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FOREWORD

The Federal Highway Administration (FHWA) Federal Cutdoor Impact
Laboratory {(FOIL) has always had a unique feature in its
instrumented rigid pole, which was designed to measure frontal
and side-impact crush characteristics of small passenger
vehicles. With the adoption of the National Cocperative Highway
Research Program Report Number 350 (NCHRP 350) as the new crash
test standard, and an increasing interest in vehicle collisions
with narrow cbjects, the need developed for computer-generated
finite element models (FEM) of full-size pickup trucks. This
necessitated the need for a new, larger capacity rigid pcle. A
new, taller, stouter rigid pole was designed and fabricated.
This report documents the test procedures and test results from
geven frontal full-scale vehicle crash tests between FOIL's new
rigid pole and test vehicles ranging in size from FOIL's
surrogate bogie to a full-size Chevroclet C2500 pickup truck.

This report (FHWA-RD-99-026) contains test data, photographs
taken with high-speed film, and a summary of the test results.

This report will be of interest to all State departments of
transportation, FHWA headquarters, Region and Division personnel,
and highway safety researchers interested in the crashworthiness
of roadside safety hardware.
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Michael F. Trentacoste, Director
Qffice of Safety Research and
Development

NOTICE

This document is disseminated under the sponsorship cof the
Department of Transportaticn in the interest of information
exchange. The United States Government assumes no liability for
its contents or use therecf. This report does not constitute a
standard, specification, or regulation.

The United States Covernment does not endorse products or
manufacturers. Trade and manufacturers' names appear 1in this
report only because they are considered essential to the cbject
cf the document.
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BACKGROUND

One unique feature of the Federal Highway Administration's
(FHWA) Federal Outdoor Impact Laboratory (FOIL) has been its
instrumented rigid pole. The rigid pecle was designed to measure
frontal and side-impact crush characteristics of small passenger
vehicles. The data were used to develop surrogate test vehicles,
finite element vehicle models, and vehicle safety standards. The
primary design parameter for the rigid pole was based on impacts
with small vehicles (820 kg) and 222,000 N striking the pole at
760 mm above its base. With the adoption of the National
Cooperative Highway Research Program Report Number 350 (NCHRP
Report 350) ™ as the new crash test standard for roadside safety
features and an increasing interest in vehicle collisions with
narrow objects, the need developed for computer-generated finite
element models (FEM) of full-size pickup trucks. The first step
was to collect frontal and side-impact crash test data to develop
and validate the truck FEMs. This necessitated the need for a
new, larger capacity rigid pole. The original FOIL rigid pole
was too short to accommodate side-impacts with vehicles standing
taller than 1.5 m, and not stout enough to withstand a frontal
collision from a full-size pickup truck. A new, taller, stouter
rigid pole was designed and fabricated in order to conduct
narrow-object frontal and broadside collisions using minivans,
sport utility vehicles, and pickup trucks. The design parameters
for the new rigid pole were to be able to capture the taller
profiles of pickup trucks during a broadside collision and to
withstand the force from a 2000-kg pickup truck traveling at 55
km/h, or the force required to exhaust the energy-absorbing
capacity of a pickup truck's front end (i.e., bumper, radiator,
engine compartment, firewall, etc.). The design load capacity
chosen was 1.3 MN.

SCOPE

This report documents the test procedures and test setup
followed, and the test results from seven frontal full-scale
vehicle crash tests conducted at FHWA's FOIL, located at the
Turner-Fairbank Highway Research Center (TFHRC) in McLean,
Virginia. The frontal collisions were between FOIL's new large
instrumented rigid pole and test vehicles ranging in size from
FOIL's surrogate bogie vehicle to a full-size Chevrolet C2500
pickup truck. Two FOIL bogies, two Ford Festiva's, one
Volkswagen Rabbit, one Ford pickup truck, and one Chevrolet
pickup truck were accelerated to varying speeds before striking
the large rigid pole. The series of seven crash tests served
multiple purposes, with the main objective being to get the new
larger capacity rigid pole operational. The multiple objectives
of these tests were as follows:




° To verify that the delivered rigid pole met the design
specifications visually and structurally and that all
sensors delivered with the pole were in working condition.

® To ensure that the larger diameter of the frontal impact
face did not produce different crush characteristics in
vehicles previously tested against the old, smaller rigid
pole.

® To gradually build up the force on the rigid pole using
increasingly heavier, faster vehicles. This was to observe
different compecnents of the pole to ensure their ability to
withstand the peak design load.

o To collect force-deflection or crush characteristic data for
a Chevrolet 2500 pickup truck. Force-deflection data are
used by the FEM simulation community to develop and validate
vehicle FEMs.

