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NOTICE

This document is disseminated under the sonsorship
of the Department of Transportation in the inter-
est of information exchange. The United States
Government assumes no liability for its contents
or use thereof, The contents of this report
reflect the views of the contractor, who is
responsible for the accuracy of the data presented
herein. The contents do not necessarily reflect
the official views or policy of the Department of
Transportation. This report does not constitute a
standard, specification, or regulation.

The United States Government does not endorse pro-
ducts, or manufacturers. Trade or manufacturers'
names appear herein onlys because they are con-
sidered essential to the object of this document.
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1.0 SUMMARY AND CONCLUSIONS

This test investigated the impact severity of a minicompact sedan
(1,8008) during a low speed forty-five degree collision with a

1,2 The test vehicle was a

surrogate breakaway luminaire support.
1976 Volkswagon Rabbit.3 The surrogate breakaway 1luminaire
support was chosen since it was known to induce a momentum change
close to the upper limit of the acceptable standard of 1,100 lb-
sec (4,893 N-s) when impacted by a 1971 Chevrolet Vega at an

impact speed of 60 mph (26.8 m/s).4’5

The test vehicle momentum change at the impact speed of 30.0 mph
(13.39 m/s) was 552 1lb-sec (2,455 N-s) based on the analysis
techniques specified for processing acceleration data given in
TRC 191 or NCHRP 230.6’7 The velocity change corresponding to
the observed vehicle momentum change was 9.1 mph (4.07 m/s). The
integrity of the vehicle was maintained throughout the test.
Maximum residual intrusion into the vehicle passenger compartment
was 7.5 inches (0.19 m). Max%pum residual crush of the side of
the vehicle was 7.4 inches (0.19 m). The side structure of the
test vehicle exhibited crush properties considerable stiffer than
those for the same type of vehicle for a frontal impact. This
caused the force 1levels on the luminaire support to increase
rapidly upon impact thereby promptly activating the breakaway
mechanism of the slip base which reduced the overall momentum
change for the test in comparison to a frontal impact with the
same type of vehicle under similar test conditions.

Vehicle acceleration data was processed to determine the impact
velocity of a hypothetical front seat passenger against the
vehicle interior in accordance with the flail space model
recommended in NCHRP 230. The lateral impact velocity of the
hypothetical occupant using the flail space model approach was
7.6 ft/sec (2.31 m/s) which occurred .16 sec after the initial
impact of the vehicle with the luminaire support. This lateral



impact velocity is within the design limit of 20 ft/sec (6.10°

m/s) specified for other forms of highway safety appurtances in
NCHRP 230. Further, this lateral impact velocity is within the
limit of 30 ft/sec (9.14 m/s) specified for occupants in FMVSS
204 and by reference in NCHRP 230.

The acceleration data from the anthropomorphic dummy was also
analyzed using the processing techniques specified by
Robbins. 18 Results of this analysis indicate that from the
standpoint of thoracic injuries the occupant suffered an injury
as measured on the American Association of Automotive Medicine's
Abbreviated Injury Scale (AIS) of 0.75. This is well within the
basic design goal for occupant responses of an AIS less than or
equal to 3.0. Analysis of the acceleration data from the head of
the anthropomorphic dummy yielded a Head Injury Criteria (HIC) of
29. This result is within the limit of 1000 specified in FMVSS
208 and by reference in NCHRP 230. A summary of the test condi-
tions and results for this full scale crash test are given in
Table 1.
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TABLE 1

SUMMARY OF TEST CONDITIONS AND
RESULTS FOR TEST NUMBER 1469~5A82

Contract Number
Date of Test

Test Vehicle

Vehicle Weight, Original Conf.

Vehicle Weight, Test Inertial

Planned
Actual

Vehicle Weight, Gross Static

Actual (One Occupant)
Number of Occupants

Occupant Type

Occupant Location
Occupant Restraint -

Test Article

Support Length (w/o Base)

Support Material

Support Weight (w/Base)

Base Type

Slip Plane Mounting Height
Above Grade

DTFH61-81-C-00036
June 1, 1982
Volkswagon Rabbit, 1976
1,711 1lbs

1,800 £50 1lbs

1,788 1lbs

1,954 1bs

One

Anthropomorphic Dummy,
50th Percentile Male,
Side Impact Thorax
Driver Seat
Unrestrained

Surrogate Breakaway
Luminaire Support

- 34 ft

Steel 8-in (Nom.)
Pipe (Schedule 40)

1,002.7 1lbs

Triangular Slip Base,
3-Bolt (Type 31)

4,25 in



17.
18,
19.

20.

21.

22.

23.

24,

25‘

26.

27.

28.
29,

30.

31.

TABLE 1 (Cont'd)

SUMMARY OF TEST CONDITIONS AND.
RESULTS FOR TEST NUMBER 1469-5A82

Bolt Circle
Bolt Size
Bolt Load (Strain Gaged)

Foundation

Ground Conditions

Impact Speed
Planned
Observed

Exit Speed, Observed
Acceleration Data, NCHRP 230
Acceleration Data, TRC 191

Speed Reduction, Observed
Acceleration Data, NCHRP 230
Acceleration Data, TRC 191

Impact Point -
Planned
Observed

Impact Angle of Vehicle Motion
with Respect to Theoretical
Mast Arm

Exit Angle of Vehicle with
Respect of Theoretical Mast Arm

Max. Vehicle Residual Crush

Max. Interior Compartment
Intrusion

Traffic Accident Data, TAD10

Vehicle Damage Index, VDIll

14 in
1 in - 8 NC x 5 in long
14,000 1lbs each

W, 3 ft; L, 4 ft;
D, 4 ft

Dry

30.00 mph
29.96 mph

23.75 mph®
23.76 mph’

6.21 mphg
6.20 mph

Left Side, A Pillar
Left Side, A Pillar

30 Degrees (Nominal)

30 Degrees (Nominal)
7.4 in.

7.5 in.

11-LP~-3

11LYAN2



32.

33.

34.

35.

36.

37.

38.

