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Abstract

Restraint system components are currently designed to carry out very specific
functicons and are inherent parts of design invelving multi disciplinary aspects
such as EurcNCAP, USNCAP, FMVESZ0B. Their development and analysis expose the
designer to a series of unknown parameters from seweral sources such as material
properties, envirommental and operational conditicns. Therefore the qualification
and quantification of these inherent scurces of design uncertainties becomes wvery
important.

This paper focuszez on the methodology development and application of a
multidisciplinary design optimisation, robustness in choosing and designing a
restraint system for meeting wehicle targets for USNCAP and FMVESS203 crash
scenarics for both driver and passenger simultanecusly. The methodology used is
based on the 6-sigma principles. This paper also include a Calibration of the
kinematics response of the airbag is achisved by defining the activity as an
optimisation problem. The ohjective being to minimise the error betwsen the
experimental test and numerical simulation curves. Once calibration has been
achieved, a unique robustness assessment iz performed, which utilisss the

optimisation technology used in the calibration exercise. The approach
efficiently quantifies the quality of the numerical model to achieve successful
calibration. The numerical model is assessed against a sigma quality level of £37

thus identifying the most efficient way to control the wariation to achieve the
required quality level
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Optimisation and
Robustness

Model set up
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US NCAP Star Ratings
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Variables used

Initial value ( proposed) Minimum Maximum

PAB Inflator family PPI-3-2-3 Same family Same family
Inflator split 60740 60/40 70/30
Delay time 15 ms 5 ms 20 ms
Volume 115 litres 115 litres 115 litres
Strap length 376 mm No strap 400 mm
Vent CDEX = 2.094 0.32 2.57

DB Inflator family Dual Tab1 Same family Same family
Inflator split 200/140 200/140 225/160
Delay time 10 ms 5ms 20 ms
Vent CDEX 1.751 0.6 2.2

Refractor | 9.5 mm diameter torsion bar | 8.8 mm 12.00 mm

TARGETS

Target

USNCAP:

Driver & passenger

5 star rating 20% confidence

Chestg<366¢
HIC < 445

Unbelted 208:

Driver & passenger

Chestg<48¢g
HIC < 700
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BNTHILL PLOT =35 dv = obj.2

PAB Trade Off

. ANT=HILL PLOT =>> obj_3 = obj.4
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ANT-HILLPLOT—>>fud—obi8 |7 ANT=HILL PLOT =33 dv_21 = ob]_

ANT-HILL PLOT =>> dy 21~ ob] 8l

DAB Trade Off

~ ANT=HILLPLOT =>> obj_8 — obj_9
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DAB Star rating

Confidence DAB 208 Confidence

COF =»> out_9 = Data Fraction

CDF =55 out_8 — Data Fraction

DAB Robustness

[=] e CANT—HILL PLOT ~5>out 8~out.8 [2]
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PAB Star rating
confidence PAB 208 confidence

CDF —>> out_3 = Data Fraction

PAB Robustness

" ANT-HILL PLOT ~>> out 3= out 4
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DFSS analogy DCOV

Define Phase *Define Input/Output and variable data CAE Soﬂware
*Define targets and CTS’s

*Robust design verification plan

Ch t ; *Generate, Evaluate and select Samleg Method :
AraUICIinG from alternative design concepts stochastic Monte Carlo,

Phase *Plan to avoid mistakes use P DOE, RObus_tr_leSS analys1s
diagram : Identify Critical
+Establish or update transfer parameters.
function by Deduction or Induction l

DOE, Parametric design .. .

Optimise Optimisation:

Find best solution X .

Phase Discover better design

Design for robust performance
Neise factor management
Verification Verify system performance Model status in
Phase Achieve target and minimise variability FPDS process
Test results , demonstrate robustness and reliability

DVP, SDS

l Tdentify areas for improvement that are critical to quality

Define -+ CAFE Software

| Measure the defects in the process that cause quality degradation. |

Measure —+ Automation and Integration within ST-ORM

Identify parameters most responsible for variation.

Sampling Method : stochastic Monte Carlo,
DOE, Robustness analysis : Identify Critical
parameters.

A 4

Analyse

Develop methods to optimise current process.

Improve —# Optimisation: Discover better design

l Structure the process to reduce variance.

Control Quality: Control variability.

I Identification of another vehicle that could benefit

Replicate Models can be easily used to Replicate.
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