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ABSTRACT:

In Australia, few hundreds of vehicle crashes involving animals are being recorded every year. In order to protect the
headlights, radiator, engine and bonnet from getting damaged and also to improve the occupant safety, many cars are
equipped with vehicle front protection system (VFPS) which are either ‘over the bumper’ or ‘bumper replacement’ type.
VFPS alters the crush characteristics of the vehicle and in turn affects the airbag triggering characteristics. Hence,
non-airbag compliant VFPS would cause more serious damage to the vehicle and potentially serious injuries to the
occupants instead of offering additional safety in the event of animal strike or low speed crash. Though FPS is a very
common accessory for all passenger vehicles in Australia, not much research is published in regards to the airbag
compatibility and other requirements to comply with the safety standards and Australian design rules pertaining to the
VFPS. Authors have devised a CAE simulation based methodology to develop airbag compliant VFPS requiring
minimum number of vehicle crash tests. In this paper, authors have presented various aspects related to the VFPS
design such as styling, mounting points, mounting brackets, material specifications, weight requirement and endurance
life, along with the CAE methodology to acquire the airbag compliant VFPS.
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speed impacts). In the former case, passenger safety is

1. Introduction compromised as airbag did not get deployed during the
As official database for vehicle accidents records only ~ Serious accident. In the latter case, premature or delayed
the accidents reported to the police, there was very  deployment of the airbag (punch out loading and
limited data available on the vehicle-animal collision ~ membrane forces) itself may inflict serious injuries to the
scenarios [1]. After analysis of the crash report database, driver and passenger [3]. In a nutshell, if the VFPS is not
it was reported that a total of 11636 vehicle crashes ~ Compliant with airbags, it can make the vehicle not
involving animals have occurred in Australia during the ~ roadworthy, though is otherwise compliant with all
period from 2001 to 2005. Of these 61 were fatal, and safety standards and local design rules. Therefore, airbag
1049 were hospitalization crashes [2]. Due to the high ~ compatibility is very crucial and mandatory requirement
prevalence of vehicle-animal collisions in Australian ~ forall VFPS. _

rural areas, many vehicles, not limited to recreational Many researchers have analyzed accident databases,
4WD vehicles, are fitted with the wide variety of vehicle studied the prevalence of bull bars and their detrimental
front protection system (VFPS) to protect not only the effects on the pedestrian safety [1, 2, 4-10]. Australian
components under the bonnet but also occupants of the ~ Standard AS 4876.1-2002 made a great emphasis on
vehicle. VFPS also provides additional protection to the ~ Minimizing the pedestrian injury risk due to colliding
occupants and systems in the engine bay, when involved with a vehicle equipped with a VFPS [11]. Every bull
in low speed crashes. VFPS are categorized mainly into ~ bar sold in Australia must comply with AS 4876.1-2002.
two types: 1 — Over the bumper (such as nudge bar and Only fev_v have studl_ed and published the rc_esearch related
loop bar) and 2 — Bumper replacement type (Steel, Alloy ~ to the airbag compliance of the VFPS. Bignell [12] has
and Plastic bull bars). Depending upon the type, design ~ conducted quasi-static and dynamic pendulum impact
of the mounting brackets and mounting pointS, VFPS tests on 100 VFPS of Va”OUS. kln-dS, and concluded that
greatly influences the crush characteristics of the vehicle. VFPS require no further testing if the energy absorbed
Changes in the vehicle crush or deceleration pulse affect by over the bumper type loop bar is less than 4% of the
the airbag deployment characteristics. With the altered total impact energy. In the case of bumper replacement
crash pulse, airbag may not get deployed when required, type, the energy absorbed should be less than 8% of the
and it may get deployed when not necessary (very low total impact energy. In both quasi-static and dynamic
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pendulum tests, vehicle structure was not taken into
consideration and VFPS was fitted to a rigid fixture.
Vehicle front end structures were developed to meet the
stringent occupant safety requirements. Airbag trigger
algorithms are very complicated due to many airbags in
the current day passenger cars and also due to many
sensors mounted on desired critical locations on the car.
Therefore, just energy absorption of the VFPS is not
helpful to decide whether it is the airbag compliant or
not. Sredojevic et al [13] has conducted experiments and
recommended that lowest deceleration to trigger the
airbag as 12g for 4WD recreational vehicles and 3.5g for
Sedan passenger vehicles. Sredojevic et al. has not
mentioned any information about the vehicle structure,
sensor type and its location. Therefore, the outcome is
vehicle specific and can’t be applicable to decide
whether VFPS have got the airbag compliance.

