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FOREWORD
A net hodol ogy for denonstrating conpliance with FAR Part 23.562 by
conput er nodel i ng anal ysi s techni que, validated by dynam c seat tests,
was generated by the AGATE Advanced Crashworthiness Group. This task
was performed in collaboration with the Federal Aviation
Adm nistration Small Airplane Directorate. Nothing in this docunent
shal | supersede applicable |aws and regul ations. This docunent was
devel oped by The Cessna Aircraft Conpany under the AGATE
crashworthi ness program and is approved by the principal nenbers of
the Integrated Design and Manufacturing Technical Council for public

rel ease under the terns of the Joint Sponsorship Research Agreenent.

Thi s docunent may be reproduced and distributed without restrictions.
Any i nprovenents, beneficial comments or clarification needed

regarding the contents of this docunent shall be forwarded to:

Advanced Crashworthi ness G oup
I ntergrated Design and Manufactring Techni cal Counci
c/ o AGATE Al liance Association Inc.
3217 N. Armi stead, Ste. M
Hanpt on, VA 23666- 1379

Vi
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1. PURPCSE

The purpose of this docunent is to provide guidance for denonstrating
conpliance wth FAR Part 23.562 by neans of conputer nodeling analysis
techniques. It defines the acceptable applications, |imtations,
val i dati on processes and m ni nrum docunentation requirenents that are

i nvol ved when substantiation by conputer nodeling is used to support a

seat certification program

Thi s docunent al so provides guidance and |ists specific exanples on

t he nmet hodol ogi es associated with generating occupant crash
simulation. The intent of this docunent is to provide an engi neer

wi th background in transient finite elenment nodeling with sufficient
details to devel op a seat/occupant conputer nodel that nay be
successfully enpl oyed for design and certification. Since the practice
of conputer nodeling is highly dependent on the state of hardware and
software at the tinme of the release of this docunent, future
enhancenent may effect portions of the guideline, and appropriate

update to this docunent will be required.

It is recognized that there may be nore than one possible approach in
generating a seat/occupant conputer nodel. Therefore, the

net hodol ogi es and exanpl es presented in this docunent shoul d not be
construed as the only nmethod of performng a conputer analysis of the
seat/ occupant system O her nodeling techniques, subjected to
reasonabl e validation, may be acceptabl e and shoul d be coordi nat ed

with the FAAif the data is to be used for certification purposes.
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3. DEFI NI TI ONS

3.1 SEATI NG CONFI GURATI ON

The aircraft interior floor plan, which defines the seating positions
avai l abl e to passengers during take-off, landing and in-flight

condi ti ons.

3. 2 SEATI NG SYSTEM

A seating systemis conprised of the seat structure, upholstery and

restraint system

3. 3 COVPUTER MODELI NG

The use of conputer based finite element or nulti-body transient
analysis to sinulate the physical crash event. These codes typically
follow an explicit formulation. The follow ng conbination of conputer
codes and occupant nodel s have been tested for use in the design and

certification of dynam c seats.

1. N%DYN[@Dtransient finite element/multi-body software and the
MADYM3® 50% Part 572 Subpart B (Hybrid I1) occupant nodel .

2. MsC/ DYTRAI\ﬁ>IZ| transient finite el enent software and the ATB®E|
(Hybrid I1) occupant nodel

3. LS—DYNABDjJtransient finite elenment software and the MADYMO® 50%

O MADYMO is a registered trademark of TNO Road- Vehicl es Research Institute

O MSC/ DYTRAN is a registered tradenark of the MacNeal - Schwendl er Cor por ati on

U ATBis a publ i c donai n code devel oped and nai ntai ned by Wight Patterson Air Force Base
O LS-DYNA3D is a registered tradenark of the Livernore Software Technol ogy Corporation

A WN P
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Part 572 Subpart B (Hybrid Il) occupant nodel.

3.4 STABILITY OF EXPLCI T CODES

Most transient explicit finite el ement codes enploy direct integration

nmet hods, and take advantage of the nunerical effectiveness of

i ntegration schenes such as the central difference nethods, WIson-0
or Newmark [-nmethods. These integration schenes attenpt to satisfy

equilibriumonly at discrete tinme intervals (At) rather than for the

duration of the analysis.

The accuracy and stability of the solution is highly path dependent,
and relies heavily on the interpol ated val ues of displ acenents,

vel ocities and accelerations wwthin each tine step interval. The

i nherent nunmerical instabilities encountered with explicit dynamc
anal ysis codes are discussed in detail, nost notably by Bathe and
Bel yt schko in their respective publications (reference Section 2).
The solutions are therefore conditionally stable, a trade-off for the

sinplicity and cost effectiveness of the nethods. The stability of
the explicit methods is a function of the critical tine step At

defi ned as

At :min-I£

cr

where | is the effective length of the snallest elenent, and c¢c is the
wave speed (a function of material stiffness). In other words, the

time step selected for the analysis nust be smaller than the tine for
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the stress wave to cross the smallest elenent in the finite el enent
mesh. Otherw se, the solution can grow wi thout bound and deviate from

stability, and thereby, producing erroneous results.

In theory, the nost accurate solution is obtained when an integrating
time step equivalent to the stability limt is chosen. Commerci al
codes, such a MADYMO or LS-DNA3D, attenpt to offset the problens of
nunerical instability by automatically regul ating and constantly
updating the time interval used throughout the analysis. Although the
user may chose an initial tinme step to begin the analysis, the program
will calculate the critical integration tine step, and will either
termnate or default to the critical tine step if the user input tinme

step is larger than the m ni mum



ABBOTTAEROSPACE.COM

4. SEAT CERTI FI CATI ON BY COVPUTER MODELI NG

Conmputer analysis may be used to substantiate a seat system design
that is subjected to the certification requirenents of FAR Part 23.562
after it has been correlated to the validation acceptance criteria
specified in Section 4.1. The validation nmust be perforned on a
basel i ne seat design that has denonstrated conpliance, by test, to 14

CFR 23. 562.

Once val idated, the nodel may then be utilized for certification

pur poses under the conditions specified in Section 4.2 and 4. 3.
Further utilization of conputer analysis for denonstrating conpliance
beyond the conditions specified in Sections 4.2 and 4.3 will occur as

t he experience base of industry grows.

4.1 CGENERAL VALI DATI ON ACCEPTANCE CRI TERI A

The nodel is considered validated and nay be used as neans of
denonstrating conpliance if the validation acceptance criteria
specified in this section have been denonstrated. The criteria wll
allow for sonme subjective interpretation as long as the basis of such
interpretation is consistent with good engi neering judgnent. Such
interpretation shall also be commensurate with the basis of the

regul ation, and the level of correlation required of the applicant
shall not be inposed to tol erances beyond that observed in a dynamc

test. The validation acceptance criteria are as follows:

1. The nodel nust be reasonably validated agai nst a dynam c test.
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2. The nodel can be utilized for substantiation under simlar
conditions that the nodel was vali dated against.

3. The general pre-inpact occupant trajectory, verified by visual
conpari sons, should correl ate agai nst test data.

In addition to the general validation criteria above, the nodel has to
correlate to the follow ng application specific criteria defined in

Section 4.1.1.

4.1.1 APPLI CATI ON SPECI FI C VALI DATI ON CRI TERI A

The intent is to have the applicant validate -in addition to the
general validation criteria- paraneters that are relevant to the
application of the nodel. This will renove undue burden fromthe
applicant to performvalidation for other paraneters that nay not be
used in the certification. The relevant application specific

val idation criteria should be established and agreed by the FAA ACO
and listed in the certification plan. Test data used to validate the
nodel shoul d be included as an appendix in the analysis report. The
conputer nodel is considered validated if reasonabl e agreenent between
anal ysis and test data can be shown. Acceptable correlation nethods
related to each application specific validation criteria are defined

in Section 4.1.1.1 to 4.1.1.6.

4.1.1.1 OCCUPANT TRAJECTORY

Qccupant trajectory describes the overall notion of the occupant. The

trajectory of the occupant (such as headpath) determ ned by anal ysis
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may be conpared to high-speed video obtained fromdynam c tests.
Val i dati on may be established by visual conparison or by over-1laying
space (Xxy, yz or zx) tine-history plots obtained fromthe analysis to

calibrated photonetric data obtained fromdynam c tests.

4.1.1. 2 STRUCTURAL RESPONSE

The conputer nodel, used for structural certification, my be
val i dated by correlating the follow ng structural performance criteria

to dynam c test.

4.1.1.2.1 | NTERNAL LOADS

Internal |oads such as floor reaction |oads are a required neans to
show correl ati on. Reasonabl e agreenent between the peak resultant
floor reaction |load obtained in the analysis and test data shoul d not

exceed 10%

4.1.1.2.2 STRUCTURAL DEFORMATI ON

Reasonabl e agreenent shoul d be obtai ned between the node of structural
def ormati on obtai ned by analysis and test data for nmenbers that are
critical to the overall performance or structural integrity of the
seat or seating system Validation nay be established by visual
conparisons or by over-laying space (xy, yz or zx) plots obtained from

the anal ysis to photonetric data obtained fromdynam c tests.

4.1.1. 3 RESTRAI NT SYSTEM
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Conpl i ance with shoul der harness load is defined in FAR Part
23.562(c)(6). Validation of the restraint system nmay be obtained by
correlating the analysis belt load force-tine history to test data.
The phase and naxi mum val ue force-tinme history profile should
correlate within 10% of dynam c test data. This would ensure that in
the analysis, the energy fromthe occupant as a result frominertia
forces are transferred appropriately to the seat and vice versa.
Addi ti onal paraneters such as belt pay-out or permanent el ongation may
be correlated if simlar neasurenents were recorded during dynamc

test.

4.1.1.4 1 NJURY CRI TERI A

Validation of the injury criteria nay be obtained by correlating the
analysis time history plots to test data. In general, the | evel of
deviation in the injury criteria between anal ysis and test data should

not exceed 10%

4.1.1.5HEAD I NJURY CRITERIA (H O

Compliance with Head Injury Criteria is defined in FAR Part
23.562(c)(5). The regulation specifies HHC to be cal cul ated during
the duration of the major head inpact, and the maxi nrum all owable H C
limt is 1,000 units. The selected tine interval® used in calculating
H C may not exceed 50 mlliseconds. If the H C eval uation involves
head i npact with airbags, FAAw Il determ ne the appropriate HC limt

and tinme interval criteria®. In either case, the tinme interval used to
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evaluate HHC in the analysis should be selected to match the tine
interval size used to evaluate HC in the test. Because HCis a
maxi m zing function, the reported tine duration® that produces the
maxi nrum H C need not match. The analysis is validated for HHC if the

follow ng correl ati ons between analysis and test data are established.

1. The phase and profile of the acceleration time-history plot for

resul tant head accel erati ons.

2. The average resultant “G | oading as neasured fromthe center of

the head center of gravity.
3. The HHC cal cul ation, using the sane tinme interval.

! The term*‘time interval’ used in this section is defined as the duration between

the initial and end tine which the user selects to calculate H C, which should
correspond to the duration when the ATD i s exposed to head inpact on airplane

interior features.

2 Shorter HIC evaluation tine intervals and lower HIClinits are used in the

aut onotive regul ations (46 CFR 571.208) to account for head/airbag interactions, and
may be appropriate in sone airplane certification. The validation of conputer nobdels
using a HC limt other than that specified in 14 CFR 23.562 should be approved by

t he FAA.

3The term‘reported time duration’ used in this section is defined as two points in
time in the head accel eration profile that produces the maximum HC. This reported

tinme duration is not user defined, and is based on the outcone of the H C al gorithm

10
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4.1.1.6 SPI NE LOAD

Compliance with spine load is defined in FAR Part 23.562(c)(7). The
maxi nrum al l owable limt is 1,500 pounds. The phase and maxi mum val ue
force-tinme history profile for spine |oad obtained in the analysis

shoul d be correlated to the dynam c test.

4. 1.2 DIl SCREPANCI ES

Failure to satisfy all validation criteria does not automatically
precl ude the nodel from being validated. The applicant and the FAA
ACO engi neer should evaluate if the deviations will have a detrinental
i mpact on the nodel to sufficiently predict the crash scenario, and to
determne if deviations fromthe validation criteria are acceptable.
In addition, the applicant may present evidence to show that the
deviation is within the inherent reliability and statistical accuracy
of the test results. Discrepancies between results obtained from

anal ysis and test data should be quantifi ed.

4.1. 3 COWPUTER HARDWARE AND SOFTWARE

The nodel should be used for certification on the sane hardware and
software platformthat the validation was conducted. The nodel should
be devel oped using the production version of the software. Beta

rel eases are not allowed. |If the conputer nodel is transferred for
use on a different platform the applicant nust re-validate the node
as necessary to ensure that the results do not reflect any significant

di ff erences.