The results from the crash tests indicated that the rigid
pole was operational and structurally sound. The two FOIL bogie
tests and two Ford Festiva tests showed that the new, larger
diameter pole did not drastically change the force-deflection
characteristic of each respective vehicle. The pickup truck
tests showed that their front-end energy-absorbing capacity was
exhausted at a test speed of 48 km/h. The large rigid pole was
capable of withstanding the force from this collision and the
data supplied simulation engineers with the information needed to
develop and validate a FEM of a full-size pickup truck.

TEST MATRIX

Seven crash tests were conducted on FOIL's new, higher
capacity rigid pole. The tests were conducted using vehicles
that varied in size and weight and were traveling at different
speeds. Table 1 is the test matrix for the seven rigid pole
tests. The two FOIL bogie tests were conducted as a means to
impart the first dynamic load on the rigid pole. They were also
conducted to ensure that the force-deflection characteristic
produced did not differ from previously conducted bogie tests on
the old rigid pole. Following this rationale, the two Ford
Festiva tests were conducted. A centerline test and a %-point
test were conducted to ensure that force-deflection
characteristics at different locaticns were not affected by the
increased diameter of the new rigid pole. The Volkswagen Rabbit
test was conducted as a means to impart a greater dynamic load on
the rigid pole. The Rabbit was ballasted up to 907 kg and was
accelerated to a nominal speed of 53 km/h. The heavier, faster
Rabbit imparted a force on the rigid pole greater than that
produced from the lighter, slower bogie and the Festiva vehicles.
After verification that the rigid pole withstood the collisions,
the pickup truck tests were conducted. The first truck, a Ford
F150, was ballasted to 1941 kg and was accelerated to a nominal
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speed of 45 km/h. The rigid pole withstood the impact and the
Chevrolet pickup truck test was conducted. Because the Ford
F150's front end was completely collapsed by the rigid pole, only
a slight increase in speed was implemented during the Chevrolet
2500 pickup truck test. The Chevrolet C2500 pickup truck had a
mass of 2051 kg. An uninstrumented dummy was placed in the
driver's seat of the Chevrolet C2500. This was done to observe
the dummy kinematics during an impact with a narrow fixed object.
A dummy was not used in the previous six tests.

Table 1. Test matrix for the 300K rigid pole.
96F008 | 4~24-96 | FOIL bogie 35 839 Center
96F009 | 5-15-96 | FOIL bogie 37 839 Center
96FP010 | 5-22-96 | Volkswagen Rabbit 53 907 Center
96F011 6—05-96” Ford Festiva 35 820 Center
96F012 | 6-18-96 | Ford Festiva 35 816 Driver

L-point
96F014 | 7-11-96 Ford F150 pickup 45 1841 Center
86F015 | 7-26-96 Chevrolet C2500 48 2051 Center

pickup

TEST VEHICLES

The test vehicles included the FOIL surrogate bogie vehicle,
a 1979 Volkswagen (VW) Rabbit, a 1988 and a 1990 Ford Festiva, a
1981 Ford F150 pickup truck, and a 1994 Chevrolet C2500 pickup

truck.

The FOIL bogie vehicle uses a honeycomb material in a
sliding nose to simulate the crush characteristics of an 839-kg
small vehicle — more specifically, a 1579 VW Rabbit.® The
height of the bogie vehicle's nose was 444 mm, which corresponds
to the bumper height of a VW Rabbit. Figure 1 is a sketch of the
bogie vehicle. Figure 2 depicts the honeycomb configuration used

in the two bogie tests.
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An old, rusted 1979 VW Rabbit was used as a means to impart
a high dynamic load on the new rigid pole. All fluids were
drained prior to testing. No vehicle components were removed
from the vehicle. Data acguisition eguipment, sensors, guldance
system components, and ballast were added to the vehicle with the
final mass of the Rabbit equaling 207 kg. The bumper height of
the Rabbit was 444 mm. Figure 3 is a sketch showing the physical
parameters of the VW Rabbit.

The 1988 and 1990 Ford Festivas were two-door hatchbacks

with manual transmigsions. Pricr te testing, all fluids were

drained. The vehicles were stripped of certain components To
allow for the installation of data acquisition eguipment,
sensors, a remote braking system, and guidance system components.
No components were removed from the engine compartment. The
target test mass for the vehicles was 820 kg. An anthropomorphic
dummy was not placed in the vehicle. Figure 4 shows the physical
properties and dimensions of both model years.

The Ford F150 pickup truck was used as a means to impart a
higher dynamic lcad on the rigid pole than typically observed by
passenger sedans at low speeds. The fluids were drained and the
longitudinal and lateral location of the center of gravity (c.g.)