There are many aftermarket bull bars with the claim
that they are airbag compliant. Most of the
manufacturers declare them as airbag compliant by
performing pendulum tests. Though the deceleration
pulse obtained from the pendulum test provides some
clue on the performance of the bull bar, that test is not
enough to determine the airbag compatibility as the test
does not take wvehicle structure, sensors and their
mounting points into consideration. Though many
vehicle manufacturers provide VFPS as genuine
accessories with airbag compatibility, there is no
published research on the methodology and test
specifications related to the air bag compliance. It is
illegal to fit the bull bar to any passenger vehicles unless
the vehicle with the bull bar is crash tested to meet the
safety standards. Though most of the 4WD vehicle
owners tend to go for some bull bar, revenue generated
by the sale of VFPS, physical tests are not commercially
viable, especially when bull bar manufacturers want to
produce 5-6 types of VFPS for every vehicle. Due to the
variation in the material, design of the fascia and tubular
sections, mounting bracket design and mounting
locations, to accomplish the airbag compatibility, for
every variation of the bull bar would require many
physical crash tests. Most importantly, the development
process is iterative, as the first design itself may not be
airbag compliant. Therefore, physical tests are
commercially not viable. Another problem that poses
great hindrance to the development of airbag compliant
VFPS is vehicle manufacturers’ secrecy pertaining to the
airbag triggering algorithm.

In this paper, authors have presented limitations of
the “trial and error” procedure by physical crash tests
and systematic method, based on the virtual testing, to
produce all variance of the VFPS with the airbag
compatibility, for any vehicle with a minimum number
of physical crash tests. Authors have also presented a
real-life case in which all variance of bull bars were
developed for a utility vehicle, with a great emphasis on
mounting brackets and mounting locations.

2. Airbag compatibility

All passenger cars undergo rigorous crash tests to see the
compliance with Australian standards and Australian
design rules pertaining to the occupant and pedestrian

safety and vehicle performance. Though NCAP safety
ratings vary based on the performance of the vehicles,
only those comply with the safety standards released to
the market. Though initial days, premature deployment
of the airbags have caused serious injuries, in
conjunction with seatbelt restraints, they evolved to be
most important safety features of the modern day
passenger cars due to the robustness of the frontal crash
sensing algorithms. These airbag triggering algorithms
developed using the crash pulses obtained from the wide
variety of physical crash tests in a simulated
environment and also the pre-crash and post-crash data
from the event data recorders of the vehicle [14-16]. For
every vehicle equipped with airbags, manufacturers
would define velocity thresholds for ‘airbag no fire’ and
‘airbag must fire’ scenarios [17-19]. For the utility
vehicle under consideration, these velocity thresholds are
given in the Fig. 1.

15 km/h 24.14 km/h
AIR BAG MAY AIR BAG
DEPLOY MUST FIRE

Fig. 1: Velocity thresholds for the airbag deployment

Irrespective of the type and whether any parts need
to be removed to fit the VFPS, the modified vehicle must
pass the following tests to consider it as air bag
compatible:

a) Air bag no fire test: In this test, car with VFPS
impacts a 40% offset rigid barrier at 15 km/h speed.
During the impact, air bag should not fire and also
the deceleration pulses obtained from two airbag
sensors must pass the air bag triggering algorithm
requirements. In some cases, authors have
witnessed that deceleration pulses obtained from
the G-sensors did not meet the air bag algorithm
requirements, though air bag did not get deployed.

b) Airbag must fire test: In this test, car with VFPS
impacts a 40% offset rigid barrier at 24.14 km/h
speed. During the impact, the air bag must fire and
the deceleration pulses obtained from two G-
sensors must pass the air bag triggering algorithm.

¢) Australian Design Rule 69: Every vehicle sold in

Australia must meet the specific injury criteria [20,

21] as per Australian Design Rule 69. Test

specification and performance criteria are given in

the Table 1. Therefore, irrespective of the type of
the VFPS, it is mandatory to prove that fitting the

VFPS did not degrade the ADRG69 test performance

of the original vehicle.