11
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4.2 APPLI CATI ON OF COVPUTER MODEL | N SUPPORT OF DYNAM C TESTI NG

The purpose of this section is to encourage the use of analysis to
reduce the nunber of full-scale dynamc test that are required to
certify a seat design or installation. This is beneficial in
certifying seats that are based on the sane design concept, but may
differ structurally to accommpdate a particular installation. A final
certification test is nornmally required to certify the worst-case seat

design or installation.

When the intent of the conputer nodel is to provide engineering

anal ysis and rationale in support of dynamc testing, the results from
the conmputer nodel may be used for, but are not limted to, the
foll ow ng conditions specified in Section 4.2.1 through 4.2.3.
Addi ti onal conditions, which are currently not defined, shall be
coordinated with the | ocal FAA ACO and approved in the certification

pl an.

4.2.1 DETERM NATI ON OF WORST CASE FOR A SEAT DESI GN

Upon conpl etion of the conputer analysis, the results fromthe
sinmul ation may be used to determne the worst case or critical |oading

scenario for a particular seating system This includes

1. ldentifying conponents of seat structures that are critically

| oaded.

2. Selection of critical seat tracking positions.

12
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3. Determne the direction of floor deformation to produce worst case

| oadi ng on seat frane.
4. Evaluation of restraint system
5. Sel ection of worst-case seat cushion buil d-up.
6. Evaluation direction of yaw condition to address |oading on seat

frame and novenment of occupant out of restraint system

4.2.2 DETERM NATI ON OF WORST CASE SCENARI O FOR SEAT | NSTALLATI ON

For seats, which have been shown by analysis or test to be simlar,
conputer analysis may be used to select the worst case seating system
in the seating configuration for dynam c testing. Each seating system
shall be analyzed in its production installation configuration.
Exanpl es where anal ysis nay be used to determ ne a worst case seating

system may i ncl ude:

1. Seating systeminstalled in an over-spar versus a non-over spar

configuration.

2. Seating systeminstalled at different positions in the fusel age,
which results in varying restraint anchor positions relative to the

occupant and seat structure.

4. 2.3 DETERM NATI ON OF OCCUPANT STRI KE ENVELOPE

The results of the conputer analysis may be used to determ ne the
occupant stri ke envelope with aircraft interior conponents. Each

seating systemshall be analyzed in its production installation

13
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configuration. The occupant strike envel ope can then be used to
determne if a potential for head strike exist, and if so, which itens

are required in the test setup during the H C eval uation tests.

4.3 APPLI CATI ON OF COVPUTER MODELI NG | N-LI EU OF DYNAM C TEST

The purpose of this section is to encourage the use of analysis to
elimnate dynamc testing on certified seats. Wen the intent of the
conputer nodel is to provide engineering data in-lieu of dynamc
testing, the results fromthe conputer nodel may be applied to the

foll ow ng conditions:

4.3.1 SEAT SYSTEM MCDI FI CATI ON

Anal ysi s based on conputer sinmulation may be used to re-substantiate
seat designs which have been nodified fromthe TSO d or certified

configuration. No additional testing is required.

4. 3.2 SEAT | NSTALLATI ON MADI FI CATI ON

Anal ysi s based on conputer sinmulation may be used to re-substantiate
seat installations. The primary application is to show conpliance for
H C and occupant body-to-body contact as a result of changes in seat

arrangenents.

4.4 SEAT CERTI FI CATI ON PROCESS

This section contains certification guidelines when conputer nodeling

is utilized as supporting engineering data to denonstrate conpliance

14
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with FAR Part 23.562. It defines the procedures that are involved
with regards to FAA coordination, guidelines for the preparation and
val i dati on of the conputer nodel, and the m ni mum docunentati on

requi renents for FAA data submttal.

4.4.1.1 FAA COORDI NATI ON

The FAA coordination process used in this docunent has been extracted
from FAA Order 8110.4A. FAA coordination is essential in ensuring the
proper and timely execution of any certification program Specific
gui delines are presented to assist in the inplenentation of conputer

nodel i ng as a neans of conpliance.

4. 4.2 CERTI FI CATI ON PLAN

The use of conputer nodeling as technical data to support the
establishment of dynami c test conditions or in-lieu of dynam c test
shall be negotiated with the FAA during the prelimnary and interim

Type Certification Board (TCB) neeting. The applicant’s role is to:

1. Acquaint the FAA personnel with the project

2. Discuss and famliarize the FAAwith the details of the design

3. ldentify, with the FAA applicable certification conpliance

par agr aphs.

4. Negotiate with the FAA where the applicant will utilize conputer

nodel i ng, specify its intent and purpose for the anal ysis.

15



ABBOTTAEROSPACE.COM

5. Establish neans of conpliance, either by test, conputer nodeling or

both with respect to the certification requirenents.

6. Establish the validation criteria for the conputer nodel relative

to its application for certification.

7. Prepare and obtain FAA ACO approval of the certification plan.

4. 4.3 TECHNI CAL MEETI NG

The details of the conmputer nodel are defined during schedul ed

techni cal neetings held with the FAA ACO. The applicant should
prepare a docunent for the FAA describing the purpose of the analysis,
t he validation nethods and data submttal format. As a mninmum the

followng itens should be contained in the docunent:

1. Description of the seat systemto be nodel ed.

2. Selection of software for the analysis.

3. A description of how conpliance wll be shown.

4. Validation nethod.

5. Interpretation of results.

6. Substantiation docunmentation and data subm ttal package.

The docunent, hereby referred to as the analysis report, should be
devel oped in conjunction with the seat design eval uation phase, and

approved by the FAA as early in the certification program as possible.

16



ABBOTTAEROSPACE.COM

4.5 COVPLI ANCE METHODOLOGY AND DATA REQUI REMENTS

The follow ng sections define the nethodol ogy for show ng conpliance
and m ni num docunent ati on requirenents when conputer nodeling is
submtted as engineering data. As a mninum the analysis report

shoul d contain the foll ow ng:

4.5.1 PURPOSE OF COVPUTER MODEL

The applicant shoul d define the purpose of the conputer nodel and a
list of the FAR requirenents relevant to the certification of the
seating system Enphasis should be given to describe how the conputer
nodel woul d be used to denonstrate conpliance for each stated

requi renent.

4.5.2 OVERVI EW OF SEATI NG SYSTEM

Provi de an overview of the design of the seating system Describe the
seat layout in the aircraft, restraint type, and attachnment to the
airfrane. If applicable, state the adjustnent positions required
during take off and | anding. D scuss special occupant protection

features included in the design

4.5.2.1 SEAT STRUCTURE

Describe the critical conponents of the seat, the primary | oad paths
and energy absorbing features. Provide a description on how the

seat(s) are attached to the airfrane. List the material properties of
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the primary structural and energy absorbi ng conponents, and specify

the net hod of fabrication.

4.5.2. 2 RESTRAI NT SYSTEM

Provi de a description of the restraint system and any ot her devices
that are intended to restrain the occupant in the seat or reduce the
occupant’s flail envel ope under energency |anding conditions. This
may include the shoulder and lap belts, load limting devices, belt
| ocki ng devi ces and pretensioners. Describe how the restraint system

and its devices are attached or secured in position.

4.5. 2.3 UNI QUE ENERGY ABSORBI NG FEATURES

Uni que energy absorbing features are conponents, other than the seat
and restraint system that are designed to limt the load into the
seating systemor occupant. Exanples include energy absorbing sub-

floor structure and inflatables that are not nmounted on the seat.

4.5.3 SOFTWARE AND HARDWARE OVERVI EW

The anal ysis report should contain a brief description of the software
and hardware used to performthe anal ysis, and should include the

foll ow ng information

1. Type and pl atform of conputer hardware

2. Software type and versions

3. Basic software formnul ati on.
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4.5.4 DESCRI PTI ON OF COVPUTER MODEL

The anal ysis report should contain a detailed description of the

conputer nodel. This includes providing rational to the follow ng:

4.5. 4.1 ENG NEERI NG ASSUMPTI ONS

Assunptions that are nade in the anal ysis should be docunent ed.
Assunptions may include sinplification of a physical structure, the
use of a particular material nodel, nethods used for applying boundary
conditions, nethod of |oad application, etc. Discuss the validity of
t he assunptions and provide rational support for the assunptions. |If
requi red, denonstrate that the assunptions do not negatively affect

the results.

Conmponents that are not critical to the performance of the seating
system and do not influence the outcone of the analysis nay be omtted
fromthe nodel. A list of all conponents that are excluded fromthe
anal ysis shall be docunented. Comments should be included to justify

its excl usion.

4.5. 4.2 Dl SCRETI ZATI ON OF PHYSI CAL STRUCTURE

A description of the finite elenment nmesh of the structure should be
provided in the analysis report. It should describe how the critical
conponents of the structure were nodel ed and provide the rational for
the selection of elenent types that were used to represent the

structure.
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4.5.4. 3 VATERI AL MODELS

Data of material nodels in the analysis should be docunented in the
anal ysis report. List the materials used by the anal ysis software and

provi de a general description. Docunent the source of material data.

Mat eri al data acquired through in-house tests nust be supported by
appropriate docunentation that describes the basis of such test, test

nmet hods, and results. This includes proprietary data.

4.5. 4. 4 CONSTRAI NTS

Constraints are boundary conditions applied in the nodel. This

i ncludes single and nmulti-point constraints, contact surfaces, rigid

wal |l s and tied connections. Docunent the boundary conditions applied

in the nodel. Discuss how the nodel boundary conditions correspond to
the test conditions. Provide a description on all contact definitions

and nodal constraints.

Docunment the val ues used to represent frictional constants and the

validity of such val ues.

4.5.4.5 LOAD APPL| CATI ON

Loads that are applied in the conputer nodel include concentrated
forces and nonents, pressure, enforced notion and initial conditions.
Descri be how external |oads are applied to the nodel. List the source

of the crash pulse and include a copy of the profile in the appendi x.
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4.5. 4.6 OCCUPANT SI MJLATI ON

The use of appropriate occupant nodels is dependent on the objective
of the analysis. The use of the appropriate occupant nodel should be
negotiated with the FAA. If the analysis is used to certify to the
requi renents of FAR 23.562(b)(1) and (b)(2) conditions, then a
val i dat ed occupant nodel representing a 50'" percentile nale per 49
CFR Part 572 Subpart B or equival ent approved dummy shoul d be used.
Descriptions should be included in the analysis report on the

devel opnent and validation of the occupant nodel.

4.5. 4.7 GENERAL ANALYSI S CONTROL PARANMETERS

General analysis control paraneters are features of a programthat
control, accelerate and termnate the analysis. It may al so include
paraneters that enhance the perfornmance of the software for the

pur pose of reducing the conputational tine, and subroutines that are

enpl oyed to facilitate post-processing of results.

A summary of the control paranmeters used for a particular analysis
shoul d be docunented. Paraneters that may influence the outcone of
the anal ysis should be justified. For exanple, the analyst should
show that artificial scaling of mass for the purpose of reducing
conputational time is acceptable and does not negatively influence the

results of the nodel.

4.5.5 ANALTI CAL RESULT | NTERPRETATI ON
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This section contains guidance and recomendati ons for the output,
filtering and the general nethods of reporting analytical data. The
purpose is to achieve uniformty in the practice of reporting

anal ytical results. The use of the follow ng recomendati ons w | |
provide a basis for neaningful conparison to test results from

di f ferent sources.

4.5.5. 1 ENERGY BALANCE

A summary of the ratio of initial energy to final energy, and a
conpari son of hourglass energy to total energy should be provided.

The hour gl ass energy shoul d not exceed 15% of total energy. In

addi tion, the deformati on nodes associated with the presence of
hour gl ass energy shoul d be evaluated to determne if they are |ocated
at critical conponents of the structure, upon which, and an assessnent
of the hourglass nodes and its influence on the accuracy of the

anal ysis be determ ned. The nodel should be corrected as required if

the appropriate energy bal ance is not attai ned.

4.5.5. 2 DATA QUTPUT

Data fromtransient anal ysis should be generated at channel cl ass
1000. The purpose is to maintain an equival ent practice with the
instrunmentation requirenent specified in SAE J211 so that a neaningfu

conpari son to test data may be perforned.

If the output of the data channels is dependent on the integration

time step of the analysis, and its sanple rate is higher than channel
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class 1000, the data should be reduced to be consistent with channel
class 1000 prior to filtering. A deviation should be docunented in

the anal ysis report.

