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INTRODUCTION

In June of 1989, the Texas State Department of Highways and Public
Transportation (SDHPT) contracted with the Texas Transportation Institute (TTI)
to develop a set of performance specifications for truck mounted attenuators
(TMA’s). The objective of this project, as stated in the contract, is:

To develop an objective practical performance specification for TMA’s that
will result in the acquisition of the most cost-effective of these devices
for use in Texas construction and maintenance work zones.

This report is the second of three volumes that have been drafted to detail
the work conducted during the course of this study, and to document the study
findings, conclusions and recommendations. It 1is intended to document the
procedures and results of the crash tests conducted during the course of this
study.

The first volume (An Evaluation of Selected Truck Mounted Attenuators with
Recommended Performance Specifications by L.I. Griffin, R. Zimmer, W.L. Campise
and K.K. Mak) provides an overview of the study, along with the results obtained
during crash, vibration and moisture tests on seven different makes and models
of TMA’s. Comparisons are drawn between the different attenuators, and a set of
performance specifications for TMA certification is proposed.

In the third volume of this study [Procedures and Equipment for Conducting
Vibration and Moisture Tests on Truck Mounted Attenuators (TMA’s) by Richard
Zimmer], the procedures for conducting vibration and moisture tests on TMA's are
discussed. Detailed plans for the construction of the necessary apparatus to
conduct these tests is also provided. Test procedures and protocols are
documented. The results of individual vibration and moisture tests are provided.

CRASH TEST PROGRAM

The objective of the crash tests conducted during this study was to
determine the impact characteristics of seven makes and models of TMA (described
below) when mounted on a 24,000-1b (GVWR) dump truck that had been ballasted to
14,000 pounds prior to the attachment of the TMA. Twenty-one crash tests were
conducted during the project in accordance with standards established in NCHRP
Report 230'. These 21 tests were divided into four series as outlined below:

Test Series 1: Eight tests were conducted using a 4,500-1b passenger
car impacting the TMA head-on at 45 mph with the dump truck in a
free-standing position, parked in second gear with the parking brake
on. For purposes of comparison, an additional (ninth) test was

'Michie, J.D. Recommended Procedures for the Safety Performance Evaluation

of Highway Appurtenances, National Cooperative Highway Research Program Report
230, Transportation Research Board, National Research Council, Washington, D.C.,

March 1981.



conducted under the same impact conditions in the absence of a TMA.

Test Series 2: Seven tests were conducted using an 1,800-1b
passenger car impacting the TMA head-on at 45 mph with the dump
truck in a fixed position (parked with nose against a rigid wall).
For purposes of comparison, an additional (eighth) test was
conducted under the same impact conditions in the absence of a TMA.

Test Series 3: Three tests were conducted using a 3,500-1b passenger
car impacting the TMA head-on at 55 mph with the dump truck in a
free-standing position, parked in second gear with the parking brake
on. All three of the TMA’s used in these tests had previously passed
the vibration and moisture tests discussed in volumes 1 and 3 of
this report.

Test Series 4: One test was conducted in this series. The conditions
for this test were equivalent to the conditions in Test Series 1,
except the striking vehicle was a 4,500 pound pickup truck instead
of a 4,500-1b passenger car.

TRUCK MOUNTED ATTENUATORS TESTED

Brief descriptions of the seven truck mounted attenuators that were tested
and evaluated in this study follow:

1. Energy Absorption Alpha Model

The Alpha Model TMA manufactured by Energy Absorption is shown in Figure
1. Dimensions of the cartridge were 81.75 inches long by 93.00 inches wide by
22.50 inches high. As mounted, the TMA road clearance is nominally 12 inches.

2. Energy Absorption Hexfoam Model

The Hexfoam Model TMA manufactured by Energy Absorption is shown in Figure
2. The TMA consists of an energy absorbing cartridge mounted in a frame encased
in a fiberglass shell. The cartridges are hexagon-shaped paper honeycomb cells
filled with polyurethane foam. Maximum collapse distance is approximately six
feet; maximum weight is approximately 1200 1b. Dimensions of the cartridge were
85.75 inches long by 96.00 inches wide by 24.00 inches high. As mounted, the TMA
road clearance is nominally 12 inches.

3. Hexcel 3000

The Hexcel Model 3000 (a model currently marketed by Hexcel Corporation)
is shown in Figure 3. The TMA absorbs energy by the use of aluminum honeycomb
sections. Maximum collapse distance is approximately 6 feet; maximum weight is
approximately 400 pounds. Dimensions of the cartridge were 84.50 inches long by
92.25 inches wide by 24.25 inches high. As mounted, the TMA road clearance is

nominally 12 inches.



Enerqgy Absorption Alpha TMA

1.

Figure



Figqure 2., Energy Absorption Hex-foam TMA



Figure 3. Hexcel Tx-3000 TMA mounted on Truck No. 1.



4. Hexcel 4000

The Hexcel Model 4000 (a model being developed by Hexcel) is shown in
Figure 4. Dimensions of the cartridge were 82.25 inches long by 92.25 inches
wide by 24.5 inches high. As mounted, the TMA road clearance is nominally 12
inches.

5. Renco

The Renco TMA used during the testing is shown in Figure 5. Dimensions of
the cartridge were 81.50 inches long by 95.50 inches wide by 24.00 inches high,
As mounted, the TMA road clearance is nominally 11 to 12 inches.

6. Markings and Equipment Corporation

The TMA manufactured by Markings and Equipment Corporation is shown in
Figure 6. Dimensions of the cartridge were 83.00 inches long by 93.25 inches
wide by 24.75 inches high. As mounted, the TMA road clearance is nominally 12
inches.

7. Connecticut DOT

The Connecticut TMA, shown in Figure 7, was developed by the University of
Connecticut in a Highway Planning and Research Study for the Connecticut
Department of Transportation. The TMA is composed of vertical steel pipe
sections mounted on a sliding support frame and is cantilevered from the rear of
a maintenance truck. When struck by a vehicle, the frame slides forward and
energy is absorbed by crushing the pipe sections. Maximum collapse distance is
approximately eight feet; maximum weight is approximately 1500 1b. Dimensions
of the cartridge were 105.13 inches long by 72.00 inches wide by 34.50 inches
high. As mounted, the TMA road clearance is nominally 6 to 8 inches.

CRASH TESTS PROCEDURES, DATA COLLECTION AND DATA ANALYSIS

Test Vehicle Propulsion and Guidance

The test vehicles (i.e., the impacting vehicles) were towed into the TMA’s
using a wire rope guidance and tow system. A wire rope for guiding the test
vehicle was stretched along the path, anchored at each end, and threaded through
an attachment to the front wheel of the test vehicle. It was connected to the
test vehicle, passed around a pulley near the impact point, then through a pulley
on the tow vehicle, and was anchored to the ground such that the tow vehicle
moved away from the test site. A 2 to 1 speed ratio between the test and tow
vehicle existed with this system.

Electronic Instrumentation and Data Processing

The crash test procedures used were in accordance with guidelines presented
in NCHRP Report 230. The test vehicle was instrumented with three solid-state
angular rate transducers to measure roll, pitch and yaw rates; a triaxial
accelerometer near the center-of-gravity to measure longitudinal, lateral, and
vertical acceleration levels, and a biaxial accelerometer in the rear to measure

6



Figure 4 . Hexcel Tx-4000 TMA mounted on Truck No. 2.



Figure 5 . RENCO TMA mounted on Truck No. 1.



Figure 6. Marking and Equipment TMA mounted on Truck No. 1.



il |

-

Figure 7. Connecticut TMA
mounted on Truck No. 2.
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longitudinal and lateral acceleration levels. The accelerometers were strain
gauge type with a linear millivolt output proportional to acceleration.

The electronic signals from the accelerometers and transducers were
transmitted to a base station by means of constant band width FM/FM telemetry
link for recording on magnetic tape and for display on a real-time strip chart.
Provision was made for the transmission of calibration signals before and after
the test, and an accurate time reference signal was simultaneously recorded with
the data. Pressure sensitive contact switches on the bumper were actuated just
prior to impact by wooden dowels to indicate the elapsed time over a known
distance to provide a measurement of impact velocity. The initial contact also
produced an "event" mark on the data record to establish the exact instant of
contact with the TMA.

The multiplex of data channels, transmitted on one radio frequency, was
received at the data acquisition station, and demultiplexed into separate tracks
of Intermediate Range Instrumentation Group (IRIG) tape recorders. After the
test, the data were played back from the tape machines, filtered with a Class 180
filter, and digitized using a microcomputer, for analysis and evaluation of
performance. The digitized data were then processed using two computer programs:
DIGITIZE and PLOTANGLE. Brief descriptions of the functions of these two
computer programs are provided as follows.

The DIGITIZE program uses digitized data from vehicle-mounted linear
accelerometers to compute occupant/compartment impact velocities, time of
occupant/compartment impact after vehicle impact, and the highest 10-msec average
ridedown acceleration. The DIGITIZE program also calculates a vehicle impact
velocity and the change in vehicle velocity at the end of a given impulse period.
In addition, maximum average accelerations over 50-msec intervals in each of the
three directions are computed. Acceleration versus time curves for the
longitudinal, lateral, and vertical directions are then plotted from the
digitized data of the vehicle-mounted linear accelerometers using a commercially
available software package (LOTUS 123).

The PLOTANGLE program uses the digitized data from the yaw, pitch, and roll
rate transducers to compute angular displacement in degrees at 0.001-second
intervals and then instructs a plotter to draw a reproducible plot: yaw, pitch,
and roll versus time. These displacements are in reference to the vehicle-fixed
coordinate system with the initial position and orientation of the vehicle-fixed
coordinate system being that which existed at initial impact.

Photographic Instrumentation and Data Processing

Photographic coverage of the test included two high-speed cameras, one
perpendicular to the TMA/vehicle path and another overhead with a field of view
perpendicular to the ground and directly over the TMA. A flash bulb activated
by pressure sensitive strip switches was positioned on the impacting vehicle to
indicate the instant of contact with the TMA and was visible from each camera.
The films from these high-speed cameras were analyzed on a computer-1inked Motion
Analyzer to observe phenomena occurring during the collision and to obtain time-
event, displacement and angular data. A 3/4-in videotape and still cameras were
used for documentary purposes and to record conditions of the test vehicles and
TMA before and after the test.

11



CRASH TEST RESULTS

The results of the four test series are summarized in Table 1. Additional
detail on these results is provided in the individual test reports that follow.

Test Series 1: Free-Standing Truck Tests with 4500-1b Passenger Cars
Traveling at 45 Miles per Hour

A1l tests in this series were conducted using 4500-1b Cadillacs or
Oldsmobiles impacting TMA’s mounted on one of two 24,000-1b (GVWR) dump trucks.
The trucks were virtually identical: Truck No. 1 was a 1981 Ford with a test
inertia weight of 14,020 1b, and Truck No. 2 was a 1980 Ford with a test inertia
weight of 14,010 1b. The trucks were placed in a free-standing position, parked
in second gear with the parking brake on. The impacting vehicles were towed into
the TMA’s using the reverse tow and cable guidance system described earlier and
were free-wheeling and unrestrained just prior to impact. The point of impact
¥as head-on with the centerline of the vehicle aligned with the centerline of the

MA.

Energy Absorption Alpha Model (9919-05)

The Energy Absorption Alpha Model used in this test is shown in Figures 1
and 8. The TMA was mounted on Truck No. 2 which had a gross static weight of
14,830 1b, including the TMA cartridge and mounting structure. As mounted, the
TMA cartridge clearance above the ground was 12.00 inches at the front and 13.00
inches at the rear. The height to the upper rear surface of the cartridge was
35.50 inches above ground.

The 1981 Cadillac Coupe deVille (pictured in Figures 8 and 9) was towed
into the Energy Absorption TMA. The height to the lower edge of the vehicle
bumper was 12.25 inches and 20.50 inches to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 10.

The vehicle was travelling at a speed of 45.9 mi/h. Upon impact, the TMA
began to crush and, at 0.047 second, the rear truck tires began to rotate. At
approximately 0.201 second, the truck tire had rotated 39 degrees and began to
skid and rotate backwards. The front of the impacting vehicle bottomed-out at
0.206 second. The truck tire skid ended at 0.311 seconds with the tire at 9
degrees and then began to roll forward again. The truck tire continued to roll
forward during the remainder of the test period. At 0.475 second, the truck
reached a maximum speed of 12.0 ft/s (8.2 mi/h) and had moved approximately 5.7
ft. By this time, the impacting vehicle had slowed to 25.1 ft/s (17.1 mi/h).
The rear truck tire rotated one full revolution plus 49 degrees. Sequential
photographs of the test are shown in Figure 11.

The Energy Absorption TMA cartridge crushed a total of 61.25 inches during
the test. The frame attachment to the cartridge was bent 1.25 inches at the
Tower left connection. The truck had moved forward a total of 14.8 feet, and
although the parking brake was still on, second gear had become disengaged. The
impacting vehicle received damage to the bumper, hood, grill, radiator, right and

12
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Table 1: Results of 21, Full-Scale Crash Tests on Selected TMA’s

Test Series (1): 4500 Pound Passenger Cars Traveling at Nominal Speeds of 45 mph

TMA

EA (Alpha Model)

EA (Hex-Foam Model)
Hexcel (Current Model)
Hexcel (Prototype) [1]
Hexcel (Prototype) [2]
Renco

Markings and Equipment
Connecticut DOT

None

Test

Number

9919-05
9910-04
9919-02
9919-01
9910-06
9919-04
9919-03
9910-10
9910-16

Impact
Speed (mph)

-
(3, ]
« e * e

Occupant Occupant Maximum 50 msec

Impact Ridedown Average Long.