Table 1: ADRG69 test specification and performance criteria

Criterion
Full frontal rigid barrier to conform the SAE
document J850 (1963) or FMVSS 208 rigid

Parameter

Crash barrier

barrier
Speed of impact 48.3 km/h
Occupants Belted Hybrid 111 dummies
Head injury HIC < 1000

Chest deflection Sternal deflection must not exceed 76.2 mm
Chest deceleration Must not exceed 60g
Femur load Axial force must not exceed 10 kN
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From the specifications, it is evident that airbag
compatible VFPS development would require many
vehicles for the crash tests. Authors have witnessed
VFPS development program which took three crash tests
for visual pass of the airbag no fire test and,
unfortunately, the vehicle deceleration pulse did not pass
the airbag deployment related crash sensing algorithm.
Because of exorbitantly expensive crash test and vehicle
costs, non-availability of prototype vehicles and cost of
making production representative samples for every
design iteration, development of airbag compliant VFPS
becomes commercially non-viable. The development
process becomes practically impossible, multi-variant
VFPS for multi-variance models of the same vehicle.
Therefore, authors have devised a CAE based
methodology to develop airbag compatible VFPS (all
variants of FPS to all variants of a vehicle) with only 3
physical crash tests. In the subsequent sections of the
paper, devised methodology, selection of mounting
points, and mounting brackets were presented.

3. CAE simulation based methodology

The CAE simulation based methodology for
development of airbag compliant VFPS consists of the
following major steps:

a) Development of the baseline design of VFPS and
simplified crash simulations to perform dynamic
tests for the selection of the baseline design for the
VFPS mounts.

Development of correlated finite element (FE)
model of the full vehicle.

Finalization of the FPS design with full vehicle
CAE crash simulations.

Full vehicle physical crash tests as per the
specifications.

3.1. Baseline design of the VFPS

Automotive engineers and researchers worldwide have
been working on improving the pedestrian safety of the
passenger cars and developed innovative designs from
bumper spoilers to outward opening bumper airbags
[22]. Modern passenger cars are aesthetically very
appealing on top of meeting occupant safety standards.
Therefore, contours of the VFPS must conform to the
profile of the vehicle. During the concept stage of the
VFPS design itself, stylist and designers must consider
all the guidelines provided in the AS 4876.1-2002 so that
VFPS does not adversely affect the driver’s visibility,
engine cooling, accessibility of vehicle recovery points
and performance of the headlamps. Stylists should also
incorporate semi-rigid foam embellishments for the
fascia and tubular sections to ameliorate the aesthetics
and to improve the energy absorbing characteristics and
pedestrian safety performance of the VFPS.

Load bearing capacities of the axles, other
accessories and options of the vehicle and Gross Vehicle
Mass (GVM) greatly influence the maximum allowable
weight for the VFPS. Therefore, enough caution should
be exercised so that the VFPS weight has to be kept well
below the evaluated maximum allowable weight.
Mounting points provide the rigidity to the VFPS. For
some vehicles in the market, over the bumper type VFPS
were fitted utilizing the sheet metal components such as

b)
c)
d)
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headlamp support and radiator support. In some cases,
holes available on the plastic parts were used for
mounting. Such mountings of the VFPS can cause
considerable damage to the radiator and headlamps even
during the low speed collisions. Therefore, adequate
caution must be exercised in the selection of mounting
points. Front end of the chassis (in the single-hat or
double-hat crush-can) is one of the best locations to
mount the VFPS. Required inputs for the development of
the VFPS baseline design were summarised in the Fig. 2.

AS 4876.1-2002; Driver's
visibility; vehicle recovery
points; Air flow (through the
radiator grille) for cooling the
engine; ADR for head lamps. ‘

'

Styling of the FPS to suit the
vehicle contours

Mass setting calculations of the
vehicle; Gross vehicle mass; Load

bearing capacity of axles; Other

accessories of the vehicle -— (A)

]

Finalize the maximum allowable
weight of the FPS and suitability
of the winch and its cradle

% Baseline design of the FPS----(C) F=”

Fig. 2: Inputs for the development of VFPS baseline design

Study of the vehicle front
end CAD models and
their assembly

Finalize the mounting
points to provide FPS
adequate strength ----(B)