TABLE 1 (Cont'd)

SUMMARY OF TEST CONDITIONS AND
RESULTS FOR TEST NUMBER 1469-5A82

Hypothetical Occupant Impact
Velocity
Design Limit
(Redirectional Barriers)
Observed, NCHRP 230
Observed, TRC 191

Hypothetical Occupant Ride-down
Acceleration
Design Limit
(Redirectional Barriers)
Observed, NCHRP 230

Observed, TRC 191

Head Injury Criteria (HIC)
Design Limit
Driver, Observed

Peak Resultant Thorax/Pelvis

Acceleration with Duration
>.003 sec
Spine, Upper
Spine, Lower
Pelvis

Severity Index (SI)12
Spine, Upper
Spine, Lower
Pelvis

Thoracic Injury Resultsl8
Fatal Injury
AIS
MAIS

Momentum Change
Acceleration Data, NCHRP 230
Accelerations Data, TRC 191

e

1b
ft
in

lb-sec
ft-kip

.454 kg
.3048 m
.0254 m
4.448 N-s
1,355 N-m

20 ft/sec6

7.65 ft/sec6
7.64 ft/sec’

15.00 g°

1.19 g

1.14 g’

10008
29

15.57g
19.86g
11.15g

28
76
16

6.00
0.75
Below Injury Threshold

552 1lb-sec®
552 1lb-sec’



2.0 OBJECTIVE

The objective of this test was to investigate the impact severity
of a minicompact sedan (1,800S) during a low speed forty-five
degree collision with a surrogate breakaway luminaire support.
This test is the fifth of a series of five full scale crash tests
to 'be conducted under Task A of Contract Number DTFH61-81-C-
00036. 172

The vehicle chosen for this test was a Volkswagon Rabbit based
upon ‘the results of a limited engineering study conducted by
ENSCO, Inc.3 A triaxial accelerometer package was mounted on the
lateral centerline of the vehicle at the longitudinal location of
the center of gravity of the vehicle in its inertial test config-
uration. The data from these accelerometers were used to measure
vehicle impact behavior and occupant injury potential based upon
criteria set forth in TRC 191 and NCHRP 230.%/7 fThe left door of
the vehicle was instrumented with four accelerometers to charac-
terize the acceleration envirgnment of the door. The vehicle
also was instrumented with a contact switch mounted at the loca-
tion of the A pillar to permit vehicle and occupant data to be
measured relative to the time of impact.

The vehicle contained one instrumented 50th percentile male
anthropomorphic test dummy equipped with a thorax specifically
designed for side impacts. The test dummy was positioned in the
driver seat and was unrestrained. The data from the triaxial
accelerometer sensor assembly in the head of the test dummy was
used to evaluate the Head Injury Criteria (HIC) specified in
FMVSS 208 and by reference in NCHRP 230. The data obtained from
the triaxial accelerometer sensor assemblies located in the upper
and lower parts of the spihe and in the pelvis of the occupant
were used to evaluate severity indices and maximum sustained
accelerations experienced by the occupant in the respective loca-
tions in accordance with SAE Information Report J885a, FMVSS 208



and by reference NCHRP 230. The data obtained from the acceler- "

ometers located on the ribs and sternum of the occupant were used
to evaluate the maximum sustained accelerations experienced by
the occupant in the respective locations using the technique
described in FMVSS 208. 1In addition, thoracic injury parameters
associated with side impact conditions were analyzed using pro-
cessing techniques specified by Eppinger]‘9 and Robbins.18
Finally, occupant injury as measured on the American Association
of Automotive Medicine's Abbreviated Injury Scale (AIS) and Modi-
fied AIS (MAIS) were evaluated using the approach outlined by
Robbins.18

The surrogate breakaway luminaire support was chosen since it was
known to induce a momentum change close to the upper limit of the
acceptable standard of 1,100 lb-sec (4,893 N-s) when impacted by
a 1971 Chevrolet Vega at an impact speed of 60 mph (26.8
m/s).4’5 The momentum change induced by the surrogate breakaway
luminaire support when impacted by a 1971 Chevrolet Vega at an
impact speed of 60 mph (26.8 m/s) during full scale crash test
1469-1A81 was 1,131 lb-sec (5071 N-s).>



3.0 APPURTENANCE DESCRIPTION

The physical properties of the surrogate breakaway luminaire
support are contained in Table 2, The surrogate breakaway lumi-
naire support incorporated a triangular 3-beolt slip base which
was designed using the California state plan for a Type 31 sup-

pcrt.13 The luminaire support was installed using the guidelines

provided by the California DDT.l3

The slip base was positioned
so impact would occur against the lead bolt, which is equivalent
to a 30° impact angle with respect to the mast arm.9 The lumi-
naire support did not have a mast arm attached during this
test. The slip base was clamped together with three strain gaged
bolts which were tightened to 14,000 pounds (62,300 N) each just

prior to the test, The surrogate breakaway luminaire support is

shown in Figure 1,

o ~

Figure 1., Pretest Photograph of Surrogate
Breakaway Luminaire Support




TABLE 2

SUMMARY OF PHYSICAL PROPERTIES OF
THE SURROGATE BREAKAWAY LUMINAIRE SUPPORT

Length (Support)

Material (Support)

Outside Diameter (Support)
Weight (Support)
Wall Thickness (Support)

Base Type

Base Thickness

Weight (Base)

Weight (Total, Mp)

Base Bolts

Bolt Circle

Bolt Load (Slip Base)
Mounting Height (Base)
Mass Moment of Inertia, I

p

Center of Gravity, Xcg

Impact Impulse Level Arm, D

lb = .454 kg
ft = .3048 m
in = .0254 m

lb-sec = %.448 N-s

lb-ft-sec”® = 1,356 N-m-s2

e ey

34 feet

Steel 8-inch (Nom.) Pipe
(Schedule 40)

8.625 inches (Actual)
28.55 1b/ft; 970.7 pounds
0.322-inch

Triangular Slip Base, 3-Bolt
(Type 31)

1 inch

32 pounds

1002.7 pounds (31.14 slugs)
1l inch diam. (Strain Gaged)
14 inch diam.

14,000 pounds

0.25 feet

3183.8 1b-ft-sec?

16.56 feet

14.83 feet

3>



4.0 VEHICLE DESCRIPTION

The test vehicle was a 1976 Volkswagon Rabbit. The weight of the
vehicle prior to incorporating the instrumentation for the test
was 1,711 pounds. The test inertial weight for the vehicle was
1,788 pounds and the gross static weight when the occupant was
included in the vehicle was 1,954 pounds. The longitudinal cen-
ter of gravity of the vehicle without the occupant was located
31.8 inches behind the centerline of the front axle. The weight
distribution of the vehicle in its as delivered and instrumented
configurations are given in Tables 3 through 5.

TABLE 3

WEIGHT DISTRIBUTION OF TEST VEHICLE
IN AS DELIVERED CONFIGURATION

Left Right Subtotal
(1lbs) (1lbs) (lbs)
Front 552 560 1,112
Rear 292 307 599
Subtotals 844 867 1,711
1 1b. = .454 kg
TABLE 4

WEIGHT DISTRIBUTION OF TEST VEHICLE
IN PRE-TEST CONFIGURATION WITHOUT OCCUPANT

Left Right Subtotal

(1bs) (1bs) (1bs)
Front 572 614 1,186
Rear 285 317 602
Subtotals 857 931 1,788

1 1b = .454 kg

10



TABLE 5

WEIGHT DISTRIBUTION OF TEST VEHICLE
IN PRE-TEST CONFIGURATION WITH OCCUPANT

Left Right Subtotal

(1bs) {1bs) {1bs)
Front 633 635 1,268
Rear 345 341 686
Subtotals 978 976 1,954

1 1b = .454 kg

The vehicle was equipped with a triaxial accelerometer package
mounted on the lateral centerline of the vehicle at the longi-
tudinal location of the center of gravity. The vehicle was also
equipped with a contact switch mounted on the left side at the
location of the A pillar to permit vehicle and occupant data to
be measured relative to the time of impact. The test vehicle is
shown in Figures 2 through 5.