Velocity (ft/s) Acceleration (gq) Acceleration (q)
32.7 (146) -16.4 (191-201) -12.6 (151-201)
34.2 (133) -12.4 (136-146) - 9.8 ( 78-128)
34.4 (129) -12.8 (139-149) -12.1 (111-161)
30.6 (120) - 8.1 (128-138) - 9.4 ( 9- 59)
27.0 (132) -19.6 (234-244) -13.4 (203-253)
33.5 (146) -15.1 (167-177) -12.8 (146-196)
30.9 (148) -18.6 (177-187) -14.0 (146-196)
28.1 (140) -19.2 (164-174) -13.7 (155-205)
46.7 ( 96) - 9.2 (102-112) -20.4 ( 37- 87)

Test Series (2): 1800 Pound Passenger Cars Traveling at Nominal Speeds of 45 mph

IMA

EA (Alpha Model)

EA (Hex-Foam Model)
Hexcel (Current Model)
Hexcel (Prototype)
Renco

Markings and Equipment
Connecticut DOT

None

Notes:

Test
Number
9910-03
9910-08
9910-05
9910-07
9910-02
9910-01
9910-09
9910-15

Occupant
Impact Impact
Speed (mph) Velocity (ft/s) Acceleration (q)

43.9 45.0 (111)
44 .4 46.5 ( 93)
45.2 38.8 (101)
46.4 38.4 ( 99)
46.3 34.4 (127)
44.9 30.1 (126)
45.3 37.3 ( 96)
45.9 58.9 ( 73)

Occupant
Ridedown

-16.0 (136-146)
-17.8 (126-136)
-11.5 (124-134)
- 9.3 (142-152) -14.7
-28.1 (142-152) -23.9
-24.0 (185-195) -19.7
-13.8 (100-110) -14.0
-11.9 ( 90-100) -30.8

1. A1l tests were at O degrees, no offset (i.e., head on).

Maximum 50 msec
Average Long.
Acceleration (q)
-16.0 ( 76-126)
-16.9 ( 41- 91)
-13.2 ( 31- 81)
18- 68)

(
(s
% 154- -204)
(

(notes continue on next page)




14!

Table 1: Results of 21, Full-Scale Crash Tests on Selected TMA’s (Continued)
Test Series (3): 3500 Pound Passenger Cars Traveling at Nominal Speeds of 55 mph

Occupant Occupant Maximum 50 msec

Test Impact Impact Ridedown Average Long.
TMA Number  Speed (mph) Velocity (ft/s) Acceleration (q) Acceleration (q)
EA (Alpha Model) 9910-13 55.5 38.6 (140) -38.6 (148-158) -23.8 (112-162)
Hexcel (Current Model) 9910-14 58.0 34.1 (123) -31.5 (123-133) -20.5 (110-160)
Connecticut DOT 9910-11 55.8 34.3 (111) -52.5 (154-164) -23.7 (119-169)

Test Series (4): 4500 Pound Pickup Traveling at a Nominal Speed of 45 mph

Occupant Occupant Maximum 50 msec

Test Impact Impact Ridedown Average Long.
TMA Number  Speed (mph) Velocity (ft/s) Acceleration (q) Acceleration (q)
EA (Alpha Model) 9910-12 45.1 35.0 (152) -14.2 (158-168) -13.4 (124-174)
Notes: 2. Numbers in parentheses represent the times and durations (in msec after initial

impact) from which velocities and accelerations were calculated.

3. The tabulated occupant impact velocities, ridedown accelerations and 50 msec
averageaccelerations have all been adjusted to account for slight differences between
impact speed (S) and the nominal, desired test speeds of 45 or 55 mph. This adjustment
was made by multiplying the raw occupant_ impact velocities, ridedown accelerations and
50 msec average accelerations by (45/S)% or (55/S)%.

4, TMA’s were attached to dump trucks ballasted to 14,000 pounds prior to TMA
attachment.

5. In Test Series 2, the dump trucks were pulled up to a rigid, immovable wall. In
Series 1, 3 and 4, the dump trucks were "free standing," with the parking brake set and
the transmission in second gear.




left front quarter panels, and the left front door. Maximum vehicle crush was
11.0 inches at bumper height. Figures 12 through 14 show damage to the TMA and

test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 15. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -13.1 g between 151 and 201 msec.
Longitudinal occupant impact velocity was 34.0 ft/s at 146 msec and the maximum
longitudinal ridedown acceleration was -17.1 g between 191 and 201 msec. The
maximum longitudinal 50-msec average acceleration for the truck was 3.6 g between
146 and 196 msec. The truck reached a maximum speed of 12.0 ft/s (8.2 mi/h) and
moved forward a total of 14.8 ft. The truck continued to roll forward after the
first skid ended which may indicate second gear disengaged sometime around 0.311
second after impact. Vehicle angular displacements are plotted in Figure 16,
accelerometer traces are displayed in Figures 17 through 19, and the longitudinal
accelerometer trace for the truck cab is shown in Figure 20.
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Figure 8. Configuration for test with
Energy Absorption TMA.
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Figure 9. Vehicle before impact with
Energy Absorption TMA.
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Date: Test No.: 9919-5 VIN: 1G6AD4748B9135298

Make: Cadillac Model: Coupe DeVille Year: 1981 Odometer: 86168
Tire Size: P215/75R15 Ply Rating: 4 Bias Ply: _ Belted: __ Radial: X
Tire Condition: good
//<;\§ccelerometers fair X
y badly worn
] N —
'y ,
_i__ Vehicle Geometry - inches
a P —— [0
r . -%‘ a 77 1/4 b 41 1/2
¥ P T J ¢ 121 d* 55 1/2
£ 57 1/2 22.
< > 155" - ¢ /2 F 228
S S g h 59.47
Tire dia < Accelerometers
Wheel dia ! — J 34 1/4
znlin ) - Kk _181/2 ¢ 36
A { T~ 3
J A { ~7 m 20 1/2 n 4
v f (o) () —H¢ T |
h 0 12 1/4 p 61 1/2
b | c e r_271/2 s 16 1/4
;] p
Vi £ <&”2 R Engine Type: V-8
) Engine CID:

Transmission Type:

4-wheel weight @Rutomatic) or Manual
for c.g. det. 2f 1147 rf 1141 £r 1127 vrr 1085 or A4WD

Body Type: 2-Door

Mass - pounds Curb Test Inertial Gross Static Steering Column Collapse
M 2270 2288 Mechanism:
] __Behind wheel units
M, 1692 2212 __Convoluted tube
__Cylindrical mesh units
My 3962 4500 __Embedded ball
__NOT collapsible
: ; . __Other energy absorption
Note any damage to vehicle prior to test: ~Unknown
Brakes:

Front: disc X drum___
Rear: disc__ drum_X

*d = overall height of vehicle

Figure 10. Test vehicle properties (9919-5).
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0.150 s

Figure 11. Sequential photographs for test 9919-5.
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1.000 s

Figure 11. Sequential photographs for test 9919-5.
(Continued)
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Figure 12, Damage to Energy Absorption TMA (right side).



Figure 13. Damage to Energy Absorption TMA (left side).
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Figure 14. Vehicle after impact with
Energy Absorption TMA.
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Date . . . .

Test Article
Manufacturer

TMA Truck . .
Weight without TMA
Weight with TMA .

Test Vehicle

Weight . .

Impact Speed

Maximum Veh1c1é érﬁsh

-----

-----

g9913-5

Vehicle Damage Classification

TAD . . . .

LBE . &

08/17/89 Maximum TMA Crush 61

Truck Mounted Attenuator Vehicle Accelerations

Energy Absorption (Maximum 50 ms Average at c.g.

1980 Ford Dump Truck (#2) Vehicle Longitudinal . . .-13.
. 14,010 1b (6,361 kg) Vehicle Lateral . . y w =)
. 14,830 1b (6,733 kqg) Truck Cab Long1tud1na1 ‘
. 1981 Cadillac Coupe deVille Occupant Impact Velocity

4,500 1b (2,043 kg) Longitudinal . o « = = = « 34
. 45.9 mi/h (73.9 km/h) Lateral . . . 6.
. 11.0 in (27.9 cm) Occupant R1dedown Acce1erat1ons

Longitudinal . . . . . -17.

. 12FD3 Lateral . 5 - & & « -1

12FDEW2

Figure 15. Summary of results for test 9919-5.

Maximum Truck Displacement .

)
1
.0
3.6

OO

.8 ft (4.5 m)
.25 in (1.6 m)

lajlajle]

ft/s (10.4 m/s)
ft/s (1.8 m/s)

[e—y

g
g



(DEGREES)
. 2. 3. 4. .

DISPLACEMENT

.0

¥4

Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw
2. Pitch
3. Rol1l

Yaw

Pitch

-

Figure 16.

)
Rol]

Vehicle angular displacements for test 9919-5.
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LONGITUDINAL ACCELERATION (G's)

TEST 9919-5

Class 180 Filter — Near C.G. of Car
20
I

le——>}«—Maximum 0.050 s Avkrage = -13)

10

10

0 0.1 0.2 0.3 0.4 0.5
TIME (SECONDS)

Figure 17, Vehicle longitudinal accelerometer trace
for test 9919-5 (near c.g. of vehicte).
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LATERAL ACCELERATION (G's)

TEST 9919-5

Class 180 Filter — Near C.G. of Car

20
| |

le——>e—{Maximum 0.D50 s

| Average = 1.0 ¢

—_
—
W—

i . i
' ! :". i ' rag A 1 ARRES
' :{ k !’I “!Il“‘g‘?‘f""”’! VAL E T LR A

TIME (SECONDS)

Figure 18. Vehicle lateral accelerometer trace
for test 9919-5 (near c.g. of vehicle).
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VERTICAL ACCELERATION (G's)

TEST 9919-5

Closs 180 Filter — Near C.G. of Car

40
l
£‘-~%¢<—Max1mum 0.050 s Averag; ;
t | :
30 E
l
|
2 !
I
|
|
10
. nmN ’\I
WY | |; e
I
-10 11 %
—
|
~20
0 0.1 0.2 0.3 0.4

TIME (SECONDS)

Figure 19. Vehicle vertical accelerometer trace -
for test 9919-5 (near c.q. of vehicle).




LONGITUDINAL. ACCELERATION (G's)

TEST 9919-5

Class 180 Filter — Cab of Truck

20
|
|
l«— >l Maximum D.050 s Average = 3.6 g
10 I
I
_—
0 ! |
|
|
|
-10 | i
|
P
|
20 —
|
| l
l I

TME (SECONDS)

Figure 20. Truck Tongitudinal accelerometer trace
for test 9919-5.
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Energy Absorption Hexfoam (9910-04)

The Hexfoam Model TMA used during this test was manufactured by Energy
Absorption and is shown in Figure 2. The TMA was mounted on Truck No. 2 which
had a gross static weight of 15,350 1b, including the TMA cartridge and mounting
structure. As mounted, the TMA cartridge clearance above the ground was 12.25
inches at the front and 12.75 inches at the rear. The height to the upper rear
surface of the cartridge was 36.75 inches above ground.

The 1981 Cadillac Sedan deVille (pictured in Figure 21) was directed into
the Energy Absorption Hex-foam TMA. The height to the lTower edge of the vehicle
bumper was 12.50 inches and 20.50 inches to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 22.

The vehicle was travelling at a speed of 44.5 mi/h. Upon impact, the TMA
began to crush and, at 0.032 second, the rear truck tires began to rotate. The
front of the impacting vehicle began to dive down at 0.110 second and the
contents of the cartridge began to displace upward splitting the cartridge open.
The impacting vehicle bottomed-out at 0.164 second. At 0.196 second, the truck
reached a maximum speed of 12.3 ft/s (8.4 mi/h) and had moved approximately 1.9
ft. By this time, the impacting vehicle had siowed to 23.8 ft/s (15.7 mi/h).
At approximately 0.203 second, the truck tire had rotated 34 degrees and began
to skid and rotate backwards. The tire skid ended at 0.323 second with the tire
at -3 degrees from perpendicular and then began to roll forward again. The truck
tire continued rolling and skidding during the remainder of the test period.
Sequential photographs of the test are shown in Figure 23.

