SUPPLEMENT TO THE
HSRI THREE DIMENSIONAL
CRASH VICTIM
SIMULATION REPORT

EDC Library Ref. No. 1019



DISCLAIMER

These materials are available in the public domain and are not
copyrighted. Engineering Dynamics Corporation (EDC) copies and
distributes these materials to provide a source of information to
the accident investigation community. EDC makes no claims as to

their accuracy and assume no liability for the contents or use
therecof.



UM-HSRI-77-20

SUPPLEMENT TO THE ﬂSRI THREE DIMENSIONAL
CRASH VICTIM SIMULATION REPORT
R. 0. Bennett

B. M. Bowman
D. H. Robbins

Highway Safety Research Institute
The University of Michigan
Ann Arbor, Michigan 48109

May 10, 1977



[ g SO b =

i

o \ M

e —

ERNETN

Technicol Report Docomentation Page

1. Report Mo 2. Govetnment Accession Mo,

3. Recipiant’'s Coteiog Mo,

4. Tode end Subtitle
Supplement to the HSRI Three-Dimensional
Crash Victim Simulation Report

5. Ruport Dare

May 10, 1977

6. Parlorming Organiazation Code

7. Ruthor's)

R. 0. Bennett, B. M, Bowman, D. H. Robbins

8. Puriorming Orgamizehion Raport No,

UM-HSRI-77-20

9. Paclarming Crganizetion Mome ond Address

Highway Safety Research Institute
The University of Michigan
Ann Arbor, Michigan 48109

. Wark Unit No. {TRALS)

. Contract or Gront Na,

DOT-HS-7-01525

12. Sponsering Agancy Nome snd Address

National Highway Traffic Safety Administration
Department of Transportation

Washington, D.C. 20590

. Type of Repoet and Perod Covered

Final - October 1976
through May 1977

M,

Sponsering Agency Cede

15, Supplemeniory Hotes

16. Abatroct

report are presented.

This report supplements the original HSRI Three-Dimensional Crash
Victim Simulation roport developed under DOT Contract No. FH-11-6962
(available as NTIS No. PB208242). An airbag model, developed at
Wayne State University under NHTSA Contract No. DOT-FH-11-7607,
has been installed in the HSRI model and is described.
in input data cards due to work accomplished since the original

The changes

17, Koy Werds

18, Distribution Statement

B, Secucity Clussil, {of this pogel

UNCLASSTFIED

19, Security Classil. (of thes ropert

UNCLASSIFIED

. Mo, of Poages 22, Price

Form DOT F 1700.7 (3-72

Reproduction of complated page tvutherized

* U, S, COVERNMENT FRINTING OFFICE @ 1973 725.304/328

3

!



1.0
2.0

3.0
4.0

TABLE OF CONTENTS

Introduction

Analytical Description of the WSU Airbag Model

2.

2.
2.

?

2
2.
2

1

(S I L

7

The Free-Expanding Airbag

Detection of Occupant Torso Contact with the Airbag
The Contacted Airbag

The Bottomed-0ut Airbag

The Collapsing Column or Panel

Addition of Airbag Forces into the Occupant Equa-
tions of Motion

Submodel Interrelationship

Updated Description of Program Input Data

Use of and Restrictions on the New Features

ii

1
11
12

14
15
34



Figure 1.
Figure 2.
Figure 3.
Figure 4.

FIGURES

The Free-Expanding Airbag
Testing for Occupant-Airbag Contact
The Contacted Airbag

Application of Airbag Force

i

Page

13



TABLES

Page
TABLE 1. WSU Airbag Input Cards 16
TABLE 2. Input Data Cards (3-D Model, 4-77) ~ 18

iv



ACKNOWLEDGEMENTS

We are pleased to acknowledge that Dr. Clifford C. Chou of
Ford Motor Co., who was one of the original workers on the WSU Airbag
Model, served as a consultant during the installation of the WSU
Airbag Model in the HSRI Three Dimensional Model.