4.5.5. 3 DATA FI LTERI NG

The filtering practices of SAE J211 shall apply for all applications
(reference in Section 5 of the SAE J211 docunent for the recommended

channel class filtering).

4.5.6 MARG N OF SAFETY

Margi n of safety applies only to structural substantiation and should
show a positive margin of safety. |Injury pass/fail criteria shall not

exceed the maxi mum val ue as specified in 14 CFR 23.562(c).

4.5.7 M N MUM DOCUVENTATI ON REQUI REMENTS

The FAA data submittal package to show conpliance with FAR 23.562 by
nmeans of conputer nodeling should contain the follow ng:

1. Report of the analysis.

2. Video of the conputer nodel simnulation.

4.5.8 RETENTI ON OF COVPUTER MODEL DATA DECK

A copy of the computer nodel data deck used for substantiation should
be archived for reference purposes. The archived copy of the data
deck shoul d include the date and the final revision nunber of the

nodel .

23



ABBOTTAEROSPACE.COM

5. DYNAM C SEAT COVPUTER MODELI NG GUI DELI NE

This section presents sone of the nethods used to devel op a conputer
nodel of the occupant and seating system The exanples presented
reflect the versions of the software used at the tine of the rel ease
of this docunent (reference Section 3.0). Wen used effectively,

conput er nodels can reduce the cost and certification schedul e

significantly. [Figure 5-1] shows a flowchart on the use of conputer

nodeling in the dynam c seat design process.

Figure 5-1 Conputer Modeling in Seat Design

Design &
Parametric Study

¢

Design /) *Restraint optimization

Parametric Study

— eOccupant trajectory
*Seat/Divider/Upholstery Occupant injury prediction

*Weight reduction *Energy absorbing concepts
eI ncrease confidence in design

~ /

eDiagnostic Tool (pre-test)

¢

( Certification T est )

eDiagnostic Tool (post-test)
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In the prelimnary design phase, conputer nodeling is used to perform
nunerous paranetric studies to investigate different energy absorbing
concepts and establish design paraneters to neet the structural and
occupant loads. Sinple restraint nodels are generated to predict
occupant trajectory and determ ne, optimze restraint design and
determ ne the approxi mate anchor nount positions. Information fromthe
paranetric analysis is used to produce the prototype seat design. The
prototype seat is then evaluated for fit and function, and

nodi fications made to refine the design

More details are added to the conputer nodels as the seat design noves
fromthe prototype to the first production concept design. The
analysis is perforned to obtain an accurate prediction of structural
and occupant response, and in particular, occupant |oads wth respect
to the dynam c pass/fail criteria. The objective is to reduce the
risk of failure and the need to re-test during the certification
program In this phase, detailed finite el enment nodels are used to
generate cross-section properties of beamstructures that can

wi t hstand the dynam c | oad.

Iterations in analysis are perforned to obtain an optinmal stiffness-
to-weight ratio. Interior conponents such as glareshield, instrunent
panel s and side-|edges are added to the nodel to predict the head
injury criteria. Seat cushions, seat pans or energy absorbing devices
are nodeled to predict spine |load. Floor deformation analysis is
performed to determne if the seat structure is able to react the

i nduced pre-stress and crash | oad without failure. The sinple axial
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belt nodel used in the paranetric analysis is replaced with 2-D finite

el ement belt nodel to provide better occupant trajectory predictions.

An evaluation test is conducted on the seat design and appropriate
changes are nmade based on the test results. The design and anal ysis
cycle is iterated until a satisfactory design is attained, and the

seat program proceeds to the certification phase.

Conmputer nodels can also be utilized as a post-test diagnostic tool.
Wl | - prepared nodel s can sonetines help identify anomalies that
occurred during a test that are linked to bad instrunentation
channels. The conputer nodel hel ps establish the range or approxi mate
val ues that a neasuring device may produce, such as shoul der harness

| oad or head accel eration. The output fromthe conputer nodel can be
conpared with actual test signals to determne if the test data are
physically possible or if the signals are conprom sed by noise or

faulty instrunmentation.

5.1 UNI TS

Transient finite elenent nodeling requires the use of a consistent set
of engineering units for the fundanental neasures of length (L), tine
(T), mass (M and derivative units such as velocity (L/T) and force
(M/T?). show an exanple of different sets of consistent
units. It is good nodeling practice to define a specific set of

units that will be used in the nodel by specifying themearly in the

data deck, as shown in an exanple MSC/DYTRAN file in [Figure 5-2|
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Table 5-1 Sets of Consi stent

Units

Units S Engl i sh nm kg/ ns
Length Meter (m Foot (ft) MIlinmeter (mm
Mass Ki | ogram (kg) slug (Ibf-s?ft) Ki | ogr am (kg)

Ti me Second (s) Second (s) M1 Ilisecond (ns)
Density kg/ n? slug/ft? kg/ m?
Force kg ms?2 = Newton (N) slug ft/s? = | bf KN
Stress N nf = Pa (slug ft/s?)/ft? Gpa
=l bf/ft?
Ener gy Nm = Joul e (J) (slug ft/s?ft =Ibf-ft Joul es (J)

This would hel p the person generating the nodel, and users downstream

that nmay be involved in editing, debugging or checking the anal ysis,

to quickly recognize and apply the correct input to the nodel.

Figure 5-2 Exanple Unit Specification

$ SEAT CRASH TEST MODEL
N
$ SI Units: kg - neter - seconds
L

$ conversion factors

$ Ibmin3 to kg/nB: nultiply by 2. 767990e+4
START

ENDTI ME=150. E- 3

PARAM | NI STEP, 1. E-6

TLOAD=1

In general, software such as MSC/ DYTRAN, MADYMO or LS-DYNA3D do not

require the nodel to be defined in a particular set of units as |ong

they are consistent. However, careful consideration should be given

when the structural finite elenent nodel is coupled with an occupant
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nodel. For MADYMO the use of SI units with the occupant nodel is

hi ghly recommended due to built-in absolute convergence criteria.
Usi ng non-SI units with MADYMO occupants may introduce error in
results. O her coupled nodels - such as MSC/ DYTRAN ATB- w || execute
well either in English or SI units as long as both the structure and

t he occupant have consistent set of units.

5. 2 COORDI NATE SYSTEM

The seat nodel should be aligned with the aircraft coordi nate system
This will facilitate the results of the conputer nodel to be
correlated to the test data, where the coordinate and sign convention
of the test instrumentation is also oriented in the aircraft

coordi nate system as specified in SAE J211. For the seat and sl ed,
the X-axis should be along the fore-aft (fuselage) direction of the

aircraft, the Y-axis along the inboard-outboard (buttline) direction,

and the Z-axis along the direction of gravity (waterline). [Figure 5-3

illustrates a MADYMO nodel of a forward facing seat aligned in the

aircraft coordinate system

The engi neer needs to note the specific orientation of the occupant’s
axis system since different occupant nodels have their own body-
attached axis systemand may differ fromthe positive sign convention

of the ATD s transducers as specified by the SAE J211 docunent.

28



TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

Figure 5-3 Model Coordinate System Orientation
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5. 3 OCCUPANT MODELS

Most occupant nodel s have been validated for a particular application.
For exanple, the NHTSA Hybrid Ill occupant nodel has been extensively
val i dated and used in autonotive applications. Cessna has correl ated
the response of the ATB Hybrid Il and MADYMO Hybrid Il for aircraft
applications with full-scale test data (ref AGATE report C GEN- 3432-1
and C GEN-3433-1). The ATB Hybrid Il and MADYMO Hybrid Il occupant

nodel s have a response simlar to the 14 CFR Part 572 Subpart B Hybrid
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Il ATD, and therefore are suitable for use in design and
certification. O her occupant nodels nay be used for certification if
sufficient data is avail able and the validation task is coordi nated

wi th the FAA

5.3.1 ATB HYBRID || (PART 572 SUBPART B) OCCUPANT MODEL

The ATB Hybrid Il (Part 572 Subpart B) occupant nodel executes within
the ATB crash simulation program Although the ATB program by itself
(wth multi-body capabilities) can be used to performcrash
simulation, the lack of a finite elenent solver nmakes it inpractical
for use in conplex analysis and certification where stress results are
requi red. The ATB occupant nodel is generally coupled with the

MSC/ DYTRAN finite el enent codes, although there are current

devel opnments to integrate it with LS-DYNA3D wthin the autonotive

i ndustry. For practical purposes, this docunent will provide a brief
overview of the ATB HYBRID Il nodel and how ATB is coupled with

VMSC/ DYTRAN. Detailed informati on of the ATB program theory or the
organi zation and control of the ATB input deck is available fromthe

ATB Version V Users Munual .

The input for the ATB programis contained in a FORTRAN formatted file
with the *.ain extension (i.e. seatnodel.ain). The main output file
is identified by the *AQU extension and contains an annotated |isting
of the programinput and sunmary of the kinetic energy, accelerations,
etc for each requested tinme step. It is also the primary source for

debuggi ng. Tabular tine history of specific outputs, such as joint
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forces, accelerations and displacenents, are generated in the *THS

file. Each ATB input file has the follow ng structure as specified in

Tabl e 5-2.
Tabl e 5-2 Program ATB I nput Card Structure
CARD TYPE DESCRI PTI ON
Card A 1-A 5 Run control paraneters
Card B. 1-B. 7 Physi cal characteristics of the body
Card C. 1-C. 5 Prescri be notion
Card D. 1-D. 9 Contact surface and ot her environnmental definitions
Card E 1-E. 7 Function definitions
Card F.1-F. 10 Al | owed contacts and associ ated functions
Card G1-G 6 Equi I i brium constrai nt assignnents
Card H 1-H 12 Tabul ar tinme history output control paraneters

Definition of each card entry is given in the ATB Mddel |nput Mnual

The ATB Hybrid Il occupant is conprised of 17 rigid segnents connected

by 16 pin and spherical joints (Figure 5-4). The geonetry, inertial

properties and bio-fidelity of the ATB nodel sinmulate the NHTSA 49 CFR
Part 572 Subpart B ATD. The occupant nodel is available in English

and SI units.

The parent body of the ATB occupant represents the | ower torso
(Segnent 1 - LT). The head acceleration is obtained from Segnent 5.
Joi nt nunber 1 connects the mddle torso (Ml to the |ower torso (LT),

and joint nunber 2 connects the mddle torso (Ml to the upper torso
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(UT) of the lunbar colum. Therefore, the resultant force in the Z-

direction for joint 1 or 2 represents the conpressive force of the

spi nal col um.

Figure 5-4 ATB HI Gccupant WNbdel

' Segments Joint J connects JOINT [ JNT |
| LT segment J+1 to .1'; ;
g:ﬂ; segment JNT. 3- NP 4
4-N 4 - HF 4
E'EUL 5-RH 1
7-RALL 5+ RK 6

8- RF 7-RA 7]

8- LUL B-LH 1

10 - LLL e -
9-LK 9

-LE r- L | |

12- AUA 10-LA |10
13- ALA 11-RS 3

14 - RY Rig Left 12-RE [ 12

12 ; H‘_': I |13 - AW 13

17 - LH 14-15 3
15-LE 15

16 - LW 16

Card G 2 defines the initial position and velocity of the occupant.
Oientation of different segnents of the body (such as rotating the
arns or |egs of the occupant) to obtain a desired occupant position is
defined by mani pul ating the coordinate and orientati on of each segnent
in Card G 3.

The ATB nodel, when coupled with MSC/DYTRAN wi || appear in the

MSC/ PATRAN pr e/ post processor as shown in [Figure 5-5 The ATB nodel

was digitized wwth rigid shell finite elements (with negligible nass)
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so that contact with other surrounding finite el enent structures can
be defined. The ATB el lipsoid was coupled to MSC/ DYTRAN by neans of a
RELEX entry. The RELEX entry defines a rigid ellipsoid within the

MSC/ DYTRAN envi ronnent whose properties and notions are governed by
ATB. The rigid shell finite elenents are then attached to the

V5C/ DYTRAN el | i psoid through a RCONREL entry, thus conpleting the

finite elenment definition of the ellipsoid ATB dummy.

Dummy positioning is perfornmed usi ng MSC/ PATRAN by running a dunmy
positioning session file supplied by MSC. The session file enables
each individual segnent (arns, |legs,etc) to be positioned and a new
set of nodes wll be witten out to select the final occupant
position. The session file al so generates an ATBSEG card, which
overwites the position and orientation of the ATB segnents specified
in the *ain file. Since ATB is internally coupled to MSC/ DYTRAN, no

maj or change is required to the *ain input file.
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Figure 5-5 Finite El enent MSC/ DYTRAN ATB Mbdel

5.3.2 MADYMO HYBRI D || (PART 572 SUBPART B) DUMW

The Part 572 Subpart B dummy dat abase avail able wi th MADYMO versi on

5.4 is made of 32 bodi es connected with various kinematic joints

(reference [Figure 5-6). There are seated and standing versions

i ncl uded, but only the seated dumry will be discussed in this
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docunent. See the MADYMO 5.4 Dat abase Manual and User’s Manual for

detailed i nfornation.