The Energy Absorption Hexfoam TMA cartridge crushed a total of 57.00 inches
during the test {(and had split open). The truck had moved forward a total of
8.25 feet, the parking brake was still on, and second gear remained engaged. The
impacting vehicle received damage to the bumper, hood, grill, radiator, right and
left front quarter panels, and the windshield. Maximum vehicle crush was 20.0
inches just above bumper height. Figures 24 and 25 show damage to the TMA and
test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 26. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -9.6 g between 078 and 128 msec.
Longitudinal occupant impact velocity was 33.4 ft/s at 133 msec and the maximum
Jongitudinal ridedown acceleration was -12.1 g between 136 and 146 msec. The
accelerometer in the truck cab malfunctioned, therefore the 50-msec average
longitudinal acceleration for the truck was not computed. The truck reached a
maximum speed of 12.3 ft/s (8.4 mi/h) and moved forward a total of 8.25 ft.
Vehicle angular displacements are plotted in Figure 27, accelerometer traces are
displayed in Figures 28 through 31.
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Figure 21. Vehicle before impact with
Energy Absorption Hex-foam TMA (9910-4).
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Date: Test No.: 9910-4 VIN: - 1G6AD4798B9175926
Make: Cadillac Model: Sedan deVille Year: 1981 Odometer: 39697
Tire Size: P21575R15 Ply Rating: Bias Ply:  Belted: _ Radial: _x_
Tire Condition: good _
Accelerometers fair X
: badly worn
A _— —_—
N Y
,i“ Vehicle Geometry - inches
a |(p —_— |
! T “¥’ a 76,75 b 39.50
V ﬁm JZ.S C ]22.00 d* 55.50
L, . l e 57.00 f 218.50
< 157.0 -l
. . _r g h 55,30
Tire dia > Accelerometers
Wheel dia i -—=- Jj 33.75
L ) Kk 18.50 ¢  37.50
A (L [N 1))
j y X . \ = A m 20.50 n 4.75
y "y oF QD \ ‘4d§9) ;24.5 : k
h 0 12.50 p 61,75
b | ¢ | e r 27.50 s 16.25
§7M1 F %?”2 Engine Type: 8 cylinder

4-wheel weight

for c.a. det. £f 1238 rf 1221 £r 1021 rr 1020

Mass - pounds Curb Test Inertial Gross Static
M, 2376 2459
M, 1666 2041
Mr 4042 4500

Note any damage to vehicle prior to test:

Cracked windshield marked

*d = overall height of vehicle

Engine CID: 6.0 liter

Transmission Type:
Automatic or Manual
FWD or RWD or A4WD

Body Type: 2 door coupe

Steering Column Collapse
Mechanism:

__Behind wheel units
__Convoluted tube
__CylVindrical mesh units
__Embedded ball

__NOT collapsible
__Other energy absorption
__Unknown

Brakes:
Front: disc x drum
Rear: disc drum x

Figure 22. Test vehicle properties for test 9910-4.
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0.000 s

0.050 s

0.181 s

Sequential photographs

for test 9910-4.

Figure 23.
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0.500 s

1.000 s

Figure 23. Sequential photographs
for test 9910-4.
(Continued)
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Figure 24. Energy Absorption Hex-foam TMA
after test 9910-4.
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Figure 25. Vehicle after impact with
Energy Absorption Hex-foam TMA (9910-4).
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Test No. . . . . . .. 09910-4 Maximum Truck Displacement . 8.25 ft (2.5 m)
Date . & s « &« = 5 = = 01/04/90 Maximum TMA Crush . . . . . 57.00 in (1.4 m)
Test Article . . . . . Truck Mounted Attenuator Vehicle Accelerations
Manufacturer . . . . . Energy Absorption Hex-foam (Maximum 50 ms Average at c.g.)
TMA Truck . . . . . .. 1980 Ford Dump Truck (#2) Vehicle Longitudinal . . . -9.6 g

Weight without TMA . 14,010 1b (6,361 kg) Vehicle Lateral . . . . . -l.4 g

Weight with TMA . . . 15,350 1b (6,969 kg) Truck Cab Longitudinal . . N/A
Test Vehicle . . . . . 1981 Cadillac Sedan deVille Occupant Impact Velocity

Weight . . . . . .. 4,500 1b (2,043 kg) Longitudinal . . . . . . . 33.4 ft/s (10.2 m/s)
Impact Speed . . . . . 44.5 mi/h (71.6 km/h) Lateral . . . . . . . .. 5.6 ft/s (1.7 m/s)
Maximum Vehicle Crush . 20.0 in (50.8 cm) Occupant Ridedown Accelerations
Vehicle Damage Classification Longitudinal . . . . . . . -12.1 g

P 2. 0 s 0= 8 = 12FD4 Lateral . . . .. ... .-l.1g

BOE » % e % & & 2 & & 12FDEW3

Figure26. Summary of results for test 9910-4.



Sequence for determining

\\\\75§;§> <:Z§;Z‘ <§;§%fj>//‘ orientation is:
(3 % oy 1. Yaw

2. Pitch

N " N 3. Roll

v aw Axes are vehicle fixed.

2.

TAME ECONDS)
.4 .b

.0

Rol1l
Pitch

(DEGREES)

"20

DISP%RCEMENT

-

Yaw

Figure 27. Vehicle angular displacements for test 9910-4.
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LONGITUDINAL ACCELERATION (g's)

TEST 9910-4

Closs 180 Filler

20

10

ey
—zt

0 0.2 0.4

TIME (SECONDS)

Figure 28. Vehicle longitudinal accelerometer trace
for test 9910-4.
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LATERAL ACCELERATION (g's)

TEST 9910-4

Class 180 Filter

20 ‘

<>l Maximum Q.050-sec Avprage = -1.4 g
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0 0.2 0.4
TIME (SECONDS)

Figure 29, Vehicle lateral accelerometer trace
for test 9910-4,

40



VERTICAL ACCELERATION (g‘=a)

TEST 9910-4

Class 180 Filter
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Figure 30. Vehicle vertical accelerometer trace
for test 9910-4.
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LONGITUDINAL ACCELERATION (g's)

TEST 9910-4

Class 180 Filter — Recr of Vehicle

10
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-16

Figure 31.

0.2 0.4

TIME (SECONDS)

Vehicle longitudinal accelerometer trace
for test 9910-4 (rear of vehicle).

42




Hexcel 3000 (9919-02)

The Hexcel Model 3000 used in this test was mounted on Truck No. 1 which
had a gross static weight of 14,720 1b, including the TMA cartridge and mounting
structure. As mounted, the TMA cartridge clearance above the ground was 12.0
inches at the front and 12.0 inches at the rear. The height to the upper rear
surface of the cartridge was 36.25 inches above ground.

The 1979 Cadillac Coupe deville pictured in Figures 32 and 33 was directed
into the Hexcel Model 3000 TMA. The height to the lower edge of the vehicle
bumper was 12.50 inches and 22.25 inches to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 34.

The vehicle was travelling at a speed of 46.3 mi/h. Upon impact, the TMA
began to crush and, at 0.038 second, the rear truck tires began to rotate. By
approximately 0.290 second, the truck tire had rotated 90 degrees and at 0.370
second the tire had reached 110 degrees and began to skid. At 0.438 seconds, the
truck reached a maximum speed of 12.2 ft/s (8.3 mi/h) and had moved approximately
5.3 ft. By this time, the impacting vehicle had slowed to 24.0 ft/s (16.3 mi/h).
At 0.473 second, the rear truck tire ended the initial skid and began to roil.
During the remainder of the test, the rear truck tires alternated between
skidding and rolling. The maximum rotation angle achieved by the rear truck
tires during the test was 175 degrees at 1.401 second; however, at the end of the
test the tire was sitting at 162 degrees. Sequential photographs of the test are
shown in Figure 35.

The Hexcel 3000 TMA cartridge crushed a total of 66.50 inches during the
test. The frame attachment to the cartridge was bent forward on both sides. On
the right side, it was bent forward 4 inches at the upper corner and 2 inches at
the lower corner. The left side was bent forward 8 inches at the upper corner
and 5 inches at the lower corner. The truck had moved forward a total of 9.8
feet and was still in second gear with the parking brake set. The impacting
vehicle received damage to the bumper, hood, right and left front quarter panels
and the right and left front doors. Maximum vehicle crush was 6.0 inches at
bumper height. Figures 36 through 38 show damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 39. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -12.8 g between 111 and 161 msec.
Longitudinal occupant impact velocity was 36.4 ft/s at 129 msec and the maximum
longitudinal ridedown acceleration was -13.6 g between 139 and 149 msec. The
maximum longitudinal 50-msec average acceleration for the truck was 3.7 g between
115 and 165 msec. The truck reached a maximum speed of 12.2 ft/s (8.3 mph) and
moved forward a total of 9.8 ft. The rear truck tires alternated between rolling
and skidding during the test. Vehicle angular displacements are plotted in
Figure 40, accelerometer traces are displayed in Figures 41 through 43, and the
longitudinal accelerometer trace for the truck is shown in Figure 44.
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Figure 32. Configuration for test with Hexcel Tx-3000 TMA.
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Figure 33. Vehicle before impact with Hexcel Tx-3000 TMA.
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Date: Test No.: 9919-2 VIN: 6D47799266044

Make: Cadillac Model: __Coupe DeVille VYear: 1979 Odometer: 43804
Tire Size: _P235/75R15 Ply Rating: _4 Bias Ply: __ Belted: ___ Radial: X
Tire Condition: good
/‘\Acce]erometers fair X
y = badly worn
T |
_{_ Vehicle Geometry - inches
a |p - .11 1/2
¥ a 76 1/4 b 42 1/2
£
< - e 56 f 220 1/2
b 162" J :
: : s g h 54.5
Tire dia < Accelerometers
Wheel dia . 1o J 35
s
il ) k_191/2 £ 39 1/2
A { f = %
j 7 \ N - : . m 22 1/4 n 4 1/2
T & T
N o 12 1/2 p 62 1/2
b | ¢ e r 271/ s 16 1/4
) .
Vi f Vi _ Engine Type: V-8
) Engine CID:

Transmission Type:
4-wheel weight or Manual
for c.a. det. ¢f 1208 rf 1281 pgr 995 rr 1016 FWD or or 4WD

) ] Body Type: 2-Door
Mass -~ pounds Curb Test Inertial Gross Static Steering_Commn Collapse
M] 2465 2489 Mechanism:
__Behind wheel units
M, 1640 2011 __Convoluted tube
__Cylindrical mesh units
MT 4105 4500 __Embedded ball
__NOT collapsible .
Note any damage to vehicle prior to test: *Sﬁgggwiner‘gy absorption
Brakes:

Front: disc_X drum___

Rear: disc___ drumX
*d = overall height of vehicle

Figure 34, Test vehicle properties (9919-2).
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Figure 35.

Sequential photographs for test 9919-2.
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Figure 35. Sequential photographs for test 9919-2.
(Continued)
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Figure 36. Damage to Hexcel Tx-3000 TMA (right side).
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Figure 37. Damage to Hexcel Tx-3000 TMA (left side).
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Figure 38. Damage to vehicle after impact with
Hexcel Tx-3000 TMA.
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Vehicle angular displacement for test 9919-2.
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LOMNGITUDINAL ACCELERATION (G'=)

10

TEST 9919-2

Class 180 Filter ~ Near C.G. of Car

J,

=J< Maximum 0{050 s AveraLe = -12.8¢
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Al A dArAS AL AM
' id i 'VV'W? it Ad

Figure 41,

TIME (SECONDS)

Vehicle longitudinal accelerometer trace
for test 9919-2 (near c.g. of vehicle).
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LATERAL ACCELERATION (G's)

20

TEST 9919-2

Class 180 Filter — Near C.G. of Cor

Mgximum 0.050|s l
Alerage = -2.D g —>t« ;%

Figure 42,

0.1 0.2 0.3 0.4

TIME (SECONDS)

Vehicle Tateral accelerometer trace
for test 9919-2 (near c.g. of vehicle).
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VERTICAL ACCELERATION (G's)

TEST 9919-2

Class 180 Filter — Near C.G. of Car
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|
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|
1wy
0 ,Au A Nlm &CZ:“::&!:::::.W
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I
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Figure 43. Vehicle vertical accelerometer trace

for test 9919-2 (near c.g. of vehicle).
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LONGITUDINAL ACCELERATION (G's)

TEST 9919-2

Closs 180 Filter — Cab of Truck
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Figure 44 . Truck longitudinal accelerometer trace
for test 9919-2.
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Hexcel 4000 {9919-01)

The Hexcel Model 4000 used in this test is shown in Figures 4 and 45. The
TMA was mounted on Truck No. 2 which had a gross static weight of 14,800 1b,
including the TMA cartridge and mounting structure. As mounted, the TMA
cartridge clearance above the ground was 11.25 inches at the front and 12.25
inches at the rear. The height to the upper rear surface of the cartridge was
36.75 inches above ground.

The 1979 Cadillac Coupe deVille (pictured in Figures 45 and 46) was
directed into the Hexcel Model 4000 TMA. The height to the lower edge of the
vehicle bumper was 11.0 inches and 21.0 inches to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 47.

The vehicle was travelling at a speed of 47.3 mi/h. Upon impact, the TMA
began to crush and, at 0.040 second, the rear truck tires began to rotate. At
approximately 0.220 second, the front tires of the impacting vehicle were
airborne and, at 0.225 second, the rear suspension of the vehicle bottomed out.
The rear truck tire had rotated 90 degrees by 0.260 second, 180 degrees by 0.440
second, and at 0.475 second, the truck reached a maximum speed of 12.1 ft/s (8.3
mi/h) and had moved 5.76 ft. By this time, the impacting vehicle had slowed to
26.3 ft/s (17.9 mi/h) and, at 0.503 second, the vehicle became completely
airborne. The rear tires of the vehicle contacted ground again at 0.608 second
and the rear suspension of the vehicle bottomed out again at 0.875 second. The
truck tire reached one full rotation at 0.928 second and had rotated another 270
degrees before going out of view of the high-speed camera. Sequential
photographs of the test are shown in Figure 48.