1.0 INTRODUCTION

This report is a supplement to the original report on the HSRI Three-
Dimensional Crash Victim Simulator entitled, "HSRI Three-Dimensional
Crash Victim Simulator: Analysis, Verification, Users' Manual,
" and Pictorial Section,” June 30, 1971, by D. H. Robbins, R. 0. Bemnett,
and V. L. Roberts. (Final Report on DOT Contract No. FH-11-6962, NTIS No.

PR-208242). This report describes the changes made to the model since the
publication of the original report.

These changes include:

1. Input and Qutput of angular accelerations in radians per second
per second instead of degrees per second per second.

Numerous formatting changes in printed output.

Value of Earth Standard Gravity changed to 32.174.

Input and Output in S. I. {Metric) or Anglo-American Units.

L5 B T VL B A ]

Incorporation of WSU Airbag Model with minor changes.

Section 2.0 of this report reviews the analysis of the WSU
Airbag Model. Section 3.0 of this report consists of an updated ver-
sion of Table 7 of the original report. Section 4.0 discusses the
use of the new features and the restrictions on them.



2.0 ANALYTICAL DESCRIPTION OF THE WSU AIRBAG MODELL

The only known published report on the WSU Airbag Model is SAE Paper No.
720036 edtit}ed, "A Mathematical Model of an Airbag for a Three-Dimen-
sional Simulation," by A. I. King, C. C. Chou, and G. A. Mackinder, dated
Jan. 1972.

The description presented here is based on the unpublished WSU
final project report to NHTSA (Contract No. DOT-FH-11-7607) and reflects
later changes made at both WSU and HSRI.

The WSU Airbag Model was developed to simulate a spherical air-
bag mounted on a collapsing steering column (driver airbag). Later
this model was modified slightly to represent a cylindrical airbag
mounted on a collapsing panel {passenger airbag). Both options are
available in the current model under switch control. In either case,
the airbag model consists of the same basic submodels 1isted below.

The free-expanding airbag submodel

The detection of occupant torso contact submodel
The contacted airbag submodel

The bottomed-out airbag submodel

The collapsing column (or panel} submodel

(o TR & 2 TR - T F'C T LN B

Addition of airbag forces into the occupant equations of
motion submodel

These submodels are discussed in Sections 2.1 through 2.6, respectively.
Section 2.7 discusses the interrelationship between these six sub-
models. '

The basic assumptions made in the derivations of the airbag analysis
are listed.

1. Before impact with the occupant, the spherical airbag expands
radially due to gas flow. ‘

2. The pressure of the airbag is always uniformly distributed.

3. The gas flow is an adiabatic process.

4. After impact, the airbag deforms as if it were squeezed by two
parallel plates.



5. The deformation of the airbag wall follows a linear elastic
relation by considering the bag as an axisymmetric etastic thin shell.

2.1 The Free-Expanding Airbag

The differential equations governing the airbag expansion before
impact are listed. Figure 1 shows the configuration of the airbag before contact.
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R = bag radius
P = bag gauge pressure
P = bag absolute pressure = P + 1 atmosphere
o = jnitial gas density
k = ratio of specific heats {outside to inside)
P0 = initial bag gauge pressure
Po = initial bag absolute pressure = P+ 1 atmosphere
C = gas mass inflow rate
B] = gas mass outflow rate, or
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NOTE: 1 atmosphere is the pressure at sea level due to the ’
weight of the atomsphere and has a value of 14.696 1bs/in
or 101325 N/m?

(1 - B) (1 - B, (8;)
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Figure 1. The Free Expanding Airbag



2.2

Pv = venting pressure
A = area of vent hole
B = coefficient of discharge
%-HR3 for driver airbag
B, = airbag volume = +LR% for passenger airbag

L = cylinder length
4R for driver airbag

B3 ® l2L for passenger airbag
R
B = o
4 88 !
P
B = v - R
5 88 R
1 atmosphere
86 = ratio of pressures (outside to inside) = v
87 = ratio of vent hole radius to airbag radius raised to the
fourth power = 9 -
A
n2R4
2hE for driver airbag
B

g8 °| hE for passenger airbag

#t

thickness of airbag wall
E

Young's Modulus of airbag wall

Detection of Occupant Torso Contact with the Airbag

The time that occupant impact with the airbag occurs (1) is the

First time at which any of the following three inequalities is satisfied.
Figure 2 shows the configuration for the testing for occupant-airbag contact.
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Figure 2. Testing for Occupant-Airbag Contact
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where

