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PERFORMANCE STANDARD FOR SEATS 
CIVIL ROTORCRAFT AND TRANSPORT AIRPLANES 

1. SCOPE: 

1.1 This Aerospace Standard (AS) defines minimum performance standards, 
qualification requirements, and minimum documentation requirements for 
passenger and crew seats in civil rotorcraft and transport airplanes. The 
goal is to achieve comfort, durabi 1 i ty, and occupant protection under normal 
operational loads and to define test and evaluation criteria to demonstrate 
occupant protection when a seat/occupant/restraint system i s  subjected t o  
statically applied ultimate loads and to dynamic impact test conditions set 
forth in the applicable Federal Aviation Regulations (FAR) Part 25, 27, or 2 9 .  

This AS also provides guidance for design by enumerating certain design 
goals to enhance comfort, serviceability, and safety. 
procedures, measurements, equipment, and interpretation o f  results is 
presented to promote uniform techniques and to achieve acceptabl; data. 

Guidance for test 

While this AS 
system is divi 
The seat cuppl 

addresses system performance, responsi bi 1 i ty for the seating 
ded between the seat supplier and the installation applicant. 
ler's responsibility consists of meeting all the seat system 

performance requirements and obtaining and supplying to the installation 
applicant all the data prescribed by this AS. 
has the u1 timate system responsi bi 1 i ty in assuring that al 1 requirements for 
safe seat installation have been met. 

The installation applicant 

1.2 ApDlicabilitv: 
requiring dynamic testing to be used in civil rotorcraft and transport 
airplanes. 
basis of static test or analysis. 

This AS addresses the performance criteria for seat systems 

These criteria do not apply to seats certified solely on the 

S.AE Technical Board Rules provide that: "This report is published by SAE to advance the state of technical and engineering sciences. 
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement 
arising therefrom, is the sole responsibility of the user." 
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1.3 Types: This AS covers a l l  passenger and crew seats f o r  use i n  a i r c r a f t  
t y p e - c e r t i f i c a t e d  i n  the  f o l l o w i n g  categor ies:  

SEAT TYPE AIRCRAFT CATEGORY APPLICABLE FAR 
A Transport  A i  r p l  ane P a r t  25 
B Normal R o t o r c r a f t  P a r t  27 
B Transport  Ro to rc ra f t  P a r t  29 

2. REFERENCE PUBLICATIONS: 

2.1 Societv  o f  Automotive Engineers (SAE) :  

2.1.1 SAE 3211 Ins t rumen ta t i on  for  Impact Tests 

2.2 Federal A v i a t i o n  Reuulat ions:  

2.2.1 Code o f  Federal Regulat ions,  T i t l e  14 P a r t  21 C e r t i f i c a t i o n  Procedures f o r  

2.2.2 Code o f  Federal Regulat ions,  T i t l e  14 P a r t  25 A i rwor th iness  Standards: 

2.2.3 Code o f  Federal Regulat ions,  T i t l e  14 P a r t  27 Ai rwor th iness Standards: 

Products and Par t s  

Transport  Category Ai rp lanes 

Normal Category R o t o r c r a f t  

2.2.4 Code o f  Federal Regulat ions,  T i t l e  14 P a r t  29 Ai rwor th iness Standards: 

2.2.5 Code o f  Federal Regulat ions,  T i t l e  49 P a r t  572 Anthropomorphic Test Dummies 

2.3 Qr_der o f  Precedence: 

Transport  Category R o t o r c r a f t  

I n  the event o f  a c o n f l i c t  between the t e x t  o f  t h i s  AS 
and the references c i t e d  he re in ,  the t e x t  o f  t h i s  AS s h a l l  take precedence, 
Nothing i n  t h i s  AS, however, s h a l l  supersede a p p l i c a b l e  laws and r e g u l a t i o n s .  

3, GENERAL DESIGN: 

3 . 1  Guidance: Sect ion 3.1 prov ides the  designer w i t h  i n fo rma t ion ,  which, 
experience has shown, enhances comfort ,  s e r v i c e a b i l  i ty ,  and s a f e t y .  
S a t i s f a c t o r y  designs may inc lude  fea tu res  t h a t  d i f f e r  from t h i s  guidance 
mater i  a l  . 

3.1.1 A t t e n t i o n  should be g iven to ergonomic, u t i l i t y ,  and comfort  aspects o f  
seats commensurate w i t h  the  intended use and d u r a t i o n  o f  f l i g h t .  

3.1.2 Comfortable support  and p r o t e c t i v e  r e t e n t i o n  o f  the occupant under a l l  
cond i t i ons  4hroughout the a i r c r a f t  performance envelope, i n c l u d i n g  
movement on the surface, t a k e o f f ,  landing,  and emergency f l i g h t  maneuvers 
should be provided. 

3.1.3 C r e w  seats and r e s t r a i n t s  should accommodate a d u l t  occupants encompassing 
the 1.57 m ( 5  f t  2 i n >  female t o  the 1.9 m (6 ft 3 i n >  male occupant. 

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

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

The restraint 

Failures of joints and attachments 

3.1.6 If the seat design inco 
deformation or stroking 
seat design to maintain 

bui 1 dup. 
3.1.7 The seat design should 

porates energy absorbing features through 

clearances for the deformation or stroking. 
shields or other means should be provided n the 

nclude provisions to minimize static electr city 

3.1.8 Safety devices should be accessible without release of occupant restraints. 

3.1.9 Crew restraint systems, while fastened, should neither significantly 

3.1.10 The seat system should be designed so that the primary structural 
elements can be readily inspected to detect wear, deterioration or any 
other condition that would degrade safety. 

impede access to controls nor prevent crews from performing their duties. 

3.1 .l l  Restraint system anchorages should provide self-aligning features. If 
self-aligning features are not provided, the static and dynamic tests ,n 
this AS should be conducted with the restraints and anchorages positioned 
in the most adverse configuration allowed by the design. 
system should minimize the possibility of incorrect installation or 
inadvertent disconnection of the restraints. 

The anchorage 

3.1.12 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. 
humidity, dissimilar metals, in-service impact damage, and other expected . 
conditions, including spillage, exposure to cleaning agents, or dirt. 

The design must address loss of strength caused by vibration, 

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

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

3.1.15 All exposed portions of the seat should be free from projections and 
sharp edges that could catch or damage the occupant's clothing or cause 
injury . 
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3.1.16 E l e c t r i c a l  or e l e c t r o n i c  devices incorporated i n  a seat should be 
prov ided w i t h  app rop r ia te  s h i e l d i n g  and p r o v i s i o n s  t o  minimize 
electromagnet ic i n t e r f e r e n c e .  

3.2 Requirements: This sec t i on  provides a d d i t i o n a l  requirements for  a seat and 

3.2.1 Seats s h a l l  be designed t o  prov ide impact p r o t e c t i o n  for  the occupant. 
This p r o t e c t i o n  s h a l l  be prov ided a t  a l l  seat p o s i t i o n s  t h a t  are al lowed 
t o  be occupied d u r i n g  t a k e o f f  and landing.  
p r o t e c t i o n  s h a l l  be e i t h e r  by t e s t  or by ana lys i s  based on t e s t  o f  a 
s i m i l a r  type seat. 

r e s t r a i n t  system design which are n o t  descr ibed elsewhere i n  t h i s  AS.  

Demonstrat ion o f  impact 

3.2.2 Seat elements s h a l l  be designed so t h a t ,  when evaluated under the t e s t  
c o n d i t i o n s  o f  t h i s  AS, they do n o t  leave hazardous p r o j e c t i o n s  t h a t  could 
s i g n i f i c a n t l y  c o n t r i b u t e  t o  occupant i n j u r y  or impede r a p i d  evacuat ion.  

3.2.3 Quick-release type f i t t i n g s ,  adjustment handles, and but tons s h a l l  be 
designed, i n s t a l l e d ,  and p ro tec ted  such t h a t  t h e i r  p o s i t i o n s  can be 
v e r i f i e d ,  and i n c o r r e c t  i n s t a l l a t i o n  or i nadver ten t  a c t i v a t i o n  i s  u n l i k e l y .  

3,2,4 Magnesium a l l o y s  s h a l l  no t  be used. 

3.2,5 E l e c t r i c a l  or e l e c t r o n i c  devices incorporated i n  a seat s h a l l  be suppl ied 
w i t h  grounding. 

3.2.6 Adjustable fea tu res  ( sea t  swive l ,  back r e c l i n e ,  and stowage o f  movable 
tab les ,  armrests, f o o t r e s t s ,  e t c . )  s h a l l  be designed so t h a t  they can be 
re tu rned  by the  occupant t o  the p o s i t i o n s  r e q u i r e d  for  t a k e o f f  and land ing  
w i t h o u t  re lease  o f  occupant r e s t r a i n t s .  I n  a d d i t i o n ,  these i tems s h a l l  
not deploy under the  t e s t  cond i t i ons  of t h i s  AS i n  a manner t h a t  cou ld  
s i g n i f i c a n t l y  c o n t r i b u t e  t o  ser ious occupant i n j u r y  or impede r a p i d  egress 
o f  any a i r c r a f t  occupant. 

3.2.7 When an underseat baggage r e s t r a i n t  i s  incorporated i n  a seat,  i t  s h a l l  be 
designed t o  r e s t r a i n  a t  l e a s t  90 N (20 l b )  o f  stowed i tems per  passenger 
p lace under the  t e s t  cond i t i ons  o f  t h i s  AS i n  a manner t h a t  w i l l  n o t  
s i g n i f i c a n t l y  impede r a p i d  egress from the  seat.  

3.2.8 The cushions and r e s t r a i n t  system s h a l l  minimize submarining o f  the  
occupant or s l ippage o f  the r e s t r a i n t  when evaluated under the  dynamic 
t e s t  cond i t i ons  o f  t h i s  AS. 

3.2.9 The seat s t r u c t u r e ,  cushions, and occupant r e s t r a i n t  s h a l l  be considered 
t o  a c t  as a t o t a l  system. Any s u b s t i t u t i o n  o f  these elements s h a l l  be 
made only on the bas is  o f  a d d i t i o n a l  t e s t s  or r a t i o n a l  a n a l y s i s  based on 
t e s t .  

- 4 -  
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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 
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 tha€ 
the height of the headrest is sufficient t o  provide hard support for the 
intended range of occupant size. (See Figures lA, l B ,  and 1C for the 
definition, determination, and use of SRP.) 

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

3.3 Materials and Workmanship Requirements: 

3.3.1 

3.3.2 Workmanship shall be consistent with high-grade aircraft manufacturing 

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

practice. 

3.4 Fire Protection Requirements: 

3.4.1 

3.4.2 

3.4.3 

3.4.4 

3.4.5 

3.4.6 

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 FAR. 