J— A : :
was determined prlor to and agaln affter instrumentaticn. No

components were removed from the truck. Data acguisition
equipment, sensors, and guldance system components were installed
in the truck and the final weight was determined. The target
weight was 1950 kg. The weight is greater than passenger sedans,
but lower than a full-size pickup truck as specified in

NCHRP 350. Figure 5 lists some physical parameters of the Ford
F150 pickup truck.

The truck specified in NCHRP 35C has a test weight of
2000 kg. A 1994 Chevrolet C2500 pickup truck was used to load
the rigid pcle with a higher peak force than the Ford F150. The
fluids were drained and the longitudinal and lateral locaticn of
the ¢.g. was determined prior to and again after instrumentaticn.
No components were removed from the truck. Data acquisition
equipment, sensors, and guldance system COMpPONEnts were installed
in the truck and the final weight was determined. A dummy was
placed in the driver position and was restrained using the belt
restraining system within the truck. The dummy was not
instrumented; it was used for ballast and to observe cccupant
kinematics. The target test weight was 2000 kg. Fully
instrumented, the Chevrolet C2500 weighed 2051 kg. With one
uninstrumented dummy, the test weight of the vehicle was
2128 kg. Figure 6 shows the physical parameters of the Chevrolet

C2500 pickup truck.
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DATES:_JUNE 15 AND 22, 1996 TEST NUMBERS:__96F011/%6F012 MAKE:____EORD
MODEL:_FESTIVA, YEAR:_ 1988 AND 1990 ODOMETER : GVH:
TIRE SIZE: VIN NUMBER: TREAD TYPE:
MASS DISTRIBUTION: CURB: LE___241 RE___ 231 LR___144 RR__127
TEST INERTIAL: LF___ 238 RE,___262 LR__ 147 RR___173
DESCRIBE ANY DAMAGE TO VEHICLE PRIOR TO TEST:
— =2 ENGINE TYPE:_4 CYLINDER
E H
Ll IL—= A T ENGINE CID
RANSMISSION TYPE:
w WHEEL @ MEHICLE J— T I o]
TRACK
l CEMTERLINE l TRACK AUTO
1 —
= (— ) / ‘fE;L\u > X_MANUAL
L5 A . OPTIONAL EQUIPMENT:
TEST INERTIAL C B,

. R
TREDA  —*T"_ / $ \
WHEEL DIA 0

DUMMY DATA:
f
L "] J TYPE:

1 = PR A

I L] ] YA =K MASS:

RN (m iz | | N 1 U

\\_ H SEAT POSITION: _
Loy =~ i
} B8 c E
VH'- Vug
F
GEOMETRY
A__155§ E_ 521 J__ 953 N__ 1397 R
B___673 F__3531 K__ 548 O___ 1403 s
C__ 2305 G___876 L___102 P 533 T
D__1454 H___533 M___ 408 Q ags u
TEST GROSS

MASS CURE INERTIAL STATIC
My —tT2 500
M, 271 320
My —T43 —820 P

Figure 4. Vehicle properties for tests 96F011 and 96F012.




DATE: _JULY 131, 1896 TEST NO: 96F014 TIRE PRESSURE: 50 _psi MAKE:___FORD

MODEL:_F-150 YEAR: 1881 ODCMETER:_ 163,415 km GVW:___ 2768 kg
TIRE SIZE:LQR15 VIN NUMBER: 1FTEF]SESBNAZ3Z16 TREAD TYPE:__ ALL-TERRAIN
MASS DISTRIBUTION: CURB: LF, RE LR RR
TEST INERTIAL: LF RE, LR RE
DESCRIBE ANY DAMAGE TG VEHICLE PRIOR TO TEST:
RUST
[ —
=0 ] .. ENGINE TYPE: IN-LINE 6 CYl,
ENGINE CID:__ 4.9 LITER
N WHEEL o, VEHICLE o Vet
TRACK % X CENTERLINE TRACK TRANSMISSION TYPE:
r = ____AUTOC
N B s S\ P 3
< —— %_MANUAL
OPTIONAL EQUIPMENT:
TREDA  ~—r—p — TEST INERTIAL C.M.
WHEEL DiA —

;
| DUMMY DATA:
J f* . {770 I D
K T Vj — s J(&) | H TYPE: _N/A
L ANG . . 1
MASS: _MN/A
B ¢ E SEAT POSITION: N/A _
M, M,
F
GEOMETRY
A__1905 E__ 135 J_. 1145 N__ 1540 R
B 790 F__4305 K___ 585 O___1640 s
C__ 3380 G__N/A L___ 890 P___735 T
D__ 1185 H__N/A M__ 335 Q___ 380 Y
TEST GROSS
MASS CURB INERTIAL STATIC
M,
M;
My 1046 1946

1 psi = 6.89 kPa

Figure 5. Vehicle properties for test 96F0l14.