After selecting the mounting points, development of
the VFPS mounts become an easy task. Design
configurations such as plate with a fold, corrugated box
and box section with weak points are suitable for
mounting bracket design. Simplified crash simulations
equivalent to dynamic pendulum tests would be very
useful to select the baseline design of the VFPS mounts.
The procedural steps were as shown in the Fig. 3. This
process is very beneficial and greatly reduces the number
of full vehicle crash simulations required

Material models and
material data for the
chassis and cross member
assembly and mounting
brackets

Rigid wall of mass
equivalent to the unlanden
mass of the vehicle,
moving with 15 km/h

Perform simplified crash
simulations using only the
chassis front end

v

Perform simplified crash
simulations with flat plate FPS
mounts, repeat the process with

other concepts (flat plate with fold,
boxed section, boxed section with
corrugations).

v

Obtain the deceleration
pulse of the rigid wall using
the nodal histories.
Carefully study the collapse
of the brackets

If not suitable If suitable

Finalize the baseline

Compare FPS mounts ---(D)

Fig. 3: Simplified crash simulations equivalent to dynamic
pendulum tests to finalize the baseline VFPS mount design
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3.2. Correlated full vehicle FE model development

Most of the vehicle manufacturers develop correlated FE
model of the vehicle for various compliance tests in the
virtual environment to exploit the benefits offered by the
CAE technology. These models can be directly utilized
for the full vehicle crash simulations pertaining to the
airbag compatibility (airbag no fire, airbag must fire and
ADR 69 test). If not available, correlated FE model of
the vehicle can be developed, and procedural steps for
the same were shown in Fig. 4.

Prepare the full vehicle
CAD model (preferably
with mid surfaces)

v

Convert the CAD into FE models
and assemble them with appropriate
spot weld and bolt connections;
adjust the vehicle mass and axle
loads; in corporate the g-sensors as
per the vehicle design

v

Perform crash simulations as

per the vehicle development

program (for this purpose 15
kmph ORB test)

v

Obtain the deceleration pulse
from the output of the crash
simulations

Select appropriate material
models and prepare the

material data

Verify the FE model data and
correct; Depending upon variation
in the deceleration pulse, fine tune -9

the material data and material

models

if not correlated
Compare with the
deceleration pulse
obtained from the
physical crash test

if correlated

Finalize the correlated vehicle
model; prepare holes for
modeling bolts for mounting

Fig. 4: Procedure for development of the correlated FE model of
the full vehicle

3.3. Full vehicle CAE crash simulations

As performing full vehicle crash simulations is very
crucial step in the airbag compatible VFPS development,
procedural steps shown in Fig. 5 must be followed
strictly. Every crash simulation, from the nodal time
histories, deceleration pulses obtained for the nodes
representing the front sensor and ECU sensor must be
sent to vehicle manufacturer or airbag developers to
review the airbag compliance of the VFPS. As dynamic
tests were already carried out to select the appropriate
design of the VFPS mounts, the airbag compatible VFPS
mounts can be developed with very minimum (2-3) full
vehicle CAE simulation iterations.

3.4. Full vehicle physical crash tests

Virtual tests are only useful to gain confidence in the
design and results obtained from these simulations are
not useful to release the VFPS as an airbag compliant
accessory into the market. Therefore, the final step is to
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carry out physical crash tests as per Fig. 6 to attain the
ADR 69 or airbag compliance.

Material data and
material model selection

(E)—>

Convert the CAD model <_@
of FPS into FE model and

integrate with the
correlated vehicle model

v

Perform crash simulations
with AIRBAG NO FIRE
test (15 km/h

ORSB for the vehicle under

consideration)

>

Obtain the deceleration
pulse from the G-sensors
(one is on the lamp support
and the other near ECU)

Alter the bracket design
suitably to reduce or
increase the stiffness

A

Failed Run through the airbag

trigger algorithm to find
out the airbag
compatibility

Passed

Carry out crash
simulations for AIRBAG
MUST FIRE test condition
(24.14 km/h ORB test)

Y

Obtain the deceleration
pulse from the G-sensors
(one is on the lamp support
A and the other near ECU)

Failed Run through the airbag

trigger algorithm to find
out the airbag
compatibility

Passed

Perform crash simulations with
48.3 kmph full frontal rigid
barrier test conditions

Finalize the design
and VFPS and its
mounts ----~| (F)

Failed Passed

Run through the airbag
trigger algorithm to find
out the airbag
compatibility

Fig. 5: CAE crash test protocol for accomplishment of the airbag
compliant VFPS mounts

Authors have developed ADR 69 compliant or
airbag compatible VFPS for many passenger vehicles on
top of the proposed methodology. Following the same
method, irrespective of the number of variants of
vehicle, all variants of ADR compliant FPS (Steel bull
bar, Alloy bull bar, Alloy nudge bar, Alloy loop bar and
plastic loop bar) were developed with the minimum
number of physical crash tests. A case study
demonstrates the significance of the devised CAE
simulation based methodology.

