixtures shall provide a flat floor for positioning
passenger seats and crewrmember seats that are not provided with
rated controls. The floor-shall be at a position representative of the
hft installation. Floors should not influence the behavior of the seat
ent of the ATD’s feet, especially when floor distortion is applied. A
hen Test 2 is conducted only for the purpose of providing structural
fixtures used-for evaluating crew seats that are normally associated
t operated controls shall simulate those components. Test fixtures
provide:guides or anchors for restraint systems or for holding instru

the ATD’s feetin
special foot rests
undeformed floor
or unduly restrict
floor is not
evaluation of the
with special foot
may also be
ment panels,

sidewalls, pr 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.

5.3.4 Instrumentation: Electronic and photographic instrumentation systems shall be used to record
data for qualification of seats. Electronic instrumentation shall measure the test environment, and

measure and record data required for comparison of performance to pass/fail criteria.

Photographic instrumentation shall document overall results of tests, confirming 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 and documenting 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. In this practice, a data channel is considered to include all of the instrumentation
components from the transducer through the final data measurement, including connecting
cables and any analytical procedures that could alter the magnitude or frequency content of the
data. Each dynamic data channel is assigned a nominal channel class that is equivalent to the
high frequency limit for that channel, based on a constant output/input ratio versus frequency
response plot which begins at 0.1 Hz (+1/2 to -1/2 dB) and extends to the high frequency limit
(+1/2 to -1 dB). Frequency response characteristics beyond this high frequency limit are also

specified.
frequency
Channel C

the minimy

tests discu
Channel C

a.
Chann
by inte
or 180

Belt-re

in acco

attach
fixture
forces
magnit
measu
forces
indepe
to use
errors i

measu

Sled or

ATD hd

\When digitizing data, the sample rate should be at least five times.t
Df the presample analog filters. Since most facilities set all presampl
ass 1000, and since the -3 dB cutoff frequency for Channel . Class 1
m digital sampling rate would be about 8000 samples per second.
5sed in this document, the dynamic data channels shall. comply with
ass characteristics:

drop tower vehicle acceleration data measurements shall be in acg

jration shall require acceleration data measured in accordance with
requirements.

Straint system and seat attachment€action loads (when required) S
rdance with the requirements of-Channel Class 60. Loads in restrg
Hirectly to the test fixture canjbé& measured by three-axis load cells f
At the appropriate location:>These commercially available load cellg
n three orthogonal directions simultaneously, so that the direction a
Ide of the force can be determined. If desired, similar load cells ca
e forces at other boundaries between the test fixture and the test it
ransmitted by the'legs of the seat into the floor track. It is possible
ndent, singlesaxis load cells arranged to provide similar data, but car
oad cells-that can withstand significant cross axis loading or bendin
I the testdata.

he -3 dB cutoff

e analog filters for
000 is 1650 Hz,
For the dynamic
the following

ordance with

b| Class 60 requirements. Velocity change gbtained from the measured acceleration

Channel Class 60

hall be measured
lint systems that
xed to the test
measure the

s well as the

N be used to

bm, such as the
to use

e should be taken
g without causing

badhaccelerations used for calculating the Head Injury Criterion (HIG

) shall be

ed In accordance with the requirements of Channel Class 1000.

Channel Class 600.

data being measured.

scale input.

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

ATD pelvic/lumbar column force shall be measured in accordance with the requirements of

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

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

a. 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 measurement of acceleration. The locations of the cameras
and of targets or targeted measuring points within the field of view shall be measured and
documented. Targets shall be at least 1/100 of the field width covered by the camera and
shall b¢ of contrasting colors or shall contrast with their background. The_center of the target
shall b¢ easily discernible. Rectilinearity of the image shall be documented. If the image is
not recfilinear, appropriate correction factors shall be used in the data/analysis process.
Photogdraphic instrumentation shall be in accordance with SAE J24%, part 2.

A descyiption of photographic calibration boards or scales within the camera field of view, the
camera lens focal length, and the make and model of each*camera and lens shall be
documented for each test. Appropriate digital or serialtiming shall be prov|ded on the image
media.| A description of the timing signal, the offset eftiming signal to the image, and the
means|of correlating the time of the image with the time of electronic data shall be provided.
A rigorpus, verified analytical procedure shall be used for data analysis.