DATE: 7-17-96 TEST NO:_96F015 TIRE PRESSURE:_ 40 psi MAKE: __ CHIZVRGLET
MODEL:_CZ500 YEAR: 1594 ODOMETER:___ 35,667 km GVI: 4473 CURB
TIRE SIZE: Z75/80-16 VIN NUMBER: LGCGCZ4K3RELDZ616 TREAD TYPE:_SMOQTH
MRSS DISTRIBUTION: CURB: LE 601 RF 537 LR 383 RR 508
TEST TNERTIAL: LF 522 RE 645 LE 541 RR 344
DESCRIBE ANY DAMAGE TO VEHICLE PRIOR TO TEST
TAILGATE HAS 2 DENTS IN TOP
— T T ) ) ; ENGINE TYPE:_ GAS VB
I % ENGINE CID:__ 350G
A N WHEEL - VEHICLE 0 WHEEL .
TRACK kle CENTERLINE TRAGK TRANSMISSION TYPE:
H « NN ___AUTO
B P — |
) X_MANUAL
OPTIONAL EQUIPMENT:
TIRE DIA —-r—pP "j TEST INERTIAL C.M.
AC, CARGO LIGHT
WHEEL DiA ) .
L ( Q TOW _PACKAGE
F
\ QY/ ] DUMMY DATA:
1 1
J — ~ RN i D TYPE: UNINSTALLED FRONTAL
E ;fcj (j \ e Juég)t H ‘
; IMEACT DUMMY
I Nyoe |
S:_ 17
k__B ¢ E MAS KG
M, M,
! F SEAT POSITION: DRIVER
GEOMETRY
A 1835 E__1295 J___ 1168 N__ 1807 R
B 895 F__5558 K 648 01607 S
G____ 3391 G__ 1473 L 35 P 737 T
D__ 1§42 H M 432 0 432 u
TEST GROSS
MASS CURB INERTIAL STATIC
M, 1138 1167 1210
M, 891 885 919
M, 2029 2051 2128
1 psi = 6.82 kPa
Figure 6. Vehicle properties for test 96F015.
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300K RIGID POLE

The functional purpose of the new rigid pole remained the
same as that of the older, smaller rigid pole. The poles were

fabricated to measure vehicle crush properties. Frontal and side

s o s . : . .
crush characteristics can be determined using either rigid pole.

However, the older, smaller rigid pole was not tall enough to
capture the side profile of trucks, vans, and sport utility
vehicles, nor was it stout enough to withstand a frontal impact
from the same larger vehicles. The design locad for the older
rigid pole was 222 kN, striking the pole 760 mm above ground. A
new, taller, higher load capacity rigid pole was designed and
fabricated. Using computer simulation analysis, the design load
chosen for the new pole was 1.3 MN, striking the rigid pole

890 mm above ground. The new rigid pole design utilized the same
design concepts of the old rigid pole. Each pole consisted of
four major structural components: (1) the impact faces (frontal
and side-impact configuration); (2) the connecting rods to
transfer the load from the impact faces to the load cells; (3)
vertical box beam, which is the main structural element; and (4)
a rear brace and strut to tie the main concrete foundation to an
auxiliary concrete foundation. The old rigid pole was
constructed using ASTM A36 steel, while the new pole was almost
entirely constructed from ASTM AS572 steel (a 39-percent increase
in the steel yield strength). Each rigid pole utilized
Interface, Incorporated load cells to measure the forces on the
rigid poles. The side-impact configuration of the rigid pole can
use either 111-kN or 222-kN capacity load cells at any location,
as in the old rigid pole. The old rigid pole used the same load
cells in the frontal configuration. However, the capacity of the
load cells used on the new rigid pole in the frontal impact
configuration had to be increased to 445 kN to accommodate the
anticipated dynamic load from a full-size pickup truck. Table 2

summarizes the differences between the two rigid poles.

a
4

Table 2. Rigid pole comparison summary.

Height Pole Design Design Number of
(ram}) system load load (kN) impact faces
weight (kg) height and load cells
frontal {mm)
Frontal Side-
impact
0ld rigid pole 1525 095 760 222 1/ 2 3/ 6
300K rigid pole 2135 1860 890 1335 1/ 2 4 / 8

The old rigid pole's frontal and side-impact configuration
impact faces were comprised of reinforced semicircular 205-mm
extra-heavy-walled steel pipe (220-mm outer diameter). Three
faces were used for the side-impact mode and one longer face was

11




used for frontal impacts. The cross-sectional area of the faces
was 4032 mm’ Each face had a shear strength of 605 kKN (using
zbu~N/mm. steel, ASTM A36). The new rigid pole was designed
using 255-mm- dlameter so0lid semicircular steel impact faces for
side-impact and a 205-mm x 125-mm steel block nested inside a
notched 305-mm-diameter solid semicircular face for frontal
impacts. The cross-sections fer the new pole's impact faces were
25,160 mm’ (side-impact) and 52,000 mm° (frontal). The shear
strength for the new pole's faces increased to 5.2 MN (side-

impact) and 10.8 MN (frontal), using 345 -N/mm° steel (ASTM A572).

