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ABSTRACT

An Overview of the Way EDCRASH
Computes Delta-V

Terry D. Day and Randall L. Hargens
Engineering Dynamics Corp.

The two procedures, DAMAGE and OBLIQUE IMPACT,
which are used by EDCRASH  for computing delta-V,
are described in detail. Enhancements in EDCRASH
Version 4 which improve tlhe DAMAGE method of
computing delta-V are also described. The advan-
t a g e s  a n d  d i s a d v a n t a g e s  o f  e a c h  m e t h o d  a r e
explored,  and the  numerica l  and graphical  output
a n d  u s e  o f  w a r n i n g  m e s s a g e s  are r e v i e w e d .  I n
general, it was found the two methods are compli-
rfien tary: The DAMAGE procedure is best-suited for
the conditions in which the OBLIQUE IMPACT pro-
c e d u r e  i s  l e a s t - s u i t e d ,  a n d  v i c e - v e r s a .

DELTA-V IS DEFINED as the change in the velocity
o f  a  veh i c l e’s  o c c u p a n t  c o m p a r t m e n t  d u r i n g  t h e
col l is ion phase  of  a . m o t o r  v e h i c l e  c r a s h  ( i . e . ,
f r o m  t h e  m o m e n t  o f  i n i t i a l  c o n t a c t  b e t w e e n
v e h i c l e s  u n t i l  t h e  m o m e n t  o f  t h e i r  s e p a r a t i o n ) .
The del ta-V is  f requent ly  used as  an indicator  of
s e v e r i t y  o f  i m p a c t  b e c a u s e  i t  a p p r o x i m a t e s  t h e
s p e e d  o f  t h e “second collision”  - t h e  c o l l i s i o n
b e t w e e n  t h e  o c c u p a n t  a n d  v e h i c l e  i n t e r i o r  - that
c a u s e s  o c c u p a n t  i n j u r y  [ 1,2,3].

The  EDCRASH  computer  program can es t imate
the  del ta-V as  wel l  as  the  impact  speed for  one
o r  t w o  v e h i c l e s  i n v o l v e d  i n  a  c r a s h . Accident
s i t e  a n d  v e h i c l e  i n s p e c t i o n s  performed a f t e r  t he
c r a s h  p r o v i d e  t h e  i n p u t  data for the analysis.

The purpose  of  th is  p,aper  is to describe the
two methods which are used by EDCRASH  to compute
the  del ta-V.

GENERAL PROCEDURES

T h e  EDCRASH  prograxn  i s  m o d u l a r : Cer ta in
s e c t i o n s  a r e  d e v o t e d  t o  clertain  c a l c u l a t i o n  p r o -
c e d u r e s . T h e  c a l c u l a t i o n  p r o c e d u r e s  a r e

*Numbers  in  brackets  des ignate  references  a t  the
end of the paper.

r e l a t i v e l y  s i m p l e a n d  s t r a i g h t - f o r w a r d  a n d ,
although very lengthy, Inost can  be  accompl ished
w i t h  a  h a n d - h e l d  c a l c u l a t o r . A n  o v e r v i e w  o f
t h e s e  p r o c e d u r e s  i s  prclvided  by  the  f low
below (see  f igure  1) .

INPUT

I Damage
Analysis I

1

OU:PUT

c h a r t

Figure l- EDCRASH  ProcessingPhase  Flow Chart
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A s  s h o w n  i n  t h e  f l o w  c h a r t ,  t h e r e  a r e  f i v e
major  ca lcula t ion procedures  which occur  dur ing
the EDCRASH  process ing  phase . These procedures
( i n  o r d e r )  a r e :

- DAMAGE
- SEPARATION VELOCITIES
- COWON  VELOCITY  CHECK
- IRAJEcrcmzY  SIMULATION
- OBLIQUE IMPACT

The DAMAGE sect ion computes  the  del ta-V
d i r e c t l y  f r o m  v e h i c l e  c r u s h  m e a s u r e m e n t s  t a k e n
dur ing the  vehic le  inspect ion. The SEPARATION
VELOCITIES section computes the linear and angu-
lar  separa t ion  veloci t ies  (speed and di rec t ion  of
the  vehic les  a t  separat ion)  and angle  of  the  path
a t  s e p a r a t i o n  f r o m m e a s u r e m e n t s  t a k e n  a t  t h e
accident site. COMMON VELOCITY CHECK compares
t h e  s e p a r a t i o n v e l o c i t i e s  c a l c u l a t e d  f o r  e a c h
v e h i c l e  t o  i n s u r e  t h e v e l o c i t i e s  a r e  c o m p a t i b l e
w i t h  t h e “common v e l o c i t y  a s s u m p t i o n , ” which
requires  the  damaged por t ions  of  each vehic le  to
reach approximately  the  same ear th-f ixed veloci ty
(i.e., s i d e s w i p e  c o l l i s i o n s  c a n n o t  b e  a n a l y z e d ) .
T R A J E C T O R Y  SIWLATION  performs a simulation of
t h e  i m p a c t - t o - r e s t  p h a s e  o f  t h e  a c c i d e n t ,  u s i n g
t h e  c a l c u l a t e d  s e p a r a t i o n  ,velocities, t o  c o n f i r m
the resul ts . Finally, OBLIQUE IMPACT computes
the del ta-V from the accident  s i te  measurements
for  obl ique col l i s ions . Folr a  c o m p l e t e  d i s c u s -
s ion of  each of  these calculat ion procedures ,  the
r e a d e r  i s  r e f e r r e d  t o  t h e  l i t e r a t u r e  [4].

COMPUTAT  I ON OF DELTA-V

A quick review of the calculation procedures
r e v e a l s  t h e  d e l t a - V  i s  c o m p u t e d  u s i n g  t w o
independent methods: from vehicle damage measure-
m e n t s  ( f o r  a l l  c o l l i s i o n s )  a n d  f r o m  a c c i d e n t
scene d a t a  ( o n l y  f o r  o b l i q u e  c o l l i s i o n s ,  i . e . ,
a n g l e d  t y p e  c o l l i s i o n s  - s e e  f i g u r e  2 ) .

The vehicle damage data are always analyzed.
This analysis, cal led the DAMAGE analysis ,  uses
measurements  of  vehicle  damage to  es t imate  the
damage-based  de l ta -V for each vehicle, even if no
s c e n e  d a t a  a r e  availalble.

I f  s c e n e  d a t a  ( p o s i t i o n s  a t  i m p a c t  a n d  r e s t
a n d  o p t i o n a l  i n t e r m e d i a t e  p a t h  p o s i t i o n s )  a r e
supplied, t h e  d e l t a - - V  c a n  a l s o  b e  c a l c u l a t e d
a c c o r d i n g  t o  t h e  l a w s  o f  c o n s e r v a t i o n  o f  l i n e a r
momentum. This tra jet tory-based approach, called
OBLIQUE IMPACT, w o r k s  w e l l  f o r  o b l i q u e  c o l -
lisions. However, i f  t h e  d i r e c t i o n s  o f  t h e  pre-
impact  veloci ty  vectors  are  wi thin  +/- 10 degrees
o f  p a r a l l e l  ( i . e . ,  c o l l i n e a r ,  o r  h e a d - o n ;  s e e
f igu re  3), the momentum calculations become very
s e n s i t i v e  t o  s m a l l  e r r o r s  i n  t h e  s c e n e  d a t a .
Therefore , t h e  d a m a g e - b a s e d  d e l t a - V  i s  a u t o -
m a t i c a l l y  u s e d  i n  t h i s  c a s e .

The DAMAGE and OEILIQUE  IMPACT computation
procedures  are  descr ibed  in  de ta i l  be low.

DAMAGE ANALYS I S PFtOC EDURE

F i g u r e  4  s h o w s  t w o  v e h i c l e s  c o l l i d i n g .
During the  col l i s ion (a l inear  impulse  (a  funct ion

Figure 2 - Typical Oblique Collisions Figure  3  - Typical  Coll inear  Coll is ions

184



i =/ F dT

Figure  4 - Linear  Irrpulse  D u r i n g  Co1 lision

of the impact force and time) is produced between
the vehic les . According to  Newton’s th i rd  law,
t h e  f o r c e  b e t w e e n  thle vehic les  i s  shared equal ly .
Therefore, t h e  irryulse  is  a lso  shared equal ly .

From basic physics, i t  is  known the del ta-V
of  the  vehicle  (or  any col l id ing object)  i s  equal
to the linear impulse divided by its mass. Since
the mass  of  the  vehicle  is  known or  ea..ily f o u n d
i n  t a b l e s , t h e  g o a l  o f  D A M A G E  i s  r e a l l y  t o
determine the  l inear  impulse . The basis  of  the
DAWG E calculation procedure is Newtonian physics
and the conservation of linear momentum, not the
conservatio*n  o f  e n e r g y  a s  r e p o r t e d  b y  s o m e
a u t h o r s  [5] .

Calculat ion of  the  Linear  Impulse
Since the mid-sevent ies ,  information on the

s t r u c t u r a l  s t i f f n e s s  o f  veh,icles  h a s  b e e n  g a i n e d
f r o m  b a r r i e r  c r a s h  t e s t i n g . This information
a l l o w s  t h e  c a l c u l a t i o n  o f  t h e  m a g n i t u d e  o f  t h e
linear impulse  be t  ween t h e  v e h i c l e s  d u r i n g  t h e
crash by assuming the exter ior  of  the vehicle  has
a  l i n e a r  r e s i s t a n c e  t o  crush.

*
A l t h o u g h  t h e  c o n s e r v a t i o n  o f  e n e r g y  c a n  b e

d e r i v e d  f r o m  N e w t o n ’s  l a w s  o f  m o t i o n ,  t h e
c o n s e r v a t i o n  o f  e n e r g y  i s  n o t  t h e  b a s i s  o f  t h e
calculations in the D,4MAGE  procedure .