11



Figure 2.

Figure 3.

Pretest Photograph of Test Vehicle
Left Side View

Pretest Photograph of Test Vehicle
Front View

12



Figure 4. Pretest Photograph of Test Vehicle
Shown Next to Surrogate Luminaire
Support, Left Angle View

Figure 5. Pretest Photograph of Test Vehicle
Shown Next to Surrogate Luminaire
Support, Front View

Ll




5.0 TEST INSTRUMENTATION

Film data of the test was taken as described in Table 5. Trans-
ducer data was recorded as listed in Table 6. The transducer
data was collected in analog form on a Honeywell 5600C recorder
at 60 ips. The multiplexed data and the 32 kHz control signal
were recorded in direct mode with a bandpass of 300 Hz to 300
kHz. The multiplexed data was played back through SAE Class 1000
filters and each channel was digitized at 8,000 Hz as required by
the contract. A digital data tape was created in accordance with

14 The test data was

the specifications defined by NHTSA.
analyzed on a DEC 11/70 using the ENSCO general purpose highway
research analysis programs. The 32 kHz control signal was
initiated by the tape switch approximately 1.1 seconds prior to
the vehicle impacting the luminaire support. This control signal
was used to externally trigger the digitizing unit and automa-
tically synchronize all data channels. The signal conditioning
unit onboard the vehicle was a Series 300 FM data multiplexer
manufactured by Metraplex Corpegration. The instrumentation used
to collect the transducer data during the test conformed with SAE

Recommended Practice J211b.ls

.14




TABLE 6

DESCRIPTION OF FILM DATA ACQUISITION

SYSTEM FOR FULL SCALE CRASH TEST 1469-5A82

QCAMERA I
X
CAMERA 2 '
= Z TEST POLE
R Y
CAMERA 3
CAMERA 5
CAMERA 4
Placement Speed
Camera Model Position X(ft) ,¥Y(ft),Z2(ft) sSetting Lens

1l Redlake Rt. Side 180,-74, 2 500 pps 50 mm

Hycam
2 Redlake Lt. Side 2, 75, 4 500 pps 50 mm

Locam ud
3 Redlake Lt. Side 0, 76, 5 500 pps 25 mm

Locam
4 Redlake On Board - 500 pps 5.7 mm

Locam
5 Redlake Overhead 1, 1, 48 500 pps 12.5 mm

Locam
6 Arrieflex Documen- - 24 pps Zoom

tation
1 ft = .3048 m
15
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6.0 TEST RESULTS

The impact conditions were 30.0 mph (13.39 m/s) at the A pillar
on the left side of the vheicle 12.9 in (.33 m) ahead of the
longitudinal location of the center of gravity of the vehicle in
its inertial test configuration. The maximum residual crush of
the vehicle at the impact point was 7.38 inches (.19 m). The
maximum residual intrusion into vehicle compartmént was 7.50 in
(0.19 m). Photographs of the vehicle after the collision event
are shown in Figures 6 through 9.

Initiation of the breakaway fracture mechanism of the luminaire
support occurred at approximately .010 seconds after impact. The
force levels at the time of initiation of the breakaway fracture
mechanism of the luminaire support were 26,192 pounds and 26,980
pounds based on the vehicle acceleration data filtered at SAE
Class 60 and 180, respectively.

After the initial separation fgrom the vehicle the luminaire sup-
port translated forward at a speed of 13.11 f£/s (3.996 m/s) with
a rotation rate of 1.88 rad/sec. The luminaire support rotated
up and over the test vehicle without any secondary impacts. The
top of the luminaire support impacted the ground 4.5 feet behind
and .9 feet to the right of the original center line position of
the luminaire support. The test sequence is depicted in Figures
10 and 11. The dimensional relationships for full scale crash
test number 1469-5A82 are shown in Figure 12. The residual test
vehicle crush and interior intrusion resulting from the collision
event were measured at the locations shown in Figure 13 and are

given in Table 8.




Figure 6.

Figure 7.

Post-Test Photograph of Test Vehicle,
Left Side View

Post-Test Photograph of Test Vehicle,
Left Angle View
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e b

Figure 8. Post-Test Photograph of Test Vehicle,
Front View

Figure 9. Post-Test Photograph of Test Vehicle,
Overhead View
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0.030 sec

0.060 sec t = 0.150 sec

t
I

Figure 10. Test Sequence for the Iniital Collisieon Event
of Full Scale Crash Test Number 1468=-5AB2

20




t = 0.200 sec

t = 0.400 sec t = 1.00 sec

Figure 11.

Test Seqguence of the Entire Collision Event
of Full Scale Crash Test Number 1469-5A82
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Figure 12. Dimensional Relationships for Full Scale
Crash Test Number 1469-5AB2
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Figure 13. Vehicle Crush Diagram and Crush
Measurement Matrix
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7.0 TEST ANALYSIS

Data from this test were evaluated using several techniques. The
pre-impact speed was determined from the high speed film informa-
tion. The signals from the accelerometers mounted at the center
of gravity of the vehicle were debiased and filtered at SAE Class
60 and integrated to yield the change in the speed of the vehicle
during the test in accordance with TRC 191. This filtered data
was then used to yield the impact velocity of a hypothetical
front seat passenger against the wvehicle using the techniques
described in NCHRP 230 as specified in the approved test

plan.l’2

The signals from the accelerometers mounted at the
center of of gravity of the vehicle were also filtered at SAE
Class 180 and processed to yield vehicle change in speed and the
associated occupant injury parameters in accordance with NCHRP
230. The accelerometers mounted on the left door of the vehicle
were debiased and filtered at SAE Class 180 and are presented to
characterize the acceleration environment on the door at the

impact location. -

The data from the triaxial accelerometer sensor assembly in the
head of the test dummy was filtered at SAE Class 1000 and used to
evaluate the HIC as specified in FMVSS 208 and by reference in
NCHRP 230. The data obtained from the triaxial accelerometer
sensor assemblies located in the upper and lower parts of the
spine and in the pelvis of the occupant were filtered at SAE
Class 180 and were used to evaluate severity indices and maximum
sustained accelerations experienced by the occupant in the
respective locations in accordance with SAE Information Report
J885a, FMVSS 208 and by reference NCHRP 230. The data obtained
from the accelerometers located on the ribs and sternum of the
occupant were filtered at SAE Class 180 and were used to evaluate
the maximum sustained acceleration experienced by the occupant in
the respective locations using the technique described in FMVSS

.25




208. In addition, thoracic injury parameters associated with

side impact conditions were analyzed using processing techniques

19 and Robbinsls. Finally an AIS and modi-

fied AIS were evaluated using the approach outlined by Robbinsl8

specified by Eppinger
from a relatively new thoracic injury parameter evaluated from
the left upper rib accelerometer signal which was located on the

side of the impact.