Where required by the FAR, cushion systems shall be tested and shall meet 
the fire protection provisions of Appendix F, Part II of FAR Part 25 or 
shall be demonstrated by analysis (similarity) t o  provide equivalent 
protection. 

If ashtrays are installed in or attached to the seat, they shall be 
self-contained, completely removable types. 
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 o f  burning material when 
the armrest is folded with or without the ashtray lid closed. 

The ashtray housing shall be 

Electrical components in a seat shall have provisions t o  preclude 
initiation of a fire from overheating. 

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

If in-arm food trays are installed, the bottom of the cavity should be 
open to prevent accumulation of waste. 
an opening, the cavity shall be sealed. 

If it is not possible to provide 

c 
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MARK (UNDEFLECTED) 

' REFERENCE 
WATERLINE 

FIGURE 1B - M e t h o d  for E s t a b l i s h i n g  BRP/SRP 

PROCEDURE TO ESTABLISH BRP AND SRP: 

7 

.--- 

i / 
BRP SRi? '7 

FIGURE 1C - BRPISRP Temp a t e  

1 .  
2. 

3 .  

4. 
5. 

6. 

7.  
8. 

9, 

PLACE A 75 TO 80 kg (160 TO 180 LB) SUBJECT OR DUMMY ON A SEAT (FIGURE 1B).  
LOCATE AND MARK THE BUTTOCK PRESSURE POINTS ON THE CUSHION DUE TO THE I S C H I A L  
TUBEROSITIES. 
D R I L L  A HOLE VERTICALLY AT THE MARK THRU THE CUSHION AND THE SEAT PAN AND 
INSERT A PIN OF LENGTH "DI' (FIGURE 1B).  
MARK THE PROTRUSION OF THE P I N  WITH THE SEAT UNOCCUPIED ( " A " ) .  
PLACE THE SUBJECT ON THE SEAT AND MEASURE HEIGHT "H" FROM A REFERENCE 
WATERLINE AND MEASURE PROTRUSION "B" . 
THIS  ESTABLISHES THE BRP AND SRP WATERLINE: 
WATERLINE i- H + D - 8. 
THE CUSHION DEFLECTION AT THE BRP IS B - A. 

BRP/SRP WATERLINE = REFERENCE 

MEASURE 146mm (5.75 i n )  FROM THE BRP TOWARDS THE SEAT BACK ALONG THE BRP 
WATERLINE. T H I S  ESTABLISHES THE SRP. 
I F  DESIRED, A TEMPLATE MAY BE MADE WHICH MARKS THE POSITIONS OF THE BRP AND 
SRP ON A SEAT FOR CONVENIENT MEASUREMENTS AND OBSERVATION I N  TESTING OR 
INSTALLATION (FIGURE 1C).  

- 7 -  
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3.5 Al lowable Permanent Deformations: Al lowable permanent deformat ions sustained 
by a seat subjected t o  the  u l t i m a t e  s t a t i c  t e s t s  or dynamic impact t e s t s  o f  
t h i s  AS are s p e c i f i e d  below. Permanent seat deformations s h a l l  be measured 
on the c r i t i c a l l y  loaded seat a f t e r  both s t a t i c  and dynamic t e s t s .  
S i g n i f i c a n t  measuring p o i n t s  s h a l l  be i d e n t i f i e d  and marked on the  t e s t  
seat, and t h e i r  p o s i t i o n s  measured i n  the l a t e r a l ,  v e r t i c a l ,  and 
l o n g i t u d i n a l  d i r e c t i o n s  r e l a t i v e  t o  f i x e d  p o i n t s  on the t e s t  f i x t u r e .  
Measurement o f  the se lected p o i n t s  s h a l l  be recorded before and a f t e r  the 
t e s t s ,  For dynamic t e s t s ,  if f l o o r  deformations are app l i cab le ,  consistency 
i n  pre- and p o s t - t e s t  measurements s h a l l  be maintained. 
measurements are made before f l o o r  deformations are appl ied,  t he  pos t - tes t  
measurements s h a l l  be made r e l a t i v e  t o  the f i x e d  p o i n t s  on the  undeformed 
t e s t  f i x t u r e  a f t e r  t he  impact t e s t .  Conversely, i f  the  p re - tes t  
measurements are made a f t e r  f l oo r  deformations are appl ied,  t he  p o s t - t e s t  
measurements s h a l l  be made before removal o f  f l oo r  deformat ions. 

I f  the p r e - t e s t  

3.5.1 

3.5.2 

3,5,3 

3.5.4 

3.5.5 

Lona i tud ina l  D i r e c t i o n :  The l o n g i t u d i n a l  permanent d e f l e c t i o n  o f  a Type A 
seat model s h a l l  no t  exceed 75 mm (3.0 i n )  and a Type B seat model s h a l l  
n o t  exceed 100 mm (4.0 i n ) .  The measurement s h a l l  be made a t  t he  
forward-most hard p o i n t ( s )  o f  the seat a t  a h e i g h t  up t o  and i n c l u d i n g  the 
armrest.  

- Downward D i r e c t i o n :  There i s  no l i m i t a t i o n  on downward permanent 
deformat ion prov ided i t  can be demonstrated t h a t  the f e e t  or legs o f  
occupants w i l l  no t  be entrapped by the deformat ion.  

Seat Ro ta t i on :  The seat bottom r o t a t i o n a l  permanent deformat ion s h a l l  no t  
exceed 20 deg p i t c h  down or 35 deg p i t c h  up from the forward h o r i z o n t a l  
a x i s  o f  the seat prov ided the deformat ion l i m i t s  o f  3.5.5 are n o t  
exceeded. This r o t a t i o n a l  deformat ion s h a l l  be measured between the  f o r e  
and a f t  e x t r e m i t i e s  o f  the seat pan a t  t he  c e n t e r l i n e  o f  each seat bottom 
(F igure 2 A ) .  
occupant. 

Sideward DSrect ion:  The sideward permanent deformation, towards an a i s l e ,  
o f  a seat s h a l l  no t  exceed 40 mm (1.5 i n )  a t  he igh ts  below 635 mm (25 i n )  
above the f l oo r ,  and s h a l l  n o t  exceed 50 mm (2.0 i n )  a t  he igh ts  635 mm 
(25 i n )  or more above the  f l oo r .  Height above the f loor  i s  determined 
p r i o r  t o  imposing the  f l o o r  deformat ion o f  5.3.3. 

Ro ta t i on  o f  the  seat pan s h a l l  n o t  cause entrapment o f  the 

Other Deformation L i m i t s :  The most forward surface o f  a seat back m u s t  
n o t  deform t o  a d is tance g rea te r  than one h a l f  t he  o r i g i n a l  d is tance t o  
the forward-most hard s t r u c t u r e  on the seat (see F igure 2B). 
pos t - tes t  measurement may be made w i t h  the seat back re tu rned  t o  i t s  
p r e - t e s t  u p r i g h t  or s t r u c t u r a l l y  deformed p o s i t i o n  us ing  no more than the 
o r i g i n a l  seat back breakover fo rces .  

The 

- 8 -  
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A A 

DEFORMED SEAT 

SEAT PAN 

4OT TO EXCEED 20" 

' I T C H  DOWN ANGLE 
'ROM HORIZONTAL $------i FLOOR 

T 

SEAT PAN 

UNDEFORMED SEAT 
1 1  1 
!! 

--- -DEFORMED SEAT 
P I T C H  UP ANGLE 
FROM HORIZONTAL 
NOT TO EXCEED 35" 

SECTION A-A 

FLOOR 

FIGURE 2A - Maximum P o s t t e s t  Seat  Pan Ro ta t i on  
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C 

DEFORMED SEAT 
(POST-TEST) 

UNDEFORMED SEA' 
(PRE-TEST) 

DIMENSION " C "  MUST BE 
AT LEAST 50% OF DIMENSION "B" 

o 

FIGURE 28 - Maximum Seat Back Permanent Deformation 
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3.5.6 Stowable Seats: A stowable seat (manual or automatic) must stow post-test 
and remain stowed without interfering with the exit. The permanent 
deformation shall not exceed 40 mm (1.5 in) from the pre-test upright 
position. A post-test stowage force not to exceed 45 N (10 lb) may be 
used to stow the seat prior to measurement of permanent deformation. 

4. STRENGTH: 

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

4.1 Static Strenuth: Seats shal be designed and demonstrated by test or 
appropriate analysis that they will withstand, without primary load path 
failure or deformations exceeding the allowable permanent deformations 
defined in 3.5, the ultimate load factors specified in Table 1. 
representing the sum of each occupant weight of 750 N (170 lb), plus the 
complete seat weight which includes all trim and accessories, plus the total 
weight of  any item of mass (e.g., underseat baggage, stowage compartment 
weight plus weight of contents, etc.) restrained by the seat, all multiplied 
by the appropriate load factor from Table 1 ,  shall be applied to the seat. 
The forward, side, down, up, and aft loads shall be applied separately for 
at least 3 seconds without failure. Static strength shall be demonstrated 
under all variations of seat occupancy and adjustments whi’ch produce 
critical loading of any structural member. 

Forces 

TABLE 1 - ULTIMATE LOAD FACTORS 

Direction Type A Seat 
(Re1 at i ve 
to Aircraft) Factor 

(Transport Ai rpl anel 
Type B Seat 
( Rotorcraft 1 

Factor 
Forward 
Sideward 
Upward 
Down ward 
Rearward 

16.0 
8.0 
4.0 

20. o(3) 

(1)Includes 1.33 fitting factor 
(2)Increase these load factors as necessary for reduced weight gust/ 

(3)Load to be applied after stroking of the seat energy abosrbing system. 
flight loads or landing requirements. 

4.1.1 Pilot and Co-Pilot Loads: Pilot and Co-pilot seats shall be designed to 
withstand the ultimate rearward load of 4.45 kN (1000 lb) applied 200 mm 
(8  in) above the SRP to provide for the application of pilot forces to the 
flight controls. 
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4.1.2 L i m i t  Loads: The seat s h a l l  be capable o f  w i ths tand ing  l i m i t  loads i n  the 
upward and downward d i r e c t i o n s ,  de f i ned  as 2/3 o f  the  u l t i m a t e  loads o f  
Table 1 except t h a t  the downward l i m i t  load f a c t o r  for  Type B seats s h a l l  
be the l a r g e r  o f  4 or the f l i g h t  or l and ing  l i m i t  load f a c t o r ,  
seats s h a l l  a l s o  be capable o f  w i ths tand ing  a 3 kN (670 l b )  a f tward  l i m i t  
load. These loads s h a l l  n o t  cause any de t r imen ta l  permanent deformat ion.  