From New ton’s 2 n d  L a w  ( t h e  c h a n g e  i n  a n
object’s  m o t i o n  i s  p r o p o r t i o n a l t o  t h e  f o r c e s
e x e r t e d  a g a i n s t  i t , 5F = M a )  a p p l i e d  t o  v e h i c l e
#l, the  external  force  to  cause  a  crush displace-
m e n t  i n  t h e  e x t e r i o r  h a v i n g  a  c r u s h  s t i f f n e s s ,
Kp f r o m  i t s  o r i g i n a l  shape  t o  i t s  a s - c r u s h e d
c o n d i t i o n ,  X1 - X, i s

-K1(X1-X)  =I Mld2Xl/dt2

a n d  f o r  v e h i c l e  #2 , Newton’s second law states

-K2(X-X2)  == M2d2X2/dt2

L e t t i n g  b= X1-X2, t h e s e  e q u a t i o n s  c a n  b e
wri t ten in  the  form

d2b/dt2+(K1K2/(K1+K2))((Ml+M2)/MlM2)~  = 0

The above equat ion is  the  dif ferent ia l  equa-
t i on  o f  mo t ion  wh ich  dIescribes  t h e  t w o  v e h i c l e s
d u r i n g  a  p l a s t i c c o l l i s i o n  ( n o  r e s t i t u t i o n ,  i . e . ,  -
the  vehicles  reach a  common veloci ty  a t  the  end
of  the  impulse) . T o  a p p l y  the so lu t i on  o f  t h i s
d i f f e r e n t i a l  e q u a t i o n t o  t h e  c a s e  o f  v e h i c l e
collisions, o b s e r v e  t h e .  t t h e  i n i t i a l  c o n d i t i o n s
are known: T h e  r a t e  o f  c r u s h  d e f l e c t i o n  a t  t h e
beginning of  con tat t b e t w e e n  t h e  v e h i c l e s  i s
s imply equal  to  the closing veloci ty  between the
v e h i c l e s ,

dbldt t=o = Vlo - V20

w h e r e  Vlo a n d  V20  a r e  t h e  i n i t i a l  v e h i c l e
v e l o c i t i e s .

I f  t h e  e x t e r i o r s  o f  v e h i c l e  1  a n d  2  h a v e
l i n e a r  c r u s h  stiffnesses  Kl a n d  K2 a n d  t o t a l
crus

J
deflection

3 bl and  bp r e s p e c t i v e l y ,  t h e n
K,b1/2 a n d K2b /2 a r e  t h e  e n e r g i e s  a b s o r b e d  b y
-/chlcles  1  a n d 2  a t  t h e  m o m e n t  o f  c o m m o n
v e l o c i t y ,  Vcom.

D e f i n i n g  t h e s e  e n e r g i e s  a s  El a n d  E2, t h e
l inear  impulse is

I =ti~EZ)(M1M2/(M1  + M2))

S i n c e  t h e  l i n e a r  i m p u l s e  i s  s h a r e d  b e t w e e n
t h e  v e h i c l e s ,

I = Mldelta-Vl  = Madelta-V2

a n d  t h e  delta-Vs  f o r e a c h  v e h i c l e  a r e  ( s e e  t h e
following page)
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delta-V1  = Vlo-V,,,

=vZ(EI  + EZ)(M1M21(M1  + M2))  /Ml

and

delta-V2  = V,.,om-V20s

=@(E1  + E~2)(“1M~!/(M1  + M2))  /M2

By definition, t h e  l i n e a r  i m p u l s e  a c t s  o n
t h e  v e h i c l e  a t  a n  a n g l e  e q u a l  t o  t h e  P r i n c i p a l
Direct ion of  Force ,  PDOF. The linear impulse and
the delta-V  occur  in  the  same direct ion. There-
fore, the  del ta-V a lso  occurs  in  the  d i rec t ion of
p r i n c i p a l  f o r c e . T h i s  i m p o r t a n t  f a c t  i s  i l l u s -
t r a t e d  i n  f i g u r e  5 .

T h e  PDOF  is  an  impor tant  parameter  because
i t  i s  t h e  d i r e c t i o n  o f  t h e  f o r c e  t h a t  e x p o s e s  t h e
vehicle  occupants  to  in jury. For example,  i f  the
PDOF  i s  f r o m  t h e  f r o n t ,  t h e  f r o n t - s e a t  o c c u p a n t s
move forward (re la t ive  to  the  vehicle)  dur ing the
c r a s h  a n d  h i t  t h e  s t e e r i n g  w h e e l  o r  d a s h b o a r d .
If the PDOF  is  f rom the r ight ,  the occupants  move
t o  t h e  r i g h t  d u r i n g  t h e  c r a s h . A genera l  ru le :
The occupants  always tend to move in the direc-
tion opposing the PDOF.

PDOF

AC!! AV

w
Y

Figure 5 - Del ta-V Rela t ionship  to  PDOF

Thus,  the  del ta-V is  a  vector :  I t  has  both a
m a g n i t u d e  a n d  a  d i r e c t i o n ,  d e s c r i b e d  b y  i t s
longi tudinal  component ( d e l t a - V  ) a n d  l a t e r a l
( d e l t a - V  ) c o m p o n e n t  ( s e e  f i g u r e  6. Delta-V,  is
simply fJl e c h a n g e  i n  l.he f o r w a r d  v e l o c i t y  a n d
de1 ta-V
Accord&g

i s  t h e  c h a n g e  i n  t h e  l a t e r a l  v e l o c i t y .
t o  t h e  c o n v e n t i o n  d e f i n e d  b y  S A E

Vehicle Dynamics Terminology [6], a vehicle which
loses  forward speed ( i .e . ,  due to  a  head-on col-
l i s i o n )  h a s  a  n e g a t i v e  (Delta-V,  w h i l e  a  v e h i c l e
w h i c h  g a i n s  f o r w a r d  s p e e d  ( i . e . ,  d u e  t o  a  rear-
end col l i s ion)  has  a  posi t ive  delta-v,. Similar-
lY* i f  a  v e h i c l e  i s  s t r u c k  o n  t h e  l e f t  s i d e ,  i t
g a i n s  l a t e r a l  s p e e d  a n d  h a s  a  p o s i t i v e  d e l t a - V ;
i f  a  v e h i c l e  i s  s t r u c k  o n  t h e  r i g h t  s i d e , i sY
r e su l t i ng  de l t a -V i s  n e g a t i v e  ( t h i n k  o f  i t  a s
gaining speed in The n’ega tive di rect ion) .

T h e  l o n g i t u d i n a l  a n d  l a t e r a l  c o m p o n e n t s  o f
t h e  delta-V are  re la ted  lo  the  PDOF b y

delta-Vlong = delta-V  [ COS(PDOF-180)]

and

delta-Vlat = de l ta -V [SIN(PDOF-180)]

This derivation is based on New ton’s laws of
motion and the  conservat ion of  l inear  momentum.
A l t h o u g h  t h e  c r u s h  deflections a r e  e x p r e s s e d  b y
thei r  s tored  energies , the above development  is
n o t  b a s e d  o n ,  o r  r e l a t e d  t o ,  t h e  c o n s e r v a t i o n  o f
energy. In fact, since EDCRASH  p e r f o r m s  c o n s i s -
tency checks for momentum and energy, a review of
EDCRASH  w a r n i n g  messages  w i l l  f r equen t l y  show
that , ma thema  tically, e n e r g y  i s  n o t  c o n s e r v e d
b e c a u s e  o f  inappropria  t e crush s t iffnesses.

Determination  o f  Ihmge  Pnergy
To apply the mathematical model we have just

d e v e l o p e d , i t  i s  n e c e s s a r y t o  c o n v e r t  t h e
measurements  taken dur ing the  vehic le  inspect ion
into a  damage energy vzllue. The damage profile,
t h e  PDOF  and the crush s t i f fness  coeff icients  are
t h e  d a t a  r e q u i r e d  b y  E:DCRASH  t o  e s t i m a t e  t h e
damage energy for use in the mathematical model.

S p e c i f y i n g  t h e  Damage P r o f i l e  - T h e  w i d t h  a n d
d e p t h  o f  c r u s h  g e n e r a t e  w h a t  i s  r e f e r r e d  t o  a s
the  damage prof i le . The defaul t  damage profi le
i s  a s s i g n e d  a c c o r d i n g  l o  t h e  c o l l i s i o n  d e f o r m a -
t i o n  c l a s s i f i c a t i o n  (CDC),  a  s e v e n - c h a r a c t e r
a l p h a - n u m e r i c c o d e  [7]  w h i c h  d e s c r i b e s  t h e
g e n e r a l  d a m a g e  c h a r a c t e r i s t i c s  o f  t h e  v e h i c l e .
T h e  d e f a u l t  d a m a g e  p r o f i l e  c a n  ( a n d  s h o u l d )  b e
r e p l a c e d  w i t h  t h e  m e a s u r e d  d a m a g e  p r o f i l e  b y
specifying (a)  the  width of  the  damaged area ,  (b)
the  depth  of  the  damaged area ,  and (c) the loca-
t i o n  o f  t h e  c e n t e r  o f  t h e  d a m a g e d  a r e a ,  c a l l e d
the damage offset  (see ?igure  6 for  a typical  end
d a m a g e  p r o f i l e  a n d  f i g u r e  7  f o r  a  s i d e  d a m a g e
p r o f i l e ) . S i m p l e  p r o f i l e s , s u c h  a s  u n i f o r m ,
f r o n t a l  c r u s h ,  m a y  r e q u i r e  o n l y  t w o  d e p t h  o f
crush en tries. 0 t her, more complicated damage
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Figure 6 - Typical End Damage Profiles

p r o f i l e s  m a y  u s e f o u r  o r  s i x  d e p t h  o f  c r u s h
en tries. U s e  o f  m o r e  t h a n  s i x  e n t r i e s  h a s  n o t
been shown to provide any significant improvement
i n  t h e  r e s u l t s .

Spec i fy ing  t he  PDOF - The principal direction of
f o r c e  (PDOF) d u r i n g  i m p a c t  i s  t h e  d i r e c t i o n  o f
t h e  f o r c e  t h a t  c a u s e s  c r u s h  a n d  s h e e t  ;:etal d i s -
placement on the damaged vehicle. It is assigned
by the CDC as  hour  angles  on the  face of  a  c lock
(i.e., 12-o’clock  i s  a  “head-on”  i m p a c t ,  06-
o’clock is  a  “rear-end” imp#act  a n d 03-  a n d  09-
o ’c l o c k  r e f e r  t o  p e r p e n d i c u l a r  i m p a c t  t o  t h e
right a n d  l e f t  s i d e s , respect ively . Angles  in
between are  noted  accordinigly. For  cases  where
the PDOF  is  known more accurate ly  than specif ied
b y  t h e  c l o c k  d i r e c t i o n  (wh,ich, b y  v i r t u e  o f  t h e
one hour increments, is rounded to the nearest 30
degrees), the PDOF may be entered in degrees (see
f i g u r e  8 ) .

