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ABSTRACT:

The study of accidents and accident reconstruction requires the analyst to
apply the theory of motion, friction, and energy dissipation to real world
impacts. It is often the case that these impacts occur in a short, violent and
unexpected manner. There is no handy way to quantitatively measure the
forces involved. The data is preserved in several forms: The qualitative
observations of witnesses that sometimes conflict one another, the qualitative
condition of the post-impact vehicle(s), and the quantitative measurement of
the accident scene.

The practice of crash testing offers the accident investigator the opportunity to
witness in a controlled manner the real-world application of accident theory.
The investigator can employ many different tools to directly measure the
kinematics involved in the impact. High-speed cameras, RADAR, LASER, and
accelerometer-based systems can all be used to verify theory-based
investigative methods.

This document deals with the application of triaxial crash recorders in several
staged crashes. The Michigan Association of Traffic Accident Investigators
(MATAI) staged these crash tests on May 20, 1997. The three tests occurred
during the MATAI conference at the Ingham County Fairgrounds in Mason,
Michigan.
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Test Description:

IST provided three separate data recorders for the test. These recorders recorded the energy
transfer in the form of acceleration from one vehicle to the next. One of the recorders was
mounted in the chest cavity of a crash test dummy to examine the dynamics of passenger
interaction within the environment of the vehicle.

The three crash tests are examined within this document in varying degrees. The first test
involves two vehicles in a broadside collision. This test has the most documentation and
includes clips from video footage that show the movement of the crash test dummy inside the
vehicle. This movement can be correlated with the acceleration data.

The second test involves two vehicles in a front-end collision. Unfortunately, two of the three
systems that were installed did not have available data. This data was lost during the exchange
between the lap top computer and the desktop computer used for data analysis. What is left is
the data from the crash test dummy.

The third test involves two vehicles in a rear-end collision. All three systems yielded data for
this test but there is no video footage with which to correlate the movement of the vehicles.

The illustrations provided in this report represent the acceleration and velocity change of the

major axis involved in each crash. Each plot is discussed in the analysis of each crash. Axis
orientations can be found in figures A & B.

Vehicle Front

’ Driver's side Pasasenger's side

NI

Eigure &2 Crash for MATT AL vord

Figure Bi Vehicle axis orientation

Figure A: Crash dummy axis orientation Figure B: Vehicle axis orientation

Analysis of crash data from the MATAI Conference Exhibition Crashes:

. ST g\IESl\-JrSRCl)JAAENTED May 20®, 1997 at the Ingham County Fairgrounds
TECHNOLOGY Page 4 of 9



Crash test #1: Broadside collision

The broadside collision was staged with 1995 Oldsmobile Cutlass wagon and a 1995 Chevrolet
Cavalier. The Cavalier was parked in the path of the wagon for a full-side impact. The crash
test dummy was placed into the driver’s seat of the cavalier. Seat belts were used for the
impact in order to restrain the dummy.

Six video images document the crash. These images show the movement of the crash dummy
inside the passenger compartment, as well as the change in attitude of the cavalier as the
wagon pushes it sideways down the drive. (See figures 1 through 6.)

The three plot sets show the acceleration forces from the crash. Data from the systems shows
that acceleration occurred for approximately 1.4 seconds, with the crash dummy coming to
final rest at 1.7 seconds. These times include the length of impact, slide, and de-acceleration to
rest.

Impact time: An assumption has been made as to the nature and length of the impact time. It
is assumed that the impact time is the time required for the Cavalier’s acceleration to proceed
from zero to peak, and back to zero. After acceleration crosses the zero threshold for a second
time, it is assumed that this represents the slide. Analysis of the Cavalier data shows the total
acceleration time to be 92 milliseconds, at which time a change in velocity of 4.04 Meters per
second (9.03 MPH) is recorded. An initial displacement during this time of 19 CM occurs
during this time as well. (Reference plots 1-4.)

The impact was also observed from the Cutlass Wagon. Analysis of the data shows an impact
time of 113 milliseconds, with a AV of 3.71 M/sec (8.29 MPH), and an initial displacement of 22
CM. This data is within twenty percent of the Cavalier data and does not take into account
contributing factors such as crush of the frontal zone, doors, rotation of vehicles, and etceteras.
One interesting note that one can observe in the data is a momentary decrease in acceleration
during the initial impact. This occurs at approximately the time at which the crash test dummy
impacts the door. This decrease in acceleration can be seen in all three data sets. It is possible
that this anomaly could be the secondary impact of the vehicle with the crash dummy.
(Reference plots 5 & 6.)

The crash dummy data shows several interesting similarities to the other two data sets. AT for
the initial impact is 98 milliseconds, with a AV of 4.3 M/second (9.6 MPH). Both of these
statistics corroborate the data from the vehicle recorders. Plots of the crash dummy data also
show acceleration from the impact as well as rebound of the dummy from the seat belt. These
motions can be graphically seen on the video sequence photos in figures 1 through 6.
(Reference plots 7 - 9.) The video sequence shows the dummy’s head striking the driver’s
window, then rebounding across the car until the seat belt stops it’s motion when the head is
approximately above the center console. At this time, the dummy is violently pulled back into
the driver’s seat, and the baseball cap that was mounted on the dummy is flung off against the
passenger window. This action can be seen at approximately 100 milliseconds after impact in
the crash data, in plot 5.
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Crash 2: Head-on collision

Unfortunately, no data is available for this event from either vehicle recorder. Technical
problems with the recorders and the lap top computer caused this data to be lost. Data was
recovered from the crash test dummy, however.