Two connecting rods per impact face were used to transfer
the impact load from the impact faces back to the load cell
attached to the rear of the rigid poles. The old pole utilized
50-mm—-diameter rods for both frontal and side~impacts. The new
pole utilized longer 50-mm-diameter rods for side-impact and
75-mm-diameter rods for frontal impact configurations. The
critical buckllng stress (F.) for the side-impact rods in the new
pole was 248 N/mm’ for a load capa01ty of 500 kN per rod. The
75-mm rod used for frontal impacts in the new pole had an F.
equal to 293 N/mm° for a total load capacity of 1.3 MN per rod.
All rods in the new rigid pole were fabricated using ASTM AS572
steel. The load capacity of the rods was sufficient to withstand
the anticipated load from the Chevrolet C2500.

The vertical box beam is the main structure for both rigid
poles. The vertical box beam of the old rigid pole was
constructed from two 12-mm steel side plates welded and bolted to
four C180-mm x 14.6-Kg/m channels. The cross-sectional area and
area moment of inertia (IS) of the box section was approximately
21,290 mm’ and 4.2 x 10° mm’, respectively. All steel used to
fabrlcate the o0ld vertical box beam was ASTM A36 steel. The
vertical box section of the new rigid pole retained the general
concept. However, the side plates were fabricated from 20-mm-
thick plate, and the end channels were replaced using a 50-mm X
205-mm plate in the front and a 75-mm X 205-mm plate in the rear.
Each of the inside channels of the old pole design were replaced
u51ng two back-to-back C205-mm x 28- kg/m channels. The cross-
sec:tlondJ_ area dnu 1.5 for the new pole design increased to 64,200
mm’ and 3.5 x 10° mm’. The maximum bending stress on the vertlcal
box beam from a 1.3-MN load at an elevation of 890 mm was 50
N/mm’. The shear capacity of the vertical box beam is 13.3 MN.

To reduce the coverturning moment on the vertical box beam, a
rear brace was fastened to the beam and the rear auxiliary
concrete foundation. The two foundations were tied together
using a heavy C section span between the bottom of the vertical
box beam and the rear foundation. The o0ld pole design used a
W205-mm x 22.3-Kg/m brace and a C305-mm x 30.8-kg/m foundation
strut. The new design increased the size of the brace and strut
to W205 mm x 46.1 kg/m and €380 mm x 50.4 kg/m, respectively.

12



The base of the new rigid pole’s vertical box-beam assembly
was bolted te the FOIL runway foundation using 48 20-mm grade 8
bolts torqued toc 475 N-m. Seven additional bolts were used to
boit the rear strut to the auxiliary foundation. The old rigid
pole used 12 20-mm grade 5 bolts, total.

o

x PR T o T e emmee mam A AT ot e 2T ,-...-._ e I R E =
Ketcnes ©L CThe Irnew anda o1d rigla poies are SHowlil 1l L1IgUulco
7 and 8, respectively. Photographs cf each pole are shown in

figures 9 and 1C.
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Figure 9. Photographs of new 3C0K rigid pcle
frontal configuration.
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Figure 9. Photographs of new 300K rigid pole side-impact
configuration (continued).
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Figure 10. Photographs of old rigid pole frontal configuration
(above) and side-impact configuration (below).
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INSTRUMENTATION

For each test, speed-trap, accelerometer, load-cell, and
high-speed film data were collected to measure the peak load on
the 300K rigid pole and to obtain frontal crush characteristic or
force-deflection data from a Chevrolet 2500 pickup truck.

Speed trap. The speed trap was used to determine each
vehicle's speed just prior to contact with the rigid pole. The
center of the speed trap was placed approximately 3.7 m before
the rigid pole. The speed trap consisted of a set of five
contact switches fastened tc the runway at 0.3-m intervals. As
the vehicles passed over the switches, electronic pulses were
recorded on analog tape.