4. Results and discussions

4.1. Mass setting calculations and selection of the
mounting locations

In order to demonstrate the efficacy of the devised
method, typical recreational utility vehicle was
considered for development of the VFPS. Normally
vehicle manufacturers provide the correlated FE model
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of the vehicle model. The vehicle has got driver and
front passenger airbags. Taking GVM, unladen weight,
load capacity of the axles and other options &
accessories into consideration, it was found that front
axle has got 45 kg allowance. Therefore, authors have
aimed at developing airbag compatible VFPS with
maximum weight 35 kg. As winch adds at least 45 kg
weight on the front axle, it was not considered in the
design and development. After careful study of the front
end vehicle structure, 5 mounting points, as shown in
Fig. 7, were selected on each side of the vehicle (3 on the
FRAME_OUTER and 2 on the BRACKET_HOOK) for
fitting the VFPS.

: : Manufacture production Material selection

representative FPS
samples

Develop FPS fitting
instructions

¢ Modify the mounting brackets

(stiffen or soften based on the

crash pulse)

Assemble the FPS with the
vehicle and perform the
physical crash test with

AIRBAG NO FIRE conditions

(15 km/h, 40% offset rigia | Airbagfired
barrier test)
Airbag not fired

Run the deceleration
pulse obtained from
two sensors through
the airbag algorithm

Fail

Perform crash test with

AIRBAG MUST FIRE

conditions (24.14 km/h,

40% offset rigid barrier
test)

Airbag not fired

Airbag fired

Run the deceleration Fail
pulse obtained from
two sensors through
the airbag algorithm

Injury criteria
not met

Carryout ADR 69 test (48.3
km/h, full frontal, rigid
barrier crash test with

belted Hybrid I1I dummy)
and measure injury criteria

Injury criteria met

Declare FPS as airbag compatible
or ADR 69 compliant and release
into the market

Fig. 6: Full vehicle physical crash test protocol for accomplishment
of the ADR 69 or airbag compliance to the VFPS

Frame Outer (Chassis)

Bracket (recovery hook)

Mounting locations

Fig. 7: Selected mounting locations for fitting the VFPS

4.2. Simplified crash simulations to finalize the
baseline design of the FPS mounts

As the mounting points are on the chassis, it is possible
to develop many configurations of the mounting
brackets. Simplified crash simulations which are
equivalent to dynamic pendulum tests were performed.
In these simulations, front-end of the chassis and cross
beam assembly were considered for the analysis. Mid-
surfaces of the components were utilized for the FE
model. Material data used in the analysis were given in
Table 2. MAT_PIECEWISE_LINEAR_PLASTICITY
(MAT_024 in LS-DYNA) material model was used.
SURFACE_TO_SURFACE contact interface definition
was used. Simplified vehicle assembly with a mass of
1736 kg moving with the speed of 15 km/h was impacted
over a rigid wall to simulate the effect of whole vehicle
mass and airbag no fire test conditions. Simplified crash
simulation set-up was shown in Fig. 8. Various stages of
chassis-cross beam assembly crushing were shown in
Figs. 9(a)-(d). LH side of the assembly was only shown
due to symmetry of the assembly.

Table 2: Material properties for simplified and full vehicle crash
simulations

FPS mounts,

Steelbull  BY™P" Ajjoy fascia
. - terettes
Component  Chassis  bar fascia . and tubular
(Semi-rigid .
and tubular sections
: PU)
sections
Young
modulus GPa 206.0 215.0 0.39 70.0
Density 7 85x10©  7.85x10° 9.27x107  2.6x10°
kg/mm
Poisson ratio 0.3 0.3 0.35 0.27
Yield stress
GPa 0.24 0.225 - -

Plane of symmetry and
appropriate boundary

Fixed boundary conditions

Chassis crash can (single hat type)