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

c. Stillimage cameras shall be used to document the pretest installation and fthe posttest
responge of the ATBs and the test items. At least four pictures shall be obtained from
different positiops@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 addlitional posttest pictures, the ATD's upper torso may be rotated to it$ approximate
upright|seated position so that the condition of the restraint systems may bje better
documented, but no other change to the postiest response of the test item or the ATD shall
be made. The pictures shall document that the seat remained attached at all points of
attachment to the test fixture.

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.
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5.3.5 Selection of Test Articles: Many seat designs comprise a family of seats that have the same basic
structural design but differ in detail. For example, a basic seat frame configuration can allow for
several different seat leg locations to permit installation in different aircraft. If these differences are
of a nature that their effect can be determined 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 dynamic tests so that the other configurations could be accepted by comparison
with that configuration. There are two factors that must be considered in selecting the critical
structural test configurations. First, the seat to aircraft interface loads (undeformed seat) can be

5351

determined |
can be base
form the bas
Additionally,

typically incliides seat models with varied seat leg locations. The effeé€ts of floor

more critical

minimum seat leg spacing must be conducted to evaluate theqnost highly stress

configuratior

In all caseg
elements,

a functioni
trays or an
the final pr
other items
simulating
extinguishg
masses. |f
absorbing

as weight.
hazard, as
detachmer
inconsequy
improved,
or injurious

y rational analysis for the seat design and load configurations. Thg
[l on static or dynamic seat/occupant analytical methods. The ration
s for selecting the most highly stressed critical configuration ©ased

for narrow spaced legs. Thus, a test or rational analysis of the seat
based on deformation.

, the test article must be representative of-the final production articl
and shall include the seat, seat cushionsi restraints and armrests. It
g position adjustment mechanism and:correctly adjusted breakover
other service equipment that are part of the seat design must be r
bduction item if they influence seat stiffness or head impact. Othery
of mass that are carried on.or positioned by the seat structure sucl
luggage carried by luggage-restraint bars [9.1 kg (20 Ib) per passen
brs, survival equipment, ‘'emergency equipment etc. need only be rej
these items of massvare placed in a position that could limit the fun
eature in the test(article, they should be of representative shape an
In addition, items of mass of any significance could become both a
well as dangerous projectiles, and therefore must be retained. Nor
t of certainditems, such as in-arm ashtray or decorative trim, can be
bntial and Should not be grounds for re-test (the means of restraint g
however). In any case, the separation of an item of mass should nd
édges. Function of equipment or subsystems after the testis notr

rational analysis
al analysis can
on load.

the effects of seat deformation should be considered. As noéted, a family of seats

deformation are
model with the
ed critical

e in all structural
must also include
(if present). Food
epresentative of
vise they and any
 as weights

ger place], fire
bresentative

ction of an energy
d stiffness as well
n evacuation
etheless,
considered
hould be

t leave any sharp
bquired. Once an

item of mass has been demonstrated to be retained In Its critical loading case, subsequent tests
may be conducted with the item secured for test purposes.

-43 -



https://saenorm.com/api/?name=1722698f061598e829a87f7b7380bf75

SAE AS8049 Revision A

5.3.5.2 The following additional items shall be considered in choosing test articles and the manner of

If a multiple place seat incorporates energy absorbing or load limiting features that are

necessary to meet the test criteria or other requirements, a partially occupied seat may
adversely affect the performance of that seat. In such a case it shall be shown, by rational
analysis or additional testing, that the seat will continue to perform as intended even with
fewer occupants.

especially joints or fasteners, that differ in detail design, the performarice o

performance; e.g., if in one of the design configurations the restraint systet

loading:

a.

b. If differ
design
the des

c. Additio
perforn
points
during
structu

d. Typica
used o

certificated seat. Evaluation of such materials has shown the effect on tes

particu
unusug
require

5.3.6 Selection of

5.3.6.1 For multipl
seat locati(

ent configurations of the same basic design incorporate load carpyir]

shall be demonstrated in a dynamic test. Experience has shown th
ign often cause problems in meeting the test performancé’criteria.

hal dynamic impact testing may be required for a seat with features t
hance even though the test may not be the mastritical case based

hre located so that the pelvic restraint is more likely to slip above thé
the impact. That configuration shall alsg.be dynamically tested eve
ral loading might be less than the critical configuration in a family of

dress cover materials, including,synthetic and natural fabrics, and |
N a seat without testing morethan one material, or substituted on an

arly considering other factors such as occupant clothing. It is possi
| seat surfaces suchtas hard plastics, which exhibit very low friction
some additional supstantiation.