The Hexcel 4000 TMA cartridge crushed a total of 63.25 inches during the
test. The frame attachment to the cartridge on the right side was bent forward
5 inches and the locking mechanism was broken. The truck had moved forward a
total of 22.8 feet and was still in second gear with the parking brake on. The
front of the impacting vehicle was pushed upward and the hood, bumper, grill,
radiator, and the right and left front quarter panels and doors were damaged.
Also the roof was bent, the left side window was broken and the windshield was
cracked. Maximum vehicle crush was 10.0 inches. Figures 49 through 51 show
damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 52. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -10.4 g between 9 and 59 msec.
Longitudinal occupant impact velocity was 33.8 ft/s at 120 msec and the maximum
longitudinal ridedown acceleration was -9.0 g between 128 and 138 msec. The
maximum Tongitudinal 50-msec average acceleration for the truck was 3.3 g between
13 and 63 msec. The truck reached a maximum speed of 12.1 ft/s (8.3 mph) and
moved forward a total of 22.8 ft. The rear truck tires rotated two full
revolutions plus approximately 60 degrees. Vehicle angular displacements are
plotted in Figure 53, accelerometer traces are displayed in Figures 54 through
56, and the longitudinal accelerometer trace from the cab of the truck is shown

in Figure 57.
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Figure 45. Configuration for test with
Hexcel Tx-4000 TMA.

59



Figure 46. Vehicle before impact with
Hexcel Tx-400D TMA.
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Date: Test No.: 9919-1 VIN: 604759350765

Make: _Cadillac Model: Coupe DeVille  Year: 1979 Odometer: 31024
Tire Size: P215/75R15  Ply Rating: 2 Bias Ply: _ Belted: __ Radial: X
Tire Condition: good _
Nccelerometers fair x
badly worn
A —~—— J—
 — |
i‘ Vehicle Geometry - inches
a p . 4"
v * a 76 1/4 b 42 1/2
£ 55 f 218 3/4
< > 157 3/4" J © /
. : ro. l g h 54.78
Tire dia > Accelerometers
Wheel dia i == 3 38
i B Kk _181/2 ¢ 341/2
2
. I~ 2 ] 21 5
J -4 3 7 o m n
y "y o} (ED \ ‘j\SiD A" \g
h o 11 p 61 3/4
B b‘,: c 1 e r 26 1/2 s 16 1/4
i
Vi f %7“2 _ Engine Type: _V-8
- - Engine CID:

Transmission Type:

4-wheel weight or Manual

for c.g. det. £f 1211 rf 1279 &r 1011 rr 1022 FWD or or 4WD
Body Type: _2-Door

Mass - pounds Curb Test Inertial Gross Static Steering'Co“lumn Collapse
M] 2440 2467 Mechanism:
__Behind wheel units
M, 1663 2033 _ Convoluted tube
__Cylindrical mesh units
My 4103 4500 __Embedded ball
__NOT collapsible
; : . __Other energy absorption
Note any damage to vehicle prior to test: “Unknown

Brakes:
Front: disc_X drum__

Rear: disc___ drum_X
*d = overall height of vehicle

Figure 47. Test vehicle properties (9919-1).
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Figure 48. Sequential photographs for test 9919-1.
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Figure 48. Sequential photographs for test 9919-1.
(Continued)
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Figure 49. Damage to Hexcel Tx-4000 TMA (right side).
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Figure 50. Damage to Hexcel Tx-4000 TMA (left side).
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Figure 51. Test vehicle after impact with
Hexcel Tx-4000 TMA.
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Maximum Truck Displacement

. . 22.8 ft (6.9 m)

Maximum TMA Crush
Vehicle Accelerations
(Maximum 50 ms Average at c.g.)
Vehicle Longitudinal . . . .
Vehicle Lateral .
Truck Cab Longitudinal . . .
Occupant Impact Velocity
Longitudinal . . .

Test Article
Manufacturer
TMA Truck

Truck Mounted Attenuator
Hexcel Corp. (Model 4000)
1980 Ford Dump Truck (#2)

. 14,010 1b (6,361 kg)

. 14,800 1b (6,719 kg)

1979 Cadillac Coupe deVille
4,500 1b (2,043 kg)

47.3 mi/h (76.1 km/h)

. 10.0 in (25.4 cm)

------
oooooo

-------

Weight without TMA .
Weight with TMA
Test Vehicle

......

........

Impact Speed
Maximum Vehicle Crush
Vehicle Damage Classification

.........

-----

Occupant Ridedown Accé]érét%oﬁs
Longitudinal . . .

-----

Figure 52. Summary of results for test 9919-1.

.25 in (1.6 m)

o+

/s (10.3 m/s)
/s (1.9 m/s)
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Vehicle angular displacement for test 9919-1.
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LONGITUDINAL ACCELERATION (G’'s)

TEST 9919-1
Class 180 Filter — Near C.G. of Car
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Figure 54.
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Vehicle longitudinal accelerometer trace
for test 9919-1 (near c.g. of vehicle).
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LATERAL ACCELERATION (G's)

TEST 9919-1

Class 180 Filter — Near C.G. of Cor
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[ |
|
15 4————]
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10

| i{:'.!l‘ih!i.‘“‘l,'h‘l l'jl"‘i“i[ii‘l"'!‘ ‘[il’!f‘”l"”‘““‘

-5 t
|
-10 ’
|
|
15 4—-H—
.

-20 ——’—ql————ﬂm

TIME (SECONDS)

Figure 55 . Vehicle lateral accelerometer trace

for test 9919-1 (near c.g. of vehicle).

70




VERTICAL ACCELERATION (G's)

TEST 9919-1

Class 180 Filter — Near C.G. of Cor

—
o

I

|

Ma\:‘:m“,m “ (_50 i
TRV T T > W

l
l I
!

Average = 40.3 g

€3 ~ R T Y O W

A AAAA PV, V.Y P YA

VV LU'Ad

TIME (SECONDS)

Figure 56 . Vehicle vertical accelerometer trace

for test 9919-1 (near c.g. of vehicle).
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LONGITUDINAL ACCELERATION (G's)

TEST 9919-1

Closs 180 Filter — Cab of Truck
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Figure 57. Truck longitudinal accelerometer trace
for test 9919-1.
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Hexcel 4000 (9910-06)

The TMA used during this test was the Hexcel Model 4000 and is shown in
Figures 4 and 58. The TMA was mounted on Truck No. 2 which had a gross static
weight of 14,890 1b, including the TMA cartridge and mounting structure. As
mounted, the TMA cartridge clearance above the ground was 11.00 inches at the
front and 11.75 inches at the rear. The height to the upper rear surface of the
cartridge was 36.25 inches above ground.

The 1981 Cadillac Sedan deVille {pictured in Figure 58) was directed into
the Hexcel Model 4000 TMA. The height to the Tower edge of the vehicle bumper
was 11.75 inches and 20.00 inches to the top of the bumper. Other dimensions and
information on the vehicle are given in Figure 59.

The vehicle was travelling at a speed of 44.5 mi/h. Upon impact, the TMA
began to crush and displace upward. The rear truck tire began to rotate forward
at 0.036 second. The impacting vehicle began to dive under the TMA at 0.072
second and bottomed-out at 0.179 second. The rear of the truck began to rise at
0.179 second and, at the same time, the rear tire had rotated 26 degrees forward
and began to rotate backwards. As the impacting vehicle continued forward, the
front bumper went under the cartridge attachment frame. The bumper extended a
maximum of 1.3 ft forward of the front of the cartridge at 0.239 second. By
0.286 second, the rear truck tire had rotated back -15 degrees from perpendicular
and continued to rotate forward and backward during the remainder of the test.
Forward motion of the impacting vehicle stopped at 1.671 second. The vehicle
subsequently came to rest under the TMA. Sequential photographs of the test are

shown in Figure 60.

The Hexcel Model 4000 TMA cartridge crushed a total of 82.25 inches
lTongitudinally and displaced upward during the test. The frame attachment to the
cartridge was bent 0.38 inch on both sides. The truck had moved forward a total
of 13.1 ft, and the parking brake was still on and second gear still engaged.
The impacting vehicle received damage to the front bumper, hood, grill, radiator,
the right and left front quarter panels, and left and right front doors. The
hood of the vehicle was pushed back during the test and had crushed the
windshield and bent the roof above the windshield. Maximum vehicle crush was
14.0 inches just above bumper height. The front of the vehicle was also crushed
downward. Figures 61 and 62 show damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 63. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -13.1 g between 203 and 253 msec.
Longitudinal occupant impact velocity was 26.4 ft/s at 132 msec and the maximum
lTongitudinal ridedown acceleration was -19.2 g between 234 and 244 msec. Vehicle
angular displacements are plotted in Figure 64 and accelerometer traces are

displayed in Figures 65 through 68.
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Figure 58 Vehicle before impact with
Hexcel Model 4000 TMA (9910-6).
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Date: _ 2/13/90 Test No.: _ 9910-6 VIN: 106AD6INXB9176498

Make: Cadillac Model: Sedan DeVille  Year: 1981 Odometer: 61525
Tire Size: P215/75R15  Ply Rating: Bias Ply: _ Belted: __ Radial: x
Tire Condition: good ___
/\Accelerometers fair X_
badly worn
A </ i
Y S ‘
/ _i_ Vehicle Geometry - inches
a |p e | —
M T a /714 p 42
Y 3.0 in
¥ f— ¢ 121 1/2 d* 58 1/4
L 56 1/2 220
< 161.5 in J e /et
. . ‘ri o g h 55
Tire dia < Accelerometers
Wheel dia i - j 33172
K1l “_S Kk 201/4 , 361/2
J‘ M _( o Ag m __ 20 n__4
N A . S
- o 113/4 p 611/4
b | T e r_271/2 s 16 1/4
4
Vi £ vz . Engine Type: V-8
b " Engine CID: _ 350 Diesel

Transmission Type:

4-wheel weight or Manual

for c.g. det. £f 1236 rf_ 1226 £r_ 1008 rr_1030 FuD or or  4WD
. ) Body Type: 4-Door
Mass - pounds Curb Test Inertial Gross Static Steeringﬁo‘lumn Collapse
M] 2484 2462 Mechanism:
__Behind wheel units
M, 1860 2038 _ Convoluted tube
__Cylindrical mesh units
'MT 4344 4500 __Embedded ball
__NOT collapsible
Note any damage to vehicle prior to test: __Other energy absorption
__Unknown
Brakes:

Front: disc_ X drum___
Rear: disc___ drum X

*d = overall height of vehicle

Figure 59. Test vehicle properties (test 9910-6).
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0.150 s

Figure 60. Sequential photographs for test 9910-6.
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1.000

Figure 60. Sequential photographs for test 9910-6.
(Continued) -



Figure 61. Hexcel Model 4000 TMA
after test 9910-6.
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Figure 62 Vehicle after impact with
Hecel Model 4000 TMA (9910-6).
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.25 in (2.1 m)

Test No. . . . . . . . 09910-6 Maximum Truck Displacement . 13.1 ft (4.0 m)
Date . . . . . . . . . 02/13/90 Maximum TMA Crush . . . . . 82
Test Article . . . . . Truck Mounted Attenuator Vehicle Accelerations
Manufacturer . . . . . Hexcel Model- 4000 (Maximum 50 ms Average at c.g.
TMA Truck . . . . . . . 1980 Ford Dump Truck (#2) Vehicle Longitudinal . . .-12.
Weight without TMA . 14,010 1b (6,361 kg) Vehicle Lateral . . . . . -1
Weight with TMA . . . 14,890 1b (6,760 kg) Truck Cab Longitudinal . . 11.
Test Vehicle . . . . . 1981 Cadillac Sedan deVille Occupant Impact Velocity
Weight . . . . . . . 4,500 1b (2,043 kq) Longitudinal . . . . . . . 26.
Impact Speed . . . . . 44.5 mi/h (71.6 km/h) Lateral . . . . . . . .. B
Maximum Vehicle Crush . 14.0 in (35.6 cm) Occupant Ridedown Accelerations
Vehicle Damage Classification Longitudinal . . . . . . .-19.
TAR & & « « & . . . . 12FD5 Lateral . . = & « « = . -1.
cbc . . . . . . . . . 12FDEW4

Figure 63. Summary of results for test 9910-6.
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Figure 64. Vehicle angular displacements for test 9910-6.
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LONGITUDINAL ACCELERATION (g's)

TEST 9910-6

Class 180 Filter
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Figure 65. Longitudinal accelerometer trace
for test 9910-6.
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LATERAL ACCELERATION (g's)

TEST 9910-06

Class 180 Filfer
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Figure 66. Lateral accelerometer trace
for test 9910-6.
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VERTICAL ACCELERATION (g's)
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Figure 67. Vertical accelerometer trace

for test 9910-6.
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LONGITUDINAL ACCELERATION

TEST 9910-6

Closs 180 Filter — Dump Truck Cab
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Figure 68. Longitudinal accelerometer trace
for test 9910-6 (dump truck cab).
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Renco (9919-04)

The TMA used during this test was manufactured by Renco and is shown in
Figures 5 and 69. The TMA was mounted on Truck No. 1 which had a gross static
weight of 15,260 1b, including the TMA cartridge and mounting structure. As
mounted, the TMA cartridge clearance above the ground was 11.25 inches at the
front and 11.50 inches at the rear. The height to the upper rear surface of the
cartridge was 35.50 inches above ground.

