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OUTLINE

Introduction

Occupant Safety Tools
* Dummy positioning

» Seat Deformer

* Belt routing

Application : Typical Aircraft Seat Certification

Conclusion
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INTRODUCTION




INTRODUCTION

: CBATEST CONDITION
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Dynamic test condition

CFR 14 part 23
section 562
Utility airplane

CFR 14 part 25 section 562
Transport airplane

CFR 14 part 27
section 562
Normal rotorcraft

CFR 14 part 29 section

562
Transport rotorcraft

Test 1 (vertical)

Variation in the downward velocity

(M/s) > 9.45 (31 ft/s) 10.67 (35 ft/s) 9.1 (30 ft/s) 9.1 (30 ft/s)
Seat Pitch angle (° ) 60 60 60 60
Seat Yaw angle (° ) 0 0 0 0
Max acceleration (g) (more severe
condition corresponds to the first 19/15 14 30 30
row seat)
Time of max acceleration (ms) 50/60 80 31 31
Floor deformation (° ) None None 10 Pitch / 10 Roll 10 Pitch / 10 Roll

Test 2 (horizontal)

Velocity (m/s)

12.8 (42 ft's)

13.4 (44 fU's)

12.8 (42 ft's)

12.8 (42 ft's)

Seat Pitch angle (° ) 0 0 0 0
Seat Yaw angle (° ) +10 +10 +10 +10
Max acceleration (g) 26/21 16 18.4 18.4
Time of max acceleration (ms) 50/60 920 71 71
Floor deformation (° ) None None 10 Pitch / 10 Roll 10 Pitch / 10 Roll
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AIRCRAFT SEAT CERTIFICATION BY ANALYSIS

« CBA : Work Flow - From Validated Seat and ATD models

Seat Model

Dummy Seat Belt Creation CBA Load

Positioning Deformation case

Dummy Model
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CBA : OCCUPANT SAFETY TOOLS

Dummy positioner

« HyperMesh 2019 offers a complete solution for
occupant safety application for RADIOSS

Seatbelt Seat Mechanism

Dummy deformer by
pre-simulation

Seat & Dummy
coupling

Seat defomer by pre-
simulation




OCCUPANT SAFETY TOOLS
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DUMMY POSITIONING o T T T
Q-
¥ %% "k PR
Geometric dummy positioning Etit: Humanetics H3-05TH FEMALE DUMMY MODEL VERSION 6.0.7 53 [MM, KG. MS] I1D oo ‘
E|$ H305 H-POINT ASSEMBLY 1 W
» Cannot avoid intersection 7 o Lot vokE T . 0
. . . £ @ H305 UPPER ARM RIGHT 5 @
» Do not take into account material properties 1 8 HOUS LPPER AR FIGHT ELBDYY 5 @
- @ H305 LOWER &Rk RIGHT 7
E% H305 LOWER ARM RIGHT WRIST |
. - . . . =} % H305 SHDUI:;;I?;‘:‘;ISES E;:TD e 190 E
Solution = Dummy positioning by simulation S riituiy n .
B @ H305 LOWER 4RM LEFT 13 @
El- @ H305 LOWER ARM LEFT WRIST 14 M
- @ H305 HAND LEFT 15 @
. . . . . @ H205 NECK-HEAD : Ml
Prerequisite for the effectiveness of the simulation ) @ HOSUFE LEG RGHT © m
(- @ H305 LOWER LEG RIGHT 17 @
. 12
method: ——
[ @ H305 LOWER LEG LEFT
@ H305FODT LEFT

v" the process not be time consuming

v All dummy segment shall be positioned simultaneously
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DUMMY POSITIONING : MARIONETTE METHOD