T h e  PDOF  m u s t  b e  e s t i m a t e d  f r o m  v e h i c l e
damage character is t ics , s u c h  a s  t h e  d i r e c t i o n  o f
c r u s h  a n d  l a t e r a l s h i f t i n g  o f  t h e  s t r u c t u r e .
When scene data are available, the OBLIQUE IMPACT
procedure  computes  ‘the angle of  the impulse for
comparison with the estimated PDOF.

By default, the impulse, or  pr inc ipal  force ,
i s  a s s u m e d  t o  a c t  t h r o u g h  t h e  d a m a g e  c e n t r o i d
(see figure 5), which is not the same as the

Figure 7 - Typical Side Damage Profiles

center  of  damage specif ied by the damage offset .
This  helps t o  a c c o u n t  f o r  c r u s h  w h i c h  i s  n o t
e v e n l y  d i s t r i b u t e d  a l o n g  t h e  w i d t h  o f  t h e  d e n t .
The locat ion of  the  damage  c e n t r o i d  i s  c o m p u t e d
f r o m  t h e  d a m a g e  measu::ements  (width ,  depths  of
crush and damage offset).

06 i 180)

Figure 8 - Relationship Bet ween Hour Angles and
PDOF
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S p e c i f y i n g  t h e  Stiffness Coe f f i c i en t s  - T h e  p r o -
cess  of  es t imat ing the damage energy is  based on
t h e  a s s u m p t i o n  t h a t  t h e  e x t e r i o r  s u r f a c e  o f  t h e
v e h i c l e  r e s i s t s  i n w a r d  c r u s h  ( d i s p l a c e m e n t )  l i k e
a  l inear  spr ing . The exter ior  of  the  vehic le  can
b e  t h o u g h t  o f  a s  b e i n g  s u r r o u n d e d  b y  s u c h
springs, as  descr ibed  in  fiigure 9 . Note the free
(“uncrushed”)  l e n g t h  o f  t h e s e  s p r i n g s  a c t u a l l y
e x t e n d s  o u t  b e y o n d  t h e  e x t e r i o r  o f  t h e  v e h i c l e .
T h i s  a l l o w s  t h e  m o d e l  t o  a c c o u n t  f o r  a n  i m p a c t
f o r c e  w h i c h  i s  n o t  g r e a t  e n o u g h  t o  d a m a g e  t h e
vehicle. C o n s t a n t ,  A , w h i c h  h a s  a  d i f f e r e n t
v a l u e  f o r  t h e  f r o n t , r e a r  a n d  s i d e s  ( s e e  T a b l e
l), i s  u s e d  t o  a c c o u n t  f o r  t h i s  e f f e c t .  A  ( u n i t s ,
p o u n d s  o f  f o r c e  p e r i n c h  o f  v e h i c l e  w i d t h ,  o r
s i m p l y  l b / i n )  i s  t h e  preload f o r c e  p e r  i n c h  o f
d a m a g e  w i d t h  r e q u i r e d  t o  d e f l e c t  t h e  s p r i n g  a n
amount  equal  to  the  f ree  length ,  A/B (constant  B
i s  descr ibed  be low) . A l t e r n a t i v e l y ,  A  m a y  b e
thought  of  as  the force per  inch of contact  width
required to  in i t ia te  damage.

Each spr ing  has  a  l inear  spr ing  cons tant ,  B,
w h i c h  a l s o  h a s  a  d i f f e r e n t  v a l u e  f o r  t h e  f r o n t ,
rear ,  and  s ides  ( see  Table  1) . B h a s  t h e  u n i t s
o f  p o u n d s  p e r  i n c h  o f  c r u s h  d e p t h p e r  i n c h  o f
damage width, or simply lb/in2.

To  s imp l i fy  da t a  en t ry ,  a  s t i f f ne s s  c a t ego ry
i s  s p e c i f i e d f o r  e a c h  v e h i c l e . T h e  s t i f f n e s s
category automatical ly assigns the defaul t  A and
B s t i f f n e s s  c o e f f i c i e n t s  a c c o r d i n g  t o  t h e  g e n e r a l
s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  t h e  v e h i c l e .

Vehicle
exterior

Figure 10 - Com.puting  the Damage Energy

Computing the Energy Atxorbed  by Damage
A typical  damage profi le  is  shown in f igure

10. T h e  d a m a g e  profile  h a s  a  t o t a l  w i d t h ,  W.
E a c h  i n c r e m e n t  o f  t h e  d a m a g e  w i d t h ,  dW, has a
measured crush  depth ,  C, and a spring deflection,
b= C + A/B. In ordler  to determine the amount of
d a m a g e  e n e r g y  associaled  w i t h  t h e  t o t a l  d a m a g e
prof i le , t h e  s p r i n g  d e f l e c t i o n s  a r e  i n t e g r a t e d
o v e r  t h e  t o t a l  d a m a g e  w i d t h . F o r  a n y  l i n e a r
spring, t h e  e n e r g y  s t o r e d  i n th s p r i n g  d u e  t o
d e f l e c t i o n ,  b, is E = 3(1/2)Kb  db. W h e n  t h i s
formula  is  appl ied to  our  vehic le  model ,

E=
/

(B/2)((A/13)  + C))2dW

= ((A2/213)  + A C  + (C2B/2))dW/
=
/

(A2/2B)dW  + ACdW + (B(CI2)C)dW

A  c r u s h  z o n e  e x i s t s  b e t w e e n  e a c h  s e t  o f  c r u s h
d e p t h  m e a s u r e m e n t s  ( s e e  f i g u r e  11). S i n c e  t h e r e
may  be  two , f o u r  o r  s i x  c r u s h  d e p t h s  e n t e r e d ,
t h e r e  m a y  b e  o n e , t h r e e  o r  f i v e  c r u s h  z o n e s .
I n t e g r a t i o n  a l o n g  t h e  w i d t h  o f  d a m a g e  b e t w e e n
e a c h  s e t  o f  c r u s h  d e p t h s ,  C, - Cntl, r e s u l t s  i n
the energy absorbed in each crush zone,

E = (A2/2B)W  + ACW t (B(C/B)C)W

= (A2/2B)W t ( A  + BZ)Area

Figure 9 - Conceptual Vehicle Exterior
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TABLE 1. VEHICLE CRUSH STIFFNESS CATEGORIES AND COEFFICIENTS [lo]

I - -

9

-
85(e)

STIFFNESS*
CATEGORV

- 10

-

PIMPS***
c%iFKr
E l  Cn!nlrw
Ford bl50
cnev IIV
F o r d  F250
rkdge D-100
Ranchem  FIO
Ford FIOO I, :Ton

PInto (FTKMT)
Accord
Hadacccc
Prelude
G3rol IO
(hevettc
Ftesta
Bobcat
mtsun 210
mtsun 310
Arm
Ql-wcolt
Porche  924
mzd.¶ a&
Flat 1 2 4  S p i d e r
Flat Xl19
mtsun  2802x
opl
tG Uigct
Tr1. sQttr1re
wwbblt
w 5clrocCO

PInto (REM)
uw/. h(onze
ce11ca S T
Cel  its m
corona
Spirit
Pacer
Crenl  I”
‘M Cmsher

Vega
Skyhawk
chnl
Sunbl  rd
star1 Ire
MIstsrIg (74- )
uor1ron
Fiat 128 Sedan
Capri
280 xx 2+2
am1 erger
m :1201
Audi Fox
Wlzda  Cosm,
Ikrdrl RX-7
ftmault Lecar
Saab  900
Saab 99
suba -!A

ce1  ICll  Supra
tistsng ( -731
MC concord
wllltal (78- )
WMIerch
Zephyr
Fsimont
Granada
FIrebIrd
Cress Ida
mtsun 810
mclte carlo(78-
cirs”d Pr1x (78-
Cutlass (76- )
Lehhns (78- )
Regal
Aspen
Peugot  604L
mu 5281
Volvo (all)
AlId1 5000

alevelle ( -76)
h(onte  CArId -7i
Grand Prlr ( -7i
cutlass ( -77)
Le%ns  ( -77)
Phoenix
chev V - 8  ( -77)
LaSebre (77- )
V0lai-e
Ibnaco  (77- )

w?J~
century
Lesarm
Hlverla (77- t
mqu1s (77- )
LlTl  (77- 1
cnrdota
Nova
Eldorado  (79- )
Delta 88 (77- 1
Dlplontt
T-8ll-d (77- I
Seville
Ventura
cnuga  r

LrSabrc ( -76)
Clwv  V - 8  ( -76)
HMlilco  I -76)
R~verlil ( -76)
rnrqUlS  I -76)
LTD  ( -76)
Eldorado  ( -78)
Delta 88 I -76)
T-l31r-d  ( -76)
OldS  9n
S t .  Rq(~s
tde*port
Brghn.  Devllle
El.Xtl-8
Fleetuxd
cont lnental
Qlecker Cab

VlvS”=
Torn. El50
Dodge R-200
chcv  G-20
Ford P-500
m G-35
ac c-ISOO
w Vanagon

. . .

EiiiEn P/U
tkmcho  4X4  P / U
wngoneer
scout  I I
Clwv. B l a z e r

HXIRld
IwutIfR

VEHICLE*=
MODELS

-
4”O
5”

F)FFEXT 4 JO2 lb/l
B 4 7  lb/In9

c 967 lb

259
43
i7R

- -

317
56
901

H)  P.tm 4 366 391 410
H 36 II 44
c 1755 1074 1931

363
I26
wll

356
34
IR74

357
I3
4986

325
J7
1429

297 JO0
70 55
626 818

140 173 143 177
67 57 50 47
I48 263 203 3JI

.

.

.

J46
25
?I71

.

.

.