7.1 FILM IMPACT VELOCITY ANALYSIS

The speed that the test vehicle impacted the surrogate support
was determined from the high speed films. Results from the speed
analysis of the film data are contained in Table 9. Based upon
the results of this analysis, the speed of the vehicle upon
impacting the surrogate support was 30.0 mph (13.39 m/sec).

TABLE 9

TEST VEHICLE IMPACT SPEED EVALUATION
USING HIGH SPEED FILM ANALYSIS

Impact Impact

Camera Position Speed (ft/sec) Speed (mph)
2 Left Side 42,42 28.92
5 Overhead 45.45 30.99
43,94 29.96

1 ft/sec
1 mph

.3048 m/sec
.44704 m/sec

7.2 ANALYSIS OF VEHICLE MOUNTED ACCELEROMETERS

The data collected from the accelerometers mounted to the vehicle
were filtered at SAE Class 60 and 180 per TRC 191 and NCHRP 230
requirements, respectively. The three individual accelerometer

26




signals obtained from the location of the center of gravity of
the vehicle were in each case combined to yield the resultant
accelerations occurring during the impact event. For comparison
purposes, a resultant was evaluated with and without the data
from the accelerometer whose sensitive axis was aligned verti-
cally. The acceleration traces and resultants obtained with the
use of the SAE Class 60 (f, = 100 Hz) filtering technique are
presented in Figures 14 through 22. The acceleration traces and
resultants obtained with the use of the SAE Class 180 (fc = 300
Hz) filtering technique are presented in Figures 23 through 30.

Table 10 contains several pertinent details regarding the data
obtained from the vehicle mounted accelerometers. The resulting
change in velocity and momentum change of the vehicle based upon
integrating the acceleration signals in the fixed vehicle coordi-
nate system are shown in Table 11l.

TASLE 10

PEAK ACCELERATIONS OBTAINED FROM
VEHICLE MOUNTED ACCELEROMETERS

SAE Class 60 Data SAE Class 180 Data
Peak Time Peak Time

Description (g's) (m sec) (g's) (m sec)

X Axis -7.74 11.500 -12,33 11.000
Y Axis -14,31 11.125 -25.36 11.125
Z Axis -15.48 70.750 -19.71 70.375
Resultant, X and Y 16.24 11.250 28.17 11.125
Resultant, X,Y and Z 17.07 11.375 28.27 11.125
Left Door, Upper Ctr 64.71 45.250 100. 40 44,875
Left Door, Middle For. -93.53 15.625 -225.85 16.500
Left Door, Middle Rear 16.05 48.375 27.16 18.290
Left Door, Lower Ctr -128.40 20.375 -210.13 20.125

27



(0Y SSEB1D HYS) SIXY X ‘UOTI3BUSTIODY °*H'D OTOTUSA KT 9Jn8T14

SANOOIST TTIW "3IWI L
SLS Q0°00S Q0 'S2h Q0 QSE 0Q°SLE2 ©0°002 8°S21 R0 "9S @’ S2-

28

W
Q
Q
Y
|
v
[\~
oD
QO
P,
M
N
1M
— A
D
& —
QTI..
O
. \%R(f =
e, N PN i/hﬁf JA \/ \/ﬂ\& N N > J ! A o] me
—~— N VAR ( \YaY, r\/xd v &7
€)]
—
—
™
S
S
n
(R
[~
[\
Qe f ohitL- S>Y3d o1 T03dd H440LND H3LI S
SIXY X °*NOILYA3IIIOON *9© D IIDIH3A T T3INNGHD

Ld0ddNS JHIYUNIWNT GNE (924) 1LI89Y9ad MA H 30 1DOUHOWI 333934 Sh 4d33dS MO
28YS-BShHI WNN LS31L gEere-0-18~-189H4LQA J3IBWNNN LOUALNOD "ONI *QOSN3




(09 SSBID gVS) SIXY X ‘UOTIBUBTS00Y 'H') OTOIUS ‘G oundig

SANGCO3IS T ITIW "3IWI L
i4S Q0°009S Q9°'S2h Q0 °'9SE QY°SLIT Q0 Q2 ©0°S21 @0 QS ©o°s2-

Q0 't~

00 92~

Q0 '91-
NO[ 154313300

00"
(S.9)

B0 01

00° 02

\ \J§>
AV AND ~ 1a>\>:\J \ 3
S T N e e T RAST L A e w o E:i:( Cd ~
Lh"E ¢ TEhI- SHMY3d o1 "O3IAAd JH0LND AHA3LI A
SIXY A *NOILEA3TIOOH *9 *5 IIOIHIA z TINNEHD

120ddNS SAIYUNIWNT ONE (94) LISGYY MA H J0 LOYdWI 3IIN0Tq S+ d33dS MQON
€8YS-BShI WNN L1831 S€eee-3-18-19H41Q HdIBWNN LOYHINOD "ONI *OOSN3

29




(09 sseTd dAYS) STIXV Z

‘UOT31RISTOODY *9H°D STOTYSA °9T 2Inbtg

SANQGO3ISTII1IW"3IWI L

c8YS-68h1l

1LIgg9dd MA U 40 LOHdWI 334933 Sh 33348 MOT
AFFWNNAN LOUALINQGD "ONI QOSN3

130ddNS JJIYNIWNT ANY (947
WNN LS31 9EGEO-D-I8-T9H-LA

00" 0€E

Q0 a2~

00°Q1-
NOT 154373306

00"
(S.9)

00" 01

0922

20" SLS 00 ""0S 00 °"52h Q0" sE Q0 "sSL2 00 ‘o2 0 " S21 00 0SS QRS2 ~
il
\ &J
ey \l\)—\./ R\/.\I/\__\// > > \m./ > >\ ._\45 \r})b)\_\_ > ...
NS P e
\
< R
66 "2l £ 8h°ST - S>YU3ad o1 *03d8d 4404ND ¥d3L71I1 3
SIXY Z ‘"NQILYH3TI3IDOY 9 D IIOIHIA € TTANNYHD