P i l o t  

4.1.3 Attachments: The s t reng th  o f  the seat attachments t o  the a i r c r a f t  
s t r u c t u r e  and the. p e l v i c  r e s t r a i n t  or upper torso r e s t r a i n t  attachments t o  
the seat or a i r c r a f t  s t r u c t u r e  s h a l l  be 1.33 t i m e s  the u l t i m a t e  loads 
s p e c i f i e d  i n  Table 1 (except as noted f o r  Type A seat sideward) or 4.1.1, 
as app l i cab le .  

the cast ings s h a l l  have a f a c t o r  of  s a f e t y  and r e l a t e d  i n s p e c t i o n  
requirements i n  accordance w i t h  the a p p l i c a b l e  p o r t i o n s  of FAR Sect ion 
25,621, 27.621, or 29.621, 

4.1.4 Cast inu Factors:  I f  cast ings are used i n  the c o n s t r u c t i o n  of  the seat, 

4.2 D Z :  The seat and occupant r e s t r a i n t ,  as a 
system, s h a l l  be designed and demonstrated by t e s t  or app rop r ia te  ana lys i s  
based on t e s t  o f  a s i m i l a r  type system t o  wi thstand the  dynamic impact 
cond i t i ons  p resc r ibed  i n  5.3 w i thou t  pr imary load pa th  f a i l u r e ,  deformations 
t h a t  exceed the l i m i t a t i o n s  s p e c i f i e d  i n  3.5, or exceeding i n j u r y  c r i t e r i a  
o f  5.4. 

5. QUALIFICATION TESTS: 

I n i t i a l  q u a l i f i c a t i o n  o f  a seat s h a l l  be performed by s t a t i c  and dynamic 
t e s t s .  Subsequent q u a l i f i c a t i o n s  r e l a t e d  t o  design changes t o  seats o f  a 
s i m i l a r  type may be performed by r a t i o n a l  ana lys i s  based on e x i s t i n g  
q u a l i f i c a t i o n  t e s t  data. 

5.1 S t a t i c  O u a l i f i c a t i o n  Tests: 

5.1.1 The t e s t  seat s h a l l  be complete t o  the ex ten t  t h a t  the pr imary s t r u c t u r e ,  
the occupant r e s t r a i n t  system, and the seat attachment f i t t i n g s  t o  the  
a i r c r a f t  are accu ra te l y  represented. I tems t h a t  are n o t  p a r t  o f  the seat 
pr imary s t r u c t u r e ,  the omission o f  which w i l l  not a l t e r  the t e s t  and 
p a s s l f a i l  c r i t e r i a ,  may be excluded from the t e s t  a r t i c l e ,  b u t  t h e i r  
weight must be i nc luded  when determin ing the s t a t i c  loads. 

and s h a l l  be r e s t r a i n e d  by the occupant r e s t r a i n t .  The body blocks shown 
i n  Figures 3, 4, 5A, and 5B are s a t i s f a c t o r y  f o r  s t a t i c  t e s t  purposes. 
They may be r e f i n e d  or mod i f i ed  i f  desi red;  however, t he  r e s u l t a n t  load 
a p p l i c a t i o n  p o i n t  f o r  each s t a t i c  t e s t  s h a l l  comply w i t h  5.1.6 (Table 2 ) .  

5.1.2 A body b lock  s h a l l  be i n s t a l l e d  i n  each occupant p lace t h a t  w i l l  be loaded 

5 . 1 . 3  For the  a p p l i c a t i o n  o f  down loads, rep resen ta t i ve  d i s t r i b u t e d  l oad ing  of 
the seat pan (as opposed t o  load ing  r i g i d  boundary members) must be 
achieved. 

. 
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380 
í 15.0) 

I50 
(6.0) 

* L 

/i * -7 
ELIPSOIDAL -' / 

CONTOUR 
/. 

//75 (3.0) 
RADIUS TYP 

SRP 

POINT 1 

i 
/'/ 

/ 

R 75 
(3.0) 

650 I I (25.5) 

' BRP 
(BUTTOCK REFERENCE 
POINT 1 

- I50 
(5.75) 

FIGURE 3 - Opt iona l  Body Block for S t a t i c  T e s t i n g  

f- 600, * 

SECTION A-A 

FIGURE 4 - Optiona 

f 50 
(2.0) 

Y 

SIDE VIEW 

APPROX R = 5 0 ( 2 . 0 )  T Y P  

NOTE : 
DIMENSIONS ARE I N  MILLIMETERS, 
DIMENSIONS I N  PARENTHESES ARE I N  INCHES. 

Body Block for  S t a t i c  T e s t i n g  
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NOTE 7 (15 .0)  , 380 125 
( 5 . 0 )  \\ 

\ -7 

1 J 
- - 230 

(9.0) 

CENTERLINE OF 
180 (7 .0)  RADIUS 

FWD + 

230 I_ 4 & 110 
(9.0 ( 4 . 2 5 )  

25 (1.0) R 
TYP 4 . 5 (  .375)  INCH DIA T IE  BOLTS 

LOCATE FROM DETAIL A 
460 __ * 

I 0 5  
( 4 . 1 )  

I 6 5  
( 6 . 5 )  

(18.0) 
4 >: - 7. PULL PLATE MATERIAL: 9.5 (0 .375 )  STEEL. 90 

6. BLOCK MATERIAL: LAMINATED 
HARDWOOD. I 6 5  

5. DRILL 10.0 (25 /64)  DIA. HOLE AND 
COUNTERBORE AS REQUIRED FOR 
ATTACHMENT BOLTS AT LOCATIONS 
LABELED ”B” . 

( I  .O) 
25 

230 
(9.0) 

- +B 
I ! I O0 

(6 .5 )  

(4.0) 

4. REMOVE CENTER SECTION FORWARD 
OF THIS L INE AS REQUIRED FOR 
TESTS OF RESTRAINT SYSTEM WITH 
NEGATIVE-G STRAP. ( 5 . 0 )  19j3)D1A 

/ I 2 5  

3. 25 (1.0) O.D. STEEL SPACÉR OVER 19.0 (0.750) 

2. THIS SURFACE COVERED WITH NYLON 

D I A  BOLT. 

OVER 25  (1 .0 )  THICK SLOW REBOUND 
FOAM PAD. 

I .  DIMENSIONS ARE I N  MILLIMETRES, DIMENSIONS I N  
PARENTHESES ARE I N  INCHES. 

NOTES : 

50 
( 2 . 0 )  

100 - 
(4.0) 

FIGURE 5A - Lower Torso Block 

i 14.0) 

(16.3) 

DETAIL  A 
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90 
(3.5) 

SYM = 
235 R 
(9.25) 

\NOTE 4 

Ç 

9.5 (0.375) D I A  TTF PO11 
/ LOCATE FROM DETAIL A 

3 

NOTE 2 
/' 

9, 

7. 

5 .  

3 .  

t .  

END PLATE AND PULL BAR MATERIAL; 
6.5 ( 0 . 2 5 )  STEEL. 

CORE MATERIAL; LAMINATED HARDWOOD. 

D R I L L  13 (33/64) D I A .  HOLE 
THRU END PLATE AND CORE. 

45' 50 
D R I L L  IO (25164) D I A .  HOLE AT TYP ( 2 .  O )  

AND CORE, DETAIL  A -CORE 
13.0 ( 0 . 5 0 )  LONG X 25 (1.0) O.D .  
STEEL SPACER (2 PLACES) OVER A 13.0 
( 0 . 5 0 )  D I A  BOLT. 

LOCATIONS LABELED "C" THRU END PLATE 

I-- 305 (12.0) 

3. 127 ( 5 . 0 )  LONG X 25 (1.0) O . D .  
STEEL SPACER OVER A 12.5 (0.50) D I A  
BOLT. 

2 .  T H I S  SURFACE COVERED WITH NYLON 

25 
( 1  .O) 

D R I L L  13.0 (33164) ' OVER 25 (1.0) THICK SLOW REBOUND 

FOAM PAD. D I A  HOLE 
I .  DIMENSIONS ARE I N  MILLIMETERS, DIMENSIONS I N  

VOTES 1 

PARENTHESES ARE I N  INCHES. DETAIL B -PULL BAR (NOTE 8) 

FIGURE 58 - Upper Torso Block 
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SEE 

SEE FIGURE 5 A  

FIGURE 5B FOR DETAIL 

APPLI 

OPTIONAL 
FOR DETAIL DESIGN 

FIGURE 5C - O p t i o n a l  Combined P e l v i c  and U p p e r  T o r s o  S t a t i c  T e s t  
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5.1.4 For forward or side loads, the body block shall be placed either on the 
actual bottom cushion or on a nonrigid foam block representative of the 
bottom cushion. For the side load, the back cushion or a nonrigid foam 
block representing the back cushion shall be in place. 

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

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

TABLE 2 - STATIC RESULTANT LOAD APPLICATION POINTS 
Forward-Facing Sideward-Facing Rearward-Facing 

Load Seat Seat Seat 
Down Evenly over seat Evenly over seat Evenly over seat 

bot tom bottom bot tom 

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

270 mm (10.5 in) up 270 mm (10.5 in) up 

2lb mm (8.5 in) 
forward of SRP 

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

Forward 270 mm (10.5 in> up 270 mm (10.5 in) up 

(8.5 in) forward of 
SRP 

270 mm (10.5 in) up 
from SRP from SRP and 215 mm from SRP 

Rearward 270 mm (10.5 in) up 270 mm (10.5 in) up 
(8.5 in) forward of 
SRP 

270 mm (10.5 in) up 
from SRP from SRP and 215 mm from SRP 

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

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

5.1.9 The load due to any item of mass, including the seat, that i s  not 
restrained by the occupant restraint system, may be applied in a 
representative manner at the c.g, of the mass. 

- 17 - 
 

Distributed under license from the IHS Archive
 
 

                                                                                          

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
80

49

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


I_____- 

SAE AS*8049 90 W 8357340  0 0 5 4 5 9 3  T W 

SAE AS8049 

5.1.10 I f  occupant r e s t r a i n t  systems are  not at tached t o  the seat  s t r u c t u r e ,  the  
occupant r e s t r a i n t  system s h a l l  be at tached t o  the t e s t  f i x t u r e  a t  p o i n t s  
which are  equ iva len t  i n  l o c a t i o n  t o  those i n  the  a i r c r a f t .  
loads s h a l l  then be app l i ed  as spec i f ied  i n  t h i s  sec t ion .  