The 1981 Oldsmobile 98 Regency (pictured in Figures 69 and 70) was towed
into the Renco TMA. The height to the lower edge of the vehicle bumper was 10.50
inches and 19.00 inches to the top of the bumper. Other dimensions and
information on the vehicle are given in Figure 71.

The vehicle was travelling at a speed of 45.7 mi/h. Upon impact, the TMA
began to crush and, at 0.070 second, the rear truck tires began to rotate. At
approximately 0.162 second, the impacting vehicle began to nose down, however it
did not contact the ground. The truck tire had rotated 32 degrees by 0.194
second and began to skid and rotate backwards. The tire skid ended at 0.277
second with the tire at -9 degrees from perpendicular and then began to roll
forward again. The truck tire continued to alternate between rolling and
skidding during the remainder of the test period. At 0.438 second, the truck
reached a maximum speed of 11.3 ft/s (7.7 mi/h) and had moved approximately 4.9
ft. By this time, the impacting vehicle had slowed to 25.0 ft/s (17.1 mi/h).
The maximum rotation angle achieved by the rear truck tires during the test was
36 degrees at 0.907 second; however, at the end of the test the tire was sitting
at 3 degrees. Sequential photographs of the test are shown in Figure 72.

The Renco TMA cartridge crushed a total of 54.00 inches during the test.
The frame attachment to the cartridge was not damaged. The truck had moved
forward a total of 7.9 feet and was still in second gear with the parking brake
on. The impacting vehicle received damage to the bumper, hood, grill, radiator,
right and left front quarter panels, right and left front doors, and the
windshield was cracked in the lower corners. Maximum vehicle crush was 10.0
inches at bumper height. Figures 73 through 75 show damage to the TMA and test
vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 76. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -13.2 g between 146 and 196 msec.
Longitudinal occupant impact velocity was 34.6 ft/s at 146 msec and the maximum
longitudinal ridedown acceleration was -15.6 g between 167 and 177 msec. The
maximum longitudinal 50-msec average acceleration for the truck was 3.6 g between
130 and 180 msec. The truck reached a maximum speed of 11.3 ft/s (7.7 mi/h) and
moved forward a total of 7.9 ft. The rear truck tires alternated between rolling
and skidding during the test. Vehicle angular displacements are plotted in
Figure 77 and accelerometer traces are displayed in Figures 78 through 81.
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Figure 69 . Confiquration for test with RENCO TMA.
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Figure 70.

Vehicle before impact with RENCO TMA.
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Date: Test No.: 9919-4 VIN:

1G3AX69N5BM321478

Make: 01ds Model: Regency 98 Year: 1981 Qdometer: 93991
Tire Size: _P215/75R15 Ply Rating: _ 4 Bias Ply: __ Belted: __ Radial: )X
Tire Condition: good _
Accelerometers fair X
badly worn
A e
Y
_i” Vehicle Geometry - inches
a p I R 1
M Zf‘ a 76 b 43 1/2
XY
Y L ] ¢ 119 d* 57 1/2
£, l e 541/2 f 217
B 158" N
: : _r g h b51.6
Tire dia < Accelerometers
wheel dia . i ---- j_311/2
';'Dr_s dD k 191/2 ¢ 35 3/4
4 { f( [N\ 3 ] 1
. — 9 51/2
d A 1 ~7 - " m n
vy v o} 63 k@ﬂ 5]/2¢k ¥
h o 101/2 p 61 1/2
b N g c o r 27 s 16 1/4
v
<7Tq f K _ Engine Type: _ V-8
D o Engine CID: _ 350 Diesel

4-wheel weight
for c.g. det. &f 1283 rf 1264 oy 981 rr 972

Mass - pounds Curb Test Inertial Gross Static
My 2475 2547
M, 1694 1953
My 4169 4500

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Figure /1. Test vehicle properties (9919-4).
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Transmission Type:

or Manual

FWD or or 4WD

Body Type: 4-Door
Steering Column Collapse

Mechanism:

__Behind wheel units
__Convoluted tube
__Cylindrical mesh units
__Embedded ball

__NOT collapsible
__Other energy absorption
__Unknown

Brakes:

Front: disc_X drum__ _
Rear: disc__ drum})



Figure 72. Sequential photographs for test 9919-4.
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0.500 s

1.000 s

Figure 72, Sequential photographs for test 9919-4.
(Continued)
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Figure 73. Damage to RENCO TMA (right side).
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Figure 74. Damage to RENCO TMA (left side).
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Figure 75. Vehicle after impact with RENCO TMA.
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Date

---------

Test Article . . . . .
Manufacturer . . . . .
™A Truck . . . . . ..

Weight without TMA
Weight with TMA . .

Test Vehicle . . . . .

Weight

Impact Speéd. .....

Maximum Vehicle Crush

09919-4

08/15/89

Truck Mounted Attenuator
RENCO

1981 Ford Dump Truck (#1)

. 14,010 1b (6,361 kg)
. 15,260 1b (6,928 kg)

1981 Oldsmobile 98 Regency
4,500 1b (2,043 kg)
45.7 mi/h (73.5 km/h)

. 10.0 in (25.4 cm)

Vehicle Damage Classification
TAD . . ... ....

12FD3
12FDEW2

iy ~ -
RO .t il
E P vl -
‘ '

Maximum Truck Displacement . 7
Maximum TMA Crush . . . . . 54
Vehicle Accelerations

(Maximum 50 ms Average at c.g.
Vehicle Longitudinal . . .-13.
Vehicle Lateral . . . . . -1
Truck Cab Longitudinal . . 3.

Occupant Impact Velocity

Longitudinal . . . . . . . 34.
Lateral . « « « « & « & « 7
Occupant Ridedown Accelerations
Longitudinal . . . . . . .-15,
Lateral . . . . . . . .. -1.

Figure76. Summary of results for test 9919-4.
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\ Axes are vehicle fixed.
O Q % — Sequence for determining

orientation is:

1. Yaw
*“0‘ 2. Pitch
3. Roll
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9” Pitch
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o
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b Y
— " aw
a® -
Roll
-
1

Figure 77. Vehicle angular displacements for test 9919-4.
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LONGITUDINAL ACCELERATION (G's)

TEST 9919-4

Class 180 Filter — Near C.G. of Car

20 T I
l |
[«—>f«— Maximum 0.050 s AveAage = -13.2p
I
10 — ;
I
| h
: IR 1L N —"
\ [ ] VVVUVV U LT AR A LA
il |
-10
i
|
-20 ,i
.
|

TIME (SECONDS)

Figure 78 . Vehicle longitudinal accelerometer trace
for test 9919-4 (near c.g. of vehicle).
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LATERAL. ACCELERATION (G's)

TEST 9919-4

Class 180 Filter — Near C.G. of Car

40 T
|
30 Maximum]0.050 !
Average (= -1.2 g-—->+—-——>1
20
10

0 0.1 0.2 0.3 0.4
TIME (SECONDS)

Figure 79 . Vehicle lateral accelerometer trace

for test 9919-4 (near c.g. of vehicle).
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YERTICAL. ACCELERATION (G’'s)

TEST 9919-4

Class 180 Filter — Near C.G. of Car

20

|
I

10

Ann.r\‘ Y
UVVVVNUVVVVJV

5.0¢
-30 -ﬁ

0

Figure 80,

»le—Max{imum 0.050 § Average =

0.1 0.2 0.3 0.4
TIME (SECONDS)

Vehicle vertical accelerometer trace
for test 9919-4 (near c.g. of vehicle).
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LONGITUDINAL ACCELERATION (G's)

TEST 9919-4

Class 180 Filter — Cab of Truck

20 : T
I
18 ‘1 Jl
fe—>j«t—Maximum P.050 s Averjage = 3.6 g
10 : |
I
|
5
[ |
0 . | ‘ﬂl ‘QWW**W
.
" 1|
|
o
-10 1 l
.
+—
I

TME (SECONDS)

Figure 8l. Truck longitudinal accelerometer trace
for test 9919-4.
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Markings and Equipment Corporation {9919-03)

The TMA used during this test was manufactured by Markings and Equipment
Corporation and is shown in Figures 6 and 82. The TMA was mounted on Truck No.
1 which had a gross static weight of 14,910 1b, including the TMA cartridge and
mounting structure. As mounted, the TMA cartridge clearance above the ground was
12.0 inches at the front and 12.0 inches at the rear. The height to the upper
rear surface of the cartridge was 36.75 inches above ground.

The 1982 01dsmobile 98 Regency (pictured in Figures 82 and 83) was directed
into the Markings and Equipment Corporation TMA. The height to the lower edge
of the vehicle bumper was 12.00 inches and 20.50 inches to the top of the bumper.
Other dimensions and information on the vehicle are given in Figure 84.

The vehicle was travelling at a speed of 47.8 mi/h. Upon impact, the TMA
began to crush and, at 0.047 second, the rear truck tires began to rotate. At
approximately 0.162 second, the truck tire had rotated 19 degrees and began to
skid. The front of the impacting vehicle began to nose down at 0.172 second and
then bottomed-out at 0.244 second. The rear truck tires stopped skidding at
0.314 second after rotating backwards to -11 degrees from perpendicular and then
began to roll forward. The truck tire continued to alternate between rolling and
skidding during the remainder of the test period. At 0.488 seconds, the truck
reached a maximum speed of 14.0 ft/s (9.6 mi/h) and had moved approximately 6.8
ft. By this time, the impacting vehicle had slowed to 24.2 ft/s (16.5 mi/h).
The maximum rotation angle achieved by the rear truck tires during the test was
79 degrees at 1.047 second; however, at the end of the test the tire was sitting
at 68 degrees. Sequential photographs of the test are shown in Figure 85.

The Markings and Equipment Corporation TMA cartridge crushed a total of
53.00 inches during the test. The frame attachment to the cartridge was bent
forward 1.5 inches on the left side. The truck had moved forward a total of 13.8
feet and was still in second gear with the parking brake on. The impacting
vehicle received damage to the bumper, hood, grill, radiator, right and left
front quarter panels and the right and left front doors. The floor pan and
subframe of the vehicle was bent and the windshield was cracked in the lower
corners. Maximum vehicle crush was 16.0 inches at bumper height. Figures 86
through 88 show damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 89. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -15.8 g between 146 and 196 msec.
Longitudinal occupant impact velocity was 34.9 ft/s at 148 msec and the maximum
longitudinal ridedown acceleration was -21.0 g between 177 and 187 msec. The
maximum longitudinal 50-msec average acceleration for the truck was 5.2 g between
133 and 183 msec. The truck reached a maximum speed of 14.0 ft/s (9.6 mph) and
moved forward a total of 13.8 ft. The truck tire alternated between rolling and
skidding during the test. Vehicle angular displacements are plotted in Figure
90 and accelerometer traces are displayed in Figures 91 through 94.
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Figure 82. Configuration for test with
Marking and Equipment TMA.
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Figure 83. Vehicle before impact with
Marking and Equipment TMA.
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Note any damage to vehicle prior to test:

Crack in windshield

*d = overall height of vehicle

Figure 84.
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Date: Test No.:  9919-3 VIN: _ 1G3AX37N86M108057
Make: 0lds Model: 98 Regency Year: 1982 Odometer: 998941
Tire Size: P215/75R15 Ply Rating: 4 Bias Ply: _ Belted: _ _ Radial: x
Tire Condition: good _ _
//‘(\fcceTerometers fair x
badly worn
A =/t —
A
_i__ Vehicle Geometry - inches
a |p —_ - 2
v ¥ a__751/2 b _43 1/2
y L ] c 119 d* 56
L 55 1/4 f
< L5E }‘ e / 217 3/4
. . _r o g h 50.8
Tire dia < Accelerometers
Wheel dia - i ~——- j 33172
5
L 3 k__191/4 £ 35
j“ [ {7 \ :{-» ) / m 20 1/2 n_§g
vy "y o} & +' 53/¢¢k ‘g
- o 12 p 61 1/2
b | c e r 27 s 16 1/4
] s
Vi £ \VAL . Engine Type: V-8
) i Engine CID: 350 Diesel
Transmission Type:
4-wheel weight or Manual
for c.a. det. £f 1307 rf 1271  4£r 965 rr_957
g FWD or or  4HD
. ) Body Type: 2-Door
Mass - pounds Curb Test Inertial Gross Static Steering Column Collapse
M] 2484 2578 Mechanism:
Behind wheel units
M, 1648 1922 __Convoluted tube
__Cylindrical mesh units
Mr 4132 4500 __Embedded ball

__NOT collapsible
__Other energy absorption

__Unknown
Brakes:
Front: disc_X drum

Rear: disc___ drum X

Test vehicle properties (9919-3).
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Figure 85. Sequential photographs for test 9919-3.
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1.000 s

Figure 85. Sequential photographs for test 9919-3.
(Continued)
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Figure 86. Damage to Marking and Equipment TMA
(right side).
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Figure 87. Damage to Marking and Equipment TMA
(left side).
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01l

.........