Figure 5-6 MADYMO HYBRID || (PART 572 Subpart B) DUMWY
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Tabl e 5-3 Standard MADYMO Part 572 Subpart B Dummy Definition

NUVBER NANME REMARKS

1 LONER TORSO REFERENCE BODY OF DUMW SYSTEM
2 ABDOVEN

3 LOVER LUMBAR

4 UPPER LUMBAR

5 UPPER TORSO SPI NE BOX AND BACK CF THE RI BS
6 Rl BS FRONTAL AREA OF THE RI B CAGE

7 LONER NECK BRACKET FOR NECK ANGLE ADJUSTMENT ONLY
8 LONER NECK SENSOR FOR LOAD SENSI NG ONLY

9 NECK

10 NODDI NG PLATE FOR LOAD SENSI NG ONLY

11 HEAD

12 CLAVI CLE LEFT

13 CLAVI CLE RI GHT

14 UPPER ARM LEFT

15 UPPER ARM RI GHT

16 LOVER ARM LEFT

17 HAND LEFT

18 HAND RI GHT

19 HAND LEFT

20 FEMJUR LEFT PROXI VAL OF FEMUR LOAD CELL

21 FEMUR RI GAT PROXI VAL OF FEMUR LOAD CELL

22 KNEE LEFT PERI PHERAL OF FEMJUR LOAD CELL
23 KNEE RI GHT PERI PHERAL OF FEMUR LOAD CELL
24 UPPER TI Bl A LEFT ABOVE UPPER LOAD CELL

25 UPPER TI BI A RI GHT ABOVE UPPER LOAD CELL

26 M DDLE TI BI A LEFT I'N BETWEEN LOAD CELLS

27 M DDLE TI BI A Rl GHT I'N BETWEEN LOAD CELLS

28 LOVER TI BI A LEFT BELOW LONER LOAD CELL

29 LOVNER TI BI A RI GHT BELOW LONER LOAD CELL

30 FOOT LEFT

31 FOOT RI GHT

32 STERNUM COVPLI ANT CENTRAL REG ON OF RI B CACE
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The |l ower torso body is the reference body in the dummy system and
connects to inertial space with a free joint (joint nunber 1), neaning
all rotation and transl ation degrees of freedom are unconstrained. Any
ot her bodies in the dummy system can be traced back to the reference
body along a single path (there are no cl osed | oops). Therefore, the
overall position and orientation of the dummy is specified by the
reference joint degrees of freedom (DOF) entries follow ng the “JO NT

DOF” keywor d.

The relative orientations of the systemchild bodies can be adjusted
in the input block followng the “JO NT DOF” keyword. This allows

adj usting the dummy posture fromthe nom nal seated position. Do NOT
position the dummy parts by nodifying the joint coordinate system
orientations in the dummy database follow ng the “JO NTS" keyword, as
this will disrupt the joint ranges of notion and stiffness

characteristics.

The default dummy database is structured as two trees of keyword/i nput
bl ocks. The first part of the deck is the system specification

encl osed between the keywords “SYSTEM and “END SYSTEM . The second
part of the deck is the output requests encl osed between the keywords
“OUTPUT CONTRCL PARAMETERS’ and “END OUTPUT PARAMETERS’. Note that
keywor ds nay be abbreviated as specified in the MADYMO Users Manual ,

for exanple “SYS” for “SYSTEM or “END’ for “END SYSTEM etc.

The following entries are in the SYSTEM bl ock:

CONFI GURATI ON — tabl e defines the body connectivity.
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GEOVETRY — defines the coordinates of each joint and joint CGin the

parent body coordi nate system

| NERTIA — table defines the inertial properties of each body and

orientation.

JO NTS — table specifies each joint type, stiffness, and orientation.

| NCLUDE — the |unbar spine characteristics are encrypted in the

ref erenced “h350! unb. v03” fil e.

FLEXI ON- TORSI ON RESTRAI NTS — defines the force nodel for the neck and

spi ne.

CARDAN RESTRAI NTS — defines the force nodels for the hips and ribs.
Orientations and stiffness functions are specified following this data

bl ock.

ELLIPSO DS — table defines the ellipsoid dinensions, degree, and
(optional) contact stiffness characteristics. Orientations and

stiffness functions are specified follow ng this data bl ock.

KELVI N — defines a spring-danper elenent (Kelvin element) for the

spi ne.

CONTACT | NTERACTI ONS — defines the dummy sel f-contact eval uations.

PO NT- RESTRAI NTS — the ri bs and abdonen have conpressive

characteristics defined using point restraints. A point restraint is
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equi valent to three nutually orthogonal Kelvin elenents. See section

7.3 in MADYMO Theory Manual Version 5. 4.

JO NT DOF — these values prescribe initial joint position and velocity

degrees of freedom

The follow ng entries are in the OUTPUT CONTROL PARAMETERS section of
the dummy nodel . Additional paraneters can be specified as stated in

t he MADYMO 5.4 User’s Manual .

TSKIN — tinme interval for witing data to kinematic and FE results

files.

KINS — results format version and options.

TSQUT — tinme interval for witing data to tinme history files.

FI LTER PARAVETERS - configure signal filters for results data.

LI NACC — out put requests for linear acceleration vs. tine for
specified points on bodies, with options to correct for prescribed

fictitious acceleration fields.

CONSTRAI NT LOADS — out put requests for joint constraint |oads and

filter paraneters.

| NJURY PARAMETERS - out put requests for occupant injury criteria.

Not e: The default wi ndow size for HC is set to 36 ns in the MADYMO
Part 572 Subpart B dunmy nodel file. The autonotive industry uses the

36 nms wi ndow. Federal Aviation Regulation’s definition of H C does not
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specify a wi ndow size other than the full duration of the inpact

event. 14 CFR Parts 23 and 25 do not explicitly define a tinme w ndow
for H C cal cul ations, but a maxi mrum wi ndow of 50 ns is defined in 14
CFR Parts 27 and 29 (Rotorcraft and Transport Rotorcraft,
respectively). In practice, the FAA often inposes the 50 ns nmaxi mum

wi ndow on Part 23 and 25 aircraft certification tests. Autonotive
regul ations (49 CFR 571. 208) have recently adopted a 15 nms wi ndow with
a maxi num al |l owable H C of 700 for airbag interactions. The nodel er
shoul d apply the appropriate maxi nrum w ndow based on the i npact

surface and the negotiated certification requirenent.

5.4 MODELI NG STRUCTURAL ELEMENTS

The nodeling of structural elenents may consists of the seat

structure, cushions, restraint systens, floor structure, instrunent
panel s, glareshields, side panels, crash sled and any ot her objects
that can influence the response of the occupant. There is no ideal

nmet hod to nodel structural elenents. CGenerally, each nethod depends on
the capabilities of the software, the information the anal yst wants to
extract fromthe nodel and the desired accuracy of the analysis. There
are three basic nethods to nodel structural elenents, which are

di scussed i n subsequent sections.

5.4.1 METHOD 1 - MJULTI - BODY TECHNI QUES

The easiest nethod to nodel structural objects is to use multi-body
(a Madyno definition) or rigid elenents. This includes using

conbi nations of sinple planes, cylinders, ellipsoids, and facet
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surfaces. Multi-body elenents are primarily used to sinplify the
representation of the structure and are utilized in applications where
the kinematic response of the structure is desired but information on
stresses and strains are not required. Parts of rigid bodies can be
connected together by spring-danper or torsional spring elenents to

provi de resistive force.

Figure 5-7/| shows an exanple of a Madyno seat nodel generated using

mul ti-body techniques. This nodel represents an over-spar bench seat,
where there is no significant deformation. Because of the rigidity of
the seat, structural defornmation and stresses were not required.
Therefore, a multi-body nodel is sufficient in determning the

response of the occupant.

The seat structure, seat cushion and crash vehicle was represented by
mul ti-body planes. These planes are positioned so that it reflects the
correct configuration of the actual seat structure. Each pl ane has
inertial and stiffness properties that are typically obtained from
sub- conponent conpression test. For exanple, the plane representing
the seat bottom has a stiffness function that represents the actual
seat cushi on behavior. The planes are fixed to the vehicle inertial
system Contact is defined between the occupant and planes in terns

of | oad versus defl ection.
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Figure 5-7 Multi-body nodel

The nodel above is particularly useful as a paranetric tool because of
its sinplicity and | ow conputational cost. Changes to the nodel are

easily made, and the next |oad case is anal yzed.

5.4.2 METHOD 2 - FIN TE ELEMENT MODELI NG

The nost representative technique to nodel structural objects is to

use the finite elenents (FE) nethod. FE nodels are generated to obtain
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detail ed response of structures and to determ ne failure nodes.
Madyno and MSC/ DYTRAN have extensive non-linear FE capabilities.
Finite element nodels are nore difficult to generate than mnulti-body
nodel s. However, FE nobdels are nore practical because they predict
realistic structural response and offer the capability to out put
stresses, strains and internal |oads. They can also be utilized to
substantiate structural designs. Figure 5-8 shows a process flowhart

that is coomonly used to generate a FE node

The precise nmethod on how to generate an efficient FE nodel of a seat
structure will depend on the design of the seat itself and the desired
out put of the nodel. Cenerally, the first step is to determne the

| oad path of the structure for each |oad case. Then, lists of the
critical load carrying nenbers within the | oad path are noted.

Engi neering judgnment wll be used to determ ne the node of failure for
each critical nenber. This will help determ ne the choice of elenents

to represent the structural.

Ceonetry data of the seat structure froma CAD package, such as CATIA
or Pro-Engineer, is converted to a formsuch as | GES which can be used
by the FE pre-processor as surfaces or solids for generating the FE
mesh. Each part of the seat structure is grouped and neshed

i ndependently. Care nust be taken to ensure that the shape of each
elenment is not distorted in order to avoid conputational problens
during the analysis. After all conponents of the structure are
nmeshed, the individual groups are nerged by equival enci ng coi nci dent

nodes.
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Sonetimes, parts can be joined together using spot weld el enents or
rigid elenments. Spotweld elenents allow for the joined parts to
separate once the | oads have net a user defined failure criteria such
as tension, shear, torque or nonents. Rigid elenents are essentially
a nulti-point constraint (MPC) and are used to define a set of grid

points that fornms a rigid el enent.

The next step is to create a database of nmaterial properties and
assigning themto its respective structure. Pre-processors such as
PATRAN have capabilities that |ink CAD geonetry to finite elenents, so
that the user can select the geonetry instead of selecting individual
el ements (which tends to be nore difficult in conplex or |arge size

nodel s) .

Boundary conditions are applied to constrain the seat nodel to the
vehicle. This is done by selecting the nodes where the seat is
attached to the seat rails and applying a constraint to the

transl ational or rotational degrees of freedom |In addition, contact
is defined between parts that rest, slide or have the probability of

contacting each ot her.

External | oads are applied by prescribing acceleration |oads to the
seat. The definition of external |oads are obtained fromthe actual
crash sensor or the analyst can apply a fictitious triangular pul se

prescribed in the FAR s.

The final step in the process includes setting analysis control

paraneters such as analysis termnation time, integration nethod,
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hour gl ass energy control, mass scaling and selecting the set of output
request. At this point , the nodel is ready to be executed. However,
rarely does a FE nodel execute flaw essly during the first attenpt.
The process typically goes through a cycle of error debuggi ng and

correction of the input deck.

5.4. 2.1 ELEMENT TYPES

There are nmany types of finite elenents, and the choice of el enent
selection will depend on the | oad and defornmation characteristics of
the actual structure that it will represent. Finite elenents used for
structural analysis are also known as Lagrange elenents in terns of
the formul ati ons of these elenments. Finite elenents are typically

grouped in the foll ow ng categori es:
1. Scal ar El enments

Typi cal ly consist of spring, nmass and danper elenents. The stiffness
properties are usually user defined. Scalar masses are conmmonly used
to nodel a concentrated mass at one | ocation, such as an engi ne bl ock,
fuel contents or ballast weights. There is no stiffness definition

associated with a scal ar nmass.

Figure 5-9 Spring El enent

G1~—/\/\/\/—~Gz
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Spring elenments connect two grid points and the force acts in the
direction of the connecting grid points. Spring el enments connect
transl ati onal and rotational degrees of freedom and may have |inear or
non-1linear stiffness property. For translational springs, the
stiffness is defined in terns of force versus deflection. For
rotational springs, the stiffness is defined in terns of nonment versus

angl e of rotation.

