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Occupant safety

Occupant Injury Criteria, a Complete Solution for the
Evaluation of Occupant and Structural, Simulation and
Physical Test Results in META - 2018

Upper Left Thorax Rib IR-TRACC
Lateral Deflection = 14.9 mm
Time = 100.0 ms

Post-processing of the 2020 Euro NCAP Frontal Impact test
in META-2019

Performing DOE Studies in Occupant Protection using BETA
CAE Tools - 2020
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Occupant safety prediction
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Simulation:
Sled test impact with
restraint and airbag

Steps:
« Parametric Modeling of
sled test with ATD*

« Design Of Experiments

ML Training and what
if studies

« Optimization

« ML 3D/2D Results
prediction of optimum
design.

*Antropomorphic Test Device B
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L.oad case

THOR 50 ATD
Sled test with airbag
Speed :32.7km/h
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 Slip ring position (Z axis).

« Friction coefficient between seat belt and
ATD

« Airbag venting trigger time

» Seatbelt sensor trigger time

i 0

— E[¥F[Ep] o tame . Current Value | Min Value  Max Value
TASK_1 5

sensor
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Parametrization

Design Variables

Optimization task
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Workflow | DOEsetup | Results |

OPTIMIZATION_TASK_1 B

T B oPTmizaTioN_TASK_1
[3] Fre-Processing

% [ j4j seatbek_sensor time
L5/ sted_dummy_airbag_va1_aribag_pasitic

88 solver

B Baseline run

Save in DM

’E‘ Design variables

D Name
1 slipring_pasition
2 Seatbelt_dummy_friction
4 pab_vent_time
5 seatbelt_sensor.

Current Value

2E0

&=

Min value | Max Value TY T [¥]
0. 20. 20. REAL
0.275 02 0.6 REAL
5.099 2 12. REAL
20 10 30. REAL

I

Responses Ansa & Meta

id Name Value ¥

ANSA measurements from
aspon: item

Constraints

Name  Expression Operator Limit

View in DM Browse

ID Meta response  Value
oSTPTOTESSITg—tasx i

found
or no results calculated
sETa rac e fram Bnt.
+/[=l£]

hdu

Workflow | DOE sstup | Results
Design variables Experiments @ &l
1D Name TYPE RANCY [+ slipring_positien  Seatbelt_dummy_friction  pab_vent_time  seatbelt_sensor ||
1 Slipring_position REAL BOUNDS = 3 s 055 24166666667
2 Seatbelt_dummy friction REAL BOUNDS -8.3333333333 02166666667 65833333333 14.16666/
4 pab_vent_time REAL BOUNDS 3 05833333333 5.3333333333 2583333/
5 seatbelt sensortime  REAL BOUNDS ', | .13 6666666667 05333333333 2.8333333333
s 20 0.3 4.9166666667 2166666/
6 10 0.2 90833333333
[ tl 7 11es6esb6667 0.45 103333333333 20.83333)
——— e 03666666667  7.4166666667
DOE Algorithm [Uniform Latin Hypercube 3| o ¢ 05 as 16.65666
= 10 16666666667 05166666667 575
Generate ] Designs: 10 [][seed: 1 11 183333333333 0.4166666667  7.8333333333
12 -18.3333333333 02666666667 7. 23.33333)
[NERIEID 13 1.6666666667 025 3.25 1583333}
) Pre-Processing o RS 14 166666666667 03166666667 111666666667 26.66666/
15 s 05666666667 24.16666/
Solver Terminate DOE on enror - | |y s 04833333333 3.6666666667
Post-Processing | (43 Animation 17 6.6666665667 1333333
18 83333333333 03833333333 4.0833333333 11.66666(_
Directory prefix: | DOE_Run_ ! -

Experiment prefix: |Exp_ Tl

Save in DM 3

View in DM Browser
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Dataset Creation

DOE In DM

KOMVOS

+ Key Values
 Curves

e Videos
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physics on screen

P

aBBOD

Occupant safety prediction

Extras ook _Help
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Fle  Extras Tools Help