L et e ] e e P S e ] ey R B I - §mmmm | -=-10----
H H HeH /DUMMY_START/1
ArtICUIatlon IOInt HYBRID II SOTH dummy model - VERSION 2.1 S3 (mm, kg, kN, ms)
L e - ] e P S ] ey R B I - §mmmm | -=-10----
/ #HPOINT/1500000
iti DUMMY HPOINT
Target posmon/(? “ o o N e
- 0 0 0 0
! ‘@'\ { #o—lm—=|—m==2-=m= | ====3-——= | -= L e S B e B B gl ====9--—=| ---10----|
/BSSEMBLY/1
Torso
# subszet grnod childs presim
1 1 4 1
#subset id
28
# grnod id
1515081
#  child Joint node dofs
2 1500913 1500100 1-69.999949 179.39333 0 0 1] i
3 1500914 1500101 1-180.00001 69.999385 0 0 0 0
i 4 1500804 1500112 123-60.034377 59.96556-50.000158 19.999758-14.999965 55.000008
Imposed dlsplacement 5 1500905 1500113 123-59.999969 59.999965-49.999957 19.999955-54, 999987 14.999986
# N1 N2 N3
iti it 1522158 1525244 1526340
Initial pOSItlon Ll Dt B s ] §mmmm = T P TR P e [ B S
/ASSEMBLY/2
- - Yoke Left
. Node @ initial pOSItlon #  subset grnod  childs  presim
1 1 1 1
o #3ubset id
O Node @ target position 2
# grnod id
. . 1514006
@ Additional node to define pulley element ¢ child  Joinc  node  dofs
& 1500811 1500102 1 -60 79.999946 0 0 ] o
# w1 i) n3

1702133 1702310 1702024

+++ Amount of displacement imposed is exactly computed for each node 1 4
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DUMMY POSITIONING : MARIONETTE METHOD

Typical function used

Scale X and Y axis according to among of displacement and time duration
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DUMMY POSITIONING : MARIONETTE METHOD

. wtitled - HyperWorks 2019.1 - RadiossBlock (Radioss2017 Format)
File Edit View Collectors Geometry Mesh Connectors Materials Properties BCs Setup Tools Morphing Post XYPlots Preferences Applications Help
ifa-la % %4 Sk (80O B i@l Lo Dot bm 8- | oul- IAQt U1 0 iIPRPSPEHS

Sessio Mask  Model  Import x

St

File selection
Fletpe:  [RADIOSS (Block) -
File [cAUsers\mjiie\Deskiop\FAA_KalNTEST D000 rad ;a"_ﬂ

I¥ Import options

Import: Al ¥, Select Entities
Display: Cusiom ' Select Entities

Solver options:  Select Options
Create comps: |By HM Comments *
Agsign props:  |By HM Comments *

™ Importas include

B9 pEunan:

Include files Preserve h
F ID Rules
™ Create Part Assemblies/Parts

I FE overwrita

[" IDO#set  Define Offsets l

¥ Import materials metadata

¥ Display impont emors

mot || imerohh  R@E P iTm @@ Bvon 9@ S-S FBiR
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DUMMY POSITIONING : MARIONETTE METHOD

Boundary conditions
automatically created by
HC/HM positioning module
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DUMMY POSITIONING : MARIONETTE METHOD

~

utity | Mask | Model | Dummy |

[ Qvly
o @ D . .
-5 %% wfll-h W P€
| Entities e @
- 4 RADIOSS_HMNC_H386TH \214 R17.€2 i
- § LOWER TORSO Define Position  * 1 H
+-@ UP TORSO Retiieve Position » 2@
- @ NECK | Move Limbs EN |
- @ SHOULDE|——— s
.\ L.gpuppgr  PesiioningFie » 5@
" = '8 B /nitial position from dummy positioner
B Pre-Smulation 7
-1 wrRisT & [
S sl B simuliated dummy position
- @ SHouLDE|  Hide 0 W
+-@p UPPER__lsolate Only "M
S @ Review 2z Ml
~®|  Reset Review e |
o prisT 1« @
Delete 15 @
- @ UPPER LEG LEFT 16 .
+ & LOWER LEG LEFT 17 M
& FOOT LEFT T |
~- @@ UPPER LEG RIGHT 19 @
+ @ LOWER LEG RIGHT 00
& FOOTRIGHT 2l




SEAT DEFORMER

Intersections often occurs when seating the
dummy on undeformed cushion foam
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Initial seat model with dummy intersecting the foam

v

Selection of seat and dummy components

v

HyperMesh pulls the dummy out of the seat and
prepares the pre-simulation model for export

v

Solver analysis (RADIOSS or LS-Dyna)

v

Results file (H3D or dynain)

\ 4 ¢

HyperMesh updates the nodes coordinates of the model.
Initial stresses in element can also be added.

l

Updated seat model without intersection




SEAT DEFORMER

AN

AN

How does it work

Set dummy components as Rigid Body
Translate the dummy to get rid of the intersection