H.L) SIDE  4
B
c

77
37
e1

*For teft modes  or whlcle mMlels n o t  Ilsted. use a structurally  rlmllar
dlmenalon  (Table 3). (MASS  teams s h o u l d  conwIt  their zone  c e n t e r  lf- -

choow  a c a t e g o r y  b y  rhrelbasc
to pmper sttrrncM  E.tCgOv.t

TABLE 2. VEHICLE CLsASS  CATEGORIES AND DEFAULT DIMENSIONS [lo]

C 1 a s s Categories 

60.0

-Yb.O

PAWTER I

51.1 3 4 . 6

159.b

6 0 . 8

4 5 . 1

6 1 . 2

4 6 . 3

4e.  I 5 0 . 1

7 6 . 0 8 3 . 3

- 8 3 . 8 -91.6

2006.

5 . 1 0

24b9.

4 5 6 7
VANS

10.4-117.5 17.5-123.2 121.2-150 lO9”-130”

6 1 . 8 6 3 . 1 6 3 . 7 6 7 . 6 ”

212.8 2 2 3 . 7 2 2 9 . 4 183.6”

77.0 7 9 . 0 7 9 . 0 79.”

5 4 . 1 5 8 . 1 6 0 . 1 48.5

5 9 . 2 6 3 . 0 6 5 .  I 6 8 . 5

9 8 . 8 1 0 1 . 8 104.2 7 5 . 6

-114.0 - 1 2 1 . 9 - 1 2 5 . 2 -107.”

38.5 3Y.9 3 9 . 9 3’).  5”

3741.. 4040. 4 2 2 9 . 3 7 1 3 .

IO.‘)9 1 2 . 5 9 13.74 II.2

3 9 4 7 . 4 5 6 5 . 5009. 4100.

- - -

Ulit.El  B A S E  ( I N )

TRACK (IN) 5 8 . 9

1 9 6 . 2

12.6

5 1 . 3

5 3 . 5

8 9 . 8

- 1 0 6 . 4

UIl.FH ( I N )

a (IN)

b (IN)

XF (IN)

54 (IN)

Ys (13)

lt(;l]  (IN’)

H (,.I+SEC2/lN)

CIlRB  U T  (LB’S)

DFFlHIlIUNS.  .

dlatsncc from  c.6.
(manured  I n  the
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Zone 3

c
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-

Figure 11 - Crush Zones

The total damage energy is simply the sum of
the  damage energies  wi thin  each individual  crush
zone. Similarly, t h e  m a g n i t u d e  o f  t h e  t o t a l
m a x i m u m  c r u s h  f o r c e  i s  s i m p l y  t h e  s u m  o f  t h e
force  in  each individual  crush zone.

hbdif icat ions
Two modif icat ions  in  the  above development

are  necessary to  a l low i ts  use for  motor  vehicle
c o l l i s i o n s : n o n - p e r p e n d i c u l a r  c r u s h  a n d  n o n -
centra l  impact .

N o n - p e r p e n d i c u l a r  C r u s h  - D u r i n g  t h e  v e h i c l e
llspec  tion, the depth-crush  is  a lways measured
p e r p e n d i c u l a r  t o  t h e  u n d e f o r m e d  s u r f a c e . When
t h e  c o l l i s i o n  f o r c e  (PDOF) a c t s  a t  a  n o n - p e r p e n -
d i c u l a r  a n g l e ,  Q ( s e e  f i g u r e  12), t h e  d i s t a n c e
through which the force acts  is  greater  than the
m e a s u r e d  c r u s h  b y  a f a c t o r  e q u a l  t o  l/cosQ.
Therefore , a fat tor i s  r e q u i r e d  f o r  c o l l i s i o n
f o r c e s  w h i c h  a r e  a p p l i e d  a t  a n  a n g l e  w h i c h  i s
n o n - p e r p e n d i c u l a r  t o  t h e  s u r f a c e  o f  t h e  v e h i c l e .

Figure 12 - Non-perpendicular Crush

S i n c e  t h e  t e r m s  I.nvolving  c r u s h  d e p t h s  a r e
squared  ( remember , t h e  c r u s h  e n e r g y  i s  p r o p o r -
t i o n a l  t o  t h e  s q u a r e o f  t h e  c r u s h  d e p t h s ) ,  t h e
f a c t o r  m u s t  t a k e  o n  t h e  f o r m  l/cos2g  = 1 + tan%.
Therefore , t h e  comput;d  e n e r g i e s  a r e  m u l t i p l i e d
b y  a  f a c t o r  o f  1 + tan-.

T h i s  “angled  c r u s h 11 f a c t o r  h a s  a n  i m p o r t a n t
i n f l u e n c e  o n  t h e  d a m a g e - b a s e d  e n e r g y  e s t i m a t e .
F o r  exa

?F
le, w h e n  Q =: 20 degrees, the factor is

1 + tan (20) = 1.36, t h u s  i n c r e a s i n g  t h e  e s t i -
mated damage energy by 36 percent. When Q= 45
d e g r e e s ,  t h e  f a c t o r  b e c o m e s  1  + tan2(45)  = 2 . 0 ,
effect ively doubling the est imated damage energy.
This  fac tor  i s  not  a l lowed to  exceed 2 .0 ,  so  any
increase  of  the  angle  beyond 45 degrees  wi l l  not
increase the damage energy estimate.

Non-ten  tral  Impact -. The model  developed in  the
preceding sec t ion  was  based  on the  assumption of
a  c e n t r a l  i m p a c t ,  i . e . ,  t h e  f o r c e  o f  i m p a c t
( impulse)  occurs along: a  s t r a i g h t  l i n e  t h r o u g h
t h e  c e n t e r  o f  m a s s  o f  e a c h  v e h i c l e  ( f i g u r e  13).
Most  vehicular  col l i s ions  are  non-centra l .  Dur ing
a non-ten  tral col l is ion, the force of  impact  does
not  act  through the  center  of  mass . Non-ten tral
c o l l i s i o n s  a l w a y s  p r o d u c e  r o t a t i o n a l  k i n e t i c
e n e r g y  i n  t h e  v e h i c l e . T h i s  r o t a t i o n a l  k i n e t i c
energy must be accounted for, since damage energy _
s p e n t  i n crea tin& v e h i c l e r o t a t i o n  i s n o t
a v a i l a b l e  f o r  c r e a t i n g  a  d e l t a - V . Therefore ,
d e l t a - V  w i l l  b e  l o w e r  f o r  n o n - c e n t r a l  c o l l i s i o n s
than for an equivalent amount of damage during a
c e n t r a l  c o l l i s i o n .

CENTRAL

COLLISIONS

1---_o-3
NON-CENTRAL

COLLISIONS

Figure 13 - Central vs N o n - c e n t r a l  C o l l i s i o n s
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T o  a c c o u n t  f,or the  rota t ional  k inet ic  energy
i n  n o n - c e n t r a l  collislions,  t h e  d i s t a n c e  f r o m  t h e
l i n e  o f  a c t i o n  o f  t h e  i m p u l s e  t o  t h e  v e h i c l e  CC
must  be  determined. This  i s  accomplished f rom
g e o m e t r y  s i n c e t h e  l i n e  o f  a c t i o n  g o e s  t h r o u g h
t h e  d a m a g e c e n t r o i d  a t  a n  a n g l e  e q u a l  t o  t h e
PDOF. F o r  a  f r o n t a l  c o l l i s i o n  ( s e e  f i g u r e  1 4 )
w i t h  a  d a m a g e  c e n t r o i d  l o c a t e d  a t  (X,7)  a n d  a n
i m p u l s e  a n g l e  e q u a l  t o  t h e  PDOF,  t h e  d i s t a n c e
f r o m  t h e  l i n e  o f  a c t i o n  o f  t h e  i m p u l s e  t o  t h e
center  of  mass is

h = (X - Z)[SIN(PDOF)  ] - 7(00S(PDOF)]

F o r  a  s i d e  c o l l i s i o n ,  t h e  v a l u e  o f  h i s
computed in a similar manner.

A vehicle’s  r a d i u s  o f  g y r a t i o n , k y, i s
d e f i n e d  a s  t h e  r a d i u s  o f  ,a c i r c u l a r  h o o p % aving
the same mass  and rota t ional ,  or  yaw,  moment  of
i n e r t i a  a s  t h e  v e h i c l e . F o r  a  n o n - c e n t r a l
c o l l i s i o n  w h e r e  t h e  i m p u l s e  a c t s  a  d i s t a n c e ,  h,
f r o m  t h e  c e n t e r  o f  m a s s ,  t h e  e f f e c t i v e  m a s s  o f
the vehicle is reduced by the factor  Y, w h e r e

X

Y = kiy/(kiy t h2)

q:PDOF

Figure 14 - Of f se t  ‘[mpulse D u e  t o  a  N o n - c e n t r a l
Co1 1 ision

I n  t h e  e q u a t i o n f o r  d e l t a - V  d e v e l o p e d
previously, t h e  m a s s  i s  m u l t i p l i e d  b y  t h e  m a s s
r e d u c t i o n  f a c t o r ,  Y. N o t e  t h a t  w h e n  h = 0  t h e
mass  reduct ion fat tor equals  1 .0  and the  impulse
e q u a t i o n  r e d u c e s t o  t h a t  o f  a  c e n t r a l  c o l l i s i o n
(YM = l.O*M = M). There is  no rotat ional  kinet ic
e n e r g y  t o  a c c o u n t  f o r  i n  c e n t r a l  c o l l i s i o n s .

Refinements  t o  t h e  Sirq)lified  Model
The damage proceciure  described above is used

in  CRASH3 and EDCRASH  Versions 2 and 3. The
procedure is  very useful  for  i t s  in tended purpose
( i .e . , t h e  d e v e l o p m e n t  o f  a  l a r g e  s t a t i s t i c a l
d a t a b a s e  o f  a c c i d e n t  s t a t i s t i c s  w h i c h  i n c l u d e s
del ta -V) . I n  s u c h  (a ciatabase,  e s t i m a t i o n  e r r o r s
t e n d  t o  c a n c e l  o u t . H o w e v e r ,  f o u r  r e f i n e m e n t s
are necessary to make the DAMAGE analysis useful
for  individual  cases ,  These important  ref inements
a r e :  ( a )  a l l o w user-el?tered  v e h i c l e  d i m e n s i o n a l
d a t a ,  (b) a l l o w  u s e r - e n t e r e d  A  a n d  B c ru sh  s t i f f -
n e s s  c o e f f i c i e n t s ,  (c) a l l o w  u s e r - e n t e r e d  varia-
tidn i n  c r u s h  s t i f f n e s s  c o e f f i c i e n t s  a l o n g  t h e
damage width, a n d  (d) r e l o c a t e  t h e  p o i n t  t h r o u g h
which t h e  i m p u l s e  a c t s . T h e s e  r e f i n e m e n t s ,
incorpora ted  in  EDCRASH  Vers ion  4 ,  a re  descr ibed
below.