Transducer data. The minimum instrumentation used consisted
of the two load cells attached to the rigid pole, a triaxial c.g.
accelerometer, and a triaxial rate transducer at the vehicle's
¢.g. The minimum instrumentation was used during the bogie and
VW Rabbit tests. The bogie vehicle tests also utilized one high-
g accelerometer inside the sliding nose weldment. In addition
to the minimum instrumentation, the Ford Festiva's, Ford F150
pickup truck, and the Chevrolet C2500 pickup truck were
instrumented as described in Federal Motor Vehicle Safety
Standard (FMVSS) 208.® The data from the transducers were
recorded by two data acquisition systems: the onboard data
acquisition system (ODAS) III and an umbilical cable tape
recorder system. Table 3 describes the FMVSS 208
instrumentation, including accelerometer locations used during
tests 96F011 and 96F012 {(Ford Festiva tests}. The location
coordinates were referenced from the right-front wheel hub, which
was 255 mm above ground. Table 4 describes the FMVSS 208
instrumentatien, including accelerometer locations used during
test 96F015 (Chevrolet pickup truck test). The location
coordinates were referenced from the right-front wheel hub, which
was 3790 mm above ground.

The ODAS III is a self-contained system. The output from
the sensors was prefiltered, digitally sampled, and digitally
stored within the ODAS units mounted directly to the test vehicle
inside the occupant compartment. The ODAS units are factory set
with a 4000-Hz analog prefilter and a digital sampling rate of
12,500 Hz. FMVSS 208 accelerometer and rate transducer data were
collected via the ODAS III system.

The FOIL umbilical cable system utilizes a 90-m cable
between vehicle transducers, rigid pole load cells, or other
sensors and a rack of signal conditioning amplifiers. The output
from the amplifiers was recorded on 25-mm magnetic tape via a
Honeywell 5600E tape recorder. After the test, the tape is
played back through anti-aliasing filters, then input to a bata
Translation analog-to-digital converter (ADC). The sample rate
was set to 4000 Hz. The umbilical cable system recorded c.d.
acceleration data, bogie nose acceleration data, and rigid pole
load-cell data.
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Table 3.

FMVSS 208 instrumentation, Ford Festiva tests.

Location Data Full (X,Y,Z) position%*
scale {mm)
1 Top of motor 2000 g 203, 648, 485
2 Bottom of motor 2000 g 200, 750, 10
3 Right control arm 2000 g 127, 64, 25
4 Left control arm 2000 g 127, 1435, 25
5 Top of instrument 2000 g -520, 750, 584 |
6 Right side under rear | 2000 ¢ -1778, 394, 140%
7 Left side under rear {2000 g -1778, 1105, 140 |
c.g. Triaxial rate 500 -787, 750, 216
transducer, deg/s
pitch, roll, yaw
c.g. Longitudinal 100 g -787, 750, 51
c.g. Lateral acceleration 100 g -813, 660, 51
c.g. Vertical acceleration | 100 g -813, 750, 102
c.g. Longitudinal 106 g -787, 750, 76
Pole Load cell, pole force | 890 kN Upper load cell 1180
mm above ground
Pole Load cell, pole force | 890 kN Lower locad cell 305
mm above ground
NA Tape switches 1.5 Runway

* Referenced from the center of the right wheel hub.

Table 4. FMVSS 208 instrumentation, Chevrolet C2500 truck.
Location Data Full (X,Y,Z) position*
scale (mm)

1 Top of motor 2000 g 0, 890, 597

2 Bottom of motor 2000 o 125, 840, -75

3 Right control arm 2000 g 138, 138, 0

4 Left control arm 2000 g 138, 1510, O

5 Instrument panel 2000 g -660, 915, 890

6 Left side in bed 2000 g -3390, 1384, 460
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Table 4. FMVSS 208 instrumentation, Chevrolet C2500 truck
(continued} .
Location Data Full {X,¥,2) position#*
scale {mm)
7 Right side in bed 2000 g -3390, 290, 460
c.g. Triaxial rate 500 -2260, 840, 395
transducer, pitch, deg/s
roll, vyaw
c.g. Longitudinal 100 g -2260, 840, 395
c.g. Lateral acceleration 100 g -2260, 840, 395
c.g. Vertical acceleration [ 100 g ~2260, 840, 395
c.g. Longitudinal 100 g -2260, 840, 395
Pole Load cell, pole force | 890 kN Upper load cell
1180 mm above
ground
Pole Load cell, pole force | 890 kN Lower leoad cell 305
mm above ground
NA Tape switches 1.5 Runway
* Referenced from the center of the right wheel hub.