The s t a t i c  

5.1.11 When a seat i s  to  be i n s t a l l e d  or ad jus ts  t o  face  
d i r e c t i o n ,  t e s t s  s h a l l  be made to  subs tan t i a te  the  
in tended p o s i t i o n s .  

n more than one 
seat s t reng th  for  a l l  

5.1.12 When t e s t i n g  a v e r t i c a l l y  or h o r i z o n t a l l y  ad jus tab  e seat,  the  most 
c r i t i c a l  seat p o s i t i o n ( s )  s h a l l  be se lec ted  for  each t e s t  cond i t i on .  

5.1.13 The d i s t r i b u t i o n  o f  s t a t i c  loads app l i ed  t o  a seat which uses upper torso 
r e s t r a i n t  s h a l l  be 40"k through the  upper torso r e s t r a i n t  and 60"L through 
the  p e l v i c  r e s t r a i n t .  

5.1.14 When a seat incorpora tes  p e l v i c  and upper torso r e s t r a i n t s ,  s t a t i c  
t e s t i n g  or r a t i o n a l  ana lys i s  s h a l l  be performed w i t h  o n l y  the  p e l v i c  
r e s t r a i n t  e f f e c t i v e ,  as w e l l  as w i t h  bo th  p e l v i c  and upper torso 
r e s t r a i n t s  e f f e c t i v e .  I n  both cases the load a p p l i c a t i o n  p o i n t s  s h a l l  be 
as s p e c i f i e d  i n  Table 2. 

5.1,15 A f t e r  each t e s t  load  i s  removed, measurements o f  permanent deformat ion,  
i f  any, s h a l l  be recorded. 

5.2 S t a t i c  T e s t  - Pass/Fai l  C r i t e r i a :  The s t a t i c  t e s t s  s h a l l  demonstrate the  
f o l l o w i n g :  

5.2.1 The seat i s  capable of  suppor t ing the  l i m i t  loads w i thou t  de t r imenta l  
permanent deformat ion.  

5.2.2 The S t ruc tu re  i s  capable o f  support ing,  without f a i l u r e  for  a t  l e a s t  
3 seconds, the  u l t i m a t e  s t a t i c  loads s p e c i f i e d  he re in  when app l i ed  
separate ly .  

I f  i t  can be shown t h a t  f a i l u r e  of  an armrest on a seat  assembly does no t  
reduce the  degree of  sa fe ty  a f fo rded  the occupant, such f a i l u r e  w i l l  not 
be cause for  r e j e c t i o n .  

5.2.3 A f t e r  a p p l i c a t i o n  and re lease o f  u l t i m a t e  loads, as descr ibed i n  5.2.2, 
the  seat permanent deformat ion 1 i m i t a t i o n s  of  3.5 and i t s  subparagraphs 
are  met .  

5.3 Dynamic O u a l i f i c a t i o n  T e s t s :  This sec t i on  s p e c i f i e s  the  dynamic t e s t s  t o  
s a t i s f y  the  requirements o f  t h i s  AS. 

5.3.1 Dynamic 1mpact.Test Parameters: A minimum o f  two dynamic impact t e s t s  
s h a l l  be performed. The t e s t  f a c i l i t y  s h a l l  p rov ide  a means o f  
cons t ra in ing  the  movement o f  the  t e s t  f i x t u r e  to  t r a n s l a t i o n a l  motion 
p a r a l l e l  to  the  arrow i n d i c a t i n g  the  i n e r t i a l  load  throughout the  t e s t  
(F igures 6 and 7). 
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I l l u s t r a t t o n  shows  ( 

f o r w a r d - f a c t n g  s e a t  

I n e r t t a l  l o a d  
shown b y  a r r o w  

M t n  VI m / s  ( f t / s )  

Max tr s 

M t n  G.  

D e f o r m  f l o o r :  

D e g r e e s  r o l l  

D e g r e e s  p t t c h  

TEST I 

10.67 (35) 

0.08 

14 

O 

O 

TEST 2 

I yaw rlght o r  l e f t  

13.41 (44) 

0 .09  

16- 

I O  

IO 

t t m e  - O T e s t  P u l s e  S t m u l a t t n g  
A i r c r a f  t F I  oor 
D e c e l e r a t t o n - T i m e  
H t s t o r y :  

tr 
O 

d e c e l e r a t t o n  

t, = rfse ttme 
Vt = Impact Veloctty 

FIGURE 6 - Type  A S e a t l R e s t r a  n t  S y s t e m  Dynam c T e s t s  
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Illustratton shows 
forward-factng seat 

Inertial l o a d  
shown b y  arrow 

M t n  V, m / s  ( f t / s  

M a x  t ,  s 

M i n  G. 

. Deform floor: 

Degrees roll 

Degrees pitch 

TEST I 

9 .  14 ( 3 0 )  

0.031 

30 

I O  

10 

Test Pulse Stmutattng O 
A t r c r a f t  Floor 
Deceleratlon-Ttme O -  
Ht  story: 

1 deceleratton 

G 
tr = r t s e  t t m e  

V, = Impact V e l o c l t y  

TEST 2 

I yaw r l g h ' t  o r  l e f t  

10 

12.80 (42 )  

0.071 

18.4 

IO  

I O  

FIGURE 7 - Type B S e a t / R e s t r a i n t  System Dynamic T e s t s  
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5.3.1.1 

5.3.1.2 

5.3.1.3 

5.3.1.4 

5.3.2 

Test 1 (Figures 6 and 71, as a single row test, determines the 
performance of the system in a test condition where the predominant 
impact force component is along the spinal column of  the occupant, in 
combination with a forward impact force component as a result o f  the 
30 deg pitch angle. 
seat, critical pelvic/lumbar column forces, and permanent deformation of 
the structure under downward and forward combined impact loading. 

Test 2 (Figures 6 and 7 ) ,  as a single row seat test, determines the 
performance of  a system in a3est condition where the predominant impact 
force component is along the aircraft longitudinal axis and is combined 
with a lateral impact force component as a result of the 10 deg yaw 
orientation. This test evaluates the structural adequacy of the seat, 
permanent deformation of .the structure, the pelvic restraint and upper 
torso restraint (if applicable) behavior and loads, and will yi.eld data 
on ATD head displacement, velocity, and acceleration time histories and 
the seat leg loads imposed on the seat tracks or attachment fittings. 

For seats placed in repetitive rows, an additional test condition, using 
two seats in tandem placed at representative fore and aft distance 
between the seats (seat pitch), similar to Test 2 with or without the 
floor deformation directly evaluates head and femur injury criteria (the 
floor deformation i s  required if the test also demonstrates structural 
performance) These injury cri teri a are dependent on Seat pi tch, seat 
occupancy, and the effect of hard structures within the path of head 
excursions in the -10 to +10 deg yaw attitude range of the Test 2 
conditions. 
Test 2 as described in 5.3.6.6 may be an alternative to multiple row 
tes ti ng . 

This test evaluates the structural adequacy of the 

The test procedure using the appropriate data obtained from 

Test 2 for Type A seats and Tests 1 and 2 for Type B seats require 
simulating aircraft floor deformation by deforming the test fixture, as 
prescribed in Figures 6 and 7, prior to applying the dynamic impact 
conditions. The purpose of providing floor deformation for the test is 
to demonstrate that the seatlrestraint system will remain attached to 
the airframe and perform properly even though the aircraft and/or seat 
are severely deformed by the forces associated with a crash. 

Occupant Simulation: 
50th percentile male as defined in 49 CFR Part 572, Subpart B, or an 
equivalent shall be used to simulate each occupant. 
shall provide the same response t o  the test conditions of the AS as the 
specified ATD. The ATDs shall be calibrated and periodically inspected 
for proper function. 
in 5.3.2.1, to record the compressive load between the pelvis and the 
lumbar column of the ATD. 

An anthropomorphic test dummy (ATDI representing a 

An equivalent ATD 

Modification of these ATDs is necessary, as outlined 

- 21 - 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
80

49

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


SAE AS8049 

5.3.2.1 

5.3.2.2 

5.3.2.3 

5.3.2.4 

5.3.2.5 

To measure the  a x i a l  compressive load between the p e l v i s  and lumbar 
column due to  v e r t i c a l  impact as w e l l  as downward loads caused by upper 
torso r e s t r a i n t s ,  a load ( fo rce )  t ransducer s h a l l  be i n s e r t e d  i n t o  the  
dummy p e l v i s  j u s t  below the  lumbar column. This  m o d i f i c a t i o n  i s  shown 
i n  F igure  8. The i l l u s t r a t i o n  shows a commercial ly a v a i l a b l e  femur load 
ce1 1, w i t h  end p l a t e s  removed, t h a t  has been adapted to  measure the  
compression load between t h e  p e l v i s  and the  lumbar column o f  the  ATD. 

A femur load c e l l  i s  se lec ted  because o f  i t s  a v a i l a b i l i t y  i n  most t e s t  
f a c i l i t i e s  and i t s  a b i l i t y  t o  measure the  compression fo rces  w i thou t  
e r r o r s  due to s e n s i t i v i t y  to shear fo rces  and bending or t w i s t i n g  
moments which are  a l s o  generated du r ing  the t e s t .  
c o r r e c t  seated he igh t  of the  ATD the  load c e l l  must be f i x e d  i n  a r i g i d  
cup which i s  i n s e r t e d  i n t o  a ho le  bored i n  the  top  sur face o f  the  ATD 
p e l v i s .  The i n t e r i o r  diameter o f  the  cup prov ides clearance around the  
ou ts ide  diameter of  the  load c e l l ,  so t h a t  loads are  t ransmi t ted  o n l y  
through the ends o f  the  c e l l .  I f  necessary, b a l l a s t  s h a l l  be added to  
the  p e l v i s  t o  main ta in  the weight o f  the  o r i g i n a l  (unmodif ied) assembly. 

A l t e r n a t i v e  approaches to  measuring the  a x i a l  f o r c e  t r a n s m i t t e d  t o  the  
lumbar sp ina l  column by the p e l v i s  a re  acceptable i f  the  method: 

To ma in ta in  the  

a. Accura te ly  measures the  a x i a l  force and i s  i n s e n s i t i v e  t o  moments 
and fo rces  o the r  than t h a t  be ing measured 

b. Mainta ins the  intended al ignment o f  the  sp ina l  column and the  
p e l v i s ,  the  c o r r e c t  seated he igh t ,  and the  c o r r e c t  weight  
d i s t r i b u t i o n  o f  the  dummy 

c, Does n o t  a l t e r  the  o the r  performance c h a r a c t e r i s t i c s  o f  the  dummy 

To prevent  f a i l u r e  o f  the  c l a v i c l e  used i n  P a r t  572 Subpart B ATDs due 
to  f l a i l i n g ,  a c l a v i c l e  o f  the same shape b u t  o f  h igher  s t reng th  
m a t e r i a l  can be subs t i  tu ted .  