(XA’D’ZA) is the fixed point in the vehicle where the center of the airbag

is mounted.
(XT T,Z } is the position of the torso center in vehicle coordinates.
(XTN ™’ TN) is the position of the neck joint in the vehicle
coordinates.
(XTH TH® TH) is the position of the hip joint in vehicle coordinates.
C; = 1/2 the thickness of the chest
R = radius of the airbag.

2.3 The Contacted Airbag

The differential equations governing the airbag after impact are
listed. Figure 3 shows the configuration for the contacted airbag.

o Dofo - D
AR - Ashg
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- A
2
where
H = the length of the flattened portion of the airbag.
P = gauge pressure of the airbag
P = absolute pressure of the airbag = P + 1 atmosphere
1
R S
Ay = (P) e
1
A, = (MF DA
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1
A, = (F* b0
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Figure 3. The Contacted Airbag
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A1 = 1/2 the distance between parallel plates
] 1 )
RT - E-Dl] + 5'(} - a) Dyp before rebound begins
AlR - .5 D?5 after rebound begins
RT = airbag radius at the time of contact
a« = the fraction of torso movement over the last time interval
which is allocated to airbag deformation
4 ] 2 .
g-n(A])3 + E‘FA}H for driver bag
Dy =L (A})2 + 2LHA, for passenger bag
\ﬁH for driver bag
DZ - 2L for passenger bag
Zﬁ(A])2 + %‘HZ for driver bag
D3 - wLA} + LH for passenger bag

{4h£ for driver bag
D4 ® |hE for passenger bag
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Dg = 3
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PT = airbag absolute pressure at time of contact.
1
N B L
T 0} B
Po
(nA, + H) P
D [—~——~—~—W "1 Do
D
4
Dyg = = Ve
VCN = velocity of the torso c.g. relative to the vehicle

)2

2 2
Dy -,'](xT X )F (YR (g - T

- - 2 2 . 2
D12 = san (XT ch)'J (XT_ ch) * (YT " ch) * (ZT zcc)

(XT, YT, ZT) = position in vehicle of torso c.g. at time of contact

{X s Z_ ) = position in vehicle of torso c.g. at time column

¢ or panel collapse begins

0 if D., < O
} 14 <
013‘{

\;D14 if 914 > 0
a1l
2P PT o,

' 3 2
15 = san (k- Xp) \/(XT MR- URR SR FYRI I VAR

Y
cc’ cC

D4

D )2

(X,s Yo, Z,) = position in vehicle of torso ¢.g. when rebound begins

R> 'R "R

A,, = value of A} when rebound begins.

1R
Other quantities as defined in Section 2.1
Total force on the occupant torso due to the airbag is computed as

10



as

= I
FT = 7 PHGl(i2
where )
. - hfle-xT]icT
! ‘XT—x‘tl .
T it - KL<y
.
H if driver airbag
GZ - % if passenger airbag

2 = width of the occupant torso

2.4 The Bottomed Out Rirbag

When A1=i 0, the airbag is considered to have bottomed-out.
The total force on the occupant is then computed as

Fro= Fg + ky(X

gt kglkp - X

T B)
where

FB is the value of FT when the airbag bottoms out
kB§=Tinearspringconstant for bottomed-out airbag

(XB. YB. ZB) is position in vehicle of the torso c.g. when the
airbag bottoms out

2.5 The Collapsing Column or Panel

Column or panel collapse begins when the total force on the column
or panel due to the airbag exceeds the column or panel collapse force.
The column or panel is assumed to collapse in such a way that the ajrbag
force stays constant. An jterative procedure is employed to divide the
torso movement between the airbag and steering column in such a way
as to maintain the constant force. The Young's Modulus (E)} of the
airbag wall is changed to a different inputted constant (ECON).