30



(09 SSE1D dVs) €9Xy X PUEB X ‘UOT3BJ81800Y *H°) B{0TYSH

PB"'SLS QQ°QOS ©o°'Seh

SANODISTIIOIW “3IWI L

QO 'OSE ©Y°'SLS 2002 ©e°'Ss21

*LT @and1y

/\f\f]()(()(/\f{)\fk/\)?7)\7&ﬁ([(((&§?\(

he "9t ‘

cBYS-638hI

e e S>YB3d

S3IXY A JONU X

“INGLTINS3Y NOILUA3TI3O0H 9

ve- 0334 440LND A3LI S

"0 3IDIH3A

@

TTANNYHD

1L40ddNS 3JATIYNIWNT ONY (94) 1198495 MA U =0 1OYdWI 333930 S+ 933ds MON

WNN 1Ss31L

8E€QPe-O-18-T9H4LQ

A3GWNN LOUHLINOD

*ONI *Q2OSN3

@0 °90S QO Ss2-

|

L

Q

(W]

[\N]

)

[\~
D
)
O
m
—

— T

® U

D

S5
o
zZ

8)

OO

Sn

w

(A

(W]

D

=

IS

(o]

[\

31



(09 SSBID IY¥S) S8Xy Z pue X ‘X ‘UOT4BUST200y *H*) 8TaoTysap °gT sund1yg

SANOD3IST I IIW "3FWNT L
9O 'SLS QQ°'OOS ©QO°'S2h 090 °'0SE B°SLZ Ce'eo @0 °S21 Q205 QV°'s2~

|
—
[\
(o]
)
AN A <§5L/\\/\ S
D
(P
O
M
I
! —~1T]
i Q Y]
oD
S —i
= N
\ = “
2)
(N ey
40)
QW
(W]
S
S
£
Ay
[\y
)
LD LT ‘' et-e SME3d 2ot "OFAS J40LND HILTI S
S3IXY Z2 ANH A *X *INUHLINS3IH NOI LY431322" "9°3 JIDIH3IA Q TIANNUHD

LACHdNS AHBIGNIWNT ANY (94) LI8B3YY MA U 530 10OHAWT 3349530 S+ Jg3I34dS MO
28YS -68h1 WNN 1831 9ERee-0-18~I8H4.1Q AIBWNN LOYALNQD *ONI QOSN3




(09 SSB1D FVS) 4d3us) usddp ‘uorreuasls00y Joog 3387 9T0IUYsA *6T 24n81y

SANOODO3IS T I TIW " 3IWIT L

QI°'SLS ©0°'08S @8- SIh QO "'OSE B°'SLS Q@0°‘ee: @0 °'S21 PO 'S ©°'sa-

L4 " h9 ‘ hE"BS- S>d3d 21 0384 4401ND H¥ILT o
H43LN3ID d3ddN *NOTIL1Y23I13090Y A00d L4377 ITIDIHIAA S TIINNYHD

130ddNS 3IJIUNIWNT ANY (9z) 1I88958 MA Y 40 L2YdWI 334934 St d334dS Ma

S8US-B9hT WAN 1S3L SEQRO-D-1I8-TQH4LQ dIBWNAN LOUHLINAOD "ONI QOSN3

00°'SS-  00°QQ1-  Q0°'SLI-  00'QSe-
NOT 1843730048

©Q°Qas

80 S

33



(0Y SSBI) HYS) PIBMIOd STPPIN ‘UOTIBJISTIODY J0OQ 3je7] STOTYSA °*Qz oJnITg

SANODIAST T IIW "3IWI L
@3 °SLS ©0° @RS Q0°'S2h QR°OSE Q0 SLZ 0002 00 °SIT Q0S5 @O0 52-

v
N
[\
vy
W
1
—
h
« D
O
O
I
—
1 1M
=0
SD
T
@I
O
\ Z
—)
VG
ar .
Q)
g - -
]
D
[\
—
Y,
V)]
o
EE "Z2h ‘¢ ESTEB- S>-Y3Id 021 TO3d4 430LND H3IALIA V@
QAYMA0 4 31AAIW *NOILUATIIIOOE 3004 L5377 31DIH3A S TANNYHD

1Ld0ddNS IJTIYUNIWNT ANY (94) LIGEYY MA U dJO0 LOUdWI 33¥93d St A3IILS MO
S8BUS -B8hT WNN LS3L 9EQC@-0-1I8-18H41AJ AFJGHWNN LOYALINGQD "ONI *Q0OSN3

. 34




QO °SLS

(09 SSB1) HYS) JEdY OTPPIW ‘UOTIJBJST900Y J0OG 3387 STOTYSA
SANQOO3ISTIIIW “3IWI L

*12 9an81

QO °'ORS QQ°'S2h 0 'esE o‘sL2 QG " Q292 ©0°s21 Q2" as ®®.mml_
n
Ul
l\V}
S
[\
!
b—
~
o
IIgp)
QM
(M
(.
M
b
S5
. —
SO —
@)
\ =z
—)
n o
[V BN
(R
Q
o
()
r—
n
U1
S
Se 91 f rLETET- S>Y3d (2] 93484 4404ND AJILI9 ©

d"3d 3NQAIW NOILYAZIIIOON 2004 L4371 310 IH3A

1804dNS FAIGNIWNT ONY (92) LI98Y93 MA Y 40 LOWUdWI

L TINNGHD
333930 Sh Qg33d4s MQON

28YS-69hT WNAN L1S31 8EQRO-O-I8-18H41Qd J3GHWNN LOHALINQD "ONI *QOSN3

.35



- (09 SSBID HVS) Jo3IUd) 4dMOT ‘UOT3BJUBTEODY Ja00( 3JO7 OTOTIYS) ‘22 ouns1g

SANOOISTIITIW "3IWI L
QO ’'SLS QO Q0SS QO 'S2h 0O °'QSE QO °SL2 VLRI Q0 °'Sa1 PO " S Q@O°'S2-

t
mn
U
Q
Q
[
1
[
a1
. D
SO
SO
M
_|
1 1M
—
D
>3
@[
SO
=
\
—)
n G
[V 2N
S -~
’ a1
a S
[y,
[\
—
M
Ui
Q
he " hs ‘ oh 821 - S>4Y3d 201 "O334 440LND 23114 O
23LNID 33IMOT NOILYATIIFOOH 3004 L4371 3IIDIHIA 8 T3INNEHD

1LJQddNS JATUNIWNTT INY (924) 1198Yd MA U 40 LIOUdWI 33349343 Sh d33dS MO
eBUS -B9hl WNN 1S31 SERLe-O-I8-I9QH41A AIJBHNN LOUALNQOD *ONI *OOSN3

- 36




(081 SSB1D FYS) SIXY X ‘UOTIBUST800Y °*H°) STOTUSA

SANOODISIT ITIIW “3IWI L

‘€2 2uandiyg

|

W

Q

()

Q

!