Submarining i n d i c a t o r s  such as e l e c t r o n i c  t ransducers,  may be added on 
the  dummy p e l v i s .  These are  loca ted  on the  a n t e r i o r  sur face of the  
i l i u m  o f  the  dummy p e l v i s  w i thou t  a l t e r i n g  i t s  contour  and i n d i c a t e  the  
p o s i t i o n  of the  p e l v i c  r e s t r a i n t  as i t  app l i es  loads t o  the  p e l v i s .  
These i n d i c a t o r s  can prov ide  a d i r e c t  record  t h a t  the  p e l v i c  r e s t r a i n t  
remains on the  p e l v i s  du r ing  the  t e s t ,  and e l i m i n a t e  the  need for  
c a r e f u l  rev iew o f  high-speed camera images t o  make t h a t  de terminat ion .  

ATDs s h a l l  be maintained a t  a temperature range between 18.9 to  25.6"C 
(66  t o  78°F) and a t  a r e l a t i v e  humid i ty  f rom 10 to  70"k for  a minimum o f  
4 hours p r i o r  to  and du r ing  t e s t i n g .  

Each dummy should be c lo thed  i n  f o r m - f i t t i n g  c o t t o n  s t r e t c h  garments 
w i t h  sho r t  sleeves, mid-ca l f  l eng th  pants, and s i z e  45 (11E)  shoes 
weighing about 1 1  N (2.5 l b ) .  
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FIGURE 8 - I n s t a l l a t i o n  o f  Pelvic-Lumbar Spine Load C e l l  i n  P a r t  5728 
Anthropomorphic Dummy. 
a femur l oad  c e l l  (d) a t  the base of  the dummy lumbar spine (a ) .  The load 
c e l l  i s  i n  l i n e  w l t h  the c e n t e r l l n e  of  the lumbar spine, and s e t  below the  
top  sur face  o f  t he  p e l v i s  c a s t i n g  t o  ma in ta in  the  seated h e i g h t  o f  the 
dummy. A r i g i d  adapter cup (e )  i s  f a b r i c a t e d  t o  h o l d  the l oad  c e l l  and a 
ho le  i s  bored i n  the  dummy p e l v i s  t o  accept the cup. Clearance must be 
prov ided between the w a l l s  o f  the adapter cup and the  load c e l l  f o r  the 
w i r e s  l ead ing  from the c e l l .  The bottom o f  the l oad  c e l l  i s  b o l t e d  t o  the  
adapter cup. Adapter p l a t e s  hav ing s i m i l a r  ho le  p a t t e r n s  i n  t h e i r  
pe r iphe ry  a re  f a b r i c a t e d  for the  lower sur face  of  the  lumbar spine (b) and 
the  upper sur face  o f  the load c e l l  ( c l .  
lumbar spine and load  c e l l  w i t h  screws through ho les  matching threaded 
ho les  i n  those components, and are then j o i n e d  together  by b o l t s  through 
the p e r i p h e r a l  ho les .  
p a t t e r n  which matches t h a t  on the p e l v i s .  
p e l v i s  us ing  screws to  the threaded holes i n  the p e l v l s .  
be p laced under the  f l a n g e  of the  cup t o  o b t a i n  the  s p e c i f i e d  dummy sea t ing  
h e i g h t .  A d d i t i o n a l  weight should be p laced i n  the  c a v i t y  below the adapter 
cup t o  compensate f o r  any weight l o s t  because o f  t h i s  m o d i f i c a t i o n .  
instrument c a v i t y  p l u g  (g)  i s  c u t  to  p rov ide  c learance f o r  the adapter cup 
and added weight.  

This i l l u s t r a t i o n  shows an acceptable adap ta t i on  of 

These p l a t e s  are fastened t o  the 

The f l ange  on the  adapter cup has a b o l t  ho le  
The cup i s  fas tened t o  the  

Spacers ( f)  may 

The 

- 
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5.3.3 le& F i x t u r e s :  A t e s t  f i x t u r e  i s  requ i red  t o  p o s i t i o n  the  t e s t  a r t i c l e  on 
the  s l e d  or drop ca r r i age  o f  the  t e s t  f a c i l i t y  and takes the  p lace  o f  the 
a i r c r a f t ' s  f l o o r  s t r u c t u r e .  I t  does n o t  need t o  s imu la te  the  a i r c r a f t  
f l o o r  f l e x i b i l i t y .  
the  seat,  and prov ides the f l oo r  deformat ion i f  needed for  the  t e s t ;  i t  
prov ides anchorage p o i n t s  i f  necessary fo r  the r e s t r a i n t  system; i t  
prov ides f loor  or f o o t r e s t  for  the  dummy; and i t  p o s i t i o n s  instrument 
panels,  bulkheads, or a second row o f  seats, i f  requ i red .  

I t  holds the  attachment f i t t i n g s  or f loor  t racks  fo r  

5.3.3.1 

5.3.3.2 

5.3.3.3 

5.3.3.4 

F loo r  Deformat ion F i x tu res :  For t h e  t y p i c a l  seat w i t h  f o u r  seat  legs 
mounted i n  the  a i r c r a f t  on two p a r a l l e l  t racks ,  the  f l oo r  deformat ion 
t e s t  f i x t u r e  s h a l l  c o n s i s t  o f  two p a r a l l e l  beams: a p i t c h  beam t h a t  
p i v o t s  about a l a t e r a l  (y) a x i s  and a r o l l  beam t h a t  p i v o t s  about a 
l o n g i t u d i n a l  ( x )  a x i s  (see F igure  9A for a schematic representa t ion) .  
The beams can be made o f  any r i g i d  s t r u c t u r a l  form: box, I-beam, 
channel, or o the r  appropr ia te  cross sec t ion .  The p i t c h  beam s h a l l  be 
capable o f  r o t a t i n g  i n  the x-z plane up t o  + lo  deg r e l a t i v e  to  the  
l o n g i t u d i n a l  ( x )  a x i s ,  The r o l l  beam s h a l l  be capable o f  -1-10 deg r o l l  
about the  c e n t e r l i n e  of  f l o o r  t racks  or f i t t i n g s .  A means s h a l l  be 
prov ided t o  f a s t e n  the beams i n  the  deformed p o s i t i o n s .  

Load Transducer I n s t a l l a t i o n :  The p i t c h  and r o l l  beams s h a l l  have 
p rov i s ions  for  i n s t a l l i n g  i n d i v i d u a l  load  transducers a t  each seat  l e g  
attachment p o i n t  capable of  measuring th ree  r e a c t i o n  fo rces  and, i f  
necessary (see 5.3.3.3), t h ree  r e a c t i o n  moments. The load transducers 
s h a l l  have p rov i s ions  t o  i n s t a l l  f l o o r  t r a c k  or o the r  attachment 
f i t t i n g s  on t h e i r  upper sur face i n  a manner t h a t  does n o t  a l t e r  the 
above-f loor s t reng th  o f  the  t r a c k  or f i t t i n g .  

A i r c r a f t  Floor Track or Attachment F i t t i n q  S imula t ion :  
the minimum requ i red  rep resen ta t i on  o f  a f l oo r  t r a c k  i s  shown i n  
F igure  9A, d e t a i l  A, for  one type o f  seat t r a c k .  
attachment f i t t i n g s  must be rep resen ta t i ve  o f  those used i n  the  
a i r c r a f t .  A l t e r n a t i v e l y ,  th ree  components o f  r e a c t i o n  fo rces  and th ree  
components o f  r e a c t i o n  moments s h a l l  be measured d u r i n g  dynamic t e s t s .  
These s i x  components s h a l l  be app l i ed  s imultaneously,  by a separate 
s t a t i c  or dynamic t e s t ,  t o  a t r a c k  or attachment f i t t i n g  used on an 
a i r c r a f t ,  or to  a more c r i t i c a l  t r a c k  or attachment f i t t i n g  than t h a t  
used on an a i r c r a f t ,  t o  demonstrate t h a t  the loads measured i n  the  
dynamic impact t e s t  w i l l  no t  f a i l  the t r a c k  or attachment f i t t i n g  used 
on an a i r c r a f t .  

An example o f  

The t r a c k  or o the r  

Seat I n s t a l l a t i o n  and F loo r  Deformat ion Procedure: The t e s t  seat s h a l l  
be i n s t a l l e d  on the  p a r a l l e l  beams o f  the deformat ion f i x t u r e  so t h a t  
the  r e a r  seat l e g  attachment p o i n t  i s  near the p i t c h  beam a x i s  o f  
r o t a t i o n .  The seat p o s i t i o n i n g  p i n s  o r  locks s h a l l  be fastened i n  the  
same manner a.s would be used i n  the  a i r c r a f t ,  i n c l u d i n g  the  adjustment 
o f  a n t i r a t t l e  mechanisms, i f  prov ided.  The remainder of  the  t e s t  
p repara t ions  s h a l l  then be completed (dummy i n s t a l l a t i o n  and 
p o s i t i o n i n g ,  i ns t rumen ta t i on  i n s t a l l a t i o n ,  adjustment and c a l i b r a t i o n ,  
camera checks, e t c .  1. 
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NOTE : 
FOR CLARITY. 
LOAD TRANSDÚCERS 
ARE NOT SHOWN. 

D E T A I L  ( A )  
EXAMPLE OF AIRCRAFT 

TRACK BEAM 

FIGURE 9A - Schematic F loor  Deformation F i x t u r e ;  Seat Legs Attached a t  F loo r  Level 
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O R I G I N  A L  
P O S I T I O N  \ 

NOTE : 
FOR-CLARITY, 
LOAD TRANSDUCERS 
ARE NOT SHOWN. 

P I T C H  A X I S  
O R I G I N A L  -, 
POS I T  I ON 

.. 4 :i , . .  i 

,.-RIGID TEST ' I  ,. ' STRUCTURE e I , . I .  

OUTBOARD 
I O "  ROLL 

FIGURE 9B - Schematic Test Fixture; S i d e  Wall Mounted Seat 
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5.3.3.4 

5.3.3.5 

(Continued) : 

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

Alternative Mountinu Confiuurations: 
the fixture and floor deformation procedure that would be used for a 
typical seat that uses four seat legs and four attachments to the 
aircraft floor. 
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 preceding discussion described 

These test procedures are not intended to be restricted 

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

a. Aircraft seats with three legs may have one central leg in front or 
back of  the seat, and one leg on each side of the seat. The central 
leg shall be held in itsiundeformed position as deformation is 
applied to the side legs. 

b. Seats that mount solely to a bulkhead will not be subjected to 
deformation prior to the test. The test fixture shall provide 
either a rigid bulkhead or hold an actual bulkhead panel. 
fixture with a rigid bulkhead i s  used, the seatlrestraint system 
shall attach to fittings installed in a test panel equivalent to 
those in the actual installation. 