Cross beam

Planar rigid wall with 15 knv/h velocity

(in X-direction) and 1736 kg mass.
Spot welds

Fig. 8: Set up of the simplified crash analysis
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Fig. 9(a): Chassis & cross member crushing at t =0 ms

Fig. 9(b): Chassis & cross member crushing at t = 8.4 ms

Fig. 9(c): Chassis & cross member crushing att =17 ms

Fig. 9(d): Chassis & cross member crushing at t = 30 ms
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In order to select an appropriate configuration that
nullifies the effect of stiffening the crash-can, flat plate,
flat plate with a fold and corrugated box section designs
for the FPS mounts, as shown in Figs. 10(a)-(c), were
considered. Simplified simulations were carried out for
these configurations. FPS mount with a corrugated box
section design became infeasible owing to the higher
weight, complexity in design and many design variables.
Deceleration pulses from the time histories of the node
created on the rigid wall were extracted for the flat plate
and flat plate with a fold mount designs. Fig. 11 shows a
comparison of these pulses with the chassis-cross
member assembly without mounts. Addition of the
brackets to the chassis altered its crush characteristics by
increasing its stiffness. The fold provided in the mount is
working to rebuild the crush characteristics of VFPS
mount and chassis assembly. Hence, this mount
configuration was considered for the baseline design of
the VFPS owing to the simplicity and ability to fine tune
the deceleration pulse.

Fig. 10(a): Flat plate FPS mount configuration

Fig. 10(c): Corrugated box section FPS mount configuration
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}\ A_Chassis -Cross member
_B_Flat plate FPS mount
C_Fiat plate with fold

Deceleration (¢'s)

Time (ms)

Fig. 11: Deceleration pulses comparison for FPS mount designs
with baseline chassis-cross member assembly

4.3. Full vehicle crash CAE simulations

CAE crash simulations were carried out for airbag no
fire test conditions by integrating the FE model of the
baseline steel bull bar with correlated full vehicle model.
Rigid barrier FE model in LS-DYNA was used in the
simulations with 40% offset. Bolts were modelled with
beam and spider connections. Stages of the impacting
vehicle were as shown in the Figs. 12(a)-(d).
Deceleration pulses obtained from the front and ECU
sensors were sent to the vehicle manufacturer for review
of airbag compatibility. As the first design of mounts
were found to be non-compatible with airbag, further
CAE simulations of full vehicle model by varying the
size and location of the fold of the FPS mount were
carried out for airbag no fire test conditions.

Fig. 12(a): Impact behaviour of vehicle fitted with bumper
replacement bull bar for airbag no fire test conditions att = 0 ms

Fig. 12(b): Impact behaviour of vehicle fitted with bumper
replacement bull bar for airbag no fire test conditions at t = 20 ms
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Fig. 12(c): Impact behaviour of vehicle fitted with bumper
replacement bull bar for airbag no fire test conditions at t = 96 ms

Fig. 12(d): Impact behaviour of vehicle fitted with bumper
replacement bull bar for airbag no fire test conditions at t = 125 ms

Four variations of the FPS mounts and outcome
from the airbag crash sensing algorithm were shown in
Figs. 13(a)-(d). Figs. 14(a)-(b) show a comparison of
their cross-sections. Deceleration pulses obtained from
the front and ECU sensors for airbag no fire test
conditions for all four FPS mounts were as shown in
Figs. 15(a)-(b). It is imperative to note that the FPS
mount # 4 has got very little differences when compared
to the FPS mount finalized through the simplified crash
simulations. Using the finalized FPS mount #4, CAE
simulation with airbag must fire test conditions (40%
offset rigid barrier, 24.14 km/h impact speed) was
carried out. Deceleration pulses obtained from the
analysis, as shown in Fig. 16, were analyzed by using
airbag crash sensor triggering algorithm. The very first
iteration, FPS mounts have accomplished the airbag
must fire requirements. Similarly, deceleration pulses
obtained from the CAE simulation iteration as per ADR
69 test specifications were analyzed and found that FPS
mounts were ADR 69 compatible. In the case all four
FPS mounts were found to be non-compatible with the
airbag, outcome on these variations would have been
very helpful to develop potentially suitable design for the
airbag compliance.
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FPS mount #1
Outcome — Too stiff
Failed