)Y}

S

oD

O
P
M
—

11T

—

K

< —

@Tl..
O
pd

®

S
€)]

—

)

(o]

[\

n

V]

[\

()

Q3 °"SLS 90 " QOS OS2 h DT LOSE @S L2 23 ° 002 28 °s521 0O "9SS @0 °'S2 -~
, I |
A AL L, } > PAY > p Al 3513?7 b—_ u=== >D:

P ~<F RS W <ﬂr_~ i ( ,_C).JC e VAN RYAAA .Jaac:{ <q= :.4 Q:ii

8h°S ‘' EE"Z21- Sy-E3d o@E "03d¥4 4401ND A3LTIIL

SIXE X °NOILYA3ITIDOH *9 *D2 IDIHIA TINNYHD

1240ddNS JFJIGNIWNT ANY (84) LIGEYHd MA Y 40 1OYdWI 3I32493d St Q9334dS MOl

c8YUS-B9HT WNAN 1831 SEBR2-0-18-19H41Q AdIJGWNN LOYUAINQD "ONI *GOSN3

.37



(081 SSBID @VS) SIXY X ‘UOT3BU81000Y *H') OTOTUS) "2 odnS14

SANQOOSISTIIIW"3IWI L
@Q°SLS QQ'QOS Q0 °S2h @Y QSE ©O°S/LZ2 ©2°'ee2 00 'S Q" 0S Q- 32 -

- 38

|
)
)
S
)
|
TV
)
oD
<O
@
M
I
R
| R
D
< —
@I
8]
=
- . A AT TOP I V.U [ WANPY N E& | i U
fASd T Tt Y SOV TAALL s pee /\Crﬂ.‘)\:\)»..\ S<<w\=céd<qgi YU Ecd( 1] ﬁ T : T @O
ST
€p)]
—
)
)
<
n
W]
]
<
@E" LT * gerse-~ Syg3d POE "93¥4 S40LND AF LI A
SIXY A ‘NQOILYA3IIFIONY °*9 *D JIDIHIA z TTINNGHD

130ddNS JHIGNIWNT ONY (94) LIF8YA MA B J0 1OHAWI 338930 Sh A33ds MO
SBUS-B9h1 WNAN 1S3L QERLe-0-18-T189H41Qd HIAGWNN LOUHALINQOD "ONI "OOSN3




(OBl SSEBLD HVS) SIXY 7 ‘U019BU81900y °*H *D 9TOTYSA *Gz eundig
SANOJ3IST T1I W "3WTI L

B/ > L Al

gﬁ'
——— ]
——
[
—— )
 S———Y
?
=
=

S Ead e R A

Sh™'81 ‘ tL BT~ S>MY3d Pt ‘0344 4301ND A3L71T 4

SIXY Z °*NOILYAIIFOOY 9 °O5 JIDIHIA € TINNYHD
. o 1d0ddNsS MMHEZHZD.J ANY (94) 1I88Hd MA d J0 LOUdWI 3I3JA93Q Sh 43IALS MO
| 28YS-BSh1 TWNN LS3AL 9EPRe-~-3-18-T19H4LQ JYIGWNN .PO.¢N:.ZOU "ONI *0OOSN3

QO °SLS ©O Q0S5 Q0 S2h QO 'RSE ©V°'SL2 ©0°'ee2 00°'S2T QQ 'S ©°'sS2-

00 "9~ Q9 Q€E-

00°Q1-
(S.9) NOILlPd313304

Q9

00" 01

00° a2

39



(081 SSBID J¥S) SOXV X PUE ¥ ‘UOT4BUOTE00Y *DH *) a{oIysp

.®®.mm.m @9 BYS ©9°SZh

SANOOIST 1T W "IWI L

@O "9SE QO°SL2 ©0 902

‘92 24nd1yg

2 521 Q9 °90S OS2 -~

1 "8Z ¢

28YS -B9hT

e e SHMY
S3IXY A ANY X

3dd
*ANHLTINS3Y NOILYAIIZO0HY -9

|42 0344 5401LND A34LI S

"3 3DIH3A

17

TIINNGHD

1L30ddNS IHIGNIWNT AONUY (84) LIg989Yd MA Y -0 LOUdWI 3324930 S+ Q33d4S MO

WNN 1S3L

8EeeL-O-18-18H41Q4

JIGWNN LOYANLINQOD

"ONI *OOSN3

A
[\V]
L
(AN
®
[\
D
O
)
m
—
—m
®
D
pga
O
=z
b~
SO
Sw
w
[\
(A
<
r
(AN
(o]
[\

40




(081 SSB1D 3YS) SIXY Z pue g *x

.:oﬂumgmﬁwoo< D 0 9101y8)p

SANOOJO3IST 11 W "AWI L

*leg eun31g

QO S[SLS QT 28s L "S2h QY " L39E QO TS LS 0 Qo2 Q0 'S2T B 0S5 00 S22 -
—
[\
[\
(W}
®
g)%)\{r\rg E{g N
D
(D)
O
™
—
— M
S0
~ D
4
O
Y P
8)
v @9
[,
[,
(W]
Q
i
[\
(O]
(R
L2 "8B2 ‘' ST @ SHxg3d QQE "03IVLd 43401LND A3LT S
S3XY Z ANY A X °*LNHLTINS3N NOI1dd331300H *9 °*2 3IDIH3A (7] AINNGHD

1240ddNS INIGNIWNT
c8US-BSh1T WAN L1Ls31

NG (94) L199Yd MA U 40 LOYdWI

3349340 Sh d33dsS MO

Q€0 -D0-18-19H4LQ AIBWNN LOHHINQD *ONI *QOSN3

41




(081 SSB1D HAYS) a93ua) Jaddp ‘uorjedsisdoy J00(Q 33877 ®IOTYap *ge 9J4ngi1d

SANOS3IST I1IIW "3IWI L
QY "SLS Q@5 20°352h 09 '95SE QO 'SLZ @002 0 °"S2T1 QYRS ©9°s2-

i
v
gl
(&)
[\
[
|
o
A
D
SO
QO
™
_.I
y I
— 20
)
&3
@[
OO ~
et <y
, |
4 sy
o
a .
T LV AVYN (VS ol VRN, SV 1 W VY| gL
@(
Ul
[\
]
S
—
o
al
[
Ot "ROT * Egs8- SHMU3Id 21724 "RIHAd 4401LND H31L1I14 D
AIINID dA3ddN *NOI1LYda3130DH H0043 1437 IIDIH3A S T3INNYHD
1L30ddNS JATYUNIWNT ANY (94) 1I499Yd MA o HO LOHdWI 332493d S+ d33d4Ss MO
c8HS -B9Hh T WNN LS3L QEQR-D-I8-19H4d1Q AIFGHWNNN L1OYAJINQOD *ONI *QOSN3