2. One-di nensi onal el enents

One-di nensi onal elenents are used to represent structural nenbers that
have stiffness along a line or a curve. Exanples of one-dinensional

el enents are rod and beam el enents.

Rod el enents carry tension and conpressive |oads only. The mass of the
el ements are lunped and distributed equally at the nodes. The only

geonetry property required is the cross-sectional area of the rod.

Fi gure 5-10 Rod El enent
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Beam el ements carry axial, torsion and bending | oads. The mass of the
beamis |unped and equally distributed over the two nodes. Care has to
be taken regarding the center of mass, shear center and centroid

definition of the beamdefinition for each code. Unl ess ot herw se

stated, the mass, shear center and centroid of the cross-section al
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coincide. The orientation of the beam should be defined inits
el ement coordi nate system The geonetry property required are the area

and nonents of inertia of the beam

Figure 5-11 Beam El enent
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3. Two-di nensi onal el enents

Consi st of nmenbrane, quadrilateral and triangular el enents. These
el enents are nost w dely used because of the versatility and robust
formul ati ons. The mass of two-di nensional elenents el enent are | unped

and equally distributed over all the nodes.

Menbrane el enents carry in-plane | oads and do not have bendi ng
stiffness. Menbrane elenents can be three or four-node elenents with
three transl ati on degrees of freedom on each node. The deformation is
determ ned by the translation degrees of freedom on these nodes.
Dependi ng on the code, nenbrane el enents can have |inear or non-|inear
properties. Seat belt webbing and seat pans are nodel ed using
menbrane el enments. The geonetry property required is the thickness of

t he nmenbr ane.
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Quadrilateral shell elenents are the nost widely used. They carry in-
pl ane as well as bending | oads. Shell el enments have six degrees of
freedom at each node; three translations and three rotations.
Transverse shear stiffness is accounted for by a shear correction
factor. The geonetry properties required are the shell thickness and

t he nunber of integration points through the thickness.

Triangul ar el ements typically exhibit a stiffer response and are used
only as transitional elenents and in areas of |ow stress

concentrati ons.

Most codes use a default one-point integration at the center of the
el enent, al though there are options to increase the nunber of
integration points at the expense of conputational efficiency. Note
t hat when one-point integration is used, the hourglass or zero energy

nodes are generated and which will have to be suppressed.

Figure 5-12 Shell El enent
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Over the years, advanced fornul ati ons have allowed for nore robust and
conputationally efficient elenents, such as the Bel ytschko-Tsai, Key-
Hof f and Hughes-Liu shells. The choice of elenent fornulation usage

w || depend on the need to conpron se accuracy w th conputational
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speed. In nost cases, the Bel ytschko-Tsai shell formulation would

suffice.

4. Three-di nensi onal el enents

Thr ee-di nensi onal el enents are also known as solid el enents and
consist of tetra, penta and hexa el enents. The el enent is capabl e of
carrying tensile, conpression and shear | oads. The mass of the solid

el ements are |unped and equally distributed over all nodes.

Figure 5-13 Solid El enent

The hexahedral elenent is conmonly used because of its efficiency, and
it is easier to nesh and interface with other elenents. The tetra and
penta el enents are degenerated fornms of the hexa el enents where the
grid points coincide resulting in significant reduction in
performance. The solid el enents use one-point (or reduced)
integration for conputational efficiency. However, this also results
in twelve zero energy or hourglass nodes. These nodes will have to be
suppressed using the hourglass energy control paraneter that is

available in all codes.

50



TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

5.4. 2.2 EXAMPLE FE MODEL

Fi gure 5-14] shows an exanple of an MSC/ DYTRAN FE seat nodel. The

pur pose of the nodel was to obtain an accurate prediction of the
structural response, |ocate areas of high stress concentrations and

determ ne how t he seat affects the occupant’s trajectory.

Fi gure 5-14 MSC/ DYTRAN FE Mbdel
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Shell elenments were the nost widely used of all Lagrange el enents
because of its robust fornulation and versatility. The seat assenbly
consists of five (5) primary structures; seat back, seat bucket, seat

pan, seat base and seat pivot assenbly.

The seat was nodeled in the aircraft coordinate system consistent with
the definitions presented in Section 4.2. The crash load fromthe
occupant is transferred to the seat fromthe anchor points on the

shoul der harness and the lap belt. In the forward inpact case, the
load is transferred fromthe seat back down to the pivot nechani sm

and finally to the diagonal cross nenbers on the seat base in the form

of conpression | oad.

The majority of the seat structure was nodel ed using 4-noded

quadril ateral CQUAD4 ( KEYHOFF formul ation) shell elenents. Triangul ar
CTRIA3 (CO TRI A formul ation) elenents were used as transition elenents
in non-critical stress areas. Seat adjustnent nechani sns of

structural significance - such as Hydrol oks and recline arns - were
nodel ed usi ng non-linear spring and sinple beans elenents. The seat
cushi on was nodel ed using CHEXA solid elenents with equival ent cushion

t hi ckness. The footrest and sled is nodel ed usi ng CQUAD4 el enent s

using rigid (MATRIG material properties. [Figure 5-15 shows an

expl oded view of the finite el enment structure.
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Fi gure 5-15 Expl oded Vi ew of FE Seat
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5.4.3 METHOD 3 - HYBRI D MODELI NG METHOD

Mul ti-body and finite el enent techniques can be conbi ned to nodel
structures. This is a common nethod used in Madyno (although the sane
met hod can be applied in MSC/DYTRAN using the rigid ellipsoid
capabilities). The hybrid nmethod is used to sinplify the FE nodeling

process, replacing non-critical FE elenments with nulti-body ellipsoids

or pl anes.
Fi gure 5-16 MADYMO Hybrid Model i ng Mode
Multi-hody Occupant
Finite Element
Seat St.mcture\
Segmented Belt |
Multi-hody Glareshield
Multi-body
Cushion
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Figure 5-16 shows an exanple of the hybrid nodeling techniques used to

nodel the sanme seat in Section 5.4.2. The seat frane was nodel ed
using a conbi nati on of beam and shell elenments. However, the seat
cushion and gl areshi el d was nodel ed using two el lipsoidal nulti-body
el ements instead of finite elenents (as oppose to the finite el enent
cushion in Figure 5-15). In this case, sub-conponent test nust be
conducted to obtain the |oad-deflection characteristics of the seat

cushion and glareshield to charactrize its response during inpact.

The seat cushion ellipsoids are rigidly connected to the seat bucket
at its corner locations using FE-to-nultibody constraints. The
glareshield is fixed in inertial space. Loads, constaints and

boundary conditions are applied in the same manner as the FE nodel.

In general, hybrid nodels are | ess accurate than FE nodels. The hybrid
nodel uses |ess CPU resource than a full FE nodel and is sufficient to
predict with reasonabl e accuracy the deformation of the seat structure

and the response of the occupant.

5. 4.4 MODELI NG FAI LURE OF JO NTS OR FASTENERS

There are nunerous nethods of sinulating structural failures in a
nonlinear finite elenent nodel. A typical failure node nodeled in
seat analysis is failure of rivet and threaded fastener joints.

MADYMO, LS-DYNA, and MSC/ DYTRAN have capabilities to nodel sinple
shear and tensile failure of fasteners. WMre conplex continuum damage

mechanics (CDM material failure nodels are available for structures
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nodel ed with these codes. As an exanple, rivet failure can be nodel ed

usi ng MADYMO node-t o-node spotweld constraints as shown

SPOTWELDS
MODE-MODE
MaxFM 00,0
AR 2.0
MAxES 50,0
AS 2.0
ST I Do 0. 001
1 745 2 21 FEMHIZ
1 &32 2 110 FEMHIZ
1 1219 2 35 FEMHIZ
EMD MNODE-MODE

EMD SPOTWELDS

Thi s exanpl e defi nes three node-node spotwelds in MADYMO 5.4 format.
The spotwel ds are defined as having a maxi num al | owabl e normal force
of 300.0, and a maxi num al | onabl e shear force of 350.0. The failure

criteriais defined as foll ows:

AN
F.“n.'-l.'}.l'li'.'nf

MAXFN

s
‘ SHEAR =1

MAXFS

The shear and nornal failure criteria exponents are set to 2. These
exponents determ ne the rupture criterion shape. The tine w ndow
(0.001) specifies the time duration that the failure criteria nust be
violated before the failure initiates. The spotwelds are defined

bet ween nodes in FE nodels 1 and 2, node pairs: 743 and 21, 621 and
110, and 1219 and 35. A vector between the nodes of a spotweld nust
have a magni tude greater than zero. The optional FEMH S keyword in

t he exanpl e requests output of the shear and normal forces.
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5. 5 RESTRAI NT MODELI NG

Restrai nt nodeling techniques are presented for the nost common
restraint configurations used in FAR Part 23 type aircraft: forward,
side and aft facing, 2-5 point restraints. These restraints are al nost
al ways conposed of two inch nylon or polyester webbing. The belt ends
attach to the seat or airframe with a pin joint or an inertia

reel /webbing retractor, and are joined together wwth a netallic buckle

on the lap belt.

5. 5.1 METHODS

There are three possible nmethods of nodeling belt systens:
e segnented belt nodel (spring-danper segnents).
e finite-elenent nodel (nenbrane or truss elenents).

* hybrid nodel conbining segnented belts and finite-el enents.
ATB and MADYMO of fer segnented belt nodels. LS DYNA3D, MADYMO, and
MSC/ DYTRAN have finite elenents suitable for restraint nodeling.

MADYMO has hybrid restraint nodeling capability.

5.5.1.1 SEGVENTED BELT MODEL

The segnented belt (available in ATB and MADYMO) is a sinple restraint
nodel represented by |linear segnents with user defined nonlinear
spring-danper characteristics including hysteresis for unloading and
reloading. Initial slack or tension can be assigned to belt segnents.
The belt ends can be optionally defined as retractors /pretensioners.

The belt segnents are attached to the occupant at various points. Belt
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segnents allow slip along the length of the belt, but not
transversely. The lack of |ateral slippage may reduce the accuracy of
the simulation and belt |oads in sone cases. The segnented belt is
suitable to sinulate occupant restraint and predict tensile | oads

where there is mniml expected transverse slippage.

The webbi ng retractor option of the segnented belt nodel can sinmulate
pay-out, |ocking, and pre-tension of a production inertia reel or
retractor. The MADYMO segnented belt nodel can be | ocked based on user
speci fied sensor signals including vehicle acceleration and belt feed
rate. Specify the appropriate locking criteria and the force-

defl ection characteristics of the device bei ng nodel ed.

5.5.1.2 FI NI TE ELEMENT RESTRAI NTS

Afinite element belt offers the best contact nodel, including
transverse sliding of the webbing on the occupant and seat nodel. The

nodel requires the follow ng inputs:

e A discrete nesh of the restraint geonetry in the pre-test

posi tion.

e Mterial properties appropriate for the magnitude of |oads to be

appl i ed.

e Elenment properties (cross sectional area or thickness, and

formul ati on)
e Boundary conditions (contact, belt connectivity, supports).

e Friction characteristics (static and dynam c coefficients or

friction function)
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The mesh shoul d be generated to represent the correct belt geonetry as
applied to the seated occupant. Contact evaluation nust be defined
bet ween the nodes or elenments and the occupant. Webbing materi al

properties can be obtained fromtensile tests.

In MADYMO, the recommended 2-d el enent for belt webbing is the MEM3NL
(pl ane, constant stress triangular elenents with in-plane and no
bendi ng stiffness) nenbrane elenment with HYSI SO material (elastic
isotropic material wth hysteresis). The recommended 1-d elenent in
MADYMO i s the TRUSS2 el enent (uniaxial with tension and conpression
stiffness) wwth HYSI SO material definition. For LS-DYNA3D, use the 1-d
*ELEMENT_SEATBELT wi th *MAT _SEATBELT (belt webbing material) and
*SECTI ON_SEATBELT (defines a seatbelt part). LS-DYNA3D al so has
webbi ng retractor, pretensioner, acceleroneter, sensor, and slipring
belt options. In MSC/ DYTRAN, use the CROD elenent with PBELT

properties.

5.5.1.2.1 PRESI MULATI ON

It is difficult to nmanually generate an FE nesh of an applied belt
restraint. Finite elenment belt nodels typically require a pre-
sinmulation analysis to obtain the initial nodal coordi nates of the
belt applied to the occupant. For a nenbrane belt nodel, create a flat

mesh of the belt webbing and position the segnents near the target

| ocation on the dummy ([Figure 5-17). Use a linear-elastic materi al

with stiffness considerably higher than the actual belt stiffness.
This increased stiffness reduces el enent distortion during the

presi nul ati on. Define contact between the belt nodes and the dumy.
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Lock the joints to prevent the dummy from noving out of the test

posi tion.