The crash dummy data shows considerable rotation relative to the Y and Z axis. Gravitational
forces have influenced the data to make analysis rather difficult. Acceleration has therefore
been illustrated as a resultant, which is a vector addition of acceleration forces from all three
axis.

The initial impact event length was derived from the Y axis, which showed the most
acceleration. The impact length was 142 msec, with a corresponding change in velocity of 3.7
M/sec (8.2 MPH). This velocity is derived from the resultant vector. (See plot #10)

Analysis of crash data from the MATAI Conference Exhibition Crashes:

. ST g\ngSRéJAAENTED May 20", 1997 at the Ingham County Fairgrounds
TECHNOLOGY Page 6 of 9



Analysis of crash data from the MATAI Conference Exhibition Crashes:

l ST g\JESJS?g%AENTED May 20%, 1997 at the Ingham County Fairgrounds
TECHNOLOGY

Page 9 of 9





















2618 :jusap JuBd sROLUDS

£80% BRI} BIUWDS gquooog hry - Y197 nswarew WLOL (T Lo
b Bl U] S|uBAJ

WAHE - 0 BiTeg ZH E6TL°0 1T 235 TOBE'T 1 =312
S/W 9940~ 9875 utod 7 1U3A3 | S/ ZH0°0 $E6 U 10d 2 IU3A3
235 984T ZEFd iS3U10d 12310 ZH# MOPpUTIM UT 0S5 AN
(P23 aur]
¥b'T BT 5171 101 198°0 8120 b 250 140 £82°0 FE1°0 0
Z (| 1 I } 3 ] [} k] } 1 ll—;l[_ [ 1 [ [ ] | AT‘I.HI

L oAbl Ll Ef LR L L L e CrF I PP PPP PP ECE P LTS

JT HSHHD ISEAR) — NOE[00 SPEpeRaIy

Uy A

A

(S5

(By A



Z6LE :jusrp UBd SROLUDG
/80¢ :be.) sjhupg

‘R = *DE b AT T ADYAW! gy : Q
B} Ul SiueAg S/w ho'h =AY DEW T DT 17T Lod

SAW 0F0F— i B3120 ZH JEBOE'0T i1/1 395 JI600 il 231120
& £81°0- 08zZ1 IW10d PRI | & 130°0- /66 1ut0d Z IU3AD
335 Nm*‘._ﬂ mﬁ.v._... "m”__r:.ﬁ__u Am_u_u._. _”# _,._DUCH.B _r:. LOMLJU

(385) awr]

EF'1 BCT 5171 1 653 0 F12°0 £L5°0 GZFD 28T 0 cr1°0 0

] 1 [ ) 1 i } 1 ] ] I [l

A

(B

5°6
JT HSHAD ISEAE] — UOE[C0 SpEPECI



wo A'Sl -
DOS/ W AT
Dasw b =3 A4 dwwi

Z618 :juesp uBd S|dwDg
£B0g beu} Bdiubg
L B} Ul SjuBAY

Ayl v T L L0

W oFGI0- 0 =3i1eg ZH GIEZ'0T l-T 39S Z/B0°0 L 231120
S G2 k- ZEZT d10d [ I43A3 _ S/U G200 Zes jutod [ IU3AD
J3S ORS00 +OZ] =100 (RO Zf NMOpUIM U1 A0S .4n7
(d3sw) awi]
06E 15E rod G61 257 211 87 GE ]

2°11

a7 HSHEHd

(s/wy

(B X



Z6LE ussp upd seidwDg

ZB0% bel} sidwing

L B[} Ul E{uBA3 WIRI‘Q za ¥ " S/WhO'p AV " adydwr LT & LO7]

W 9871°0- [
S/W 8BB'E- 081 yd1od z
295 997"

=31120 ZH JBOB0T iL-1 J9= AI60°0 i1 =37120
NEPE _ =AU 7D SB6 yog10d A T
| $15 isiutod [210] TH NOPUTM U1 495 4N7

et
i T

1

.M .m.l(l.Ew_ m:,:..n.r
71 0§71 tel Z11 E'G6 At F'29 G'GF £EL 727 0
*
o
i
— 2 e
— 0k~
—
.................................................................. ..Jll'JIfr.lll
.................. xar..rr.l,llrllul.nvrl.‘,..., ......:.......:..,......nlG-N‘
e —
............................................. NP e~ S oo %.,
b
............................................................................................................................................................. 07 -
= 0+
ar__ A 86"
- ._\ ..f.l\.> 1..\_ ..... ﬁ_ .__.J _1_ __1_\___-;_ k
............................................................... W ALQ.,._._.R_.__.FJ e e
.,..,Ifa\.__..x.._ e d & R
s V
oo.q 1....~q:.1_.1-“,.“.ﬁ..s}ﬁ..,..neu¢ wq‘gghr#hfnrﬂﬁﬁnﬂjMv“.‘:.s..«:.«:.q:. qqqqq rrerrer rrerrrrrrrrerrrrre e rrrrrerre rerrrrrrerrre ‘m_ qqqqq .uhu“ﬁv.il PEMUAL A PS GnD =
m...
............................................................................................................................................................... 5
§
8°6

