LS-DYNA Consulting
Bus Seat Destruction with LS-DYNA

Bus Seat Destruction with LS-DYNA

Under Federal Motor Vehicle Safety Standards (FMVSS) 210, 222 and 225; automotive and bus seats are tested
under extreme conditions to ensure that the seat not will fail and cause human injury. Besides the requirement
that the seat not be torn from the floor of the vehicle during a crash (FMVSS 210), the seat must also not be too
rigid, or that is to say, we want the seat to act as an energy absorber during a collision (FMVSS 222). Lastly, new
bus seats must also be able to support child car seats (FMVSS 225).

Analysis Tool:

In all of these tests, the automotive bus seat is loaded well past its elastic limits, and in the case of the crash
simulation, the seat belt attachment hooks practically rip the seat apart (see animation). The analysis tool of
choice in this industry is LS-DYNA for its robust capability to solve basically the un-solvable.

Model Details:

The FEA model was built using Femap. The model started out as a Unigraphics part file and was then converted
into a surface model and plate meshed. A custom API program was used to calculate the explicit time step for
the plate and beam elements allowing controlled meshing of all regions. This allowed us to obtain the highest
possible time step (roughly 1 micro-second or 5 mm plate elements) without having to use mass scaling. The API
algorithm was developed with the assistance of the LSTC support staff and generates the same time step
information as that in the parent program. Femap users can download this APl within the APl download section
of the Predictive Engineering website. The model was validated against the FMVSS tests and facilitated rapid
prototyping of optimized designs.

Why?
Without the use of LS-DYNA on this program, it would be nearly impossible to develop the current lightweight
designs that are being implemented in the U.S.
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Fig. 1 Femap model
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Fig. 2 Some views of Femap model.

AR

A
FINITE ELEMENT ANALYSIS /

Predictive Engineerin www.PredictiveEngineering.com

N

A



LS-DYNA Consulting
Bus Seat Destruction with LS-DYNA

ISLS-PREPOST 2.2 - 3Jan2008(14:24) D:\WorkBus Seat
File Misc. Toggle Background Applications Settings Help

FMVSS 210 Rev-0

Follow | splitw | Particle

Output | Trace | xyplot

anno | Light AD

SPlane | Setting | State

Range | Vector | Measur

Find | Ident | ascm

Fcomp | History | views

Appear | Color | Model

Group | Blank | Selpar |

Shell

s IWET

Tshell

Rourt
Sphnd
Fuid
©single
Oarea
Opoly
Save
Load
i v )
e ] o | tms | tied | Bk | Umde | Fm [ s | teom [ Aem | 2m [ 0 [ e [ veon JNNCTNNEN] e | ot | Rgw | Redw | vome | _ Dsetected ﬂ
tide | shad | view | wie | reat Bige | Gid | Mesh | shm | Pcen ow | 4 | o Al (TN otm | ek | tem anim | Reset |
@rm  Oxp  sonsy
Al None Rev.
>3 pan 238.230560 -146.864410; Al Auto Apply. Done
|pan 235.497528 200.150539; v

[Page1 - General operations and postprocessing

Fig. 3 The Femap model was exported directly into LSTC’s PrePost 2.3. At this stage, specialized LS-DYNA setup
commands were defined. The model was run explicitly with minimal added mass to maintain the time step.
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LS-DYNA FMVSS 210 Bus Seat Evaluation
Time = 138
Contours of Effective Stress (v-m)
ipt#2 and ipt #3
min=0, at elem# 10151
max=4.97218, at elem# 10224

Fig. 4 Analysis results at the start of the simulation. The seat is pulled by the FMVSS 210 test setup. The goal is to keep
the kids from breaking the seatbelts during a crash. The maximum g-force is roughly 50 g.
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LS-DYNA FMVSS 210 Bus Seat Evaluation
Time = 188

Contours of Effective Stress (v-m)
ipt #2 and ipt #3
min=0, at elem# 33577
max=13.1836, at elem# 6081

Fig. 5 The seat has torn through the flooring.
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LS-DYNA FMVSS 210 Bus Seat Evaluation
Time = 218

Contours of Effective Stress (v-m)

ipt#2 and ipt #3

min=0, at elem# 33577
max=9.48712, at elem# 5979

Fig. 6 The seat has failed via tearing of the floor mounts.
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Fig. 7 At the end of the simulation, we have one completely destroyed bus seat.
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