Figure 5-17 MADYMO 4- Point Restraint Before Pre-sinulation

There are various nethods of applying the belt to the occupant in each
code. In MADYMO, attach belt segnents to the end nodes of the belt
mesh, and apply pretensioners to pull the belts in to place. In MADYMO
and other finite element codes, another nmethod to nove the belts into
position is to specify a nodal displacenent versus tinme for the belt
end nodes. Request nodal coordinate output fromthe presinulation

anal ysis and use the coordinate output to initialize the positions for

the final sinmulation. Before running the inpact analysis, replace the
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presinul ation material properties with appropriate values, and unl ock

the dummy joints.

5.5.1. 3HYBRI D BELT MODEL

The MADYMO hybrid belt nodel is sinply a finite el enment belt nodel
conbined with segnented belts. The finite elenent part is usually
nodel ed as the portion of the webbing that contacts the occupant. The

segnented belts usually connect the end nodes of the FE belt to the

airframe or seat (see [Figure 5-18). Use the segnented part of the

hybrid belt to nodel retractors, pretensioners, and sliprings.

Figure 5-18 MADYMO Hybrid Belt After Pre-sinulation
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5.6 MATERI AL MODELS

The sel ection and use of appropriate material nodels is critical in
determ ning the accuracy of the analysis. The fornulation of advanced
mat eri al nodel s have increased significantly, and nost explicit codes
have nunmerous material nodels even for a sinple nmaterial such as

alum num This nmakes selecting the correct material nodels confusing.
For exanpl e, LS-DYNA has over 100 material nodels, with el even
different material nodels to treat the behavior of foammaterials.
Thus, a conprehensive discussion on all the available material nodels
is not practical. However, this section will attenpt to provide sone
gui dance on the selection of material nodels that have been shown to
be effective for the analysis of conponents that are commonly used in

seat structures.

The first thing to renmenber in selecting material nodels is to begin
the analysis with sinple material nodels such as an elastic materi al
nodel. The reason is that sinple material nodels make debuggi ng
easier during the initial stages of the analysis, and allow the
programto execute without introducing additional errors. Also, the
response of elastic material nodels is easier to conprehend. The
anal yst can view the results, and then nmake a determnation if a nore
conplicated elastic-plastic nodel is required to further enhance the

accuracy of the analysis.

Conplicated material nodels require specific inputs and coefficients

that are obtained by conducting special tests. For analysis perforned
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w th MADYMO nul ti-body techni ques, conponent test are required to
obtain the | oad versus deflection characteristics of each structure.
User manual s provided with the software provide the descriptions of

each material nodel and suggest applications associated with it.

5.6.1 METALLI C MATERI AL MODELS

Mat erial nodels associated with aircraft seat netallic structures such
as alum num and steel cone with a variety of formulations. These
materials are considered isotropic (the an-isotropic behavior of thin
sheet netals can be neglected as they exhibit such behavior primarily
in high-velocity inpact sheet netal -form ng applications and do not

represent the behavior of the sanme material in seat analysis).

The sinplest is the elastic material nodel, which describes a |inear
rel ati onship between the six stress and strain conponents. Elastic

material nodel input requires only two material constants: Young's

nodul us E and Poisson’s ratio v. If the material is expected to yield

under crash | oads, an el asto-plastic nodel can be used ([Figure 5-19).

In this case, the material will undergo linear elastic and |i near
plastic strain (bilinear or piecewise linear). In addition, nost codes

will also allow for a failure strain value to be defi ned.
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Figure 5-19 El asto-Plastic Material Model

& £
The elastic constants, along with the yield stress, material density

and hardeni ng nodul us can be obtained from M L- Handbook-5. Li near

properties for Al um num 2024-T3 and 4130 Steel are listed in
b- 4

Tabl e 5-4 I nput Data For Al um num 2024-T3 and 4130 Steel

Mat eri al Young’ s Poi sson’ s Yield Stress Density
Modul us (psi) Rati o (psi) | bf -
s?/in%
Al um num 1. O5E+7 0.3 48000 0. 0002621
2024- T3
St eel 2. 90E+7 0.32 75000 0. 000741
4130

[Tabl'e 5-5] shows a matrix of cross-reference for the different elastic

and el asto-plastic nodels for the different codes. These input cards
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are valid for shell elenents, and the user needs to reference the

user’s manual for the appropriate material card for other elenents.

Table 5-5 Matrix of Material Mddels for Metallic Structures

Anal ysi s Code
MATERI AL VSC/ DYTRAN LS- DYNA3D MADYMO
MODEL
El astic DVATEL *MAT_ELASTI C | SOLI'N
%;astjc- DVATEP *MAT_PLASTI C_KI NEMATI C | SOPLA
astic

For some netals, such as mld steel, the material yields at a higher
effective stress state at increased strain rates. The strain rate
sensitive behavior of steel has significant benefits for
crashwort hi ness applications as it increases the stiffness of the
structure under crash |loads. The strain rate hardening law is

formul ated as

o,=0,9(&)+0,(s,)
where o, is the initial yield stress, g the strain rate dependency
function and ¢, is the effective plastic strain. The strain rate

dependency function is treated using the Cowper-Synonds strain rate

enpirical function

et 2)

G
where C, and C, are strain rate enhancenent coefficients. In
MSC/ DYTRAN, the rate effects are nodel ed using the DYMAT24 nateri al

card. An exanple input card for 4130 steel (in English units) is
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shown in Figure 5-20 where the C and G, are strain rate enhancenent

coefficients are 40.4 and 5.0 respectively.

Figure 5-20 Exanple MSC/ DYTRAN Input for Strain Rate Materia

S -------- Material 4130 steel _solid id =7

DYMAT24 7 .000741 2.9e+07 .32

+A000509

+A000510 75000 0. 37 40. 4 5.0 +
+ DYNA

The rate effects can al so be nodel ed using the MAT_PLASCTI C_KI NEVATI C
material input card in LS-DYNA3D where the SRC and SRP i nput card

represents the G and G, strain rate enhancenent coefficients. An

exanpl e input deck is provided in [Figure 5-21}

Figure 5-21 Exanple LS-DYNA3D Input for Strain Rate Materi al

* MAT_PLASTI C_KI NEMATI C

S MD RO E PR SI GY ETAN BETA
2 0.000741 2. 9+7 0.32 75000 176000 0
S SRC SRP FS
40. 4 5.0 . 37

In MADYMO, the strain rate effects for steel can be nodel ed using the

| SOPLA material card. An exanple input format (in Sl units) is shown

in [Figure 5-27

Figure 5-22 Exanple MADYMO I nput for Strain Rate Materi al

MATERI ALS

[* Col | ect or Nane>> 4130N st ee
TYPE | SOPLA

E 2. 000E+11

DENSITY 7915

YI ELD STR 5.172E+08

RATE DEP COWPER

DRATE 40.4

PRATE 5.0
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5. 6.2 COVPOSI TE MODELS

Lam nated fiber-matrix materials such as fibergl ass-epoxy are
frequently used in aircraft seats, glareshields, side |edges,

cabinets, and tables. Finite el enent codes |ike LS-DYNA3D and

VSC/ DYTRAN typically include material nodels for conposites. Lam nated
structures wth or without a core can be nodel ed using a shell el enent
mesh. Techni ques for nobdeling conposite structures are described in

the foll owi ng sections.

5.6. 2.1 MODELI NG COVPCSI TES W TH LS- DYNA3D

There are several options for nodeling | ayered conposites with shel

el enents. The sinplest and | east general is to use the BETA option of
*Section_Shell to define the material direction for each integration
poi nt through the elenment thickness. A user-defined integration rule
shoul d al so be used to control the layer thickness. (see |IRI D of
*section_shell, and integration_shell). If a conposite is nade up

| ayers of different nmaterials, a nore general conposite can be nodel ed
by specifying a different part ID for each integration point (see
*Integration_shell). Each part can refer to a different materi al

nodel with the restriction that all materials nust be of the sane

t ype.

For exanple, you could specify an elenent with one |ayer of materi al
type 2 using Ea=10, Eb=1, and another | ayer of material type 2 with

Ea=3, Eb=3, where Ea and Eb are the Young's nodulus in the "a" and 'b’
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directions. This nmethod allows different material constants to be
used in the different layers, but still does not allow conplete

general mxing of material types in a single shell elenent.

Figure 5-23 User Defined Shell Integration Points

A

s=1

A
At. mid surface
1
t

Y

s=-1

For conplete freedomof mxing materials in a conposite, it is
necessary to nodel the section with nultiple elenments, one el enent for
each material type in the conposite. The elenents should all be given
a thickness equal to the total conposite thickness and shoul d al

share the sane nodes, so they would appear to all lie in the sane
space when viewed in a preprocessor or postprocessor. However, in
order to obtain the correct nenbrane and bending stiffness for the
whol e conposite elenent, define a separate integration rule for each
el enment in the conposite with appropriate wei ghts and through

t hi ckness | ocati ons.
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A sinple exanple of a sandwi ch type conposite with one material in the
m ddl e and another on the top and bottom surface m ght have
integration rules like this. The mddle material could have 2
integration points with weights and thickness coordi nates of

W1 -0. 25

0.25, S1

W 2 +0. 25

0.25, 82

The surface material could have 2 integration points with weights and

t hi ckness coordi nat es of
W1 = 0.25 S1

-0.75

W2 = 0.25, S2 +0. 75

In this exanple, W1 is the weight factor for integration point 1, and
Sl is the thickness direction coordinate of integration point 1 etc.
The correct stiffness is achieved so long as the total weight of al
elements is equal to 1, and the thickness coordi nates are defined such
that the integration points are at the mddle center of each | ayer.
This nethod has conplete freedomof material type for each layer. It
seens |like a great idea, but LS-DYNA has built in protection to
prevent the input of weights that don't add up to 1. |If you try the
exanple, it converts the weights at all integration points to 0.5 so
that they add up to one for each elenment. Fortunately, there is a

trick to get around this protection.

The idea is to reduce the thickness of elenents accordingly so that
the correct menbrane stiffness is achieved for each material. 1In

ot her words, each el enent should have a thickness equal to the actual
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summed t hi ckness of layers of that material. |In the exanple, the

el ement thickness of both elements should be reduced to one half the
total conposite thickness. To achieve the correct bending stiffness
for the conposite, the thickness coordinates for each integration
poi nt shoul d be increased accordingly. In the exanple, since each
el enent has been reduced to half the conposite thickness, the

t hi ckness coordi nates shoul d be doubled, so S1=-0.5, S2=+0.5 for the
m ddl e material, and S1=-1.5, S2=+1.5 for the surface material.
Notice that this violates the usual restriction that the thickness
coordi nates should be in the range of -1 to +1. However, it works

because LS-DYNA does not enforce this rule.

In this sinple exanple, each of the 4 material |ayers has a thickness
of 1/4 of the total elenent thickness. However, there is absolutely
no restriction on the nunber of |ayers, thickness of |ayers, or
material of the layers using this nmethod. The only rules that should
be followed to achieve correct stiffness of the overall conposite

el ement are:

1. The sum of individual elenent thickness should equal the total
conposite thickness.

2. The thickness coordinates for each integration point should be
multiplied by the total conposite thickness and divided by the

correspondi ng el enent thickness.

If multi-element nethod is used, care should be taken if the conposite
is to be checked for contact. Only one of the elenents naking up the

conposite should be checked for contact since all elenments share the

70



ABBOTTAEROSPACE.COM

same nodes. However, the elenment thickness wll be |less than the
conposite thickness, so it nmay be desirable to directly prescribe the
t hi ckness for contact (see SST, MST on *contact) if using a contact

type where el ement thickness is taken into account.

5. 6. 3 SEAT CUSHI ON FOAM MODELS

The sel ection of the appropriate foam nodel for nodeling seat cushion
is critical in obtaining accurate spine | oad prediction. Foam nodels
are typically fornulated for a particular type of foam behavior. For

i nstance, LS-DYNA3D has different material nodels for commonly used
aircraft seat cushion foam such as DAX (pol yurethane) versus sl ow
recovery foans such as Confor. O her codes such as MADYMO rely on the
user to obtain the specific |oad versus deflection response of the
foam from a conponent |evel test as input data for the foam materi al
nodel. The follow ng is an exanpl e of seat cushi on foam nodeling

usi ng MSC/ DYTRAN

5.6.3.1 SEAT CUSH ON MODELI NG USI NG MSC/ DYTRAN

The seat cushion can be effectively nodel ed using the FOAML nateri al
nodel . The nodel assumes a crushable material where the Poisson’s
ratio is effectively zero. The yield behavior of the foamis
determ ned by a stress-strain or crush-strain curve, typically

obt ai ned through a uni-axial conpression test.