FPS mount #4
Outcome — Less stiffer than #3
Passed

Fig. 13(a): FPS mount #1 design Fig. 13(d): FPS mount #4 design

FPS mount #1

FPS mount #2 A
Outcome — less stiffer than #1 FPS mount %2
Failed

Fig. 14(a): Cross sections of FPS mounts #1 and #2

S

FPS mount #4

Fig. 14(b): Cross sections of FPS mounts #3 and #4

Front Sensor
_A_FPS Mount #1
- TBTFPS Mount 72

C_FPS Mount #3
D_FPS Mount #4

Fig. 13(b): FPS mount #2 design

FPS mount #3
Outcome — Less stiffer than #2
Failed

X-Deceleration (g's)

Time {ms)

Fig. 15(a): Deceleration pulses from the front sensor for the airbag
no fire test conditions

ECU Sensor
A_FPS Mount #1
B_FPS Mount #£2
"8 —C_FPS Mount #3
5+ /-{ - "D_FPS Mount#4
\J “ I
- L \
= )
= ¢
S oBen- U ]
£ ¢
s
s
g
-]
%
5
0
20 ) 0 80 100 120
Time (ms)

Fig. 13(c): FPS mount #3 design Fig. 15(b): Deceleration pulses from the ECU sensor for the airbag

no fire test conditions
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1 _FPS Mount #4

X - Deceleration

A_Front Sensor
- _B_ECU Sensor

Deceleration (g's)

1 i | | : |
0 20 40 60 80

Time (ms)

Fig. 16: Deceleration pulses from the front and ECU sensors for
the airbag must fire test conditions

4.4. Problem associated with the development of
multi-variant FPS for multi-variant vehicles

The vehicle considered for the case study has got eight
variants of unladen weight ranging from 1736 kg — 1880
kg. The goal was to produce 2 bumper replacement type
and 3 over the bumper type variants of VFPS. We need
at least 8x5x3 = 120 vehicles for physical crash tests to
demonstrate airbag no fire, airbag must fire and ADR 69
compliance. To minimize the number of physical crash
tests, authors have decided to use the same brackets and
mounting points to all variants of the VFPS for all
vehicle variants. A new VFPS mount design, as shown
in Fig. 17, was developed using the VFPS mount #4
without altering its crash characteristics. The integration
of this FPS mount on the vehicle chassis-cross beam
model was shown in Fig. 18.

To chassis

To the bracket

To FPS (Over the bumper) (Recovery hook)

Fig. 17: Over the bumper type FPS mount

Fig. 18: Over the bumper type FPS mount and it’s mating parts

As there were no differences in the vehicle front-end
structures of all variants and the same mounting points &
mounts with the same crash characteristics were used,
the following CAE simulations and physical crash tests
would suffice to prove the airbag compliance of all
VFPS mounts for all vehicle variants:

a) Airbag no fire test - Vehicle with lowest unladen
mass fitted with lightest variant VFPS.
b) Airbag no fire test - Vehicle with highest unladen
mass fitted with the heaviest variant VFPS
¢) Airbag must fire test - Vehicle with highest unladen
mass fitted with the heaviest variant VVFPS.
d) ADRG69 test - Vehicle with highest unladen mass
fitted with the heaviest variant VFPS.
Correlated model was adjusted to emulate the heaviest
variant of the vehicle and remaining CAE simulations
were carried out. For every simulation nodal time
histories, deceleration pulses were elicited and sent for
the review. All five variants have passed the airbag crash
sensing algorithm and theoretically qualified as airbag
compatible or ADR69 compliant.

5. Conclusions

CAE based simulations proved very beneficial in the
development of the airbag compliant VFPS. Irrespective
of whether the VFPS is over the bumper or bumper
replacement type, fitting VFPS to the wvehicle can
undoubtedly alter the wvehicle crush characteristics.
Therefore, full vehicle crash tests are mandatory for
proving the airbag compliance of the VVFPS. Dynamic
pendulum impact tests do not take into account of the
vehicle parts onto which VFPS is mounted. Therefore, it
is not possible to judge the airbag compliance based on
the deceleration pulse obtained from the pendulum tests.
Simplified crash simulations proposed by authors
address the shortcomings of dynamic pendulum test.
These simulations are simple and not computationally
demanding. Most importantly, airbag compatible and
ADR 69 compliant VFPS were successfully developed
using the devised CAE simulation based methodology.
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