Test Article
Manufacturer
TMA Truck . . .
Weight wwthout TMA
Weight with TMA .
Test Vehicle

Truck Mounted Attenuator
. . Markings & Equipment
. 1981 Ford Dump Truck (#1
. 14,020 1b (6,365 kg)
. 14,910 1b (6,769 kg)
. . 1982 Oldsmobile 98 Regency
. 4,500 1b (2,043 kg)
. 47.8 mi/h (76.9 km/h)
16.0 in (40.6 cm)

-----

Impact Speed ;
Maximum Vehicle Crush
Vehicle Damage C1ass1f1cation

Figure 89.

Maximum Truck Displacement . 13.8 ft (4.2 m)
Maximum TMA Crush . . . . . 53.00 in (1.3 m)

Vehicle Accelerations
(Maximum 50 ms Average at c.g.)

Vehicle Longitudinal . . .-15.
Vehicle Lateral . . . . . -1.
Truck Cab Long1tud1na1 « « B,
Occupant Impact Velocity
Longitudinal . . . . . . . 34.
Lateral . . . . . 5.
Occupant Ridedown Acce]eratwons
Longitudinal . . . . . . .-21.
Lateral . . . . . . . . . -1.

Summary of results for test 9919-3.

N Oy 0
[{ojiejis]

ft/s (10.6 m/s)
ft/s (1.8 m/s)
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(DEGR4EES)

2.

00

Axes are vehicle fixed.
Sequence for determining

<:ik:5YAw orientation is:
L 1. Yaw
2. Pitch
3. Roll
Yaw

DISPLACEMENT

Figure 90 .

.q“\‘Nig Pitc}F
SECONDS)® go1

Vehicle angular displacements for test 9919-3.
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LONGITUDINAL ACCELERATION (G's)

20

TEST 9919-3

Class 180 Filter — Near C.G. of Cor

Y

Maximufm 0.050 s AJerage = -15|9 g

0 0.

Figure 91.

1 0.2 0.3 04
TIME (SECONDS)
Vehicle longitudinal accelerometer trace

for test 9919-3 (near c.g. of vehicle).
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LATERAL ACCELERATION (G's)

30

20

10

TEST 9919-3

Class 1B0 Filter — Near C.G. of Car

|
L
||
L
L il A
- ’“';ii"ll“' S"l‘i‘i‘g ‘:.l!s“l“‘ .1I rh'tllglr Madascad Mbaadete
L
|
B
[ ]
.
I
aximum| 0.050 s Avegrage = -1.6
||
0 0.1 0.2 0.3 0.4

TIME (SECONDS)

Figure 92, Vehicle lateral accelerometer trace
for test 9919-3 (near c.g. of vehicle).
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VERTICAL ACCELERATION (G's)

TEST 9919-3

Class 180 Filter — Near C.G. of Car

30

;54 Maximum|0.050 s Average = -7.4¢g
20
10 t N

" |
|
Lo

0 0.1 0.2 0.3 04 0.5
TIME (SECONDS)

Figure 93 . Vehicle vertical accelerometer trace
for test 9919-3 (near c.g. of vehicle).
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LONGITUDINAL ACCELERATION (G'm)

TEST 9919-3

Class 180 Filter — Cab of Truck

20 :

¥
U

15

I*—*t‘_" Maximum 0.050 s Averpge = 5.2 g

10 t

|

!
|
-5 -
.
0 —
N
15 | |
0 '
0 0.1 0.2 0.3 0.4
TIME (SECONDS)

Figure 94 . Truck longitudinal accelerometer trace
for test 9919-3.
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Connecticut DOT {9910-10

The TMA used during this test was provided by Connecticut DOT and is shown
in Figures 7 and 95. The TMA was mounted on Truck No. 2 which had a gross static
weight of 16,090 1b, including the TMA cartridge and mounting structure. As
mounted, the TMA cartridge clearance above the ground was 8.00 inches at the
front and 6.00 inches at the rear. The height to the upper rear surface of the
cartridge was 40.63 inches above ground.

The 1980 Cadillac Sedan deVille (pictured in Figure 95) was towed into the
Connecticut TMA. The height to the lower edge of the vehicle bumper was 14.00
inches and 21.75 inches to the top of the bumper. Other dimensions and
information on the vehicle are given in Figure 96.

The vehicle was travelling at a speed of 45.6 mi/h. Upon impact, the first
pipe in the TMA began to crush. Approximately 0.039 second after impact the
second pipe began to crush and third pipe at 0.073 second. At 0.078 second, the
rear truck tire began to rotate forward. The fourth pipe began to crush at 0.116
second. Maximum crush of the TMA of 71.0 inches occurred at 0.188 second. The
rear truck tire rotated 90 degrees by 0.307 second and at approximately the same
time the truck was moving at its maximum speed of 12.0 mi/h. The truck had moved
3.3 ft at this time and the impacting vehicle was travelling at 6.4 mi/h.
Forward motion of the impacting vehicle stopped at 1.491 second. The vehicle
subsequently came to rest directly against the rear of the TMA. Sequential
photographs of the test are shown in Figure 97.

The Connecticut TMA crushed a total of 71.0 inches during the test. The
attachment frame on the cartridge was not damaged. The truck had moved 12.6 ft
and was still in second gear with the parking brake on. The impacting vehicle
received damage to the front bumper, hood, grill, radiator, the right and left
front quarter panels, and the right and left doors. The windshield was cracked
in each corner. Maximum vehicle crush was 16.0 inches at bumper height. Figures
98 and 99 show damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 100. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -14.1 g between 155 and 205 msec.
Longitudinal occupant impact velocity was 28.9 ft/s at 140 msec and the maximum
longitudinal ridedown acceleration was -19.7 g between 164 and 174 msec. Vehicle
angular displacements are plotted in Figure 101 and accelerometer traces are
displayed in Figures 102 through 105.
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Figure95. Vehicle before impact with
Connecticut TMA (9910-10).
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Date: Test No.: 9910-10 VIN:
Make: Cadiliac Model: Sedan DeVille Year: 1980

Tire Size: P215/75R15  Ply Rating:

//ﬁ(\éccelerometers
—

6D47NA9116045

Bias Ply: _ Belted: _

4
%
a p ”“ . 3.5
I A
/ = J
— |
) ” 161.75 ol
. . _r
Tire dia < Accelerometers
dheel dia .
ALl D
x (M .J 1/ n3))
J ] Q_( X v/ o A
M) A %225 b
<€ h Fo-
«Dale < e
M :
VI‘I f %7”2 R
4-wheel weight
for c.g. det. £f 1199 rf 1206 gr 1044 rr 1051
Mass - pounds Curb Test Inertial Gross Static
M] 2378 2405
M2 1734 2095
MT 4112 4500

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Odometer: 85610

Radial:

Tire Condition: good
fair X
badly worn __

Vehicle Geometry - inches
a 26 3/4 b 421/2
¢ 121 1/4 d* 55

e 57 f 220 3/4
g h 56.4
i ——— j 35

k 18 3/4 £ 41 1/2
m 21 3/4 n 4

o 14 p__611/2
r 27 1/4 s 16 1/4

Engine Type: V-8
Engine CID: 350
Transmission Type:

Automatic or Manual
FWD or RWD or 4WD
Body Type: 2-Door

Steering Column Collapse
Mechanism:

Behind wheel units
__Convoluted tube
Cylindrical mesh units
__Embedded ball
__NOT collapsible
__Other energy absorption
__Unknown

Brakes:
Front: disc_X drum_
Rear: disc__ drum_X

Figure 96. Test vehicle properties (test 9910-10).

*
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0.049 s

0.100 s

0.149 s

Figure 97. Sequential photographs for test 9910-10.
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0.201 s

0.250 s

0.500 s

1.000

Figure 97. Sequential photographs for test 9910-10.
(Continued)
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Figure 98 Connecticut TMA
after test 9910-10.
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Figure 99

Vehicle after impact with
Connecticut TMA (9910-10).
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Test No. . . . . . .. 09910-10 Maximum Truck Displacement . 12.

Date o« &« 4 w « & = & & 02/07/90 Maximum TMA Crush . . . . . 71
Test Article . . . . . Truck Mounted Attenuator Vehicle Accelerations
Manufacturer . . . . . Connecticut (Maximum 50 ms Average at c.g.
TMA Truck . . . . . . . 1980 Ford Dump Truck (#2) Vehicle Longitudinal . . .-14.
Weight without TMA . 14,010 1b (6,361 kqg) Vehicle Lateral . . . . . -1.
Weight with TMA . . . 16,090 1b (7,305 kg) Truck Cab Longitudinal . . 5.
Test Vehicle . . . . . 1980 Cadillac Sedan DeVille Occupant Impact Velocity
Weight . . . . . .. 4,500 1b (2,043 kg) Longitudinal . . . . . . . 28.
Impact Speed . . . . . 45.6 mi/h (73.4 km/h) Lateral . . . . . . . .. 6
Maximum Vehicle Crush . 16.0 in (40.6 cm) Occupant Ridedown Accelerations
Vehicle Damage Classification Longitudinal . . . . . . .-19.
I « « 2 4 & & » . . 12FD4 Lateral « « « s 5 5 5 & @ -1.
EOE 2 o = # w & & u = 12FDEW3

Figure 100 Summary of results for test 9910-10.




\ S#TCH ﬁ v AW
<§;§> CL'LE; ‘éggif’//ﬁ Axes are vehicle fixed.
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orientation is:

( \\\\\ 1. Yaw

2. Pitch
3. Roll
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"120
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"'150
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Figure 101 Vehicle angular displacements for test 9910-10.
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LONGITUDINAL ACCELERATION (g°'s)
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TEST 9910-10

Class 180 Filter
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Figure 102 Longitudinal accelerometer trace
for test 9910-10.
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LATERAL ACCELERATION {(g's)
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TEST 9910-10
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Figure 103 Lateral
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VERTICAL ACCELERATION (g's)
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Figure 104 Vertical accelerometer trace
for test 9910-10.
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LONGITUDINAL ACCELERATION (g's)

TEST 9910-10

Class 180 Fitler — Dump Truck Cab

30

-

> Majximum 0.030-second Average

25

20

~-10

TIME (SECONDS)

Figure 105 Longitudinal accelerometer trace

for test 9910-10 (dump truck cab).
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No TMA (9910-16)

The 1982 Cadillac Fleetwood (pictured in Figure 106) was directed into the
rear of Truck No. 2 with no TMA. The height to the lower edge of the impacting
vehicle’s bumper was 11.25 inches and 20.00 inches to the top of the bumper.
Other dimensions and information on the impacting vehicle are given in Figure

107.

The vehicle was travelling at a speed of 46.8 mi/h. Upon impact, the
impacting vehicle began to crush. The rear truck tire began to rotate forward
at 0.022 second. The impacting vehicle began to dive down and bottomed-out at
0.074 second. The dump truck reached a maximum speed of 12.4 mi/hr at 0.133
second and had moved forward 1.5 ft. By 0.169 second, the rear truck tire had
rotated 30 degrees from the vertical and continued to rotate forward and backward
during the remainder of the test. Forward motion of the impacting vehicle
stopped at 0.732 second. Sequential photographs of the test are shown in Figure

108.

The impacting vehicle received damage to the front bumper, hood, grill,
radiator, the right and left front quarter panels, and all four doors. The roof
and floorpan were bent and the windshield was broken. The drive shaft and rear
axle were also damaged. Maximum vehicle crush was 35.0 inches just above bumper
height. The only damage sustained by the dump truck was to the TMA attachment
panel. Figures 109 and 110 show damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 111. The maximum longitudinal 50-ms average acceleration
experienced by the impacting vehicle was -22.1 g between 037 and 087 ms.
Longitudinal occupant impact velocity was 50.5 ft/s at 096 ms and the maximum
longitudinal ridedown acceleration was -10.0 g between 102 and 112 ms. Vehicle
angular displacements are plotted in Figure 112 and accelerometer traces are
displayed in Figures 113 through 116.
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Figure106. Vehicles prior to test 9910-16.
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Date: 10/25/90 Test No.: 9910-16 VIN: 1G6AB6988(C9112896

Make: Cadillac Model: Fleet Wood Year: 1982 Odometer: 47777
Tire Size: D225/75R15  Ply Rating: Bias Ply: _ Belted: __ Radial: ___
Tire Condition: good x_
Accelerometers fair __
: badly worn
L e F{ e | -
A
_i“ Vehicle Geometry - inches
a |p e | e
7 a 78" b 42 172"
v —$“‘ /
A e ] c 121 3/4'' d* 56 1/2'!
. . o l g h
Tire dia > Accelerometers
i me-- j 321/2""

vheel dia

k 19 1/2'' ¢ 35 1/2'"

L

.A &] A 20!! 4!
v "y of o \g
A o 11 1/4'" p
b | ¢ 1 e o r_281/2'' s _16 1/4""
M y
VH £ 2 R Engine Type: 8 Gasoline
. Engine CID: 4.1
Transmission Type:
4-wheel weight Automatic  gExxMxmukk

1172 140 093
for c.g. det. £f rf_l gr_109 rr_1095 FxP¥xex  RWD  amxxamX

Body Type: 4 Door

Mass - pounds Curb Test Inertial Gross Static. Steering Column Collapse
__Behind wheel units
M, 1866 2188 __Convoluted tube
__Cylindrical mesh units
M 4051 4500 __Embedded ball
__NOT collapsible .
Note any damage to vehicle prior to test: __gﬁgﬁgwinergy absorption
Crack in Windshield-passenger side Brakes:

Front: disc_x drum

Rear: disc drum y
*d = overall height of vehicle -

Figure 107. Test vehicle properties (9910-16).
121



.048 sec

.073 sec

Figure 108. Sequential photographs for test 9910-16.
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,732 sec

Figure 108  Sequential photographs for test 9910-16.
(Continued)
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Damage to truck after test 9910-16.