b place-s€ats, a rational structural analysis shall be used to determin
n forthe ATDs and the direction for seat yaw in Test 2 to provide the

structural t

Test Conditions: The tests shall achieve the most critical conditiong.

g members,
f each detalil
at small details in

hat could affect its
on structural

n attachment

b ATD's pelvis

n though the
seats.

eather, can be
already

results is small,
ble that some
coefficients, may

e the number and
b most critical seat

St This will usually result in unequally loaded seat legs. The floor

deformation

procedure shall'be selected to increase the load on the highest loaded seat leg and to load the
floor track or fitting in the most severe manner; however, a special procedure has been provided,
as discussed in 5.3.3.5(b), to account for seats that have more than two pairs of legs.

5.3.6.2

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. The effect of the 10° yaw in Test 2, the seat back
breakover, and front seat occupancy shall be considered. Results from previous tests or rational
analysis may be used to estimate the head strike path of similar seats in similar installations.
The front row may be unoccupied.
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5.3.6.3

5.3.6.4

5.3.6.5

5.3.6.6

5.3.7

If non-symmetrical 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.
In a forward-facing seat equipped with a single diagonal shoulder belt, the seat should be yawed
in Test 2 in a direction such that the belt passes over the trailing shoulder.

If a seat has vertical or horizontal adjustments, it shall be tested in the position that produces 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
headrest p
unless spe
height adjy
(ceiling) of
Therefore,
to extend g

pffect on structural loading (e.g., thigh support angle, lumbar suppo
psitions) shall be tested in the design positions for the 50th-percenti
cial requirements dictate the positions allowed for takeoff andlandir
stment should be relative to the interior envelope as it relates to the
the aircraft whenever a specific seat design is approved in"a particy

utside the confines of the aircraft interior.

Floor defofmation need not be considered in assessing the consequence of sg

relative to
roll floor be
made to dg

In some ¢4
test of the

the design
interior con
shall be do
location of
datacanb
impact with
they can b

he possible impairment of rapid evacuation of the aircraft. After at
ams may be returned to their neutral pgsitions and the necessary n
termine possible impairment of the evacuation process.

ses, it may not be possible to measure data for head impact injury (
seat and restraint system. The design of the surrounding interior mg

figurations. In such cases, the head strike path and the head velog

targets on the ATD representing the ATD's head center of mass so

b obtained. These data can be used by the interior designer to ensu
the interiorwill not take place or that, should any unavoidable hea

b evaluatediusing HIC measurements in subsequent subsystem tes

t, armrest and

e male occupant,
1g. In addition,
upper contour
lar aircraft.

the seat need not be raised to a position that causes a-50th percentile male occupant

at deformation
pst, the pitch and
heasurements

juring the basic
y not be known to

br of the seat system, or the-8ystem may be used in several applications with different

ity along the path

cumented. This will require careful placement of photo instrument?ﬂon cameras and

at the necessary
e either that head
I impacts occur,
[S.

Installation of InstrUmentation: Professional practice shall be followed when installing

instrumentat

on;‘'Care shall be taken when installing the transducers to prevent

leformation of the

transducer b

document or

ody which could cause errors in data. Lead-wires shall be routed to avoid
entanglement with the ATD or test article, and sufficient slack shall be provided to allow motion of
the ATD or test article 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 ATD in accordance with the ATD specification and the
instructions of the transducer manufacturer. The load cell between the pelvis and the lumbar
column shall be installed either in accordance with the approach shown in Figure 8 of this

in a manner that will provide equivalent data (5.3.2.1).
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53.7.1

5.3.7.2

5.3.8

5.3.8.1

5.3.8.2

5.3.8.3

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 to minimize contact with 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 erro
type used

restraint sy
break awa

Since load
fixtures loc
it may be n
Data for sy
replicates {

Procedure ta
ATD, the AT
critical condi
such as safeg
to the test fa

The test fiX

Each seat
intended u

Each ATD
following s

stem to sag, the weight of the load cell can be supported by light stri
during the test.

cells are sensitive to the inertial forces of their own internal mass, t
ated between them and the test article, as well as'to-forces applied
ecessary to compensate the test data for that inaccuracy if the erro
ch compensation will usually be obtained from~an additional dynam
he load cell installation but does not include the test article.