High-speed photography. The crash tests were photographed

using five high~speed cameras with an operating speed of 500
frames/s. All high-speed cameras used Kodak 2253 daylight film.
The high-speed film was analyzed for impact speed and
acceleration data. In addition to the high-speed cameras, one
real-time camera loaded with Kodak 7239 daylight film and two
35-mm still cameras were used to document the test. Table 5
summarizes the cameras used and their respective placements. An
overhead layout of the test setup is shown in fiqure 11. A
pickup truck is shown in the figure; however, all seven tests
were set up in the same manner. The camera numbers in table 5
are included in figure 11.
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Table 5. Summary of camera placement.
Camera Type Film Lens Locaticn
speed {mm}
frames/s
1 LOCAM II 500 100 Right 90° to impact
2 LOCAM II 500 75 Right 90° to impact
3 LOCAM II 500 50 Right side 45° to
impact
4 LocaM II 500 50 Left side 45° to
impact
5 LOCAM II 500 10 Overhead
6 BOLEX 24 ZOOM Documentary
7 CANNON still ZOOM Documentary
AE-1
8 CANNON still Z00M Documentary
AE-1
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Figure 11. Layout of the test setup.
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DATA ANALYSIS

Data were collected via the FOIL analog tape recorder
system, including speed-trap data, the FOIL ODAS III, and high-
speed film.

Speed trap. As the vehicles passed over the speed trap,
electronic pulses from the five contact switches were recorded to
analog tape. The tape was played back through a Data Translation
ADC inside a desktop computer. The time intervals between the
first pulse and each of the subsequent four pulses were then
obtained using the analysis software provided with the ADC. The
displacement vs. time data were then entered into a computer
spreadsheet and a linear regression was performed to determine
the best-line fit of the data pcints. The impact velocity was
then determined from the slope of the best-line fit of the
displacement vs. time curve.

Transducer data package. After the test‘, data were

digitally converted and stored. The data from the tape recorder
system and the ODAS III system were converted to the ASCII
format, zero bias was removed, and data were digitally filtered
using a digital Butterworth low-pass filter. The data from the
crash tests were digitally filtered with a cutoff frequency of
300 Hz. The data were transferred to a spreadsheet for analysis.

The c.g. acceleration data were integrated twice to produce
velocity and displacement traces. A force vs. time trace was
generated by multiplying the acceleration data by the mass of the
vehicle and plotting the product with time. Acceleration vs.
time traces were plotted for all FMVSS 208 accelerometers.

The load cells measured forces at two separate locations on
the rigid pole. The two forces obtained were summed together to
generate the entire force for the event. Using the force vs. time
trace, an acceleration trace was produced by dividing the force
ve. time trace by the mass of the vehicle. Velocity and
displacement traces were generated by a single and double
integration of the acceleration trace. A force vs. displacement
trace was generated from the load-cell data. The force vs.
displacement trace depicts the frontal crush characteristic of a
vehicle for the given impact location. An energy vs. displacement
trace was derived from integrating the force vs. displacement
trace. The energy curve verifies the conservation of energy
during the test and shows the amount of energy consumed for a
given amount of deformation.

The load cells measured the forces on the rigid pole at two
separate locations. The two load cells were attached to a
single, common rigid pole impact face. Using torque equations, a
resultant load height on the rigid pole vs. displacement (crush)
was generated. This plot is important because it depicts the
location (height) on the vehicle that was producing the load.

The resultant load height varied as the vehicle crushed inward.
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As contact between different structures in the vehicle occurred,
the resultant lcocad's vertical location shifted.

- Each crash event was recorded on
16-mm film by five high-speed cameras. The camera perpendicular
to the vehicle traiectory, with a 50-mm lens, was the only camera
used for high-speed film analysis. BAnalysis of each crash event
was performed using an NAC Film Motion Analyzer model 160-F in
conjunction with a desktop perscnal computer. The motion
analyzer digitized the 16-mm f£ilm, reducing the image to
Cartesian coordinates. The Cartesian coordinate data were then
imported into a computer spreadsheet for analysis. Using the
Cartesian coordinate data, a displacement vs. time history of
each test was obtained. A linear regression was performed on the
first 20 data points of the displacement vs. time traces to
determine the impact velocities of the vehicles. The film was
used to verify data cbtained from the speed trap and rate
transducer and could be used in the event of transducer
malfunction. The film was used to observe roll, pitch, and yaw
angular displacements. The speed trap, accelerometer, and load-
cell data were used as the primary sources of data.

RESULTS

In each of the rigid pole crash tests, the test vehicles
were accelerated to within 1 km/h of the target impact speed.
The vehicles struck the rigid pole within 20 mm of the target
impact location. A summary of the test results is presented in
table 6. In each bogie vehicle test, the crushable honeycomb
nose collapsed and the bogie rebounded with a small negative
velocity. The VW Rabbit and Ford Festiva's struck the rigid pole
and the bumper, grill, and engine compartment collapsed. The
engines were forced into the firewall. Each vehicle's front
wheel assemblies were damaged, diminishing the amount of rebound.
Little or no rebound was observed during the pickup truck tests.
The trucks were severely damaged, the engine mounts and frame
were buckled. The frame and transmission mounts buckled downward
enough to make contact with the ground. The lowest load recorded
by the rigid pole load cells was 150,000 N during the off-center
Ford Festiva test, while the highest load was recorded during the
full-size Chevrclet pickup truck test (658,000 N).