The crush-stress input data for the FOAML nmaterial nodel can be

obt ai ned by conducting a high velocity inpact test (reference AGATE
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Report C- GEN-3432A-2 for test nethodol ogy, Figure 5-24). This inpact
|

test captures the dynam c response of the seat cushion material. In

cases where the foamis not as sensitive to the rate of |oading, a
conparabl e static test (reference AGATE Report C- GEN-3432A-2 for test

met hodol ogy) is sufficient to capture the response of the foam

Fi gure 5-24 Foam | npact Test

As an exanple, an inpact test was conducted on HR pol yet hel ene foam of
t hi ckness and buil d-up that represents the actual seat cushion design.
A leather fabric was sewn over the foamto represent the seat cover.
A 51-1bminpactor was dropped on the foam sanple at a velocity of 10

ft/s to obtain the bottomout response of the seat cushion ([Figure ]

p-29).
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Figure 5-25 Stress- % rush Foam Dat a

4o R T

S0

Stress (psi)

15,0

-1 :._{]- 1 ] 1 ] 1 ] 1 ] 1 un
"0
% Crush
Since the MSC/ DYTRAN FOAML materi al nodel does not incorporate

hyteresis effects, only the | oading function was used for the

anal ysis. The correspondi ng FOAML i nput deck is shown in [Figure 5-26]

Figure 5-26 Exanple of FOAML material nodel

$ -------- Material foamid =11 HR 10/ 30

FOAML 11 3.33e-6 75.00 6 CRUSH +
+ DYNA 1.6 0.1

$ dynam c test data HRLO with 12"x12" |eather cover

TABLED1 6 +

+,.0,.0,.067646, 0. 109, . 132487, 1. 051, . 187033, 1. 540, +

. 261175, 1. 901, . 324763, 2. 221, . 387647, 3. 204, . 449529, 4. 253, +
. 510053, 5. 765, . 568779, 7. 747, . 625082, 10. 20, . 678216, 12. 99, +
. 727285, 16. 58, . 771185, 20. 79, . 808633, 25. 34, . 838227, 29. 96, +
. 858571, 34. 07, . 868466, 35. 84, ENDT

F++ +

5. 7 APPLYI NG BOUNDARY CONDI TI ONS

Mul ti-body and finite el enment nodeling requires the application of

vari ous boundary conditions. For dynam c seat nodeling, typically only
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nodal constraints and contact definitions are required. This may
i nclude the application of nodal displacenent constraints (or SPCs) to

the seat feet, for exanple, to represent attachnent to the aircraft.

5. 7.1 KI NEVATI C CONSTRAI NTS

Ki nemati c constraints consist of single (SPC) or nulti-point
constraints (MPC). In theory, kinematic constraints constitute the
rel ease or renoval of a particular degree of freedom For MPC s, the
notion of a dependent degree of freedomis expressed as a |inear

conbi nati on of one or nore independent degrees of freedom In
practical terns, they are used to tie a structure to the ground, to
apply symetric boundary conditions, to renove degrees of freedomthat
are not used in structural analysis, or to tie structures together.
SPC's and MPC s in dynam c analysis are applied in the same manner as
static finite elenent analysis. An in-depth discussion is not

required.

A particularly effective constraint tool is the MSC/ DYTRAN RCONN
(equi val ent to SPOTVELD in MADYMO) capability. RCONN is used to
connect different parts of the nmesh together w thout having to
condense adj acent nodes. The desired effect is to sinmulate wel ded

structures. RCONN represent a nore sophisticated forns of MPC.

An exanpl e application of RCONN is shown in [Figure 5-27] In Figure A

the gusset and the seat franme finite el enment nmesh were nodeled in
separate groups. They are then tied together using the RCONN card to

simul ate a wel ded structure.
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In MSC/ DYTRAN, the RCONN i nput card structure is simlar to the
CONTACT card. The user needs to specify a set of slave nodes that

will be tied to a nmaster surface. The user will also need to define a
nonitoring distance, such that nodes with di stance | arger than the

specified range will not be included in the connection. An exanple

i nput deck is shown in [Figure 5-28|

Figure 5-27 R gid Connections

Fig. A -rigid connection
between gussats and seet frame

T
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-

T
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O
)

)
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[ e |

i
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Fig. B - rigid connection
between gussets and seat frame

Fig. C- rigid connection between
vertica tube and seat base

7 V7
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Fi gure 5-28 Exanpl e RCONN | nput Deck

$--------- web-t ube wel d

RCONN 26 GRI D SURF 1 2 NORMAL +A000073
+A000073 +A000074
+A000074 NODI STANCE . 020

5

$ Sl ave contact surface for web-tube

5

SET1 1 1402 1405 1411 1414 1420 1423

5

$ Master contact surface for web-tube

5

SURFACE 2 SEG 2

CFACE 1 2 772 1

CFACE 2 2 773 1

CFACE 3 2 774 1

The sl ave nodes of the web (defined in SET1 entry) are connected
rigidly to the master surface of the tube structure (defined in the

SURFACE entry). The nonitoring distance was set at 0.020 inches.

5. 7. 2CONTACT DEFI NI TI ON

Contact definitions are required to evaluate the interactions between
the seat and the occupant, between seat conponents, occupant self
contact, occupant-to-occupant contact, and interactions with other
objects in the aircraft interior. Wthout contact definitions, a
simulation will allow entities to pass through the sane space
resulting in inaccurate simulation. Defining contact correctly

requi res understandi ng the assunptions of the contact al gorithm used
in the analysis code. Consult the software docunentation for details
on the imtations and assunptions. Although the algorithns vary for
the different analysis codes, the input requirenents are usually

simlar.
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Cenerally, it is required to define master and slave contact entity
sets (nodes, elenents, rigid bodies). The rule of thunb is to assign
the coarse nesh as the master surface and the finer nesh as the sl ave
surface. If the nesh densities are simlar, the slave surface should
be the surface with the softer underlying material. Al so, when

sel ecting elenents for contact analysis, it is better, in general, to
use first-order elenents for those parts of the nodel which will form
a slave surface. This specifies which objects to include in contact

i nteractions.

Static and dynamc friction coefficients are also required. Sonetines
it is required to define contact surface direction, search radius,
danpi ng paraneters, contact stiffness, contact start/stop time, or

ot her paraneters.

Initial penetration can be a problemin cases where finite el enent
menbrane nesh is applied to a nulti-body occupant. Due to the

di scretization of the belt nodel, it is easy to have a few nodes that
are just below the surface of the occupant “skin”. Most contact

al gorithns cal cul ate the contact force vector based on the restoration
force required to nove an intersecting slave node to the surface of
the master entity. Wthout sone nethod of conpensation, the
penetrated nodes will create enornous contact restoration forces
resulting in nunerical instability. To correct this, sonme codes can
detect penetration of nmaster and slave contact entities at the start

of the simulation by turning on the penetration check option in the
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contact definition card. The code wi Il adjust the violating node(s) or

offset the initial contact forces to equilibrium

Surface-to-Surface and Surface-to-Nodes are the two nost commonly used
contact algorithnms. Surface-to-Surface contact definitions are used
where shell elenents are anticipated to contact each other. Surface-

t o- Nodes contact is defined where the elenents forma T-join between

surfaces. Exanples of contact applications are shown in [Figure 5-29|

Fi gure 5-29 Contact Applications

Fig. A - surface-surface contact
between inner and outer pivot tube

Fig. B - surface-node
contact between reclinearm
and base assy
il
B
T2

YAl

4"’"- o ,/,'n

'A//"l\.__i{/“ﬂ‘\: “I\\ active contact
I )=

CH

e

R
———

77
A S
===

active contact nodes
on reclinearm

Fig. C - surface-surface contact
bucket and base
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Since the contact search process is conputationally expensive, it is
recommended to mnimze the entities included in the contact nodel.
Predicting the kinematics of the sinulation and estimating contact
points can help to choose the appropriate contact entities. For
exanple, sinulating a pilot seat dynamc test, if it is expected that
the occupant head wll strike the instrunment panel finite el enent

nmesh, choose a set of nodes in the expected contact area rather than
the entire panel nesh. |f necessary, the selected set can be adjusted

after reviewing the results, and the sinulation re-run.

5.7.2.1 DEFI NI NG CONTACT W THI N MSC/ DYTRAN

An exanpl e MSC/ DYTRAN surface-to-surface contact input deck is shown

in |Figure 5-30] The deck defines the contact interactions between the

i nner and outer pivot assenbly shown in Figure A

Fi gure 5-30 MSC/ DYTRAN Surface Contact Definition

LI Cont act inner to outer pivot assenbly

CONTACT 299 SURF SURF 73 74 .3 .3 . 1+A000644
+A000644 V4 BOTH 1.0 +A000645
+A000645 .1 +A000646
+A000646 ON

$ Slave el enents

SURFACE 73 SEG 73

CFACE 2163 73 5493 1

CFACE 2164 73 5494 1

CFACE 2171 73 9333 1

$ Master el enents

SURFACE 74 SEG 74

CFACE 3252 74 5402 1

CFACE 3253 74 5403 1

CFACE 3271 74 5441 1
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The contact specifies that the outer tube slave surface (defined by
SURFACE 73) to be checked for contact with the inner tube naster
surface (defined by SURFACE 74). The outer tube is designated as the
sl ave surface because it has a finer nmesh in conparison to the inner
tube. The value of the static and dynam c coefficient is 0.3. The
contact enploys a Version 4 algorithm (V4 input), which sinultaneously
tracks nmultiple contacts per slave node. By specifying BOTH in the
contact card, slave nodes are check for penetration on both sides of
the master elenent regardl ess of the direction of the normal vector on

the naster surface.

5. 7.2.2 DEFI NI NG CONTACT W THI N MADYMO

Contact in MADYMO can be defined between nulti-body el enents, and al so
between finite el enent nodels and nmulti-body elements. An elastic
contact algorithmis used for nulti-body contacts, where the contact
characteristics are user defined and the resultant contact force is a
function of penetration depth. A kinematic contact algorithmis used
for finite element to nulti-body contact problens, and the contact
force is calculated based on the relative velocity of the node and
contact surface. I n nost cases, contact characteristics are obtained
from conponent test and specified in terns of force versus deflection.

Contact is defined in MADYMO via the CONTACT | NTERACTI ONS card.

An exanpl e application of nulti-body contact and i nput deck is shown

in |Figure 5-31] and [Fi gure 5-32| The occupant’s head (system 1, body 6)

and the glareshield (system 6, body 2) are nodeled as ellipsoids. The
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ELLI PSO D- ELLIPSO D card is used, and the stiffness characteristic of

the glareshield is defined in the FUNCTI ONS card.

Fi gure 5-31 MADYMO Mul ti-Body Contact

Hybrid Il Dummy

Glareshield
Metal Seat

&-Paint Harness

Figure 5-32 Multi-body Contact Definition

CONTACT | NTERACTI ONS
FUNCTI ONS
ELLI PSO D- ELLI PSO D
I contact between gl areshield and dumy's head
6 2 1 6 4 -5 0 -1e+06 0.000000 +
0. 000000 0.300000 1 0 0
END ELLI PSO D- ELLI PSA D
FUNCTI ONS
I glareshield | oad-defl ection curve
27

0. 0000 0.0000

0.001 163.8842

0. 0030 326.5717

0.0267 1873.9352
END FUNCTI ONS
END CONTACT | NTERACTI ONS
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5.8 LOAD APPLI CATI ON

There are two nethods to sinmulate crash | oads.

Met hod One: Prescribe the initial velocity (or velocity prior to
inpact) to the seat and occupant, and apply deceleration to the sled.
This nethod sinulates the physical inpact event, as experienced by the

occupant .

Met hod Two: Apply the acceleration field to the occupant while

mai ntai ning the sled/seat as a stationary franme of reference. This
met hod i s an approxi mation of the inpact event, because it assunes
that the acceleration neasured by the sled is the sane as the
occupant. The crash |l oads are applied in reverse of the actual

physi cal event i.e. by applying an accel eration pulse to the occupant
instead of a deceleration pulse to the seat and all ow ng the occupant
to decelerate on its own. This nethod is acceptable only when the
inertial effects of the seat are negligible in the direction of the
applied |load. The advantage of applying the acceleration field to the
occupant is that it allows for the sinmulation of the 1 G pre-I|oad,
which is critical in predicting spine loads. Using this nethod, the

i npact acceleration can be offset by a certain anmount of tine to all ow

for the occupant to sink into the seat cushion.