Define adequate load case and BCS to bring back the
dummy to the target position

Export the deck and run it
Update seat geometry
Possible to account for initial stress in foam
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’ PreSimulation Tool

Name

= PreSimulation Set-Up
PreSimulation type
Unit System
Dummy
Seat
Fixed Nodes Of Seat
Dummy Displacement Direction
ExportFile
Generate XREF for initial stresses
[=| Simulation Parameters
Dummy Velocity
Time Step
Scale Materials Density
Dummy Displacement Step
Friction
Stmin
Gap_Min
IGAP

X

Value
PreSimulation

Seat Deformer

mm.ms. kg

4 Components

2 Components

5MNodes

-0.70710678118655. 0. -0.70710675118655
C:/Users/mjllie/Desktop/FAA_Koln/toto_0000.rad

=

01
0.001
100
100
0.0
10
05

2:variable gap + gap scale correction of the compute

Export Import h3d File Close
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SEAT DEFORMER
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SEATBELT TOOL

- :ﬁ seatbeltsystem1
« Seatbelt Tool: ™ @ ot pec
ﬁ Pnrm'l:PnchorPretensioneﬂ

« Allow the full modeling of a seatbelt system I Fort1_Loadlnter

= @ Point2

m
o
3
1

? Poirt3_Pulley1

* Including slipring, retractor, pre-tensioner, load-limiter b setbetz =
Poirt3_Pulley1
elements B

B Poirt5_Pulley1

« Automatic definition of contact between belt and wrapping ~*&% .., n

© Pointé

components 89 Port? Py’
. v §, seatbeitd 1 ]
« Modeling of full shell meshed seatbelt e i’

« Automatic seatbelt update upon dummy

© @ ©®@ A6

@ ® @

W DD bW W WK D o R =

© Pointd

4

« [ seatbetsystem! [l 1 + (B seatbeitsystem1 [l 1
T4 seatbet! W 2 « . seatbet! [l 2
© Paint1 1 - © Pont 1 -
© Point2 Create Anchor PreTensioner - © Point2 2
© Point3 | Retractor + PreTensioner [O Pont3 — 2 @1
R
v, seatbelt2 _ MM | Retractor + PreTensioner + LL « ., seatbet? Create Puley |
© Poirt3 | References © Point3 e
© Pont4 | Review  Q OPortd
© Poirt5 | Sh I © Point5 References
Thsesbes | “hsespus | Feen Q.
© FPout Isolate Only ©, Poky Show
© Point6 v © Point6 Hide
© Point7 7 P © Point7 Isolate Only
= |
~§, seatbetd [l 5 $. seatbelts
7 7 © Point7 7 &
© Point7 7 &
© Point8 8
© Point8 8
© Pointd S w
“ @ Point9 9 w
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SEATBELT TOOL




APPLICATION : AIRCRAFT SEAT CERTIFICATION

BY ANALYSIS




© 2019 Altair Engineering, Inc. Proprietary and Confidential. All rights reserve:

AIRCRAFT SEAT CERTIFICATION BY ANALYSIS

* Typical Seat (Burn Seat)
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AIRCRAFT SEAT CERTIFICATION BY ANALYSIS

» Horizontal Test : 2 Points Belt, 0°,16G
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AIRCRAFT SEAT CERTIFICATION BY ANALYSIS




© 2019 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

AIRCRAFT SEAT CERTIFICATION BY ANALYSIS

Front left leg resultant Front right leg resultant

« Horizontal Test : 2 Points Belt, 0°,16G
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AIRCRAFT SEAT CERTIFICATION BY ANALYSIS

* Vertical Test : 2 Points Belt, 60°,19G
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AIRCRAFT SEAT CERTIFICATION BY ANALYSIS
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AIRCRAFT SEAT CERTIFICATION BY ANALYSIS

» Vertical Test : 2 Points Belt, 60°,19G Lumbar Fx
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8 N_———
£
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m Experimental Time (ms)
600 m RADIOSS
Lumbar Fz
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CONCLUSION
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CONCLUSION

» Beside validated ATDs Models and Seat Models,
CBA is a process that requires advanced
occupant safety tools

Seatbelt Seat Mechanism

» A complete set of occupant safety tools are
available from HM 2019

Seat & Dummy
coupling

Dummy deformer by
pre-simulation

« RADIOSS and LS Dyna solvers are fully
covered

Seat defomer by pre-
simulation
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