If a test 

c. Seats that are attached to both the floor and a bulkhead shall be 
tested on a fixture that positions the bulkhead surface in a plane 
through the axis of rotation of the pitch beam. 
surface shall be located perpendicular to the plane of the floor 
(the aircraft floor surface, if one were present) in the undeformed 
condition, or in a manner appropriate to the intended installation. 
Either a rigid bulkhead simulation or an actual bulkhead panel can 
be used. 
used, the seat restraint system shall attach to fittings installed 
in a test panel equivalent to those used in the actual 
installation. The seat shall be attached to the bulkhead and the 
floor In a manner representative of the aircraft installation, and 
the floor shall then be deformed as described in 5.3.3.4. 

The bulkhead 

If a test fixture with a rigid bulkhead simulation is 

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

5.3.3.6 

(Continued): 

A sidewall bracket shall be located on the roll beam. Then, as the 
beams are rotated to produce the most critical loading condition 
(sidewall rotates outward), the combined angular and translational 
deformation will simulate the deformation which could take place in 
a crash (see Figure 9B for a schematic representation). 

e. If a seat is cantilevered from one sidewall without connection to 
other structure, it i s  not subject to floor deformation. A 
determination shall be made whether sidewall deformations could be 
expected which could generate a condition critical for seat 
performance in a crash. If .sidewall deformation is likely, the 
entire sidewall attachment plane, or the attachment points, shall be 
deformed in a manner to represent the sidewall deformation. Either 
a rigid sidewall simulation or an actual sidewall panel may be used. 

If a test fixture with a rigid 
seat/restrai nt system shall be 
test panel equivalent to those 

sidewall simulation is used, the 
attached to fittings installed in a 
used in the actual installation. 

f. Multiple occupant seat assembl es may have more than two pairs of 
legs in some installations. If these assemblies are of fairly 
constant cross section and are comparable with respect to floor 
deformation tolerance, the outer leg assemblies shall be subjected 
to floor deformation as described in 5.3.3.4. The inner leg pairs 
shall be maintained in their normal, undeformed position for the 
dynamic tests. 

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

a. The fixture shall be capable of setting the aircraft longitudinal 
axis at a yaw angle of -10 and +10 deg. The fixture should also 
allow adjustment of the seat pitch. 

b, To allow direct measurement of head acceleration for head injury 
assessment for a seat installation where the head of the occupant is 
within striking distance of structure, a representative impact 
surface may be attached to the test fixture i n  front of the front 
row seat at the orientation and distance from the seat representing 
the aircraft installation. 
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5.3.3.7 Other Fixture Applications: Test fixtures shall provide a flat foot 
rest for dummies used in tests of passenger seats and crewmember seats 
that are not provided with special foot rests or foot operated aircraft 
controls. The surface of the foot rest.shal1 be covered with carpet (or 
other appropriate material) and be at a position representative of the 
undeformed floor in the aircraft installation. . Test fixtures used for 
evaluating crew seats that are normally associated with special foot 
rests or foot operated controls shall simulate those components. Test 
fixtures may also be required to provide guides or anchors for restraint 
systems or for holding instrument panels or bulkheads if necessary for 
the planned tests. If these provisions are required, the installation 
shall represent the configuration of the aircraft installation and be of  
adequate structural strength. 

5.3.4 Instrumentation : El ec troni c and photographi c i ns trumen tat ion sys tems 
shall be used to record data for qualification of seats. 
instrumentation shall measure the test environment, and measure and record 
data required for comparison of performance t o  passlfail cri teria. 

Photographic instrumentation shall document overall results of tests, 
confirming that the pelvic restraint remains on the dummy's pelvis, that 
the upper torso restraint straps remain on the dummy's shoulder 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 to the floor. 

Electronic 

5.3.4.1 Electronic Instrumentation: Electronic instrumentation shall be 
accomplished in accordance with SAE 5211. 
channel is considered t o  include all of the instrumentation components 
from the transducer through the fi na1 data measurement, i ncl udi ng 
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 t o  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 -112 dB) 
and extends to the high frequency limit (+1/2 t o  -1 dB). 
response characteristics beyond this high frequency 1 imi t are al so 
specified. When digitizing data, the sample rate should be at least 
five times the -3 dB cutoff frequency of the presample analog filters. 
Since most facilities set all presample analog filters for Channel Class 
1000, and since the -3 dB cutoff frequency for channel class 1000 is 
1650 Hz, the minimum digital sampling rate would be about 8000 samples 
per second. For the dynamic tests discussed in this AS, the dynamic 
data channels shall comply with the following channel class 
character i s t i cs : 

In this practice, a data 

Frequency 

a. Sled or drop tower vehicle acceleration shall be measured in 
accordance with the requirements of Channel Class 60, unless the 
acceleration i s  also integrated to obtain velocity or displacement, 
in which case it shall be measured in accordance with Channel Class 
180 requirements. 
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5.3.4.1 

5.3.4.2 

(Continued): 

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

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

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

e. ATD pelvic/lumbar column force shall be measured in accordance with 
the requirements o f  Channel Class 60. 

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

g. Digital conversion of analog data shall provide sample resolution of 

Ph_otouraphic Instrumenljxtlon: 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. 

not less than 1% of full scale input. 

a, High speed cameras that provide data used to calculate displacement 
or velocity shall operate at a nominal speed of 1000 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 be of contrasting colors 
or shall contrast with their background. The center of the target 
shall be easily discernible. Rectilinearity of the image shall be 
documented. If the image is not rectilinear, appropriate correction 
factors shall be used in the data analysis process. 

A description of photographic calibration boards or scales within 
the 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 serial timing shall be provided on the 
image media. A description of the timing signal, the offset of 
timing signal to the image, and the means of correlating the time of 
the image with the time of electronic data shall be provided. 
rigorous, verified analytical procedure shall be used for data 
analysis. 

A 
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5.3.4.2 (Continued): 

b. Cameras opera t i ng  a t  a nominal r a t e  of  200 frames per  second or 
g rea te r  may be used to  document the response o f  ATDs and t e s t  i t e m s  
i f  measurements are no t  requ i red .  For example, a c t i o n s  such as 
movement o f  the p e l v i c  r e s t r a i n t  sys tem webbing o f f  o f  the dummy's 
p e l v i s  can be observed by documentation cameras placed t o  o b t a i n  a 
"best view" o f  the a n t i c i p a t e d  event. These cameras s h a l l  be 
prov ided w i t h  appropr ia te  t i m i n g  and a means of  c o r r e l a t i n g  the 
image w i t h  the  t i m e  of e l e c t r o n i c  data.  

c. S t i l l  image cameras s h a l l  be used t o  document the  p r e - t e s t  
i n s t a l l a t i o n  and the pos t - tes t  response o f  the  ATDs and the  t e s t  
i t e m s .  A t  l e a s t  f o u r  p i c t u r e s  s h a l l  be ob ta ined f rom d i f f e r e n t  
p o s i t i o n s  around the t e s t  i t e m s  i n  p r e - t e s t  and p o s t - t e s t  
cond i t i ons .  Where an upper t o r s o  r e s t r a i n t  system i s  i n s t a l l e d ,  
p o s t - t e s t  p i c t u r e s  s h a l l  be ob ta ined be fo re  moving t h e  dummy. For 
a d d i t i o n a l  pos t - tes t  p i c t u r e s ,  t he  ATD's upper t o r s o  may be r o t a t e d  
t o  i t s  approximate u p r i g h t  seated p o s i t i o n  so t h a t  the c o n d i t i o n  of  
the  r e s t r a i n t  systems may be b e t t e r  documented, b u t  no o t h e r  change 
to  the  pos t - tes t  response o f  t he  t e s t  i t e m  or the ATD s h a l l  be 
made. The p i c t u r e s  s h a l l  document t h a t  t he  seat remained at tached 
a t  a l l  p o i n t s  o f  attachment t o  the  t e s t  f i x t u r e .  

S t i l l  p i c t u r e s  may a l s o  be used t o  document p o s t - t e s t  y i e l d i n g  o f  
the seat f o r  the purpose of  showing t h a t  i t  would n o t  impede the 
r a p i d  evacuat ion o f  the a i r c r a f t  occupants. 
removed f rom the seat i n  p repara t i on  for  s t i l l  p i c t u r e s  used f o r  
t h a t  purpose. 
inc luded i n  such p i c t u r e s ,  and the views should be se lec ted  so t h a t  
p o t e n t i a l  i n t e r f e r e n c e  w i t h  the  evacuat ion process can be 
determined. 
another seat back, p i c t u r e s  s h a l l  be taken to  document the head 
con tac t  areas. 

The ATD should be 

Targets o r  an approp r ia te  t a r g e t  g r i d  should be 

For t e s t s  where the  ATD 's  head impacts a f i x t u r e  o r  

5.3.5 S e l e c t i o n  o f  T e s t  A r t i c l e s :  Many seat designs compose a f a m i l y  of seats 
t h a t  have the same bas ic  s t r u c t u r a l  design b u t  d i f f e r  i n  d e t a i l .  For 
example, a bas ic  seat frame con f igu ra t i on  can a l l o w  f o r  several  d i f f e r e n t  
seat l e g  l o c a t i o n s  to  pe rm i t  i n s t a l l a t i o n  i n  d i f f e r e n t  a i r c r a f t .  I f  these 
d i f f e r e n c e s  are o f  a na ture  t h a t  t h e i r  e f f e c t  can be determined by 
r a t i o n a l  ana lys i s ,  then the  ana lys i s  can determine the  most c r i t i c a l  
c o n f i g u r a t i o n .  As a minimum, the  most h i g h l y  s t ressed c o n f i g u r a t i o n  s h a l l  
be se lec ted  f o r  the dynamic t e s t s  so t h a t  t he  o t h e r  c o n f i g u r a t i o n s  could 
be accepted by comparison w i t h  t h a t  c o n f i g u r a t i o n .  
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5.3.5.1 I n  a l l  cases, the t e s t  i t e m  s h a l l  be rep resen ta t i ve  of  the  f i n a l  
p roduc t ion  i t em i n  a l l  s t r u c t u r a l  elements, and s h a l l  i nc lude  the  seat, 
seat cushions, r e s t r a i n t s ,  armrests and armcaps; f u n c t i o n i n g  p o s i t i o n  
adjustment mechanism and c o r r e c t l y  ad jus ted  breakover ( i f  present) ;  food 
t r a y s  or any o the r  serv ice  or accoutrement t h a t  i s  p a r t  o f  the  seat 
design; and any o the r  i tems o f  mass t h a t  a re  c a r r i e d  or pos i t i oned  by 
the  seat s t r u c t u r e  such as weights s imu la t i ng  luggage c a r r i e d  by luggage 
r e s t r a i n t  bars C90 N (20 l b )  per  passenger p lace] ,  f i r e  ex t ingu ishers ,  
s u r v i v a l  equipment, e t c .  
D o s i t i o n  t h a t  could l i m i t  the f u n c t i o n  o f  an energy absorb ing f e a t u r e  i n  

t e s t  i tem, they should be o f  rep resen ta t i ve  shape and s t i f f n e s s  as 

