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Company Overview

Mahindra & Mahindra is $21 billion multinational group with a presence in more
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than 100 countries and employing over 250,000 people.

Operation expanded to 22 key industries that form the foundation of every modern

economy.
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Automotive Closure Slam Test

Passenger car closures experiences extreme slam loads repeatedly depending
upon customer usage pattern.
Closure panels experiences (1) impact and inertial loads, and (2) check arm mount
regions are loaded depending upon check arm design.
In CAE, explicit transient simulation was done to predict impact and inertial load
affects. Check arm is not considered in this analysis due to the following reasons
= complexity of modelling snapping behavior between check arm components.
= Limitation of considering preload affects in explicit analysis.

Door Slam event

Stress Plot
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Problem statement

Company Overview

= Check arm helps in holding the door at the desired position.
= EXxcessive loads are generated at check arm mounting region while door is
Introduction opened and closed from door max opening position with considerable velocity.
= Due to the limitations in explicit analysis and complexity in check arm
mechanism modelling, existing explicit transient simulation cannot evaluate
check arm are mounting region.

A New method is developed for durability evaluation of check arm mounting regions

Problem statement

Load Measurement

Door Intermittent Door opening

position Door Max R[)irection
opening position
Stress Analysis Mounted on Door Max |
NN

Door side

opening position Door intermittent

position

Fatigue calculation  Mounted
using Dutycycle  on BIW

approach
Test-CAE
Correlation
Conclusion
Cut Section of Check arm Assembly Top View of vehicle with two door
in door closed position opening positions

Acknowledgement
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Load Measurement

= Load required to move the check arm slider from one position to another
position is measured.
Introduction = |tis observed that 10x times load is experienced by check arm mounts when
compared to door handle loads to open and close the door.

Company Overview

Check arm mounted on
Problem statement Fixture

Load Measurement

Stress Analysis

Fatigue calculation

using Duty cycle
approach Load cell for measuring
Force
Correlatian Condition Check Arm Load at Door Load at Check
Position handle (N) arm (N)
Conclusion During Door 0Tol Ly Ly x9.5 0 — Door closed position

Opening Condition 1To?2 L, L, x 10.2 1 — Door intermittent position
2 — Door max opening position

During Door 2Tol Ly L, x 10.2
Acknowledgement Closing Condition 1T00 L, L,x95
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Stress Analysis
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Door opening and closing loads are applied at the door handle region.

Stress analysis is done at all four-loading condition separately, i.e., L1, L2, L3 &

L4.

Due to leverage affect, considerable stresses are observed at the check arm
mounting region on Door side.

Door Position 1

L

Door Position 2

L L

Force at
Condition Check Arm 4561 handle
Position
(N)
During Door Opening O0To1l L1
During Door Closing 2To1 L3
-

———

Stress plot at check arm mount for L2 loading event
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Duty Cycle Approach using FEMFAT — channel Max

Company Overview

= Duty cycle is derived to represent the one door opening and closing event

= Damage is calculated using equivalent stress history considering duty cycle defined

Introduction

in channel definition..

Door Position 1 Channel history for one
Opening force : L1 N complete door open and .
Froblem statement Closing force : L3 N closing event Equivalent stress for one cycle

cmax

Load Measurement

- 2 d
2 » ’ » Cumulative

Stress Analysis

Door Position 2

Opening force : L2 N L damage
: : Closing force : L4 N .
Fatl:t]ue calculation g o calculation
using Duty cycle
approach
pp L, Ormin
1 2 3 4
0
Test-CAE 1 2 3 a
Correlation Loading Sequence
. Lhl Format Stress File L Factor LHIST Load History File R o Col SCR Scratch File
Conclusion 1 CDB ABA... Door_Positionl.odh | 1 1.00000 RPC ASCI dutyCycle.td 1 ASC cgh_1.fms
2 (DB ABRA. . Doot_Position2.odb 1 1.00000 RPCASCI dutyCyele b 2 ASC cgh_2 fms
3 ODB ABA. . Doot_Position3.odb 1 1.00000 RPCASCI dutyCyele b 3 ASC coh_3fms
[ 4 ODBABA. Door_Positiond.odb 1 1.00000 RFPC ASCI dutyCyele td]] [ 4 asC cgh_dfms |
Acknowledgement ‘

Stress results Identity matrix 7
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Test-CAE Correlation:

Initial design has durability concern at FEMFAT analysis predicted region.

In Initial design, 1.49 times factor is observed between Test to CAE fatigue life.
In Improved design, CAE fatigue life is improved by 95 times when compared to
initial design.

Improved design based on FEMFAT analysis has cleared the target cycles in
physical test.

Closure Slam Test in Lab Fatigue Anallysis Result

v v
Initial Design Improved Design

Initial Design
A SRR
.
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Conclusions:

Computationally less expensive CAE method is developed to evaluate check
arm mounting region on BIW and Closure side for opening and closing efforts.
FEMFAT channel max module is used to predict the fatigue life and its results
are inline with the physical test results.

In Initial design, 1.49 times factor is observed between Test to CAE fatigue life.
In Improved design, CAE fatigue life is improved by 95 times when compared to
initial design.

Improved design has cleared the physical slam test without any concern.

Fail-Fail and Pass-Pass correlation is achieved with new method.
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Mahindra & Mahindra herein referred to as M&M, and its subsidiary companies provide a wide array of presentations and reports,
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