Set Up the Test: Preparation for thetests will involve positioning g
D restraint system, the seat, and thedhstrumentation. This will be dg
ion being tested. Preparationsthat pertain to the normal operation
ty provisions and the actual-procedures for accomplishment of the t
cility and will not be addresseéd in this document.

ture shall be orientethas required for the given test conditions.

Shall be installed.in the test fixture and secured in a manner repres
5e.

shall beplaced in the seat in a uniform manner to enhance reprodu
Liggested procedures have been found to be adequate by previous

a.

extended horizontally.

possibl

e.

'S in the data. These load cells shall be calibrated using a length offwebbing of the
n the restraint system. If the placement of the load cell on the Weébhbing causes the
ng or tape that will

D the mass of
by the test article,
r

is significant.
c test that

nd securing the
ne for the specific
of the test facility,
psts, are specific

ntative of its

cible results. The
bxperience.

The friction in a limb joint shall be Set so that it barely restrains the weight of the limb when

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

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 lowered into the seat. Then, the ATD is pushed
back into the seat back as it is lowered the last few inches into the seat pan. Once all lifting
devices have been removed from the ATD, it should be rocked slightly to settle it in the seat.

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

- 46 -



https://saenorm.com/api/?name=1722698f061598e829a87f7b7380bf75

SAE AS8049 Revision A

5.3.8.3 (Continued):

5.3.8.4

5.3.8.5

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 lpe used in applications where special requirements dictate their pas

takeoff

The fee
on the
placed
placing

For tests w
and face o
material us

The restra
tightened &
device (in€
allowed to
Care shall
lock prior t
comfort zo
the user of

If manual 4

system should be-sntug about the ATD. For Test 2, this can normally be deter

fingers will

those positions should be used in the tests.

t shall be in the appropriate position for the type and usage.of a sea
Floor, on control pedals or on a 45° footrest for flightcrew systems).

the feet on aircraft controls dictates otherwise.

here the ATD's head is expected to impact a {ixture or another seat
the ATD may be treated with a suitable material to mark head cont
ed must not reduce the resulting HIC values.

nt system adjustment shall be made-as follows. The restraint syste
eyond the level that could reasenably be expected in use and the ¢

perform the webbing retragction and automatic locking function withg
be taken that emergency-locking retractors which are sensitive to a
b the impact test because of preimpact acceleration applied by the t
ne retractors are Used, they shall be adjusted in accordance with ing
the restraint system.

djustment-of the restraint system is required, slack shall be removed

fit snagly between the belt and the pelvis of the ATD. The restraint

tion for landing or

[ being tested (flat
The feet shall be

so that the centerlines of the lower legs are approximately parallel, unless the need for

back, the head
act areas. The

m shall not be
mergency locking

rtia reel) shall not be locked.prior to the impact. Automatic locking rfletractors shall be

ut assistance.
cceleration do not
est facility. If
tructions given to

, and the restraint
mined when two
system shall be

checked a

nd-adjusted just prior to the floor deformation phase of the test.

If the system is tested in other than a "horizontal floor" position: the restraint should be properly
adjusted with the seat in the "horizontal floor" position and with webbing transducers installed (if
required). After sufficient time has elapsed to allow the cushion to reach an equilibrium position,
the webbing should be marked to indicate the correct adjustment point. The seat and ATD

should then be installed on the fixture in the appropriate dynamic test orientation and the restraint
system again adjusted to the same point.
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5.3.8.5 (Continued):

An alternate method to impose a 1-g preload is to measure the position of the ATD hip joints
relative to the floor as shown in Figure 10A. The ATD is then depressed into the cushion to
reproduce this relative position after the ATD and seat have been installed on the fixture, as
shown in Figure 10B. The lap belt may be tightened to maintain this position. This load may
make it impossible to insert two fingers between the lap belt and the pelvis of the ATD, but should
not produce a cushion displacement in excess of that measured by placing the ATD on the seat
in a 1-g orientation.