5.8.1 LOAD APPLI CATI ON FOR 60 DEGREES PI TCH TEST

The illustration presented here is based on the second net hod

descri bed above. Two sets of |oad are required.
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1. A1 Ggravity load in the negative Z direction (down) applied
to the seat and occupant, and

2. The crash load sinulating the 60 degrees pitch condition.

The crash acceleration profile used in the sinmulation can be in the
formof an idealized triangular pul se per 23.562 or fromactual test

dat a.

5.8. 1.1 EXAMPLE: LOAD APPLI CATI ON W TH M5C/ DYTRAN

Method 2 is utilized in this exanple. An acceleration field is
applied to the occupant while maintaining the sled/seat as a

stationary franme of reference. The 1 Ggravity load is applied to the

occupant via CARD A3 in the *ain data deck ([Figure 5-33). The crash

pulse is applied to the ATB occupant by neans of the MSC/ DYTRAN ATBACC

and TLOAD card ([Figure 5-34). The 60° vector is defined in the ATBACC

card by using a load factor of (-0.5, 0.0, 0.866) in the (XY, 2)
direction consistent with the direction of the occupant coordi nate

system The crash pul se has an offset of 150 mlliseconds fromtine

zero to allow for adequate 1-G cushion pre-loading ([ gure 5-35).

Figure 5-33 ATB 1 G Load Application Pitch Test

SI TTING HYBRID Il DUMW (50% GENERATED W TH GEBOD CARD Al1B
AGATE SLED TEST CARD Al
IN. LB. SEC. 0.0 0.0 - 386. 088 386. 088 CARD A3
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Fi gure 5-34 MSC/ DYTRAN Load Application Pitch Test

$Cr ash Pul se

ATBACC, 201, ,386.04,-.5,0.0, -. 866, , , +
+, LT, MTI', UT, N, H, RUL, RLL, RF, +

+, LUL, LLL, LF, RUA, RLA, LUA, LLA

5
TLOAD1, 13, 201, ,, 1000

TABLED1, 1000,,,,,,,, +

$ ACCELERATION WTH 0.15 SEC 1 G LOAD
+,0.0,0.0,0.150,0.0,0. 16, 4. 92633, 0. 165, 7. 11431, +

.17, 10. 4175, 0. 175, 13. 2985, 0. 18, 14. 6757, 0. 185, 15. 0433, +
.19, 16. 9036, 0. 195, 18. 296, 0. 20, 18. 8951, 0. 205, 19. 0857, +
.21, 18. 2143, 0. 215, 17. 4943, 0. 22, 15. 7737, 0. 225, 15. 8078, +
.23, 15. 434, 0. 235, 12. 5829, 0. 24, 5. 92312, 0. 245, 0. 26516, +
.25,-1.39478, 0. 255,0.0,0.35,0.0

@+ + + +
[cNeoNoNoNe)

Figure 5-35 Test 1 Applied Loads

I N T —————————

Acceleration (G’s)

e ——__——_——,————b

«—— 1 G Preload —»
o

O 1 1 1
0.00 0.10 0.20 0.30

Time (seconds)

5.8.2 LOAD APPLI CATI ON FOR 10 DEGREES YAW TEST

The illustration presented here is based on Method 1. Two sets of

| oad are required.

1. A1 Ggravity load in the negative Z direction (down) applied
to the seat and occupant, and
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2. The crash load sinulating the 10 degrees yaw conditi on.

The crash acceleration profile used in the sinmulation can be in the

formof an idealized triangular pul se per 23.562 or fromactual test

dat a.

5.8.2.1 EXAVPLE: LOAD APPLI CATI ON W TH M5C/ DYTRAN

A 1-Ggravity load is applied in the negative Z-direction. The 1-G
load is applied to the seat via the M5SC/ DYTRAN TLOAD1 and GRAV card.
The crash scenario is sinmulated by prescribing an initial velocity
prior to inpact to all elenents in the nodel, and applying a

deceleration field to the sl ed.

The ATB initial velocity is prescribed in the ATB i nput deck using the
& card. Al other MSC/ DYTRAN el enents receive the initial velocity
definition through the TICGP card. Both ATB and MSC/ DYTRAN initi al
velocities are defined at a vector of 10° fromthe horizontal plane to

sinmul ate the yaw condition. The sled is decelerated by prescribing a

velocity profile ([Figure 5-36) to all of the elenments of the sled

using the TLOADL and FORCE cards.

Figure 5-36 Test 2 Applied Loads

Full—Scale Test Acceleration Profile Velocity Profile Applied in the Model

0.0

—10.0

Velocity (ft/s)

—20.0

—30.0 —10.0.
0.00 0.02 0.04 0.06 0.08 0.10 0.12 c.00 0.05 0.10 .15 0.20
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Fi gure 5-37 MSC/ DYTRAN Load Application Yaw Test

$ATB | nput Deck: Initial velocity definition
-117.523 0.00 -27.9607 -476.9 84. 07 0. 00 CARD &
S

$MSC- DYTRAN | nput Deck: Initial velocity & prescribed notion definition
$ ------- GRAVI TATION - ----
$1 G Load applied to the seat

TLOADL 13 444 0

GRAV 444 32.17 0 0 -1.0

$ ------- Initial Velocity BCinitial velocity entire nodel -----

TI CGP 13 200 XVEL -476.9 YVEL  84.09

$

SET1 200 1 THRU 2548 2550 THRU 4413 4421+A000652

+A000652 THRU 4509 4515 THRU 8026 8139 THRU 8538+A000653
+A000653 9000 THRU 9135 12020 THRU 13102 14500 14501+A000654
$ ========= PRESCRI BED SLED MOT|I ON ==========

$ Apply prescribed velocity profile to rigid elenents that represents the sled

TLOADL 13 294 2 90
FORCE 294 12020 0 1 -.9848 .1736 0
FORCE 294 12024 0 1 -.9848 .1736 0
FORCE 294 44479 0 1 -.9848 .1736 0
$ Pul se fromcrash test
$ 0 - TABLE 90: velocity table -------
TABLED1 90 +A000658
+A000658 0 484.3 .004  483.3 .005 481.6 .007  480. 8+A000659
+A000659 . 009 480 .0094 478.7 .0098 477.1 .01  476. 3+A000660
+A000660 .0105 474.5 . 011 473  .0115 471.8 .0125  469. 7+A000661
+A000661 .0135 467.7 .0145 464.4 .015  461.7 .02  435.5+A000662
+A000662 .03  363.7 .04 278.4 .05 177.3 .055  126. 3+A000663
+A000663 .06 75.9 . 065 27.3 . 067 8.3 .0678 . 76+A000664
+A000664 .15 0 ENDT

The data deck in [Figure 5-37] shows the finite el ement nodes (specified

by SET1 and TICGP card) and ATB (last three entries of the & card)
has initial velocities of (-476.9,84.09,0.0) in/s. This translates to
a resultant inpact velocity of 484.2 in/s (40.35 ft/s). The TLOAD1
card then prescribes a velocity change for the sled (el enents 12020

t hrough 44479 defined in the FORCE card) as specified in TABLEl1 card

profile.
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5.9 FLOOR DEFORVATI ON

The specific nmethod for sinulating floor deformation is code
dependent. In MSC/DYTRAN, the 10° pitch and roll seat legs floor
deformation can be sinulated by prescribing a tinme dependent velocity
profile to the nodes corresponding to the | ocation of the seat feet
attachnments. Integration of the velocity profile will yield the

requi red di spl acenent of the seat |egs nodes, which will then create a

pre-stress on the seat.

In MADYMO, fl oor deformation can be acconplished by enforcing a
prescribed displacenent. In either case, enforced notion in transient
analysis can result in nunerical instability if it is incorrectly

execut ed.

5.9.1 EXAMPLE FLOOR DEFORMATI ON SI MULATI ON USI NG MADYMO

Fl oor deformation can be nodel ed i n MADYMO by using null systens and
attaching it to the seat feet fittings (a null systemis used to nodel
a systemof a body with known notion relative to inertial space).

Each null system attached to the inboard or outboard seat leg, is
prescribed a 10° pitch and 10° roll notions corresponding to act ual
test requirements. Typically, floor deformation sinulation has to be
performed for a m ninmum duration of 200 mlliseconds to avoid

nunerical instability. An exanple input deck illustrating floor

def ormation using null systens is shown in |Fi gure 5-38]
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Fi gure 5-38 Fl oor Deformation Usi ng MADYMO

NULL SYSTEM

| NBOARD FWD LEG PI TCH DOMN
MOTI ON

POSI Tl ON

0.0 0.05 -0.2286 -.05
0.01 0.055 -0.2286 -.10
0.35 0.055 -0.2286 -.10
END PGSI TI ON

END NULL SYSTEM

NULL SYSTEM

OUTBOARD FWD LEG ROLL OUT
MOTI ON

POSI Tl ON

0.0 0.05 -0.4445 -.05
0.01 0.05 -0.47 -.04

0.35 0.05 -0.47 -.04

END PGSI TI ON

END NULL SYSTEM

NULL SYSTEM

OUTBOARD AFT LEG ROLL OUT
MOTI ON

POSI TI ON

0.0 0.05 -0.4445 -.05
0.01 0.05 -0.47 -.04

0.35 0.05 -0.47 -.04

END PGSI TI ON

END NULL SYSTEM

I constrain inboard fwd | eg nodes to null system 1- pitch down

NUMBER 6
NULL SYSTEM 1
DOF ALL
SET 82
I constrain outboard fwd and aft |leg nodes to null system2 roll out
NUMBER 7
NULL SYSTEM 3
DOF ALL
SET 62

5.9.2 EXAMPLE FLOOR DEFORNMATI ON SI MULATI ON USI NG MSC/ DYTRAN

The fl oor deformation requirenents can be sinulated using a

conbi nati on of the TLOAD1 and FORCE3 card. An exanple input deck is

shown in [Figure 5-39|
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Fi gure 5-39 Floor Deformation Usi ng MSC/ DYTRAN

$:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
$ ========= FLOOR DEFORMATI ON: 10 DEGREES PI TCH & ROLL ==========
$:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
S

$ Inboard leg rotation coord system

CORD1C 1 368 346 54

$ Qutboard leg rotation coord system

CORD1C 2 346 54 80

S

$ 10 deg. Pitch down on inboard seat |eg

TLOADL 1 995 2 995

FORCE3 995 80 1 5.8178 1 0.

FORCE3 995 323 1 5.8178 1 0.

FORCE3 995 366 1 5.8178 1 0.

FORCE3 995 104 1 5.8178 1. 0.

TABLED1 995 +
+ 0.0 0.0 0.02 1.0 0. 03 1.0 0.05 0. 0+
+ 1.0 0.0 ENDT

S

$ 10 deg. Qutbd roll outboard seat |eg

TLOADL 1 996 2 996

FORCE3 996 332 2 5.8178 - 1.

FORCE3 996 344 2 5.8178 - 1.

FORCE3 996 78 2 5.8178 - 1.

TABLED1 996 +
+ 0.0 0.0 0.02 1.0 0. 03 1.0 0.05 0. 0+
+ 1.0 0.0 ENDT

A coordinate systemis specified for each inboard and out board seat
rail, by neans of the COORLC card, to define a rotation axis for the
seat leg. The TLOADl1 card then specifies the nodes, defined in the
FORCE3 cards, to rotate in accordance with the COORLC rotation
definition and the velocity change function in TABLEl card.
shows a seat with floor deformation sinulation using the

t echni que descri bed above.
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Figure 5-40 MSC/ DYTRAN Pitch and Roll Sinul ation

6. GENERAL DI SCLAI MER

Thi s docunent serves as a guideline in the application of conputer
nodel s for the design and certification of seat/restraint systens.

The information presented reflects the state of the conputer
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simul ation technology at the time this docunent was devel oped.

Speci fic nodeling techniques may in fact becone obsol ete as technol ogy
progresses. In addition, there are other nethods of nodeling seating
systens that are equally valid but are not specifically covered in

this report.

Al t hough this docunent provides detailed guideline to the
certification of seat designs, it does not guarantee certification.
The user nust still coordinate and gain approval with the FAA on the

specifics related to the product’s certification.

To the extent permtted under applicable |aw, the user accepts
responsibility for any liability stemmng fromthe application of this
docunent, and agrees to hold Cessna Aircraft Conpany and any nenber of
AGATE harm ess fromany clains of liability arising fromthe user’s

commercial use of the information produced in this docunent.
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