B | newtab X | predictors X | specific items X
= _7 1
a Tra=ir| ne:ram m:re:ennl
2 |[cl[a]
Contents

= Dccupant safety_measurements

+

4 £ DV based predictor_Occupant_safety_measurements_001_BRIC

% 2 DV based predictor_Oceupant_safety_measurements_091_head_accelerati

= [ Reports
= Image

[E] Ranking of DVs according to importance

) Residuals vs Predicted Scatter
[ Target - Prediction Overlay

Plot

[ Targets vs Predicted Scatter Plot
) Test Accuracy vs Dataset Size Curve

() Variance Estimation
* KeyValue

% DV based predictor_Occupant_safety_measurements_001_HIC_36
= & DV based predictor Occupant safety_ measurements_DUL left_clavicle_inboard load cell..

% & DV based pradictor_Occupant safety_measurements_ 001 thorax_Ilrib_def res

5 DV based pradictor_Occupant_safety measurements 001 thoraz Ir_rib_def res

4 £ OV based predictor_Oceupant_safety_ measurements_001_thorax_ul_rib_def res

% 2 DV based predictor_Oceupant_safety_measurements_091_thorax_ur_rib_d

of_res

% & DV based predictor_Occupant_safety_measurements_001_upper_neck_nij

DM

@ Details | A References | [ Charts

B8 Where Used

Lifecycle

Type Mame

& Other Links

Reration

B Ic sled_test passenger_safety A standar... (2

lc_sled_test_passenger_safety_A_standar.
Ie_sled_test_passenger_safety_A_standar.
Ie_sled test passenger_safety_A_standar.
Ic_sled test_passenger_safety_A_standar.
Ic_sled_test_passenger_safety_A_standar.
Ic_sled_test_passenger safety A standar.

Ie_sled test_passenger_safety_A_standar.

¢ safety O/

Reference Type<[*
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trai

g input
raining input
training input
training input
training input
training input %

total 27 | selected 1

Name
oplimizatinn Ta...

Iter
si mnlnlm Model
Loadcase

File Type

Results

Build Status

Build Comment
Definition ANSA File
Name

Target Point

Text Tag

KOMVOS

ANSA Creation Date  Qutput Meas( 7 [=]

26012022 16:2628  Keyvalue
26012022 16:3201 _ Keyvalue

26-Jul-2022 16:17:23
26-Jul-2022 16:17:25
26-Jul-2022 16:17:24
26-ul-2022 16:17:24
26-Jul-2022 16:17:23
26-Jul-2022 16:17:26

26-Ju-2022 16:21:43  Keyvalue
26-)u1-2022 16:35:18  Keyvalue
26-Jul2022 16:40:04  Keyvalue
26-Jul2022 16:43:29  Keyvalue
26-Jul-2022 16:48:09  Keyvalue
26-Jul-2022 16:51:38  Keyvalue
26-Jul2022 16:54:54  Keyvalue

Predictors 10 | selected

value A
OPTIMIZATION_TASK_1
o001

001
erash , pedestrian assembly , standa...
Ic_sled test, 01, ANSA

LsDyna
DM:/Simulation_Run/x23contained/lc ..

DMySimulation Run/x23contained/lc sied... |

lc_sled test passenger safety A standard...

V2301 - = x

META Viewer | META Resuits Viewer -
DV based predictor_Occupant, safety_measurements 0., . |6 Occupant_safety T - [o)x

By Pradictons on dataset wih confidance bounds
Ranking of Dvs accerding to importance MAE of Varlance: 36268 | Accuracy: 92.0%
[Maximum Confidan

£
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3 e £ E o

2 Fomal Vslues

of Variance i the i esor o the confid
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i il o
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1
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+ Based on test predictions obtained using nested cross-validation o Semal cotmsersire;

{6ue to small dataset size)

Disk Space: 0K
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Predictors

HIC_15

HIC_36

BRIC

Head acceleration

Left clavicle inboard load
Thorax rib (upper/lower)
results

Upper neck
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DV Based Predic|

tion

Details DV Based Prediction | DV Based Prediction | References | Changeset | META Results Viewer