U s e r - e n t e r e d  V e h i c l e  D a t a  - The default  vehicle _
p r o p e r t i e s  a r e  assignecmvehicle  c l a s s  c a t e g o r y
(see Table 2). T h e s e  d a t a  represcpt  a n  a v e r a g e
v e h i c l e  w i t h i n  a  s p e c i f i e d  w h e e l b a s e  r a n g e .
I n d i v i d u a l  v e h i c l e s  s o m e t i m e s  h a v e  p r o p e r t i e s
wh ich  d i f f e r  s i gn i f i can t ly  f rom the  de fau l t  da t a .
The centroid of  the damage prof i le  may be incor-
r e c t l y  l o c a t e d  b e c a u s e o f  f au l ty  veh ic l e  d imen-
sions, r e s u l t i n g  i n thlz c a l c u l a t i o n  o f  a n  i n c o r -
r e c t  o f f s e t  d i m e n s i o n ,  h. The radius of  gyrat ion
m a y  a l s o  b e  i n c o r r e c t . E a c h  o f  t h e s e  i n a c -
curac ies  can  cause  an  er ror  in  the  de l ta-V. This
e f f e c t  i s  u s u a l l y  q u i t e  s m a l l  u n l e s s  t h e  s u b j e c t
v e h i c l e  i s  l a r g e r t h a n  c a n  b e  s p e c i f i e d  b y  t h e
a v a i l a b l e  c l a s s  c a t e g o r i e s . T h e  s e p a r a t i o n
v e l o c i t i e s  a n d  t r a j e c t o r y  s i m u l a t i o n  c a n  a l s o  b e
a d v e r s e l y a f f e c t e d  d u e to errors in the
wheelbase, trackwidlth a n d  r a d i u s  o f  g y r a t i o n .  T o
r e m e d y  t h i s  p r o b l e m , t h e  d e f a u l t  d a t a  can, b e
rep laced w i t h  t h e z.ctual v e h i c l e  d i m e n s i o n s ,
inertias, a n d  t i r e  d a t a .

User-entered  A and B Crush Stiffness Coefficients
- T h e  d e f a u l t  A  ai B s t i f f n e s s  c o e f f i c i e n t s
automa  tically a s s i g n e d b y  t h e  c r u s h  s t i f f n e s s
c a t e g o r y  ( s e e T a b l e  1 )  m a y  n o t  a p p l y  f o r  a l l
c o l l i s i o n s . A  c l a s s i c  c a s e  i s  “b u m p e r  o v e r -
r ide”, a  condi t ion where  the  bumper  and f rame of
t h e  s t r i k i n g  v e h i c l e  s t r i k e  a b o v e  t h e  b u m p e r
a n d / o r  f r a m e  o f  t h e  t a r g e t  v e h i c l e . On ly  so f t
sheet  meta l  on the  target  vehic le  i s  crushed,  and
i t s  d a m a g e  e n e r g y  i s  o v e r - e s t i m a t e d  ( t h i s  o c c u r -
red in  several  of  the  RICSAC c a s e s ,  c a u s i n g  g r o s s
e r r o r s  i n t h e  d a m a g e e n e r g y  p r e d i c t i o n s and
a s s o c i a t e d  EDCRASH  w a r n i n g  m e s s a g e s  [8,9,10,11]).
T o  r e m e d y  t h i s  p r o b l e m ,  t h e  d e f a u l t  c o e f f i c i e n t s
c a n  b e  r e p l a c e d  w i t h  t h e  a c t u a l  s t i f f n e s s  c o e f -
f i c i e n t s  d e r i v e d  f r o m  t e s t  d a t a .



T h e  d e f a u l t  stiffness’ c o e f f i c i e n t s  w e r e
developed dur ing the  la te  sevent ies . Since  then,
a.utomobiles  have undergone s ignif icant  s t ructural
c h a n g e s  ( f r o n t - w h e e l  d r i v e  a n d  unibody  c h a s s i s
const ruct ion) . The manufacturers have conducted
barr ier  crash tes ts  for  many of  the  new vehicles ,
b u t  t h e  d a t a  h a v e  y e t  t o  ble a n a l y z e d  a n d  c o n -
v e r t e d  i n t o  A  a n d  B s t i f fnes s  coe f f i c i en t s .

V a r i a t i o n  i n  C r u s h  S t i f f n e s s  C o e f f i c i e n t s  A l o n g
ihe D a m a g e  W i d t h - T h e  d e f a u l t  c a l c u l a t i o n s
a s s u m e  t h e  z o n e  b e t w e e n  e a c h  s e t  o f  c r u s h
m e a s u r e m e n t s  h a s  a n  i d e n t i c a l  s t i f f n e s s  a n d
a s s i g n  a n  i d e n t i c a l  s e t  o f  .A a n d  B c o e f f i c i e n t s
t o  e a c h  z o n e . In  r ea l i t y ,  t he  veh i c l e’s  e x t e r i o r
i s  n o t “homogeneous”. T h e r e  a r e  h a r d  s p o t s  a t
t h e  w h e e l s  a n d  s o f t  s p o t s  a t  t h e  b o d y  p a n e l s
between f rame suppor t  s t ruc tures . This variation
c a n  b e  a c c o u n t e d  f o r  b y  s p e c i f y i n g  t h e  a p -
p r o p r i a t e  A  a n d  B s t i f f n e s s  c o e f f i c i e n t s  w i t h i n
each crush zone.

F:eloca  tion of  the Impulse --  The defaul t  calcula-- -
t ions  assume the impulse  acts  through the  damage
centroid . T h i s  ass;mption  is v a l i d  f o r  r e l a t i v e -
l y  s y m m e t r i c a l d a m a g e  p r o f i l e s  o n  r e l a t i v e l y
homogeneous surfaces . However ,  there  are  cases
where the impulse acts  far  away from the damage
centroid . An example  i s  the  case  where  one  end
elf t h e  d a m a g e  p r o f i l e  i n c l u d e s  s o f t  s h e e t  m e t a l
while  the  other  end involves  a  wheel  (see  f igure
15). The damage centroid wil l  be  located in  the
region associa ted with  the  greates t  crush ( to  the
s o f t  s h e e t  m e t a l ) , w h i l e  t h e  i m p u l s e  a c t u a l l y
a c t s  a t  t h e  w h e e l ,  w h i c h  h a s  l e s s  c r u s h  b e c a u s e
cf i t s  h i g h e r  s t i f f n e s s .

X

1

/Actual
0Default

/

F i g u r e  15 - R e l o c a t i o n  o f  t h e  I m p u l s e
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EDCRASH  a c c o u n t s  f o r  t h i s  b y  ( a )  a l l o w i n g
f o r  t h e  e n t r y  o f  t h e  a c t u a l  stiffnesses  f o r  e a c h
c r u s h  z o n e  ( t h e  z o n e i n c l u d i n g  t h e  w h e e l  w i l l
h a v e  a  m u c h  h i g h e r st i f fness)  and (b) c o m p u t i n g
t h e  l o c a t i o n  t h r o u g h  w h i c h  t h e  f o r c e  a c t s  b y
s u m m i n g  m o m e n t s  a n d  f o r c e s  i n  e a c h  o f  t h e
individual  crush zones .

Relocat ing t h e  p o i n t  o f  f o r c e  a p p l i c a t i o n
eliminates a warning mlessage  which occurs because
t h e  mislocated  f o r c e  a c t s  o n  t h e  w r o n g  s i d e  o f
the  vehicle  CG ( the  warr ing message indicates  the
v e h i c l e  s h o u l d  r o t a t e  i n  t h e  o p p o s i t e  d i r e c t i o n
between impact  and rest:). Also eliminated is the
p o t e n t i a l  m i s c a l c u l a t i o n  o f  t h e  o f f s e t  d i s t a n c e ,
h ( s e e  f i g u r e  1 5 ) .

Discussion of DAMAGE
T h e  a d v a n t a g e s a n d  d i s a d v a n t a g e s  o f  t h e

DAMAGE procedure for computing delta-V are as
follows:

Advantages

1.  I t  y ie lds  acceptable  resul ts  when good vehicle
d a t a , d a m a g e  p r o f i l e m e a s u r e m e n t s  a n d  c r u s h
s t i f f n e s s  c o e f f i c i e n t s  al-e  a v a i l a b l e .

2. It is easy to use because the input is
g e n e r a l l y  a v a i l a b l e  and easy t o  m e a s u r e .

3. I t  i s  a  p r a c t i c a l  m e a n s  o f  i n d e p e n d e n t l y
d e t e r m i n i n g  t h e  d e l t a - V  o f  a  v e h i c l e  w h e n  g o o d
a c c i d e n t  s i t e  d a t a  a r e  u n a v a i l a b l e .

Di sadvan  t ages

1.  There  is  a  lack of  good crash tes t  data  and A
a n d  B coefficients  for  many vehicle types.

2 .  I t  d o e s  n o t  a c c o u n t  f o r  v e r t i c a l  v a r i a t i o n  i n
c r u s h  d e p t h  ( t h e  t y p i c a l  “b u m p e r  o v e r - r i d e ”
problem) .

3. I t  r e q u i r e s  t h e  v e h i c l e  d a m a g e  centroids t o
reach a  common veloci ty  st the moment of separa-
t ion (s ideswipes  cannot  be  analyzed) .