I f  these i t e m s  of  mass are  p laced i n  a 

as weight.  
the 
we 1 

5.3.5.2 The 
a r t  

a. 

f o l l o w i n g  a d d i t i o n a l  i tems s h a l l  be considered i n  choosing t e s t  
c l e s  and the  manner o f  loading:  

I f  a m u l t i p l e  p lace  seat incorpora tes  energy absorbing or load 
l i m i t i n g  fea tu res  t h a t  a re  necessary t o  meet  the  t e s t  c r i t e r i a  or 
o the r  requirements,  a p a r t i a l l y  occupied seat may adverse ly  a f f e c t  
t he  performance o f  t h a t  seat .  I n  such a case i t  s h a l l  be shown, by 
r a t i o n a l  ana lys i s  or a d d i t i o n a l  t e s t i n g ,  t h a t  the  seat  w i  11 cont inue 
t o  per form as in tended even w i t h  fewer occupants. 

b. I f  d i f f e r e n t  con f igu ra t i ons  o f  the same bas ic  design i nco rpo ra te  
load c a r r y i n g  elements, e s p e c i a l l y  j o i n t s  or fas teners ,  t h a t  d i f f e r  
i n  d e t a i l  design, the  performance o f  each d e t a i l  design s h a l l  be 
demonstrated i n  a dynamic t e s t .  Experience has shown t h a t  small 
d e t a i l s  i n  the  design o f t e n  cause problems i n  meet ing the  t e s t  
performance c r i t e r i a .  

c. Add i t i ona l  dynamic impact t e s t i n g  may be requ i red  for  a seat w i t h  
fea tu res  t h a t  could a f f e c t  i t s  performance even though the  t e s t  may 
n o t  be the  most c r i t i c a l  case based on s t r u c t u r a l  performance; e.g., 
i f  i n  one o f  the  design con f igu ra t i ons  the  r e s t r a i n t  system 
attachment p o i n t s  a re  loca ted  so t h a t  the  p e l v i c  r e s t r a i n t  i s  more 
l i ke l y  t o  s l i p  above the  ATD's p e l v i s  du r ing  the  impact. That 
c o n f i g u r a t i o n  s h a l l  a l s o  be dynamical ly  t es ted  even though the  
s t r u c t u r a l  l oad ing  might  be l e s s  than the c r i t i c a l  c o n f i g u r a t i o n  i n  
a f a m i l y  o f  seats. 

5.3.6 S e l e c t i o n  o f  T e s t  Condi t ions:  The t e s t s  s h a i l  achieve the  most c r i t i c a l  
cond i t ions .  

5.3.6.1 For m u l t i p l e  p lace  seats, a r a t i o n a l  s t r u c t u r a l  ana lys i s  s h a l l  be used 
t o  determine the  number and seat l o c a t i o n  for  the  ATDs and the  d i r e c t i o n  
fo r  seat yaw i n  T e s t  2 to  prov ide  the most c r i t i c a l  seat s t r u c t u r a l  
t e s t .  Th is  w i l l  u s u a l l y  r e s u l t  i n  unequal ly  loaded seat legs,  The 
f l o o r  deformat ion procedure s h a l l  be se lec ted  t o  increase the  load on 
the  h ighes t  loaded seat l e g  and t o  load the  f l o o r  t r a c k  or f i t t i n g  i n  
the  most severe manner. 
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5.3.6.2 

5.3.6.3 

5.3.6.4 

5.3.6.5 

5.3.6.6 

I f  m u l t i p l e  row t e s t i n g  i s  used t o  gather  data t o  assess head and femur 
i n j u r y  p r o t e c t i o n  i n  passenger seats, the  seat p i t c h  s h a l l  be se lec ted  
so t h a t  the  head would be most  l i k e l y  to  contac t  a hard s t r u c t u r e  i n  the  
forward seat row. The e f f e c t  o f  the  10-deg yaw i n  T e s t  2, the  seat back 
breakover, and f r o n t  seat occupancy s h a l l  be considered. Resul ts  from 
prev ious t e s t s  o r  r a t i o n a l  ana lys i s  may be used t o  est imate the  head 
s t r i k e  pa th  of s i m i l a r  seats i n  s i m i l a r  i n s t a l l a t i o n s .  

I f  nonsymmetrical upper torso r e s t r a i n t s  (such as s i n g l e  diagonal  
shoulder b e l t s )  are used i n  a system, they s h a l l  be i n s t a l l e d  on the  
t e s t  f i x t u r e  i n  a p o s i t i o n  rep resen ta t i ve  o f  t h a t  i n  the  a i r c r a f t  and 
which would most l i ke l y  a l l o w  the  ATD to  move o u t  of the  r e s t r a i n t .  
example, i n  a forward-facing crew seat equipped w i t h  a s i n g l e  diagonal  
shoulder b e l t ,  the seat should be yawed i n  T e s t  2 i n  a d i r e c t i o n  such 
t h a t  the  b e l t  passes over the t r a i l i n g  shoulder.  

I f  a seat has v e r t i c a l  or h o r i z o n t a l  adjustments, i t  s h a l l  be tes ted  i n  
the  p o s i t i o n  used by a 50 th-percent i le  male occupant i n  the a i r c r a f t  
i ns t a l  1 a t  ion .  

For 

F loo r  deformat ion need no t  be considered i n  assessing the  consequence o f  
seat deformat ion r e l a t i v e  t o  the  poss ib le  impairment of r a p i d  evacuat ion 
o f  the  a i r c r a f t .  
re tu rned  t o  t h e i r  neu t ra l  pos1 t i o n  and the necessary measurements made 
to  determine poss ib le  impairment o f  the  evacuat ion process. 

A f t e r  the t e s t ,  the  p i t c h  and r o l l  floor beams may be 

I n  some cases, i t  may no t  be poss ib le  t o  measure data for  head impac-t 
i n j u r y  du r ing  the  bas ic  t e s t  o f  the seat and r e s t r a i n t  system. 
design of  the  surrounding i n t e r i o r  may no t  be known to  the  designer o f  
the  seat system, or the  sys tem may be used i n  several  a p p l i c a t i o n s  w i t h  
d i f f e r e n t  i n t e r i o r  con f igu ra t i ons .  I n  such cases, the  head s t r i k e  pa th  
and the head v e l o c i t y  along the pa th  s h a l l  be documented. 
r e q u i r e  c a r e f u l  placement o f  photo i ns t rumen ta t i on  cameras and l o c a t i o n  
of  t a r g e t s  on the  dummy represent ing  the  dummy head center  of  mass so 
t h a t  the necessary data can be obta ined.  These data can be used by the 
i n t e r i o r  designer t o  ensure e i t h e r  t h a t  head impact w i t h  the  i n t e r i o r  
w i l l  no t  take p lace o r  t h a t ,  should any unavoidable head impacts occur,  
they can be evaluated us ing  HIC. 

The 

This  w i l l  

5.3.7 I n s t a l  l a t i o n  o f  Ins t rumenta t ion :  Pro fess iona l  p r a c t i c e  s h a l l  be f o l  lowed 
when i n s t a l l i n g  ins t rumenta t ion .  Care s h a l l  be taken when i n s t a l l i n g  the  
t ransducers t o  prevent  deformation of the  t ransducer body which cou ld  
cause e r r o r s  i n  data.  
w i t h  the dummy o r  t e s t  i t e m ,  and s u f f i c i e n t  s lack  s h a l l  be prov ided to  
a l l o w  mot ion o f  the  dummy or t e s t  i t e m  w i thou t  break ing the lead-wires or 
d isconnect ing the  t ransducer.  C a l i b r a t i o n  procedures s h a l l  cons ider  the  
e f f e c t  o f  long transducer lead-wires.  Head accelerometers and femur load 
c e l l s  s h a l l  be i n s t a l l e d  i n  the dummy i n  accordance w i t h  the  dummy 
s p e c i f i c a t i o n  and the i n s t r u c t i o n s  of the  transducer manufacturer.  
load c e l l  between the p e l v i s  and the lumbar column s h a l l  be i n s t a l l e d  
e i t h e r  i n  accordance w i t h  the  approach shown i n  F igure  8 o f  t h i s  AS, or i n  
a manner t h a t  w i l l  p rov ide  equ iva len t  da ta  (5.3.2.1). 

Lead-wires s h a l l  be rou ted  t o  avo id  entanglement 

The 
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5.3.7.1 

5 .3 .7 .2  

I f  an upper torso r e s t r a i n t  i s  used, the  tens ion  load s h a l l  be measured 
i n  a segment of  webbing between the ATD shoulders and the  f i r s t  con tac t  
o f  the webbing w i t h  hard s t r u c t u r e  ( t h e  anchor p o i n t  or a webbing 
guide) ,  R e s t r a i n t  webbing s h a l l  not be c u t  to  i n s e r t  a load c e l l  i n  
s e r i e s  w i t h  the  webbing, s ince t h a t  w i l l  change the  c h a r a c t e r i s t i c s  OP 
the  r e s t r a i n t  system. 
w i thou t  c u t t i n g  are commercial ly a v a i l a b l e .  They s h a l l  be p laced on 
f r e e  webbing and should n o t  con tac t  hard s t r u c t u r e ,  seat upho ls te ry ,  or 
the  ATD du r ing  the t e s t .  
webbing, mu l t i p le - l aye red  webbing, l o c a l l y  s t i t c h e d  webbing, or f o l d e d  
webbing unless i t  can be demonstrated t h a t  these cond i t i ons  do n o t  cause 
e r r o r s  i n  the data.  These load c e l l s  s h a l l  be c a l i b r a t e d  us ing  a l eng th  
of  webbing of  the type used i n  the  r e s t r a i n t  system. I f  the  placement 
o f  the  load c e l l  on the  webbing causes the  r e s t r a i n t  system to  sag, the  
weight of  the  load c e l l  can be supported by l i g h t  s t r i n g  or tape t h a t  
w i l l  break away du r ing  the  t e s t .  

