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MOTIVATION

FlexPLI Consortium Project 
Phase 1:  Nov 2008 – Jan 2012 

- Initiator: FTSS (First Technology Safety Systems, Inc.)
- Project lead:  Robert Kant
- OEMs: Audi, BMW, Daimler, Ford, Honda, Hyundai, JLR, Opel, Porsche, VW 
- Chairman:  Bastian Keding (Porsche)
- Associates: BASt, BGS
- Solvers: Abaqus, LS-Dyna, Pam-CRASH, Radioss

Phase 2:  May 2014 – Sep 2016
- Initiator: Humanetics (resulted from fusion between FTSS & Denton, Inc.)
- Project lead & Co-chairman:  Dr. Chirag Shah
- OEMs: Daimler, Hyundai, Jaguar Land Rover, Opel, Porsche
- Chairman:  Victor Pardede (Hyundai)
- Associates: BASt, BGS
- Solver: LS-Dyna
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STRAIGHT OBLIQUE

Sedan
0deg

SUV
0deg

Sports Car
0deg

Sedan
+/- 30deg

FlexPLI Consortium
 New pendulum and inverse certification corridors

 Variability – 3 labs, 3 hardware (Phase 1: One lab, 1 hardware)

 New rig testing

MOTIVATION

30° Top

View
Side

View
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FlexPLI
(Hardware)

Test labs
Number of

tests
MCL Test Data

1 1 3

3 1 9

3 3 27

MOTIVATION

<1%

~17%

~35%

Variability
Raw material batch
Design tolerance
Production process
Assembling process
Aging
Test conditions
Test environment
…
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MOTIVATION

OBJECTIVES of the Borderline© Model

 based on findings of the FlexPLI consortium project + customer requests

APPLICATION Traditional Model Borderline© Model

PREDICTION 
of customer specific nominal response  Not Possible  Possible

ANALYSIS
of certain effects due to hardware variability  Not Possible  Possible

QUANTIFICATION
of robustness margin  Not Possible  Possible

Test
Standard Model

Test
Borderline© Model
Standard Model



How it works?
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FlexPLI

Hardware Test

• Inverse 
Certification test

•maximum value of 
ligaments MCL, 

ACL, PCL

•maximum value of 
tibia moments 
T1, T2, T3, T4

CALCULATION of

PARAMETER

•Excel sheet

•Part of the release 
package

•5 Parameters

MODEL SETTING

FlexPLI Borderline©

•Update the 5 
Parameters 
according to the 
CALCULATION

FINAL CUSTOMIZED

FlexPLI Borderline©

•Hardware specific 
configuration

EXAMPLE B – lower limit

How it works?

-6.9 %

Corridor
Test 
Borderline© Model
Standard Model

EXAMPLE A – upper limit
-1.1% 12.4 %

1.3 %M
C

L
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How it works?

FlexPLI – inverse Hardware Certification Test 
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How it works?

CALCULATION of PARAMETER Excel sheet is part of the release package

1.

2.
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How it works?

MODEL SETTING FlexPLI Borderline©
Header of the input deck



Validation
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Validation

Example A: Certification with High Tibia Moments

% Difference between 
Hardware and Model-1.1%  1.61% 

-0.1%  -0.49%

Corridor
Test High Tibia Moment
CAE Borderline© Model

-1.4%  
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Validation

Example B: Certification with Low Tibia Moments

% Difference between 
Hardware and Model

Corridor
Test Low Tibia Moment
CAE Borderline© Model

-0.16% -2.36%

-0.84% -3.4%  
-1.85%



Verification
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Verification – Test Rig Configuration

STRAIGHT

Sedan
0deg

SUV
0deg

Sports Car
0deg
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Flex-PLI Borderline© Model Patent Pending

Nominal setup
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Verification – Inverse Certification (Nominal response)
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Flex-PLI Borderline© Model Patent Pending

Inverse Certification

19%

Sports Car Rig

Highest Tibia Moment

Maximized Tibia Moment
Minimized Tibia Moment
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18%

4

6

8

10

12

14

16

18

20

ACL PCL MCL

Nominal values

Verification – Sports Car (Tibia Moment variation)
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Flex-PLI Borderline© Model Patent Pending

Inverse Certification
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27%

MCL

Maximized MCL
Minimized MCL

23.5%

Sports Car Rig

Nominal values

Verification – Sports Car (MCL variation)
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Flex-PLI Borderline© Model Patent Pending

Inverse Certification

15%

Maximized Tibia Moment
Minimized Tibia Moment
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18% SUV Rig

Highest Tibia Moment

Nominal values

Verification – SUV (Tibia Moment variation) 
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Flex-PLI Borderline© Model Patent Pending

Inverse Certification
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Verification – SUV (MCL variation) 
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Flex-PLI Borderline© Model Patent Pending

Inverse Certification

90

110

130

150

170

190

210

230

250

270

T1 T2 T3 T4

4

6

8

10

12

14

16

18

20

ACL PCL MCL

18% Sedan Rig

Maximized Tibia Moment
Minimized Tibia Moment

10%

Highest Tibia Moment

Nominal values

Verification – Sedan (Tibia Moment variation) 
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Flex-PLI Borderline© Model Patent Pending

Inverse Certification
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Verification – Sedan (MCL variation) 



Summary
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Summary

 FlexPLI Borderline© model is capable of predicting the FlexPLI
hardware variation from certification to vehicle like cases

 Environment variability has additional influence on the FlexPLI due to 
nature of application
 Environment variability is not within the scope of the Borderline© model



Borderline© Models
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Borderline© Models

Target to predict a response of a specific hardware

FLEX PLI GTRHHIII-50M HHIII-5F

Chest
Neck

Complete

Chest

Available

Available

Available

THOR-50M

Customer 
requests

Chest

Neck

Pelvis

2019

SID-IIs

First Development
Model available

Available