JT HSEHD IS[BAE]) — OOE[00 SPEPeEQy



Z618 ‘jusrs Jpd seidlupg

Z80f% bely sidwpg
b Bl Ul sjuBA]

TQVregay any
Loydwr vy T Lo7d

2T ET1

88 ?ES £e 05 g°40 288 R

..-.....1..~n..11..-.1‘11111_.1111..1..-...11.‘\v~11\1111..1111..wq1...._.q-.1..111111-1..w1w1s..:.111..1-...~..1....11..11~....-...\qmwm_-...‘_.......

r.[{l.ll‘l'

L O R ag's

b

ota

(ESUY

SN OD AILVDD
WIA0 QAN OREUIY )

Ul HSHdd

21T



LOPw anewW S0
Vb9 r 5 TTYUING Py MOILL3ISIPY Yo WOLDIN SN

Z618 :jueaB Jpd SBIOLLDG Pavaisna7) e Cixy 2R X o LvVIns sy (b 10y

/80¢ :beu} Bidwpg
b <Bjl} Ul Sjusa]

TAOTd SIUL Yo QITIVA 1 on meSsig G232 ZH 28850 1T 395 BEES'L 1 =2131719Q
b za10 Of19 31u10d [ 3uas3 _ 6 5800 G558 3du10d [ U343
J95 BE9'[ GFZG iSIM10T 1210 [# MOPUTIM UT A0S .AN7
(7835 awi]
271 2571 FE°1 5171 AL S8°0 g2 0 1570 ¥E°0 £1°0 0
— { i [ 1 [ [ 1 1 [ 1 [l [ 1 } ] i [ (] 1 NI._“HI
............................................................................................................................................................... L 1o
pul
a
..................................................................................................................................................... ath--- 174
| AR A
Ul HsHEdED LWUmp [EER) — [FRR SpPEpPendy

oy ) N STy



LONIAYO7 roispad Sos ye Awwn g HSvap ~22%W 0 G

09+ :juess Jed sSedLLDS o ,
BO9+ :beu) sjduwing 1y 7223a Dloy TAVIWY g~ (9 LG,
| Bl Ul SjuBAT
- sAM L0278 - iy 21120 ZH [I98'8 1.1 S35 BZ2I1°0 L =311=30
D 2g10- EEHT 14 HJQ AT IdSAS £ 1500 EIE 31U ..:u:n_ ST jusaa
J95 10E°0 LYED T i=3d1od (eio) [# MOPUTM UT JOS.4N7

(AEUG SWUT]

Tog [ 0Fe ore st 05T oot

kd (] i ] i 1 f I 1 : .

06 [tk 1'oe

21

} | ] 1 1 ' 1

MT HSEHD

TOFEM - OOECY SpEpeclq

18

=



Rear end collision:
Plots 11 through 13 show the data that was collected from this collision. Details such as time of

initial impact, AV, and AD are listed on these plots. Due to time constraints, no analysis is
provided in this document.
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Appendix A: List of figures and plots:

Figure A: Axis orientation of EDR3 as installed in crash dummy

Figure B: Axis orientation of EDR3 as installed in vehicle

Figure 1: Broadside collision; Beginning of initial impact

Figure 2: Broadside collision; Crash dummy strikes door

Figure 3: Broadside collision; Cavalier suspension loads, Dummy rebounds across
compartment.

Figure 4: Broadside collision; Crash dummy strikes center console / seat belt limit

Figure 5: Broadside collision; Crash dummy returns to driver’s seat

Figure 6: Broadside collision; Post impact, Cavalier suspension unloads.

Plot 1: Broadside collision; Cavalier Y axis acceleration, velocity, displacement

Plot 2: Broadside collision; Cavalier Y axis acceleration initial impact

Plot 3: Broadside collision; Cavalier Y axis acceleration, velocity, displacement, initial impact.
Plot 4: No plot 4 exists.

Plot 5: Broadside collision; Cutlass Wagon X axis: Accel, Velocity, Displacement: Initial
Impact.

Plot 6: Broadside collision; Cutlass Wagon X axis: Accel Initial Impact.

Plot 7: Broadside collision; Crash Dummy X axis Accel, Velocity: Initial Impact.
Plot 8: Broadside collision; Crash Dummy X axis Initial Impact and rebound
Plot 9: Broadside collision; Crash Dummy resultant of acceleration.

Plot 10: Frontal collision ~ Crash Dummy

Plot 11: Rear end collision: Grand Am, Accel, Velocity, Displacement.
Plot 12: Rear end collision: Jimmy, Accel, Velocity, Displacement.

Plot 13: Rear end collision: Crash dummy, Accel, Velocity, Displacement.
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