Design Variable based Predictor
DV based predictor_Injury_Criterla_001_HIC_36

DV based predictor_Injury_Criteria_001_BRIC

DV based predictor_Injury_Criteria_001_HIC_15

: Prediction

06 4 204 12 30+
8 5 £ g 8 g
= = ] E
S g 2 Nl g @
i 5 i
o E! g ] 058
E | @ 170
E = a o
053 g A 5%
i E' ] il %
2 2 0.56
-]
165
0.4+ 20+
0544
60+
034 154
052+
155
024 -20 ge 10
i Sealbelt_dum... | Siping_posii... | pab_vent_time | seatbel_sens... | HIG_36 BRIC HIC_15 +/-Variance ... |+-Vanance ... |+-Vanance ..
Exp001 0.55 5 241667 10 161.535 055779 110.107 a a 0
Exp002 0.216667 833333 658333 141667 172,184 057944 142.799 0 0 0
Exp003 0.563333 15 5.33333 258333 166.385 054208 116.919 a a 0
Exp004 0.533333 11,6667 283333 15 165.992 0.569 109.816 0 0 0
Exp005 03 20 491667 216667 171.246 053643 129.557 a a 0
Exp006 02 10 9.08333 20 163.19 051859 136.075 a a 0
MyExp0003 0.6 20 12 10 161.596 0.56744 101.542 5.4821 0.02236 4.44164
My Experiments
- :Seatbelt_dummy _friction Slipring_position  pab_vent time  seatbelt sensor_time
tteration "5 0vey (20.0-90.0) (2012.0) (10.0.36.0) HIC_36 BRIC HIC_15
0001 0.6 -20 120 30 166.72589 0.55368 107.18617
0002 0.6 -20 12.0 15 162.87876 0.56786 102.95297
0003 0.6 -20 12.0 10 161.59638 0.56744 101.54191

140

130

1204

1104

HIc_15

Design Exploration
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Results ] o o s
e — Optimization
.~ Name Minimize_HIC15
inn ool
| AI:orithm Simulated Annealing
Method RSM
-- DOE
- DV ] ]
-- Seatbelt dummy friction Slmu}'ated Annea]']'ng
Initial Value 0.6
Max Value 0.6 Machine Learning -
Min Value 0.2
- Slipring_position .
Initial Value 6.6666666667 predlctor as RSM
Max Value 20
Min Value -20 oo o
-- pab_vent_time Mlnlmlze HIC15
Initial Value 12.
Max Value 12 .
Min Value 2 Constrain HIC36 at 170
-- seatbelt_sensor_time
Initial Value 13.3333333333 g
Mk value o Constrain BRIC at 0.58
Min Value 10
-I- Constraints
Constraint_1 HIC 36 < 170
Constraint_2 BRIC < 0.58
——Objectives
Objective 1 HIC 15 Minimize

physics on screen
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Se Optimization results