Data plots from each crash test are presented in appendix A.
Photographs of the crash test taken from high-speed film and
pre- and post-test photographs are presented in Appendix B.
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Table 6. Summary of results for 300K rigid pole testing.
Data / Test number 96F008 | 96F009 | 96F010 |96F011 | 96F012 |[96F014 | 96F015
Vehicle FOIL FOIL VW Ford Ford Ford Chevrolet
Bogie Bogie Rabbit | Festiva | Festiva | F150 C2500
Pickup { Pickup

Inertial Weight (kg) 839 839 907 816 820 1941 2051
Speed (m/s) 10.3 10.5 14.8 16.1 10.3 12.4 13.3
ITnitial Energy (kJ) 44.2 46.7 99.3 42.2 43.1 150.3 181.8
Peak Acceleration (g'sj:

Accelerometer 23.1 30.5 63.3 37.5 35.1 130.7 32.7

Load Cell 24.5 27.6 44.1 23.6 18.8 35.0 43.0
Peak Force (KN):

Accelerometer 180 251 564 303 281 2489 658

Load Cell 201 227 393 156 156 673 864
Displacement (mm):

Accelerometer 660 660 850 520 530 1790 920

Load Cell 590 680 750 490 500 790 800

Film 688 685 784 361 538 888 830

Static 622 630 790 370 5486 875 B15
Work Fed (kJ):

Acceleronmeter 43.8 46,2 97.5 40.9 41.9 143.4 179.9%

Load Cell 43.8 46.7 97.4 41.2 42.8 149.5 180.3




CONCLUSIONS

The contractor delivered the rigid pole assembled in the
side-impact configuration. The pole was installed in the FOLL
foundation pit to ensure proper alignment and fit with the
existing FOIL foundation. The pole was disassembled and then
assembled again in the frontal configuration. The rigid pole
parts came apart and fit together well. Each lcad cell cdelivered
with the rigid pole mounted correctly and was in good working
condition. The new, larger capacity rigid pole met the specified

fabrication criteria.

(oR

The crash tests into the rigid pole used vehicles varying in
size and weight. The test speeds for the tests varied from
35 km/h to 48 km/h. The force on the pole varied with the weight
and speed of the test vehicle. The speed and weight of the test
vehicle were increased from test to test to gradually build up
the forces on the pole. The pole withstocd the impact forces
from all vehicles. The impact speed required to exhaust the
energy-absorbing capacity of a full-size pickup truck was
determined to be 48 km/h. The peak force observed during this

test was 658,000 N, half the design load. The pole was

disassembled and inspected after the seven crash tests. No

structural damage, bent parts, cracks, or loose bolts were
observed. The locad cells were in good operating condition after
completion of the tests. The rigid pole withstood the impact of
a full-size pickup truck without approaching the design limit.

The data plots and results indicate that the new, larger
diameter (305-mm) rigid pole dees not significantly affect the
crush characteristics of vehicles previously tested using the
smaller diameter pocle (220 mm). The frontal crush characteristic
of a vehicle when striking a narrow object is dependent upcn the
time and sequence of deformation to structures within the
vehicles. The 853-mm increase in pole diameter was not enough to
produce a dissimilar energy-absorbing characteristic to that of
the same vehicles impacting a smaller pole. The increase in
diameter was too small to change the time and seguence of
structural deformation. This was anticipated for the bogie
vehicle, considering the consistent performance of the honeycomb
nose. The nose would collapse in the same manner when striking a
rigid wall. Data plots that illustrate the similar bogie vehicle
behavior are presented in figures 12 through 15. Differences in
peak acceleration and displacements may be attributed to the
difference in initial energy. The impact speed of test 92F028
was lower than that of test 96F008. Additional data from test
92F028 are contained in the report Validation of the ENSCO

Surrogate Bogie Vehicle, FOIL Test Numbers 92F028, 92F023,

92F030, and $2F031.® Two center-impact Ford Festiva crash tests

are compared in figures 16 through 19. Test 94F011 involved a
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Ford Festiva striking the cld rigid pole at 35 km/h. Test 96F011
was similar to test 24F011, although the Ford Festiva struck the
new, larger rigid pole. The data plots show that the increase 1in
pole diameter did not significantly alter the crush
characteristics of the Ford Festiva. A visual comparison cf the
Ford Festiva tests is shown in figure 20. Addltlonal data from

B e A Pt ol e =T t F

test 94FC1l1 are L)LC;:C.LLL.CU. in the repor

With Narrow Chjectg.™
The electronic data and high-speed f£ilm will assist

simulation engineers in developing and validating a finite
element model for a Chevrolet C2500 pickup truck.
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Post-test photographs, test 96F011.
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