Load c e l l s  t h a t  can be p laced over  the  webbing 

They s h a l l  n o t  be used on double-reeved 

Since load c e l l s  are s e n s i t i v e  to  the  i n e r t i a l  f o rces  o f  t h e i r  own 
i n t e r n a l  mass, to  the  mass of f i x t u r e s  loca ted  between them and the  t e s t  
a r t i c l e ,  as w e l l  as to  forces app l i ed  by the  t e s t  a r t i c l e ,  i t  may be 
necessary t o  compensate the  t e s t  data f o r  t h a t  inaccuracy i f  the  error 
i s  s i g n i f i c a n t .  Data for  such compensation w i l l  u s u a l l y  be ob ta ined 
from an a d d i t i o n a l  dynamic t e s t  t h a t  r e p l i c a t e s  the load c e l l  
i n s t a l l a t i o n .  b u t  does n o t  i nc lude  the  t e s t  i t e m .  

5.3 .8  Procedure to  S e t  Up the  T e s t :  

5.3.8.1 The t e s t  f i x t u r e  s h a l l  be o r i e n t e d  as requ i red  fo r  the g iven t e s t  
cond i t i ons .  

5.3 .8 .2  Each seat s h a l l  be i n s t a l l e d  i n  the  t e s t  f i x t u r e  and secured i n  a manner 
rep resen ta t i ve  o f  i t s  in tended use. 

5.3.8.3 Each ATD s h a l l  be p laced i n  the  seat i n  a un i fo rm manner t o  enhance 
reproduc ib le  r e s u l t s .  The f o l  lowing suggested procedures have been 
found to  be adequate by prev ious exper ience. 

a. The f r i c t i o n  i n  a l imb  j o i n t  s h a l l  be s e t  so t h a t  i t  b a r e i y  
r e s t r a i n s  the weight o f  the  l imb  when extended h o r i z o n t a l l y .  

b. The ATD should be p laced i n  the  center  of  the  seat,  i n  as n e a r l y  a 
symmetrical p o s i t i o n  as poss ib le .  

The ATD 's  back should be aga ins t  the seat back w i thou t  c learance. 
This c o n d i t i o n  can be achieved i f  the ATD l egs  a re  l i f t e d  as i t  i s  
lowered i n t o  the  seat.  Then, the  ATD i s  pushed back i n t o  the  seat  
back as i t  i s  lowered the l a s t  f e w  inches i n t o  the seat pan. Once 
a l l  l i f t i n g  devices have been removed f rom the ATD, i t  should be 
rocked s l i g h t l y  t o  s e t t l e  i t  i n  the  seat.  

c. 

d. The ATD 's  knees should be separated approximately 100 mm (4 i n ) .  
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5.3.8.3 

5.3.8.4 

5.3.8.5 

(Continued) : 

e. The ATD's hands should be placed on the top of its upper legs, just 
behind the knees. If tests on crew seats are conducted in a mockup 
that has aircraft controls, the ATD's hands should be lightly tied 
to the controls. If only the seatlrestraint system is tested, the 
ATD's hands should be tied together with a slack cord that provides 
approximately 610 mm (24 in) of separation before the cord becomes 
tight. This will prevent excessive arm flail during the dummy 
rebound phase. 

f. All seat adjustments and controls shall be set as indicated in 
5.3.6.4. If a seat has special requirements dictating its position, 
adjustment, orientation, etc. for take-off or landing, the test seat 
shall represent those conditions, 

g. The feet shall be in the appropriate position for the type and usage 
of  a seat being tested (flat on the floor, on control pedals or on a 
45-deg footrest for flightcrew systems). The feet shall be placed 
so that the centerlines of the lower legs are approximately 
parallel, unless the need for placing the feet on aircraft controls 
dictates. otherwise. 

For tests where the ATD's head is expected to impact a fixture or 
another seat back, the head and face of the ATD shall be dusted with 
chalk dust to mark head contact areas. 

The restraint system adjustment shall be made as follows. The restraint 
system shall not be tightened beyond the level that could reasonably be 
expected in use and the emergency locking device (inertia reel) shall 
not be locked prior to the impact. Automatic locking retractors shall 
be allowed to perform the webbing retraction and automatic locking 
function without assistance. Care shall be taken that emergency locking 
retractors which are sensitive to acceleration do not lock prior to the 
impact test because of pre-impact acceleration applied by the test 
facility. 
in accordance with instructions given to the user o f  the restraint 
system. 

If comfort zone retractors are used, they shall be adjusted 

If manual adjustment of the restraint system is required, slack shall be 
removed but the restraint system shall not be adjusted so that it is 
unduly tight. Webbing preload in manually adjusted pelvic restraint 
systems shall not exceed 50 - 70 N (12 - 15 lb). Since this load is too 
small to be accurately measured by transducers selected to measure the 
high loads encountered in the impact test, it should be measured 
manually as the restraint is being adjusted. Special gauges to assist 
in making this measurement are commercially available. 
force applied to a manually adjusted upper torso restraint shall be just 
sufficient to remove slack. Preload in the restraint system shall be 
checked and adjusted if necessary just prior to the floor deformation 
phase of the test. 

The webbing 
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5,3.8.6 Floor deformations, i f  app l icab le ,  s h a l l  be a p p l i e d  w i t h  the  load 
measuring ins t rumenta t ion  f u n c t i o n i n g  so as t o  record  the  imposed loads 
a t  attachment p o i n t s .  

5 , 3 , 9  Data Analvs is :  

5 .3 .9 .1  

5.3.9.2 

General: A l l  data obta ined i n  the  dynamic t e s t s  should be reviewed for  
errors. Basel ine d r i f t ,  r i n g i n g ,  and o t h e r  common e l e c t r o n i c  
ins t rumenta t ion  problems should be detected and cor rec ted  be fore  the 
t e s t s .  
the  da ta  versus t ime and i s  t y p i c a l l y  i n d i c a t e d  by sharp d i s c o n t i n u i t i e s  
i n  the  data, o f t e n  exceeding the  ampl i tude l i m i t s  of  t h e  data c o l l e c t i o n  
system. 
the  data should be r e j e c t e d  and the  t e s t  repeated. I f  they occur l a t e  
i n  t h e  t e s t ,  a f t e r  the  maximum data i n  each channel has been recorded, 
the  v a l i d i t y  o f  the  data should be c a r e f u l l y  evaluated, b u t  the  maximum 
values o f  the  data may s t i l l  be acceptable fo r  the  t e s t s  descr ibed i n  
t h i s  AS. The HIC does not represent  s imply a maximum data value, b u t  
represents an i n t e g r a t i o n  o f  data over a vary ing  t i m e  base. The head 
a c c e l e r a t i o n  measurements used for t h a t  computation are n o t  acceptable 
i f  e r r o r s  or loss of  data are apparent i n  the  da ta  a t  any t i m e  from the  
beginning o f  the  t e s t  u n t i l  the  ATD and a l l  t e s t  a r t i c l e s  are a t  r e s t  
a f t e r  t h e  t e s t .  

Loss of data d u r i n g  the  t e s t  i s  r e a d i l y  observed i n  a p l o t  o f  

I f  these occur e a r l y  i n  the  t e s t  i n  e s s e n t i a l  data channels, 

Impact Pulse Shape: 
obta ined from an accelerometer t h a t  measures the  a c c e l e r a t i o n  i n  t h e  
d i r e c t i o n  p a r a l l e l  t o  the  i n e r t i a l  response shown i n  Figures 6 and 7 of 
t h i s  AS. The impact pu lse intended fo r  the  t e s t s  discussed i n  t h i s  AS 
has a symmetrical ( i sosce les)  t r i a n g u l a r  shape. Since t h i s  i d e a l  pu lse 
i s  considered a minimum t e s t  cond i t ion ,  i t  i s  poss ib le  t o  evaluate the  
a c t u a l  t e s t  pulse by comparing i t  w i t h  the i d e a l  t r i a n g u l a r  pulse.  The 
i d e a l  pu lse can be drawn, t o  scale,  i n  the  data p l o t  o f  the t e s t  s l e d  or 
c a r r i a g e  a c c e l e r a t i o n  versus t ime. 

Data for  e v a l u a t i n g  the  impact pu lse shape are 

The t e s t  pu lse i s  acceptable i f  the  p l o t t e d  da ta  are equal t o  or grea ter  
than the  i d e a l  impact pulse.  However, t h i s  can lead to  us ing  a t e s t  
pu lse s i g n i f i c a n t l y  h igher  than the  i d e a l  pu lse unless the t e s t  f a c i l i t y  
has prec ise  c o n t r o l  i n  generat ing the  t e s t  pulse.  To avoid t h a t  
problem, an a l  t e r n a t e  graphic  technique may be used t o  evaluate t e s t  
impact pu lse shapes which are n o t  p rec ise  isosceles t r i a n g l e s .  
graphic  technique, i l l u s t r a t e d  i n  Appendix A, uses the  f o l l o w i n g  steps: 

The 

a. Extend t h e  c a l i b r a t i o n  base l ine  (zero  G) through the p l o t  o f  t e s t  
s led  or car r iage a c c e l e r a t i o n  versus t i m e .  

b.  Locate the  maximum a c c e l e r a t i o n  (Gp) i n d i c a t e d  on the  p l o t .  

c. Construct  re ference l i n e s  p a r a l l e l  to  the  base l ine  a t  l e v e l s  o f  
0.1 Gp, 0.9 Gp, and 1.0 Gp. 
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5.3.9.2 (Continued): 
d. 

e. 

f. 

g -  

h. 

i. 

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

Locate the intersection points of the onset line with the baseline 
and with the 1.0 Gp reference line. 
points, measured along the time axis of the data plot, is considered 
the rise time (tr) of the test impact pulse. 

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

The interval between these two 

The area under the data plot curve within the rise time of the test 
impact pulse shall represent at least one half of the impact 
velocity given in Figures 6 and 7 for each test. If the value of 
peak acceleration measured in the test exceeds the level given in 
Figure 6 or 7 by no more than lo%, the pelvis to lumbar spinal 
column force, femur loads and the upper torso restraint force 
measured in the test may be adjusted by multiplying the measured 
values by the ratio of the peak acceleration given in Figure 6 or 7 
divided by the measured peak acceleration, if necessary. 

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

The area under the data plot curve from the intersection point of 
the onset line and the zero G basline and a later time not more than 
2.3 times the appropriate rise time specified in Figure 6 or 7 shall 
equal or exceed the minimum impact velocity specified in Figure 6 
or 7. 

5.3.9.3 Head Injurv Criterion (HIC): Data for determining the HIC need be 
collected during the tests discussed in this AS only if the ATD's head 
is exposed to impact in a particular aircraft installation. 
calculated according to the following equation: . 

The HIC is 

Where: tl, t2 = any two points in time during the head impact, in 
seconds 

impact, in multiples of g's. 
a(t> = the resultant head acceleration during the head 

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

The HIC is calculated by 
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