Workflow | DOE setup | RsM setup | optimizer = Results |

i e o) e Optimization Runs \_Optimization Runs
New table New chart Parallel Histogram
Responses
SHEE LGS [TEZF| Experiment |BRIC |HIC 15 |
g Pf":;:g“e'rtssensm e I 462 0.5698 101.6872 156.7226 106
b vert tme BRIC | 463 0.5698 101.791 158.7226
AT 464 0.5696 101.6642 159.8338
g | 465 0.5698 101.8709 158.7226 105
& Un:';—al:;""c—m—BNc—'”—A” I 466 0.5696 101.7285 159.8338 »
Exp_Slipring_position_ HIC_36 v 467 0.5696 101.5596 158.7679 -4‘104 - -
e iTo ot e o | 468 0.5696 101.6599 159.8338 L'104 Ob ectlve
= Tables - ¥ 469 0.5698 102.2133 159.7885 T
i 1 | 470 0.5696 101.8575 159.8338
ggfirs'fi”z:;“ Runs ¥ 471 0.5691 101.503 159.9235 103 4
v 472 0.5691 101.4119 158.8576 -
| 473 0.5691 101.9343 158.8576
vl 474 0.5691 101.4358 158.8576 102 Constralnts
| 475 0.5691 101.423 158.8576
| 476 0.5696 101.5668 158.7679
| 477 0.5691 101.527 159.9235 O = : : : : : .
| 478 0.5691 101.5805 158.8576 0 100 200 300 400 500|
vl 479 0.5691 101.4969 158.8576 Experiment Orre atlon
bl 480 0.5696 [ 158.7679 HIC_15_HIC_36_in_Optimization Runs @|
| 481 0.5691 101.4747 158.8576
v 482 0.5691 101.4268 158.8576
| 483 0.5696 101.5001 158.7679
v 484 0.5691 101.4867 158.8576
| 485 0.5696 101.502 158.7679 N
| 486 0.5691 102.1067 158.8576
v 487 0.5691 101.3645 158.8576
| 488 0.5691 101.6003 159.0968
v 489 0.5691 101.3524 159.0968
¥ 490 0.5691 101.2971 159.0968 e
| 491 0.5691 101.5318 159.0968 0
v 492 0.5691 101.3141 159.0968
| 493 0.5691 101.5666 159.0968 157.5 . ®
¥l 494 0.5691 1016095 159.0968 e
v 495 0.5691 101.3841 159.0968 1574 ..
| 496 0.5691 101.4974 159.0968 L -
v 497 101.3422 159.0968
165, ‘ ‘ ; ; ‘ ‘
¥l 499 0.5691 101.3681 159.0968 L 101 102 103 104 105 106 107,
| 500 0.5691 101.4072 159.0968 7 HIC 15
checked 500 'Design Variab...| total 500 | visible 500 || ‘BRIC" for color
Save in DM E ]liles[komvosdala/sampleFilesfo(cupanl_safety/occupant_safety_DM/ ] View in DM Browser ] Update DM Signature ]
Tue Jul 26 18:52:33 2022
Seatbelt_dummy_friction, Slipring_position, pab_vent_time, seatbelt_sensor_time, HIC_15, HIC_36, BRIC g

0.6, -20.,12,, 10., 101.2827, 159.0968, 0.5691
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Optimization results

Response FE Analysis result Prediction Error (%)
HIC_15 102.026 101.541 0.47%
HIC_36 158.489 159.096 0.38%
BRIC 0.5297 0.5674 6.87%
ATD measurements

Head acceleration (mm) 38.905 38.5627 0.88%
Left clavicle inboard load cell(kN) 1.3762 1.3916 1.11%
Right clavicle inboard cell(kN) 1.204 1.260 4.54%
Upper neck nij 0.3988 0.4022 0.84%
Thorax rib LL (mm) 59.148 58.401 1.27%
Thorax rib LR (mm) 17.603 17.126 2.74%
Thorax rib UL(mm) 65.597 66.321 1.09%
Thorax rib UR(mm) 43.722 43.421 0.69%
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Initial Optimum Reduction
Obj. HIC15 | 132.365 102.026 22.92%
Const. | HIC36 | 165.047 158.489 3.97%
Const. |BRIC 0.534 0.5297 0.8%
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Optimization results

FE Results comparison
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Time: 80ms
B Prediction
B FE Results

Time: 154ms
MPrediction
MFE Results
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3D Results Prediction

ML Prediction vs FE

Results
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e 2D ResUlts Prediction

i
i3
i

3
i

e " ML Prediction vs FE

Results
| :‘j
A!r.‘-e\u l
———— ML Training from:
T N - Analysis result files
aw"’ ) f/" » Post processing reports
:ﬂk}rl ) “
.'r\'t. ,.4.‘{.
i t"‘ o e
\ AN —
L\\ ;; X} wo‘ﬁ'\ ‘ ‘ y
Vo Wt
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« Machine Learning

« Optimum design

« What if studies substituting repetitive CAE

« Speed up product development with faster and
accurate RSM Optimization

« ML 3D/2D Results prediction of optimum at fraction

of time
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Stay connected
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https://www.facebook.com/betacae
https://twitter.com/betacae
https://www.linkedin.com/company/beta-cae-systems
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