Figure 109.
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Figure 110. Damage to passenger car after test 9910-16.
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Test No.
Date

Test A;t%c1e .
Manufacturer . . . . .

TMA Truck

Weight without TMA
Weight with TMA . .
Test Vehicle

Weight

.......

. AT S 2y -

. . 09910-16 Maximum Truck Displacement
10/25/90 Maximum TMA Crush . . . . .
. Truck Mounted Attenuator Vehicle Accelerations
No TMA (baseline test) (Maximum 50 ms Average at
1980 Ford Dump Truck (#2) Vehicle Longitudinal . . .
. 14,010 1b (6,361 kg) Vehicle Lateral . . . . .
. No TMA Truck Cab Longitudinal . .
. 1982 Cadillac Fleetwood Occupant Impact Velocity
4,500 1b (2,043 kqg) Longitudinal . . . . . . .
46.8 mi/h (75.3 km/h) Lateral . . . . . . . ..

Impact Speed . . . . .

Maximum Vehicle Crush . 35.0 in (88.9 cm) Occupant Ridedown Accelerati
Vehicle Damage Classification Longitudinal . . . . . .
TAD & &« s s s » + » = 12FD7 Lateral . . . . . ..
GOG - « 5 ¢ &« & & = 12FDEW4

Figure 111 Summary of results for test 9910-16.

. 10.8 ft (3.3m)

N/A (No TMA)

c.g
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No contact
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-10.0 g
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(DEGREES)

Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw
2. Pitch
3. Roll

Pitch

Roll

DISPLACEMENT

Figure 112.

H

.4
(SECONDS)

ME

Yaw

Vehicle angular displacements for test 9910-16.
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TEST 9910-16

Class 180 Filter
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—— Maximum 0.050-sec0n¥ Average = -22.1 g
0 0.2 0.4

TIME (SECONDS)

Figure 113. Vehicle longitudinal accelerometer trace for test 9910-16.
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TEST 9910-16

Class 180 Filter

50 T i
F‘_“'f‘_’“"‘Maximum D.050-second| Average = 42.9 g

40

30

20

10

i

—

<
JEUUU—

LATERAL ACCELERATION (g'=a)

0 0.2 0.4

TIME (SECONDS)

Figure 114. Vehicle lateral accelerometer trace for test 9910-16,
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TEST 9910-16

Class 180 Filter

40 T
-« Maximum |0.050-second Average = +13.9 g

30

i a

0
N/
6
L T
: | 1
o -10 —H-1Hf
0 l ﬂ
: h
J -20 i
q
0 |
b -3 -
*; {

40 |

|
ol L

0 0.2 0.4

TIME (SECONDS)

Figure 115. Vehicle vertical accelerometer trace for test 9910-16.
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TEST 9910-16

Class 180 Filter ~ Dump Truck

LONGITUDINAL ACCELERATION (g'=a)

| b,
. A %mwv&wwn
-2 | 1 &’NM o !
NEENE
|

-6
. % ]
-10

| |
-12
_14 L ——Maximum 0,050-second fverage = 6.9 q

0 0.2 0.4

TIME (SECONDS)

Figure 116. Dump truck Tongitudinal accelerometer trace for test 9910-16.
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Test Series 2: Fixed-Position Truck Tests with 1800-1b Passenger Cars
Traveling at 45 Miles per Hour

The tests performed in this series used 1800-1b Hondas impacting the TMA’s
mounted on the same two trucks used in the first series. The trucks were parked
in second gear with the parking brake on, against a rigid barrier to prevent
forward motion of the truck. The Hondas were directed into the TMA’s using the
reverse tow and cable guidance system and were free-wheeling and unrestrained
Jjust prior to impact. The point of impact was head-on with the centerline of the
vehicle aligned with the centerline of the TMA,

Energy Absorption Alpha Model (9910-03)

The TMA used during this test was manufactured by Energy Absorption (Alpha
model) and is shown in Figures 1 and 117. The TMA was mounted on Truck No. 2
which had a gross static weight of 14,980 1b, including the TMA cartridge and
mounting structure. As mounted, the TMA cartridge clearance above the ground was
12.00 inches at the front and 13.00 inches at the rear. The height to the upper
rear surface of the cartridge was 33.50 inches above ground.

The 1980 Honda Civic (pictured in Figure 117) was directed into the Energy
Absorption Alpha TMA. The height to the lower edge of the vehicle bumper was
13.75 inches and 18.75 inches to the top of the bumper. Other dimensions and
information on the vehicle are given in Figure 118.

The vehicle was travelling at a speed of 43.9 mi/h. Upon impact, the TMA
began to crush smoothly and steadily. The impacting vehicle remained at a
constant height without diving under the TMA. Forward motion of the impacting
vehicle stopped at 0.161 second. The vehicle subsequently came to rest 2 ft
behind the TMA. Sequential photographs of the test are shown in Figure 119.

The Energy Absorption Alpha TMA cartridge crushed a total of 57.40 inches
during the test. The frame attachment to the cartridge was bent 1.00 inch on
both sides. The impacting vehicle received damage to the front bumper, hood,
grill, radiator, and the right and left front quarter panels. Maximum vehicle
crush was 4.0 inches at bumper height. Figures 120 and 121 show damage to the

TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 122. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -15.2 g between 076 and 126 msec.
Longitudinal occupant impact velocity was 42.8 ft/s at 111 msec and the maximum
longitudinal ridedown acceleration was -15.2 g between 136 and 146 msec. Vehicle
angular displacements are plotted in Figure 123 and accelerometer traces are
displayed in Figures 124 through 126.
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Figure 117, Vehicle before test with
Energy Absorption Alpha TMA.
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Date: Test No.: 9910-3 VIN: _ SLC1039593
Make: Honda Model: Civic Year: 1980 Odometer: 125286
Tire Size: _ 155SR12 Ply Rating: Bias Ply:  Belted: __ Radial: x_
Accelerometers Tire Condition: good
fair x_
T T_______/?,,,.nwa—*““ N AN badly worn
a p .ui_ Vehicle Geometry - inches
l 3.0 a 62.5 b 29.0
N c 88.25 d*_ 52.0
RN ! e 28.5 f _ 145,75
) 94,0
< > g h 33.3
- ] Accelerometers i bbbl J 29.0
Tire dia <«
Wheel dia k 14,5 £ 29.0
s
n—>]
18.75 n .
) S— m 2.75
i| = - x{ j@ NGh T F o 1375 535
+ A
VmV Oy %-5 \yk Vg r 21.5 S 13.5
h N
2 5l < >t > Engine Type: 4 cylinder
:bwj Qi?M Engine CID: 91 CID
f Z .
< > Transmission Type:
4-wheel weight Automatic or Manual
for c.q. det. £f 590 rf 530 £r 340 rr_ 340 FWD or RWD or 4WD
Body Type: 3 door
Mass - pounds Curb Test Inertial Gross Static Steering Column Collapse
M] 1124 1120 Mechanism:
__Behind wheel units
M, 635 680 ~_ Convoluted tube
__Cylindrical mesh units
My 1759 1800 __Embedded ball
__NOT collapsible

Note any damage to vehicle prior to test:

Cracked windshield marked

__Other energy absorption

__Unknown
Brakes:
Front: disc X drum

overall height of vehicle
Figure 118.

*d

Rear: disc drum x

Test vehicle properties for test 9910-3,
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0.072 s

Figure119. Sequential photographs
for test 9910-3.

145



L e e p——y

P

0.167 s

Figure 119. Sequential photographs
for test 9910-3.
(Continued)
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Figure 120. Vehicle after impact with Enerqy
Absorption Alpha TMA (9910-3).
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Figure 121. Energy Absorption Alpha TMA after test 9910-3.
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Test No. . . . . . .. 09910-3

Date . . . . . . ... 01/04/90

Test Article . . . . . Truck Mounted Attenuator
Manufacturer . . . . . Energy Absorption Alpha
TMA Truck . . . . . . . 1980 Ford Dump Truck (#2)

Weight without TMA

. 14,010 1b (6,361 kqg)
Weight with TMA . .

. 14,980 1b (6,801 kg)

Test Vehicle . . . . . 1980 Honda Civic
Weight . . . . . .. 1,800 1b (817 kg)
Impact Speed . . . . . 43.9 mi/h (70.6 km/h)

Maximum Vehicle Crush . 4.0 in (10.2 cm)
Vehicle Damage Classification

TAD . . . . ... .. 12FD2

coc . .. ... 12FDEW2

Maximum Truck Displacement
Maximum TMA Crush . . . . . 57.4 in (1.5 m)
Vehicle Accelerations

(Maximum 50 ms Average at c.g.)

. N/A (fixed position)

Vehicle Longitudinal . . .-15.2 g

Vehicle Lateral . . . . . -1.5 ¢

Truck Cab Longitudinal . . N/A
Occupant Impact Velocity

Longitudinal . . . . . . . 42.8 ft/s (13.0 m/s)

lateral . « = + # 5 5 = 4 5.8 ft/s (1.8 m/s)
Occupant Ridedown Accelerations

Longitudinal . . . . . . . -14.8 g

lateral . « « = « & = = » -1.0 g

Figure 122 Summary of results for test 9910-3.
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Figure123. Vehicle angular displacements for test 9910-3.
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LONGITUDINAL ACCELERATION (g's)

TEST 9910-3

Class 180 Filter

20

l«—>t<—— Maximum 0.050Fsec Averagg = -15.2 g
|

10

0 0.2 0.4
TIME (SECONDS)

Figure 124. Vehicle longitudinal accelerometer
trace for test 9910-3.
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LATERAL. ACCELERATION (g's)

TEST 9910-3

Class 180 Filter

20 Y 7
> Maxi%um 0.050-se¢ Average =[-1.5 g
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h |

| Wﬂ WWW
-10
-20
30 i

0 0.2 0.4

TIME (SECONDS)

Figure 125. Vehicle lateral accelerometer trace
for test 9910-3.
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VERTICAL ACCELERATION (g's)

TEST 9910-3

Class 180 Fifter

20 I f
« > Maximum 0.050-se¢ Average = }0.8 g
o —
| ‘ i
0 4]
~-10
-20
-30
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Figure 126. Vehicle vertical accelerometer trace
for test 9910-3.
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Energy Absorption Hexfoam (9910-08)

The TMA used during this test was manufactured by Energy Absorption (Hex-
foam model) and is shown in Figures 2 and 127. The TMA was mounted on Truck No.
2 which had a gross static weight of 15,250 1b, including the TMA cartridge and
mounting structure. As mounted, the TMA cartridge clearance above the ground was
11.50 inches at the front and 12.00 inches at the rear. The height to the upper
rear surface of the cartridge was 36.00 inches above ground.

The 1982 Honda Civic (pictured in Figure 127) was directed into the Energy
Absorption Hex-foam TMA. The height to the lower edge of the vehicle bumper was
14.00 inches and 19.50 inches to the top of the bumper. Other dimensions and
information on the vehicle are given in Figure 128.

The vehicle was travelling at a speed of 44.4 mi/h. Upon impact, the TMA
began to crush and the impacting vehicle began to dive under the TMA. By 0.147
second the impacting vehicle bottomed-out and forward motion stopped at 0.182
second. The vehicle subsequently came to rest 5.5 ft behind the TMA. Sequential
photographs of the test are shown in Figure 129.

The Energy Absorption Hex-foam TMA cartridge crushed a total of 58.80
inches during the test. The attachment frame on the cartridge was not damaged.
The impacting vehicle received damage to the front bumper, hood, grill, radiator,
the right and left front quarter panels and the right door. Maximum vehicle
crush was 6.0 inches at bumper height. Figures 130 and 131 show damage to the
TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 132. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -16.5 g between 041 and 091 msec.
Longitudinal occupant impact velocity was 45.3 ft/s at 093 msec and the maximum
longitudinal ridedown acceleration was -17.3 g between 126 and 136 msec. Vehicle
angular displacements are plotted in Figure 133 and accelerometer traces are
displayed in Figures 134 through 136.
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Fiqure 127. Vehicle before impact with
Energy Absorption Hex-foam TMA (9910-8).