4. I t  a s s u m e s  a  l i n e a r  r e l a t i o n s h i p  e x i s t s
between s t i f fness  and crush. As a  resul t ,  i t  may
u n d e r e s t i m a t e  t h e  delta-V  f o r  m i n o r  c r a s h e s ,
p a r t i a l l y  b e c a u s e  re:sti’:ution  i s  i g n o r e d  [12],
a n d  b e c a u s e  o f  a  l a c k  o f  l o w  s p e e d  c r a s h  t e s t s .
I t  o v e r e s t i m a t e s  t h e  delta-V  f o r  m a j o r  c r a s h e s
(del ta -V grea ter  than  50  mph)  in  which  s t ruc tura l
d i s i n t e g r a t i o n  o c c u r s  b e c a u s e  t h e  c r u s h  s t i f f n e s s
becomes non- l inear  wi th  crush  depth  ( the  B c rush
s t i f f n e s s  c o e f f i c i e n t  obl/iously  i s  r e d u c e d  w h e n
t h e  v e h i c l e  s t r u c t u r e  d i s i n t e g r a t e s ) .

5. I t  a s s u m e s  t h e  i m p u l s i v e  f o r c e  i s  t h e  o n l y
f o r c e  a c t i n g  o n  t h e  v e h i c l e . T i r e  f o r c e s  a r e
n e g l e c t e d . T h i s  i s  u s u a l l y  n o t  s i g n i f i c a n t
except  in  the case of  a  minor  impact  involving a
h e a v y  v e h i c l e  o n  a  r o a d  w i t h  h i g h  f r i c t i o n .



6.  The angle  of  the  impulse ,  or  PDOF,  c a n n o t  b e
computed without accident scene data.

OBLIQUE IMPACT ANALYSIS PROCEDURE

The conservat ion of  l inear  momentum simply
sta tes  the  momentum iof the system (both vehicles)
a t  t h e  b e g i n n i n g  o f  t h e  i m p a c t  i s  e q u a l  t o  t h e
system momentum at  the end of  the impact . The
concept  i s  shown graphical ly  in  f igure  16.

W2r

/

MI$i  + M2”21  =“fVls+M2!2S

[pre.rmpecr = posr-impecr j

Veh 2
/7Vs

Veh I

-There are two equations of linear motion (X-
d i r e c t i o n  a n d  Y - d i r e c t i o n )  f o r  t h e  s y s t e m  l i n e a r
momentum just prior tfo impact.

In  the  X-direct ion:

XOBL = MIVICOS(~l  + Wl) + M,V,COS(p,  +W2)

In  the  Y-direct ion:

YOBL = MIVISIN(&  + Wl) + M2V2SIN@2  + w2)

T h e r e  a r e  a l s o  t w o  e q u a t i o n s  o f  l i n e a r
m o t i o n  ( X - d i r e c t i o n  and Y - d i r e c t i o n )  f o r  t h e
system l inear  momentum at  the instant  of  separa-
tion (the end of impact:).

In  the  X-direct ion:.

AOBL = Ml(Usep10l3SQJl) - VseplSIN?wl))

t M2(Usep203SdV2)  - Vsep2SIN\W2))

In  the  Y-direct ion:

BOBL = Ml(UseplSINQJ1)  + VseplC0S.Wl))

+ M2(Usep2SIN0JJ2)  + Vsep2SIN@2))

In the above equations,

M 1 2 = v e h i c l e  m a s s e s,

“sep1,2 = forward (vehicle-fixed) component
o f  s e p a r a t i o n  v e l o c i t i e s

Vsepl  2 = l a t e r a l  ( v e h i c l e - f i x e d )  c o m p o n e n t9 of separation velocit ies

W,2 = h e a d i n g  vectors  at ipact

Pl,2 = sideslip  vectors  a t  inpact

T h e  a b o v e  v a r i a b l e s  a r e  a v a i l a b l e  a s  a
r e s u l t  o f  i n s p e c t i n g t h e  a c c i d e n t  s i t e  ( t h e
vehic le  mass  is  obta ined by measurement  or  f rom
t a b l e s ) .

By the conservation  o f  l i n e a r  m o m e n t u m ,  t h e
pre-impact  system momentum is  equal  to  the  post
impact system momen  turn  in the X- and Y-direct ions

XOBL = AOBL

and

YOBL = E0BL

Figure  16  - Conservation of Linear Momentum for
Oblique Col l is ions
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T h e  v e l o c i t y  o f  e a c h  v e h i c l e  c a n  n o w  b e
easi ly  solved using s imultaneous solut ions:

Vl = (BOBLCCOSCP,  + w2))

-AOBL(SIN(P2 + ~2)))/M1SIN((P1+~)-(P2~~))

and

V2 = (AOBL(SIN(&  + VI))

-BOBL(COS(P1 + ~1)))/M2SIN((P1+CY)-(PZ~))

T o  d i s p l a y  t h e efffec ts o f  p r e - i m p a c t
sideslip, t h e s e  v e l o c i t i e s  aare r e p o r t e d  i n  t h e i r
forward and lateral components,

Vfwdl = V,COS(&),  Vlatl  = VISIN(pl)

and

Vfwd;! = V2COS(p2)l,  Vlat2 = V2SIN(9,)

T h e  delta-V  c o m p u t e d  b y  t h e  m o m e n t u m
a n a l y s i s  i s  s i m p l y  t h e  d i f f e r e n c e  b e t w e e n  t h e
pre- impact  and pos t - impact  ve loci t ies :

delta-V,  = Vfwd  - -  Usep

and

delta-Vy  = Vlat - -  Vsep

when Cf.31 + WI) - (P2 tw2) e q u a l s  0  o r  1 8 0
d e g r e e s ,  t h e  resuit is  undefined because the s ine
of  0  (and  180)  degrees  equals  zero . This occurs
w h e n  t h e  p r e - i m p a c t  v e l o c i t y  v e c t o r s  a r e  p a r a l -
lel, u s u a l l y  t h e  c a s e  f o r  h e a d - o n  a n d  r e a r - e n d
collisions. A s  a  c o n s e q u e n c e  o f  t h i s  f a c t ,  o n e
o f  t h e  e q u a t i o n s  v a n i s h e s  a n d  w e  a r e  l e f t  w i t h
one equation and two unknowns; one of the impact
veloci t ies  must  be  known in  order  to  compute  the
other . T h i s  i s  t h e  a l g e b r a i c  s i n g u l a r i t y  i n  t h e
linear momentum solution. When these vectors are
near ly  paral le l , t h e  r e s u l t s  a r e  e x t r e m e l y  s e n s i -
tive to the input data. For  th is  reason,  EDCRASH
w i l l  n o t  u s e  t h e  l i n e a r  m o m e n t u m  s o l u t i o n  f o r
d e l t a - V  i f  t h e  p r e - i m p a c t  v e l o c i t y  v e c t o r s  a r e
w i t h i n  +/-lo d e g r e e s  o f  c o l l i n e a r ; t h e  damage-
based solut ion is  used ins tead.

D i s c u s s i o n  of OEEIQUE IMPAClr
T h e  a d v a n t a g e s a n d  d i s a d v a n t a g e s  o f  t h e

linear momentum procedure a.re as follows:

4dvan t ages

1. I t  i s  b a s e d  p u r e l y  o n  p h y s i c s ;  t h e r e  a r e  n o
e m p i r i c a l  c o e f f i c i e n t s ( n o  c r a s h  t e s t  d a t a  a r e
requi red) .

2 .  The di rec t ion of  the  impulse  can be  computed
for comparison with the estimated PDOF.

3. I t  i s  n o t  s e n s i t i v e t o  a n  i r r e g u l a r
prof i le , such as bumper over- r ide .

damage

Disadvantages

1. I t  is  not  useful  fol? d e t e r m i n i n g  p r e - i m p a c t
v e l o c i t i e s  f o r  c o l l i n e a r ,  c o l l i s i o n s  a n d  b e c o m e s
e x t r e m e l y s e n s i t i v e f o r  n e a r l y - c o l l i n e a r
c o l l i s i o n s .

2. I t  r e q u i r e s  a  d e t a i l e d  a c c i d e n t  s i t e  i n s p e c -
t ion  ( impact  and res t  pos i t ions  and a  descr ip t ion
o f  t h e  p a t h  b e t w e e n  i m p a c t  a n d  r e s t ,  a s  w e l l  a s
t i re-ground f r i c t i on  coe f f i c i en t ) .

3 .  L i k e  t h e  D A M A G E  p r o c e d u r e ,  i t  a s s u m e s  t h e
i m p u l s i v e  f o r c e  i s  t h e  o n l y  f o r c e  a c t i n g  o n  t h e
vehicle . T i r e  f o r c e s  a r e  n e g l e c t e d . T h i s  i s
u s u a l l y  n o t  s i g n i f i c a n t  e x c e p t  i n  t h e  c a s e  o f  a
minor  impact  involving a heavy vehicle on a road
h a v i n g  a  h i g h  f r i c t i o n  coefficient.

4 .  I t  assumes the  impact  i s  ins tantaneous . Thus
i m p a c t a n d  s e p a r a t i o n heading angles are _
iden tical. W h i l e  t h i s  h a s  n o  d i r e c t  e f f e c t  o n
delta-V i t  c a n  p r o d u c e  a  s e p a r a t i o n  sideslip
a n g l e  i; t h e  c a l c u l a t i o n s  f o r  s e p a r a t i o n  v e l o c i t y
when none may actual ly exis t  [4].

OUTPUT

T h e  r e s u l t s  o f  a n a l y s i s  a r e  d i s p l a y e d  i n
three  forms: numerica l ,  graphical  and warning
messages. Each form of output serves a different
purpose, which is described below.

Numerical Output
T h e  r e s u l t s  o f  a  t y p i c a l  EDCRASH  a n a l y s i s

are  shown in  f igure  17. The  impact  speeds  a re
d i s p l a y e d  i n t h e i r  f o r w a r d  a n d  l a t e r a l  com-
ponen ts. W h e n  t h e r e  i s  a  n o n - z e r o  l a t e r a l
v e l o c i t y  ( i n d i c a t i n g  p r e - i m p a c t  sideslip),  t h e
t o t a l  s p e e d  o f  t h e  v e h i c l e  i s

V = dVfwd + \‘fat

T h e  m e t h o d  o f  calculating d e l t a - V  u s e d  f o r
d e t e r m i n i n g  t h e  i m p a c t  s p e e d  i s  a l s o  d i s p l a y e d
(l inear  momentum for  the above case - see arrow).

T h e  d a m a g e - b a s e d  delta-V  is then displayed.
The tota l  del ta-V and the longi tudinal  ( forward)
and la teral  components  are  shown,  a long with  the
PDOF  e n t e r e d  b y  t h e  u s e r  ( r e m e m b e r ,  t h e  c o m -
ponents  of  the  del ta-V are  re la ted  to  the  PDOF).