(081l SSEL1D HVS) bJBMIOJ OTPPTW ‘UOT4BJSTS0DY J00Q 3387 ST0TYSA ‘62 oandig

. SANODO3ISTITTIW "3WI L
00 'S2h ©Q°'RSE ©O°'S/L2 0'ee2 ©8°SsS21

QO °*'SLS 00 oS

'S QOS2 -

—————

HS " 86 ¢ s8-sze- S>MU3d

2B8US ~-69hT

AdYME0d 3TIATIN

@oFE
‘NOILYA3T13008 4004 L4377 JIDIHIA

0344 430LND HW3ILIA

9

13NNYHOD

130ddNS JJIYUNIWNT ONY (94) LI1498Yd MA U 40 LOUdWI 33493A S+ 43345 MO
9EREe-D2-1B-19H4LQ A3GAWNAN LOYHINQD

WNAN 1S31

"ONI *O0SN3

I
Y
Jl
[\
S
(W]
|
—
~
I
)
OO
m
[
1 [T
.
SD
&3
@[
SO
=
_ Faamn Y
mn
ne?
N
O —
(A
(&)
[ao
[
—
r
[ex}
(2}
(W]

43



(08T SSB1D dVYS) JBOY SIPPIW ‘UO13BJUST80DY J400(Q 3§97 OTOTUSA *QFf 2Jn8T4

SANOD3ISTTIIW " IWI L
QO "SLS ©Q'ORS Q0 °S2h 0Q°QSE QO 'SL2 ©Q°'ee2 Q0 'Sl Qo °'0s ©o's2-

mn
N
S
®
Q@
|
—
~
s
QO
SO
m
—
1 1T
— 0
QD
N
Q— -t
O <
L} z
_\IJ
nco
Ul
%éxf\zd\f@ \5?\4/? SN
J.\/));/\J\(Lﬁ\‘é S —
U
S
®
S
| e
r
U1
I~
a1 " LE feL hE- s>QY3Id L “93INE 4H0LnD H3L1I4 D
AY3Y IIQAIW *NOILYA3INIDOH 3004 14377 IIDIHIA 4 TTIANNGHD

1LA0ddNS FaAIGUNIWNT dNW (S4) 1Ig8Ya MA H 40 LOWUdWI 332930 S+ Qg33d4dSs Mo
2B8US -69h1 WNAN 1S31L ggeee-0-18-18gH4LJd d3TWNN L1OUHLINOD "ONI "OOSN3




(081 SSB1D HYS) 493Ud) udMOTT ‘UOT4BUDT80OY JOOQ 3o 9TOTYaA

Y "SLS ©0 QY5

SANOO3ISTNITIW "IWI L

RO "S2h ©9°'0SE QOS2 OO0 Q02

Q0 Sl

1€ suandty

RO 'S e se-

] W™, P i g AN

hS L8 ¢

cBUS -69hT

Er-o1z2-
A3.L
130ddNs
WNN 1831

S>JY3d

N3D 23MO7T *NOILYA3IIIOOE AJ00d L4371 3ADIHIA

QeE

"03dd4 4400ND FILOIS
8 T3INNGHD

JAIYNTIWNT NG (94) 1189038 MA Y 40 L1OUdWI 333930 SHh d33dJS MAT
AFBWNN LOUAINQOD *ONI *0OSN3

QEERO-O-18-19H4LQ

0Qa° oS-

i
f

02" SLT-

20°'0Q1-
NO[ L5d313030

20" S2-
(S.9)

Q" 29

9a° 521

- 45




TABLE 11

VEHICLE VELOCITY AND MOMENTUM
CHANGE OCCURRING DURING IMPACT EVENT

SAE Class 60 Data? SAE Class 180 Datab

X Axis -3.60 mph -3.60 mph
Y Axis -5,21 mph -5.22 mph
Mg V(30.0 mph) 552 lb-sec 552 lb-sec

1 mph = .44704 m/sec

NOTE: a. Time duration used for integrating acceleration data
based on 12 in. lateral flail space distance for hypo-
thetical occupant using filters set for SAE Class 60.

b. Time duration used for integrating acceleration data
based on 12 in. lateral flail space distance for hypo-
thetical occupant using filters set for SAE Class 180.

Analysis of the impact velocity of a hypothetical front seat
passenger against the vehicle interior, calculated from the ve-
hicle accelerations and a 12 in (0.30 m) lateral displacement,
yielded the results shown in Table 12. A hypothetical front seat
occupant would have impacted the interior of the vehicle in the
lateral direction at an approximate impact velocity of 7.6 ft/sec
(2.33 m/s) based upon data filtered at both SAE Class 60 and 180.
This lateral impact velocity is within the design limit of 20
ft/sec (6.10 m/s) specified for other forms of highway safety
appurtenances in NCHRP 230, Further, this 1lateral impact
velocity is within the limit of 30 ft/sec (9.14 m/s) specified
for occupants in FMVSS 214 and by reference in NCHRP 230.

The highest ride down acceleration after the hypothetical front
seat passenger impacted the interior of the vehicle was -1.14 g's
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TABLE 12

LATERAL IMPACT VELOCITIES AND RIDEDOWN ACCELERATIONS OF
HYPOTHETICAL FRONT SEAT PASSENGER EVALUATED IN ACCORDANCE WITH
NCHRP 230 USING TEST DATA FILTERED AT SAE CLASS 60 AND 180

SAE Class 60 Data SAE Class 180 Data

v = -7.642 ft/sec v = -7.649 ft/sec
t( v) = .16138 sec t( v) = .16125 sec
dmax = -1.14 g Qnax = -1.19 g
t(amax) = ,22863 sec t(amax) = .22813 sec

1 £t/sec = .3048 m/s
1 £t = .3048 m

occurring at 228.6 ms and -1.19 g's occurring at 228.1 ms using
10 ms averages of the lateral acceleration data filtered at SAE
Class 60 or 180, respectively. »Both of these ride down decelera-
tions were within the design limits of 15 g's specified in NCHRP
230 for lateral inpacts into other forms of highway safety appur -
tenances.

7.3 COMPARISON OF PREDICTED RESULTS TO TEST OBSERVABLES

Several comparisons between the observable and predicted data can
be made from the results of this test. Basically, the impact
of the vehicle and luminaire support can be separated into three
phases:

l. Crushing of the automobile with insignificant
motion of structure being impacted.

2. Activation and completion of the breakaway fail-
ure mechanism.

3. Acceleration of structure by the impacting ve-
hicle.
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These three phases are shown graphically in Figure 32, The ex-
pression for the momentum change in the three phase description
is given by:

t3
Mav = [ .~ F dt
0
t t t
_ 1 3 3 _
= fo Fat + [ ° Fdt + jtl (F, - Fpdt
t t
-1 2 3 _
= [o Fedt + [ 0 P at + ftl (F, - Fp)dt
4
2 Il + I2 + 13

where the terms in the above equation are given in Figure 32.