When rebound occurs, the iteration ceases, and the airbag alone
responds to torso movement. When the maximum column or panel collapse
distance is exceeded (the column or panel bottoms out), the iteration
also ceases, and again the airbag alone responds to torso movement.

1



2.6 Addition of Airbag Forces into the Occupant Equations of Motion

Contributions to the occupant equations of motion due to the air-
bag are not computed directly in the WSU airbag model. The approach
used to get the airbag forces into the occupant equations of motion
is to use a slightly modified version of the HSRI occupant contact
model. One of the contact planes is assigned to the airbag.

In any uninhibited interaction between any body ellipse and the special
airbag plane for which the deflection is positive, the prorated force
computed by the airbag model is substituted for the standard deflection-
dependent ellipse-plane force computation. The proration of force

is over the number of expected ellipse-airbag plane interactions.

This force is treated by the contact model just as if it were produced
by the ellipse-plane interaction and added into the equations of motion
for the occupant. This means that the airbag force is always applied

to any body ellipse in the direction of the normal to the airbag plane.
Figure 4 shows how the airbag force is applied.

HSRI has made two minor additions to the WSU approach outlined
above. In order to protect the occupant model integration from po-
tentially large step-functions in force, the prorated airbag force is
modi fied by the following deflection-dependent factor.

8
n o=y T
Seff 1T 0 Ceff
1 if 82 8, ¢¢
where

8 = the deflection of the airbag plane by the body ellipse for
the current interaction.

Geff = is the inputted deflection at which the total prorated

airbag force is to be felt by the occupant

In order to allow some possibility to model an obligue or lateral
collision, the standard handling of planar size and edge effects has
been installed with regard to the airbag plane.

12
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Figure 4. Application of Airbag Force
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The properties of the airbag plane are ignored except for position,
orientation, size, and edge constants although all properties must
be supplied with reasbnab1e values. The user must be very careful to
position and move the airbag plane so that it maintains contact
with each of the expected body ellipses at the proper angle while
"the airbag model is predicting non-zero force.

2.7 Submodel Interrelationship

The WSU Airbag Model progresses through the submodels described
in Section 2.1 through 2.6 as outlined below. The addition of airbag
forces into the occupant equations of motion (2.6) is pperational at
all times when the airbag option is elected. After the simulated time at
which the airbag begins to inflate is reached, the Free-Expanding Airbag
submodel (2.1) and the Detection of Occupant Contact Submodel (2.2)
begin to operate. When contact is determined to have occurred,
these two submodels are turned off and not used again. At the same
time, the Contacted Airbag submodel (2.3) begins to operate. If the
steering column or panel begins to collapse, the Collapsing Column
or Panel Submodel (2.5) begins to operate along with the Contacted
Airbag. The Collapsing Column or Panel Submodel is turned off if rebound,
airbag bottoming out, or column bottoming out occurs. If the airbag
bottoms out, the Bottomed-Out Airbag submodel (2.4) is used. If the

airbag pressure goes negative, the Contacted Airbag Submodel i$ turned
off.

14



3.0 Updated Description of Program Input Data

Table 1 contains a description of the cards required by the WSU
Airbag. If the airbag model is not used, only the first card described
in Table 1 should be included. Any cards for the airbag must precede
. all other input cards. Table 2 gives the input cards for the HSRI
Three-Dimensional Crash Victim Simulator. The symbols and figure num-
bers are those used in the original HSRI report. In both these tables,
the expected metric untis are enclosed in parentheses and appear next
to the expected Anglo-American units. The setting of the switch in
field five on Card S determines which set of units is used throughout
the input data and also in the output of both the WSU and HSRI Models.

15
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4.0 Use of and Restrictions on the New Features

The WSU Airbag Model was developed primarily for the frontal
crash simulation. The model may be used for dblique or lateral crash
simulation, but only with very great care. The user is referred in
particular to the discussion in Section 2.6.

The models are not fully debugged in metric units. The performance
of the models in metric is approximately correct but is too much
different from a corresponding run in English units to be called
acceptable. The user should use the Metric option in these models
with suspicion.
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