T h e  m o m e n t u m - b a s e d  delta-V  results (total,
longi tudinal a n d  l a t e r a l )  a r e  d i s p l a y e d  n e x t .
The angle of the impulse (ANG)  is computed by the
momentum analysis and displayed  for comparison to
the user-entered PDOE’ (above) .
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S U M M A H Y O F EDCHASH R E S II L T S

Lit. U s e r : Engi  r1eer.i  I-ICI  Dvnamics S / N : CFtA64!&3r_;~ D a t e : j. 2--@q..--  j. 985
RICSAC  Case Na. 6. Chevelle  vs Rabb:it

1?1ARN I NG MESSAGES: N O  WARN I NG MESSHGES

I MPACT  SPE:ED ( TFtA J ECTORY AND  CONSERVAT I ON OF L I NEAR MC3ME.NTUM )
FORWARD LATERAL

VEH #l 24.lil m p h #. lir m p h
VEH #2 2 5 . 3  m p h 9. JY m p h

SPEED CHAI’JGE ( D A M A G E )
TOTAL LONG.

VEH #1 15.2 mph - 1 4 . 3  m p h
VEH #2 2 4 . 9  m p h - 1 9 . 1  m p h

L A T . F’DOF
5 . 2  m p h -2QJ. L?J  deg

-16 .  QI m p h 4ci. QJ deq

SF’EED  CHRNGE ( 1, I NEW? M O M E N T U M )
TOTAL I-OI’JG. L A T . CSNG.

VEH I+1 1 4 . 3 mph - 1 3 . 3 mph 5 . 2 mph - 2 1 . 1 deq
VEH #2 2 3 . 5 mph - 1 8 . 3 mph - 1 4 . 7 mph 3 8 . 9 deg

ENEF:GY D I SS I F’ATED  EY DAMAGE: VEH # 1 5 5 4 2 4 . 8  f t - l b VEH il;: 6 3 2 1 5 . 9  f t - l b

Figure 17 - Typical ,  Form of  Numerical  Output  (Abbrevia ted Lis t ing) .

T h e  S u m m a r y o f  F:esults  c o n c l u d e s  b y
d i s p l a y i n g  t h e  t o t a l  d a m a g e - b a s e d  c r u s h  e n e r g y
for e a c h  v e h i c l e .

This form of output is useful for r e v i e w i n g
the  main calcula t ion resul ts  - I m p a c t  S p e e d s  a n d
Speed  Changes  (Del ta -V) . I t  i s  a l so  u se fu l  f o r
q u i c k l y  c h e c k i n g  f o r  t h e  c o n s i s t e n c y  b e t w e e n
damage-based and momentum-based results, factors
w h i c h  can  t r igger  warning messages . A l e n g t h y
form of output, which displays the input data and
separa t ion conditions, i s  a l s o  a v a i l a b l e . This
“Complete Listing” can be used for  f inal  documen-
t a t i on  o f  t he  ana ly s i s .

Graphical Output
The graphica l resul ts  for  displaying de1 ta-V

can  have  two  f o r m s :  Dam,age  P r o f i l e s  a n d  I m p a c t
Configuration.

Damage Prof i les  (see  f igure  18)  displays the
v e h i c l e  w i t h  i t s  u s e r - e n t e r e d  d a m a g e  p r o f i l e ,
a l o n g  w i t h  t h e  d a m a g e  d a t a  a n d  t h e  c a l c u l a t e d
de1 ta-V.

T h e  D a m a g e  P r o f i l e s d i s p l a y  i s  u s e f u l  f o r
viewing the shape of  the damage prof i les  and the
locat ion and direct ion of  the  PDOF. The magni-
tude of  the  pr incipal  force a t  maximum penetra-
t ion is  a lso displayed for  each vehicle ,  a l lowing
f o r  a n  e a s y  m e t h o d  o f  clhecking f o r  c o n s i s t e n c y
with  Newton’s th i rd  law ( i f  the  computed impact
f o r c e  f o r  o n e  vehicle  i s  m o r e  t h a n  t w i c e  t h e
f o r c e  c o m p u t e d  f o r  t h e  olther v e h i c l e ,  a  w a r n i n g
message will be issued).

I m p a c t  C o n f i g u r a t i o n  ( s e e  f i g u r e  1 9 )  d i s -
p l a y s  t h e  v e h i c l e s  a t  i m p a c t ,  i n c l u d i n g  t h e
damage outline, the PDOFs  and the impulse centers
( t h e  p o i n t  w h e r e  t h e  P3OF acts o n  t h e  v e h i c l e ) .
T h e  t o t a l  delta-V  a n d  i t s  c o m p o n e n t  v e c t o r s  a r e
displayed. If s c e n e  data  were  entered ,  the  impact
a n d  s e p a r a t i o n  velocj.ty  v e c t o r s  c a n  a l s o  b e
displayed.

S i n c e  t h e  vehicles share  the  same impulse ,
t h e  I m p a c t  C o n f i g u r a t i o n  d i s p l a y  i s  v e r y  u s e f u l
f o r  p r o p e r l y  o r i e n t i n g  t h e  v e h i c l e s  a t  i m p a c t .
This  can be done by locat ing the vehicles  so the
impulse  ten ters  overlap.

I t  i s  d i f f i c u l t , e v e n  f o r  s k i l l e d
invest igators , t o  s p o t  a  m i s s i n g  m i n u s  s i g n  o r
o t h e r  errant v a l u e s  in t h e  i n p u t  d a t a . Yet  these
e r r o r s  c a n  p r o d u c e  m a j o r  e r r o r s  i n  t h e  r e s u l t s .
U s i n g  g r a p h i c s ,  h o w e v e r ,  i t  i s  e a s y  t o  s p o t  a
v e h i c l e  h e a d i n g  i n t h e  w r o n g  d i r e c t i o n  o r  a
damage profi le  located on the wrong s ide of  the
vehicle. The Damage Profiles and Impact Configu-
r a t i o n  g r a p h i c a l  o u t p u t s  m a k e  t h e s e  e r r o r s
obvious, t h u s  h e l p i n g  t o  i n s u r e  integrity o f  the
i n p u t  d a t a  a n d  consistency  o f  t h e  r e s u l t s .

The use  of  collar  g r a p h i c s  g r e a t l y  e n h a n c e s
t h e v i s u a l i m a g e s , , e s p e c i a l l y f o r  t h e
i l lustrat ion of  complex  i m a g e s  c o n t a i n i n g  s e v e r a l
vet tors. By displaying each of  the vehicles  and
v e c t o r s  i n  d i f f e r e n t  colors,  e a c h  v e h i c l e  a n d  i t s
associa ted vectors  can be  eas i ly  dis t inguished.

G r a p h i c  o u t p u t  also  proves  to  be  especia l ly
u s e f u l  f o r  p r e s e n t a t i o n s ,  w h e r e  t h e  r e s u l t s  o f  a
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Uehicle No.1 (Cheuelle)

:DC/PDOF:  llfzewl -28.8  deg
lax, Imp& Force: 59957 lb

Figure 18 - Vehicle Damage Profiles
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Figure 19 - Vehicle Impact Configuration
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t e c h n i c a l  a n a l y s i s  m u s t  b e  Ipresented  t o  p e r s o n s
not f a m i l i a r  w i t h  v e h i c l e  d y n a m i c s  a n d  c r a s h
i n v e s t i g a t i o n s .

Warning Messages
F i f t e e n  p o t e n t i a l  w a r n i n g  m e s s a g e s  h e l p  t o

insure  that  er rors  are  ident i f ied  and measures  to
c o r r e c t  t h e  e r r o r s  a r e  s u g g e s t e d . Six messages
rnay occur which affect the delta-V:

1. Common Velocity Error
2. Newton’s Third Law Violation
3. Momentum/Damage-based Delta-V

Corrgarison
4. Impulse Angle/PDOF  Comparison
5. Conservation of Energy
6. Separation Angular V’eloci ty/PDOF

Comparison

All the messages except Newton’s Third Law Viola-
tion require scene data.. The delta-V and impulse
angle/PDOF  compar isons  requi re  obl ique  impacts .
,4 c o m p l e t e  d e s c r i p t i o n  o f  t h e s e  m e s s a g e s  i s
a v a i l a b l e  i n  t h e  l i t e r a t u r e  [lo].

T h e  i n v e s t i g a t i v e d a t a  ( t h e  r e s u l t s  o f
a c c i d e n t  s i t e  a n d  v e h i c l e  i n s p e c t i o n s )  f o r  m o s t
crashes produce EDCRASH  warning messages during
t h e  f i r s t  r u n . E v e n  s t a g e d  c o l l i s i o n s  g e n e r a t e
t h e m  [9]. Frequently, t h e  c a u s e  i s  p o o r  d a t a .
Examples of potentially poor data include the use
o f  l i m i t e d  p h o t o g r a p h s  t o  e s t i m a t e  t h e  d a m a g e
p r o f i l e  ( v e h i c l e  d a t a ) , f a i l u r e  t o  i d e n t i f y  t h e
p r o p e r  i m p a c t  a n d  r e s t  positions  a n d  h e a d i n g s
( s c e n e  d a t a ) , a n d  e r r a n t  i m p a c t - t o - r e s t  p a t h
d a t a ,  s u c h  a s  a  m i s s i n g  p o i n t  o n  c u r v e . These
messages  can help to  lead the  invest igator  to  the
source  of  the  suspic ious  data .

A n o t h e r  c a u s e  f o r  w a r n i n g  m e s s a g e s  i s  a t -
tempting to  analyze a  crash beyond the  scope of
the CRASH analysis (i.e., sideswipes).