5.3.8.6

5.3.8.7

Floor deforlmations, if applicable, shall be applied with the load measuring inst

functioning

A flooris n
the behavi
especially
headpath ¢

5.3.9 Data Analys

5.39.1

5.3.9.2

General: £
ringing, an
corrected |
versus timg
amplitude

so as to record the imposed loads at attachment points.

pt required for Test 2 structural tests, but if a floor is instatled, it sho
pr of the seat, or unduly restrict the movement of the ATD’s feet. TH
vhen floor distortion is applied. A floor should be dsed for tests use
ata.

S:

A\l data obtained in the dynamic tests:should be reviewed for errors.

b and is typically indicated by sharp discontinuities in the data, often
imits of the data collectionsystem. If these occur early in the test ir

channels, the data should be rejected and the test repeated. If they occur late

the maxim
evaluated,
this docum
integration
computatid
the beginn

Impact Pul
accelerom

Im data in each charinel has been recorded, the validity of the data
but the maximum values of the data may still be acceptable for the
ent. The HIC _does not represent simply a maximum data value, bu
of data oversawarying time base. The head acceleration measuren
n are not-acceptable if errors or loss of data are apparent in the dat

se-Shape: Data for evaluating the impact pulse shape are obtaine

umentation

uld not influence
is is a concern
] to gather

Baseline drift,

H other common electronic instrumentation problems should be detg¢cted and
efore the tests. Loss of data during the test is readily observed in a plot of the data

exceeding the
essential data
in the test, after
hould be carefully
fests described in
[ represents an
ents used for that
A at any time from

ng of the'test until the ATD and all test articles are at rest after the fest.

from an

eter that measures the acceleration In the direction parallel to the inertial response

shown in Figures 6, 7A, and 7B. The impact pulses intended for the tests discussed in this
document have an isosceles triangle shape. These ideal pulses are considered minimum test
conditions. Since the actual acquired test pulses will differ from the ideal, it is necessary to
evaluate the acquired test pulses to insure the minimum requirements are satisfied.
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Y GRAVITY VECTQ

FIGURE 10A - Measurement of 1 g Preload
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FIGURE 10B - Test Orientation, 1 g Position
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5.3.9.2 (Continued

):

Five properties of the ideal pulse which must be satisfied by the acquired test pulse are (referring

to Figures

6, 7A, and 7B, and as discussed in Appendix A):

Pulse shape: isosceles triangle
Greq: peak deceleration required by test condition
Treq: rise time required by test condition

V: total velocity change required by test condition

r: velocity change required during Treq (Vtr = V/2)

A graphicaj technigue can be used to evaluate pulse shapes which are tiot precise isosceles
ppendix A presents the graphical method of evaluating theracquirgd pulse, the
recorded tgst sled acceleration versus time. For calculation of velocity changd per Appendix A,
step 3 or 4} data measured in accordance with Channel Class 60-or 180 requitements shall be
used. For gll other procedures in Appendix A, data measuredin accordance with Channel Class
60 requirements shall be used.

triangles.

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

a. The ma

to Greq.

b. The ac

c. The res
equal t
the ma
Tl toT

d. Theres
must e
acquirs
integra

gnitude of the peak value for the acquired pulse, Gpk, must be gre

fual rise time, Tr = T, - T4, must be less than or equal to Treq.

bult of integrating the acquired pulse during the interval fromt =T t
D or greater than Vtrtone-half of the required velocity change for the
jnitude of the acquired pulse is greater than the ideal pulse during €
5, this requirement is automatically met.

ult of integrating the acquired pulse during the interval fromt=T, to
ual or.exceed the required test velocity change, V, of the test cond
d pulse returns to zero G's at t = T, < (T4 + 2.3(Treq)), the end of th
lion)is reduced to t = T,.

hter than or equal

D t = T3 must be
b specified test. If
ntire Interval from

t=T,+2.3(Treq)
tion. If the
e interval of

e. If the magnitude of the acquired pulse is greater than the ideal pulse during the entire interval
of t =T, to T,, and the parameters of (a), (b), (c), and (d) above are satisfied, then the
acquired pulse is acceptable.

If the magnitude of the acquired pulse is not greater than the ideal pulse during the entire
interval t = T, to T,, the difference between the acquired pulse and the ideal must be no
greater than 2.0 G's at those times when the acquired pulse is less than the ideal.
Parameters of (a), (b), (c) and (d) above must also be satisfied for the acquired pulse to be
acceptable.
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