-
The downstream speed and rotational rate of the luminaire support

can be related to the third phase of the vehicle momentum change
by the following:

§ = i1
cg ~ M_ "3’
9 P
lD
and g = fl I3
P
where xc = longitudinal velocity of the luminaire
9 support c.qg.,
é = rotational rate of luminaire support,
DI = impulse level arm during Phase 3,
Mp = mass of luminaire support,
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Figure 32. Graphic Representation of Three Phase

Analysis of Momentum Change Occurring
During the Impact of a Vehicle with a
Breakaway Support
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o]
It

mass moment of inertia of the luminaire support

and 13 momentum change occurring during Phase 3.17

From the film data xcg = 13.11 £/s (3.996 m/s) and 4= 1.88 rad/

sec. Using these two numbers the momentum change occurring
during Phase 3 is given by

408 lb-sec (1815 N-s)

. I
or I, =686 B
Dt

403 l1lb-sec (1793 N-s).

The average momentum change associated with the third phase of
the vehicle momentum change is 406 lb-sec (1804 N-s).

The change in vehicle momentum occurring during the first and
second phases of the impact eveni can be found by subtracting the
third phase momentum from the total momentum change, i.e., I1g2 =
Ip - I The vehicle change in momentum occurring during the
second phase depends upon the energy dissipation caused by the
breakaway fracture mechanism and the velocity of the vehicle at
the moment of breakaway.5 The change in momentum during the
first phase is calculated by subtracting the change in momentum
during the second phase from the total of the first and second
phases, Iy = I142 - Iz, The results of this analysis for accel-
eration data filtered at SAE Class 60 and 180 are shown in Table
13, '

7.4 "HEAD INJURY CRITERIA EVALUATION

The data obtained from the three accelerometers located in the
head of the occupant during the test were filtered at SAE Class
1000 and combined to yield a resultant acceleration occurring

50



TABLE 13

EXAMINATION OF THE MOMENTUM
TRANSFER DURING THE COLLISION EVENT

Class 60 Class 180
{lb-sec) (lb-sec)
I, - 5522 5525
I3 = -406° -406
Il&2 = 146 146
I, = - 62 - 61
I, = 929 758

1 lb-sec = 4,445 N-s

Notes: a. Total change in vehicle momentum occurring during
the impact event evaluated from acceleration data
filtered at SAE Class 60.

b. Total change in vehicle momentum occurring during
the impact event evaluated from acceleration data
processed in accordance with NCHRP 230,

cC. Phase 3 change in momentum of vehicle evaluated from
luminaire support translational and rotational data.

d. Phase 1 change in momentum of vehicle evaluated from
acceleration data”processed in accordance with TRC
191.

e. Phase 1 change in momentum of vehicle evaluated from
acceleration data processed in accordance with NCHRP
230.

during the impact event. The HIC was evaluated in accordance
with the procedureé outlined in FMVSS 208.8
traces and resultant obtained with the use of the SAE Class 1000
(fc = 1,650 Hz) filtering techniques are presented in Figures 33

through 36. The results of the HIC evaluation calculated for the
occupant during this test is shown in Table 14. Comparing the

The acceleration

results to the acceptable limit of 1000 indicates that the col-
lision event was relatively mild and within the design 1limits
specified in FMVSS 208 and by reference those specified in NCHRP
230.
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TABLE 14
HEAD INJURY CRITERIA EVALUATED FOR FULL
SCALE CRASH TEST 1469-5A82

Driver
HIC 29
‘t(Start) 66.00 ms
t (Stop) 118.13 ms
t (Duration) 52.13 ms

7.5 OCCUPANT SEVERITY INDEX EVALUATION

The data obtained from the triaxial accelerometer packages
located in the upper and lower parts of the spine and in the
pelvis of the occupant were filtered at SAE Class 180 and com-
bined to yield a resultant acceleration occurring during the
impact event for each of the respective locations. The severity
index for each location was evaluated in accordance with SAE
Information Report J885a. In addition, the maximum resultant
acceleration whose cumulative duration is not less than 3 milli-
seconds was evaluated for each location in accordance with FMVSS
208 and by reference NCHRP 230. A weighting factor of 2.5 was
applied in the evaluation of the severity index for each loca-
tion. The acceleration traces and associated resultants obtained
with the use of the SAE Class 180 (£, = 300 Hz) filtering techni-
ques are presented in Figures 37 through 40 for the upper spine
location, Figures 41 through 44 for the lower spine location and
Figures 45 through 48 for the pelvis location. The results of
the severity index and sustained acceleration analysis are given
in Table 15. These results should not be compared directly with
the design limits for the severity index of 1000 and sustained
acceleration level of 60g specified in FMVSS 208 since none of
the accelerometers are located at the center of gravity of the
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TABLE 15

SEVERITY INDEX AND MAXIMUM SUSTAINED
RESULTANT ACCELERATION EVALUATION

%max
Location SI (Dur 2 3 ms) t(apay)
Spine, Upper 28 15.57g 75.75 ms
Spine, Lower 72 19.869g 71.50 ms
Pelvis 16 11.15g 69.50 ms

upper thorax location. These resultants are presented for rela-

tive comparison purposes only.

7.6 THORACIC INJURY EVALUATION

The data obtained from the accelerometers mounted on the ribs and
sternum within the thorax of the occupant were filtered at SAE
Class 180 and are presented in Figures 49 through 53. 1In accor-
dance with contractual requirements the following thoracic injury
parameters were evaluated for the upper and lower left rib loca-
tion and for the upper and lower spine locations using the accel-
erometer signals aligned with thg Y (M-L) axis:

Q = The maximum value of the first integral of the
acceleration trace,

V1050 = The time interval between 10% and 50% of Q,
V1090 = The time interval between 10% and 90% of Q,
RVS = V1090 divided by V1050,
and
B = in[maximm (leyl, I¥,l)]
where
Fq = net velocity change achieved over 20 ms of maxi-
mum positive acceleration, and
Fq = net velocity change achieved over 20 ms of maxi-

mum negative acceleration.
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To evaluate the above parameters the signals for each of the four
data channels to be analyzed were first filtered at SAE Class 180
using a noncausal digital filter, decimated to an equivalent
digitizing rate of 1600 Hz and filtered again using a finite
impulse response filter having a pass band frequency to 100 Hz.
The results for the thoracic injury evaluation are given in Table
1l6. Using the B parameter for the left upper rib and the models
proposed by Robbinslg, the AIS and modified AIS number for the
occupant for this full scale crash test were .75 and 0.00,

respectively.

TABLE 16

THORACIC INJURY PARAMETER EVAUATION

Q 471050 V1090 RVS B

L, Upper Rib 15.72 ft/sec 25.000ms 46.875ms 1.88 5.243
L, Lower Rib 14,49 ft/sec 25.000ms 48.125ms 1.93 5.179

Spine, Upper 23.99 ft/sec 23.750ms 415.00ms 17.47 5.405
(Y Axis)

Spine, Lower 40.14 ft/sec 43,.125ms 81.875ms 1.90 5.586
(Y Axis)

1 ft = .3048 m
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