The presence  of  warning messages  does  not
n e c e s s a r i l y  i n d i c a t e t h e  r e s u l t s  a r e  f a u l t y .
Rather , t h e  w a r n i n g  m e s s a g e s  i n d i c a t e  a  l a w  o f
m o t i o n  o r  a n  a s s u m p t i o n  inh,erent  to the calcula-
t i o n s  h a s  b e e n  v i o l a t e d  a c c o r d i n g  t o  t h e  i n p u t
data .  The extent  to  which the  viola t ion adversely
a f f e c t s  t h e  a c c u r a c y  o f  t h e  r e s u l t s  m u s t  b e  c o n -
s i d e r e d  o n  a n  i n d i v i d u a l  b a s i s . F o r  e x a m p l e ,
c o n s i d e r  t h e  c a s e  o f  bumlper  o v e r - r i d e  i n  a n
oblique collision. Warning message nos. 2, 3, and
5  ( a b o v e )  w i l l  p r o b a b l y  b e  i s s u e d  b y  EDCRASH.
However, t h e  b a s i s  o f  r e s u l t s  f o r  d e l t a - V  a n d
i m p a c t  s p e e d  w i l l  b e  t h e  c o n s e r v a t i o n  o f  l i n e a r
momentum, not the inapplicable damage data which
t r iggered the  messages .

DISCUSSION

D u r i n g  t h e  d e v e l o p m e n t  o f  c r a s h  t e s t  d a t a ,
m o s t  c r a s h  t e s t s  w e r e  h e a d - o n  b a r r i e r  t e s t s .
Therefore, the DAMAGE analysis is best suited to
c o l l i n e a r  ( h e a d - o n )  i m p a c t s . B e c a u s e  o f  t h e
sensi t ivi ty of  the momentum analysis  to  col l inear
collisions, the OBLIQUE IMPACT analysis is best

suit@ to oblique impacts. Therefore, the DAMAGE
and OBLIQUE IMPACT analyses nicely complement
each other .

C r a s h  t e s t  dat,a  f o r  d e r i v i n g  A  a n d  B
st i ffness  coeff icients  are  badly needed.  However,
t h e  i n t e g r i t y  o f  t h e  d a t a  i s  e s s e n t i a l . The
p r i o r  RICSAC s t u d i e s  [ll] w h i c h  w e r e  o f  s u c h
g r e a t  b e n e f i t  f o r  v a l i d a t i o n  o f  i m p a c t  s p e e d s
w e r e  l e s s  u s e f u l  f o r  t h e  v a l i d a t i o n  o f  d e l t a - V
because much of  the actual  tes t  data  violates  the
conservation of energy and momentum [S].

Recent  research has  suggested the  DAMAGE
p r o c e d u r e  m i g h t  provide&  i m p r o v e d  r e s u l t s  i f  a
c o e f f i c i e n t  o f  restitution w e r e  i n c l u d e d  (121.  It
i s  r e c o m m e n d e d  t h i s  p o s s i b i l i t y  b e  p u r s u e d  b y
c o n d u c t i n g  s t a g e d  c o l l i s i o n  e x p e r i m e n t s  w i t h  a n
emphasis  on accurate ly  recording the  del ta-Vs.

The linear momentum solution for delta-V has
been used successfully for many years. I t  c a n  b e
used as  a  f inal  value  problem,  where  the  separa-
t i o n  v e l o c i t i e s a r e  k n o w n  a n d  t h e  i m p a c t
veloci t ies  are  computed (such as  in  EDCRASH)  or
i t  can be  used as  an in i t ia l  value  problem,  where
t h e  i m p a c t  v e l o c i t i e s a r e  k n o w n  a n d  t h e  as-
socia t ed separa t ion  veloci t ies  are  computed. As
a final value problem, the momentum solution is a
closed-loop “reconstruct ion” of the delta-V  based
o n  a c c i d e n t  s c e n e  data. A s  a n  i n i t i a l  v a l u e
problem, the momentum solut ion is  an open-loop
“simulation,”  w h e r e  t h e  i n i t i a l  c o n d i t i o n s  a r e
a d j u s t e d  u n t i l  t h e  d e s i r e d  s e p a r a t i o n  c o n d i t i o n s
are  achieved.

Procedures  for  a  Cr i t ica l  Review of  Output  - T h e
Toregoing  developmenfind  discuss ion should  lead
t o  t h e  c o n c l u s i o n  t h a t  o n e  c a n  c r i t i c a l l y  r e v i e w
the resul ts  of  an EDCRASH  (or any “CRASH”)  ana ly -
s i s  t o  d e t e r m i n e  i t s  v a l i d i t y . I n d e e d  t h i s  i s
the case. The following procedure describes how.

Step 1. - Review the warning messages (if any) at
the  beginning of  the  (output. (Most of the com-
pat ibi l i ty  checks  which IDroduce the warning mes-
s a g e s  d e s c r i b e d  i n  t h i s  p a p e r  a r e  a v a i l a b l e  o n l y
from EDCRASH.)

As was mentioned previously, the presence of
w a r n i n g  m e s s a g e s  d o e s  n o t  n e c e s s a r i l y  i n d i c a t e
t h e  r e s u l t s  a r e  f a u l t y . D e t e r m i n e  t h e  c a u s e  o f
each message and i ts  effect  on the  resul ts .  When
reviewing cases invollring col l inear  col l i s ions ,
remember the damage-based delta-V is used. There-
fore, p a y  p a r t i c u l a r  a t t e n t i o n  t o  v i o l a t i o n s  o f
N e w t o n ’s  t h i r d  l a w  a n d  c o n s e r v a t i o n  o f  e n e r g y ,
s ince  no other  compat ib i l i ty  checks  are  poss ib le .

Step 2. - Review the EDCRASH  graphics . Display
the  impact  and res t  posi t ions  (Si te  Drawing) ,  the
d a m a g e  d a t a  ( D a m a g e  l?rofiles),  a n d  t h e  I m p a c t
C o n f i g u r a t i o n s  t o  i n s u r e  a l l  t h e  d a t a  w e r e  c o r -
r e c t l y  e n t e r e d .

S t e p  3 . - R e v i e w  a  C o m p l e t e  L i s t i n g  o f  t h e
output . S t a r t  b y  i n s p e c t i n g  t h e  e c h o e d  i n p u t
d a t a  ( S c e n e  D a t a ,  D(amage D a t a ,  T i r e / r o a d  D a t a ,
a n d  V e h i c l e  C l a s s  a n d  S t i f f n e s s  C a t e g o r i e s ) .
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D e f a u l t  v e h i c l e  d a t a , au toma tically ass igned by
EDCRASH  a c c o r d i n g  t o  t h e  g e n e r a l  v e h i c l e  t y p e ,
w i l l  h a v e  a s t e r i s k s  a d j a c e n t  t o  i t . I f  t h e  de-
f a u l t  d a t a  ( v e h i c l e  d i m e n s i o n s , inertias, and
t i r e  d a t a  a n d  c r u s h  s t i f f n e s s  c o e f f i c i e n t s )  h a v e
been changed, de  ternine the basis for the change.

Next, r e v i e w  t h e  r e s u l t s  f o r  i m p a c t  s p e e d
and delta-V. Do they make sense? This question
m u s t  a l w a y s  b e  a s k e d , e v e n  t h o u g h  t h e r e  a r e
extens ive  warning messages . I f  t h e  r e s u l t s  a r e
suspicious, i s o l a t e  t h e  i n p u t  v a r i a b l e ( s )  c a u s i n g
the discrepancy and rerun with appropriate data.

I n  v i r t u a l l y  a l l  c a s e s ,  a n y  d i f f e r e n c e s  i n
r e s u l t s  w i l l  l i e  i n  t h e  i n v e s t i g a t o r ’s  q u a n t i t a -
t i v e  a s s e s s m e n t  o f  s u c h  f a c t o r s  a s  t i r e / g r o u n d
f r i c t i o n ,  d a m a g e  m e a s u r e m e n t  i n t e r p r e t a t i o n  a n d
est imates  of  scene data . In a classroom setting,
the typical range among impact speed estimates of
20 invest igators  analyzing the same data  f rom a
well-documented police accident report may be up
to 10 mph in a 60 mph collision w i t h o u t  t r i g -
gering warning messages [ 1.31.

CONCLUSIONS

1. The DAMAGE and OBLIQUE IMPACT procedures for
d e t e r m i n i n g  delta-V  e a c h  h a v e  t h e i r  a d v a n t a g e s
and disadvantages.

2. The primary advantage of the DAMAGE procedure
is that it can b e  a c c o m p l i s h e d  f r o m  v e h i c l e
inspect ions alone; i t  d o e s  n o t  r e q u i r e scene
d a t a . T h e  p r i m a r y  a d v a n t a g e  o f  t h e  O B L I Q U E
IFIPACT  procedure  i s  i t s  bas is  in  pure  physics .

3. T h e  p r i m a r y  dis’advantage  o f  t h e  D A M A G E
procedure  analys is  i s  the  lack of  avai lable  A and
B s t i f f n e s s  c o e f f i c i e n t s  f r o m  c r a s h  d a t a . The
p r i m a r y  d i s a d v a n t a g e of  the OBLIQUE IMPACT
p r o c e d u r e  i s i t s  s i n g u l a r i t y , a n d  r e s u l t i n g
inapplicability, f o r  c o l l i n e a r  i m p a c t s .

4. T h e  t w o  p r o c e d u r e s  a r e  c o m p l i m e n t a r y :  T h e
Dc\\lAGE p r o c e d u r e  i s  b e s t - s u i t e d  f o r  t h e  c o n d i -
tions in which the OBLIQUE IMPACT analysis is
leas t -sui ted , a n d  vice-versa.

5. EDCRASH  Version 4 removes many of  the  pr ior
limitations in the CRASH3- t y p e  D A M A G E  a n a l y s i s
which h a d  m a d e  i t  l e s s  u s e f u l  f o r  investigatin&
ind iv idua l accidents .

6. G r a p h i c a l  r e s u l t s  a r e a n  e x t r e m e l y  v a l u a b l e
a d d i t i o n  t o  t h e  d e l t a - V  a n a l y s i s  b e c a u s e  t h e y
h e l p  t o  i n s u r e t h e  i n t e g r i t y  o f  t h e  i n p u t  d a t a
and provide a  v isual  image of  the  resul ts .

7. The use  of  extensive  warning messages  i s  an
essen t i a l  and  va luab le  t o o l  f o r  h e l p i n g  t o  i n s u r e
val id r e s u l t s  b y  a l e r t i n g t h e  i n v e s t i g a t o r  o f
gross violations of the laws of  physics  which may
b e  t h e  r e s u l t  o f  a n  i n a d v e r t e n t  e r r o r  i n  d a t a
entry or an e r r o r  d u e to inherent ly  poor  data .
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