Date: Test No.: 9910-8 VIN:
Make: Honda Model: Civic Year: 1982

Tire Size: P155/80R13 Ply Rating:

Accelerometers

Bias Ply:

T AR RN
a p qf// __L“
l 3.5
NS
.
< 94,5 >
Tire dia T, Accelerometers
Wneel dia ——1
n-»
; -
I Je «
I3 " T ] JaNN T
v ™y o4 \*/ 'kbj)%/‘? 5 jrk

b

A

Y

W RV
4-wheel weight

for c.q. det. £f 560 rf 578 £Lr 343 rr__319

Mass - pounds Curb Test Inertial Gross Static
M] 1207 1138
M, 652 662
MT 1859 1800

Note any damage to vehicle prior to test:

*d = overall height of vehicle

—JHMSR532XCS03325Q

Odometer: _135725
Belted: = Radial: x
Tire Condition: good y
fair
badly worn

Vehicle Geometry - inches

a __ 63.0 b __29.5
¢ 88.5 d* 52.75

e 29.0 f _147.0
g h  32.5

i ==-= J 29.0

k __16.0 £ 25.0
m 19,5 n 3.5

0 14.0 p 53.5
r 22.75 s 14.25

Engine Type: 4 cylinder
Engine CID:
Transmission Type:

Automatic or Manual
FWD or RWD or 4uWD

Body Type:

Steering Column Collapse
Mechanism:

__Behind wheel units

__Convoluted tube
Cylindrical mesh units

" Embedded ball

__NOT collapsible

__Other energy absorption

__Unknown

Brakes:
Front: disc x drum
Rear: disc drum X

Figure 128. Vehicle properties for test 9910-8.
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0.049 s

e v"tﬁ‘ = ','_,:;._.' ge
v ‘ &

Figure 122 Sequential photographs
for test 9910-8.

157



0.182 s

Figure 122 Sequential photographs
for test 9910-8.
(Continued)
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Energy Absorption Hex-foam TMA

after test 9910-8.

Figure 130
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Figure 131, Vehicle after impact with
Energy Absorption Hex-foam TMA (9910-8).
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191

Test No: & « « » « » 09910-8

Date . o . .« 4 & a5 s 01/16/90

Test Article . . . . . Truck Mounted Attenuator
Manufacturer . . . . . Energy Absorption Hex-foam
TMA Truck . . . . . . . 1980 Ford Dump Truck (#2)

Weight without TMA

. 14,010 1b (6,361 kg)
Weight with TMA . .

. 15,250 1b (6,924 kg)

Test Vehicle . . . . . 1982 Honda Civic
Weight . . . . . .. 1,800 1b (817 kg)
Impact Speed . . . . . 44.4 mi/h (71.4 km/h)

Maximum Vehicle Crush . 6.0 in (15.2 cm)
Vehicle Damage Classification

TAD 5 = 5. s « » u & 12FD2

COE « = & 5 = « o = = 12FDEW2

Maximum Truck Displacement .

Maximum TMA Crush

Vehicle Accelerations
(Maximum 50 ms Average at c.g.)

N/A (fixed position)
. 58.8 in (1.5 m)

Vehicle Longitudinal . . .-16.5 g

Vehicle Lateral . . . . . -1.4 g

Truck Cab Longitudinal . . N/A
Occupant Impact Velocity

Longitudinal . . . . . . . 45.3 ft/s (13.8 m/s)

Lateral . . . . . . . .. 7.4 ft/s (2.3 m/s)
Occupant Ridedown Accelerations

Longitudinal . . . . . . . -17.3 g

Lateral . . . . . .. . .-1.749

Figure 132 Summary of results for test 9910-8.



Y:§> 7 Axes are vehicle fixed.

Sequence for determining
. orientation is:
ANYVs
— \\\\ 1. Yaw
2. Pitch
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Figure 133. Vehicle angular displacement for test 9910-8.
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LONGITUDINAL ACCELERATION (g‘s)

TEST 9910-8

Class 180 Filter

10

A

Maximum 0.050-ser Average =1|-16.5 g

0 | WNWMMMMWW

\ 4

0 0.2 0.4
TIME (SECONDS)

Figure 134, Vehicle lTongitudinal accelerometer trace
for test 9910-8.
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LATERAL ACCELERATION (g’s)

40
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TEST 9910-8

Class 180 Filter

A
Y

Makimum 0.0504sec Average|=-1.4 ¢

0.2 0.4
TIME (SECONDS)

Figure 135, Vehicle lateral accelerometer trace
for test 9910-8.
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VERTICAL ACCELERATION (g's)
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TEST 9910-8

Class 180 Filter
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¥
|
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Figure 136. Vehicle vertical accelerometer trace
for test 9910-8.
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Hexcel 3000 {9910-05)

The Hexcel Model 3000 TMA used during this test is shown in Figure 3. The
TMA was mounted on Truck No. 1 which had a gross static weight of 14,860 1b,
including the TMA cartridge and mounting structure. As mounted, the TMA
cartridge clearance above the ground was 11.50 inches at the front and 12.00
inches at the rear. The height to the upper rear surface of the cartridge was
36.25 inches above ground.

The 1980 Honda Civic (pictured in Figure 137) was directed into the Hexcel
Model 3000 TMA. The height to the lower edge of the vehicle bumper was 14.25
inches and 19.50 inches to the top of the bumper. Other dimensions and
information on the vehicle are given in Figure 138.

The vehicle was travelling at a speed of 45.2 mi/h. Upon impact, the TMA
began to crush and displace upward. The impacting vehicle began to dive under
the TMA at 0.044 second and the rear of the truck began to rise at 0.109 second.
Forward motion of the impacting vehicle stopped at 0.193 second. The vehicle
subsequently came to rest under the TMA. Sequential photographs of the test are
shown in Figure 139.

The Hexcel Model 3000 TMA cartridge crushed a total of 65.50 inches
longitudinally and displaced upward during the test. The frame attachment to the
cartridge was bent 0.25 inch on both sides. The impacting vehicle received
damage to the front bumper, hood, grill, radiator, and the right and left front
quarter panels. Maximum vehicle crush was 10.0 inches just above bumper height.
Figures 140 and 141 show damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 142. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -13.3 g between 031 and 081 msec.
Longitudinal occupant impact velocity was 39.1 ft/s at 101 msec and the maximum
longitudinal ridedown acceleration was -11.6 g between 124 and 134 msec. Vehicle
angular displacements are plotted in Figure 143 and accelerometer traces are
displayed in Figures 144 and 145,
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Figure 137 Vehicle before impact with
Hexcel Model 3000 TMA (9910-5).
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Date: Test No.: 9910-5 VIN: _ JHMSL.5322BS005720
Make: Honda Model: Civic Year: _ 1980 Odometer: _ 214755
Tire Size: _155 SRI12 Ply Rating: Bias Ply: _ Belted: _  Radial: _X
Accelerometers Tire Condition: good
fair X
badly worn

T

a ._&_,
l 4,25 in
E g l
< 91.75 1in >
Tire dia I Accelerometers
Wheel dia
n—»
A
S) I pme— s ( J{‘? JANNTw) :
m A @ AK-T) YA e
y 'y Oy \M/ AN 2315 ,
h >
2l c .
. i f AN
4-wheel weight
for c.a. det. &f 578 rf 545  pr 342 rr_ 335
Mass - pounds Curb Test Inertial Gross Static
M] 1122 1123
M2 667 677
MT 1789 1800

Note any damage to vehicle prior to test:

Crack in windshield

*d- = overall height of vehicle

Vehicle Geometry - inches

a 621/6 b 27 3/4
. 881/2 4« 52 3/4
e 29 £ 145 1/4
g h 33.3

i --== _j 30

k 16 1/2 ¢ 291/2
m 191/2 g 5

o 141/4 p 53
r 21 1/2 s 13 1/4

Engine Type: 4 cyl
Engine CID:

Transmission Type:

Automatic or
or RWD or 4WD

Body Type: Hatch

Steering Column Collapse
Mechanism:

Behind wheel units
—_Convoluted tube
__Cylindrical mesh units
__Embedded ball
__NOT collapsible
__Other energy absorption

__Unknown

Brakes:
Front: disc X drum
Rear: disc_ drum X

Figure 138 Test vehicle properties (test 9910-5).
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0.073 s

Figure 139 Sequential photographs for test 9910-5.
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0.097 s

0.193 s

Figure 139. Sequential photographs for test 9910-5.
(Continued)
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Figure 140 Hexcel Model 3000 TMA
after test 9910-5.
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Figure 141 Vehicle after impact with
Hexcel Model 3000 TMA (9910-5).
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09910-5 Maximum Truck Displacement . N/A (fixed position)

02/13/90 Maximum TMA Crush . . . . . 65.5 in (1.7 m)

Test Article . . . . . Truck Mounted Attenuator Vehicle Accelerations
Manufacturer . . . . . Hexcel Model 3000 (Maximum 50 ms Average at c.qg.)
TMA Truck . . . . . . . 1981 Ford Dump Truck (#1) Vehicle Longitudinal . . .-13.3 g

Weight without TMA . 14,010 1b (6,361 kg) Vehicle Lateral . . . . . -1.2 g

Weight with TMA . . . 14,860 1b (6,746 kg) Truck Cab Longitudinal . . N/A
Test Vehicle . . . . . 1980 Honda Civic Occupant Impact Velocity

Weight . . . . . .. 1,800 1b (817 kg) Longitudinal . . . . . . . 39.1 ft/s (11.9 m/s)
Impact Speed . . . . . 45.2 mi/h (72.7 km/h) Lateral . . . . . . . . . 2.6 ft/s (0.8 m/s)
Maximum Vehicle Crush . 10.0 in (25.4 cm) Occupant Ridedown Accelerations
Vehicle Damage Classification Longitudinal . . . . . . .-11.6 g

TAD . . .. . .. . . 12FD4 Lateral . . . . . s % o+ o= =laf g

coc . ... ... 12FDEW4

Figure 142 Summary of results for test 9910-5.
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Figure 143. Vehicle angular displacements for test 9910-5.
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Figure 144 Longitudinal accelerometer trace

for te

st 9910-5.
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LATERAL ACCELERATION (g's)
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Figure 145 Lateral accelerometer trace
for test 9910-5.
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Hexcel 4000 {(9910-07)

The Hexcel Model 4000 TMA was used during this test and is shown in Figure
4, The TMA was mounted Truck No. 1 which had a gross static weight of 14,820 1b,
including the TMA cartridge and mounting structure. As mounted, the TMA
cartridge clearance above the ground was 11.75 inches at the front and 12.50
inches at the rear. The height to the upper rear surface of the cartridge was

37.00 inches above ground.

The 1980 Honda Civic (pictured in Figure 146) was directed into the Hexcel
Model 4000 TMA. The height to the lower edge of the vehicle bumper was 14.50
inches and 20.25 inches to the top of the bumper. Other dimensions and
information on the vehicle are given in Figure 147.

The vehicle was travelling at a speed of 46.4 mi/h. Upon impact, the TMA
began to crush and displace upward. The impacting vehicle began to dive under
the TMA at 0.029 second and the front of the vehicle bottomed-out at 0.094
second. The rear of the truck also began to rise at 0.094 second. At 0.266
second the rear of the impacting vehicle bottomed-out. Forward motion of the
impacting vehicle stopped at 0.213 second. The vehicle subsequently came to
rest under the TMA. Sequential photographs of the test are shown in Figure 148.

The Hexcel Model 4000 TMA cartridge crushed a total of 69.50 inches
longitudinally and displaced upward during the test. The frame attachment to the
cartridge was bent 0.25 inch on both sides. The impacting vehicle received
damage to the front bumper, hood, grill, radiator, and the right and left front
quarter panels. The hood of the vehicle had been pushed back during the test and
had crushed the windshield and bent the roof above the windshield. Maximum
vehicle crush was 16.0 inches at bumper height on the right side. Figures 149
and 150 show damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 151. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -15.6 g between 018 and 068 msec.
Longitudinal occupant impact velocity was 40.8 ft/s at 099 msec and the maximum
Tongitudinal ridedown acceleration was -9.9 g between 142 and 152 msec. Vehicle
angular displacements are plotted in Figure 152 and accelerometer traces are
displayed in Figures 153 through 155.
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Figure 146. Vehicle before impact with
Hexcel Model 4000 TMA (9910-7).
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Date: Test No.: 9910-7 VIN: SLA1038383

Make: __ Honda Model: Civic Year: 1980 Odometer: 457177
Tire Size: _ P155/80R12 Ply Rating: Bias Ply:  Belted: __ Radial: X
Accelerometers Tire Condition: good
A fair X
T 'T--—-—— y//r x badly worn
a p S —— —JL- Vehicle Geometry - inches
l 3.5 in“ a 62 1/4 b 29 1/2
N > ¢ _ 881/4 gx 52
N ’ e 28 1/2 ¢ 146 1/4
) . 93.25 in
< > g h 36
i —--- J _ 30
Tire dia Accelerometers
Wheel dia A Kk 16 ¢ 27 1/2
e m_ 201/4 n_ 4
]
R I P2 NTe) A o_ M 12 p 54
+ )
L ml o} als flf r o s 13 1/4

Engine Type: _4 cyl

\ M M Engine CID:
1 f 2 -
Transmission Type:

Automatic or
368 or RWD or 4WD

Body Type: Hatch

o)

Y

A
KD

A
A

A
Y

4-wheel weight
for c.a. det. £f 966  pf 500 fr 346 pp

Mass - pounds Curb Test Inertial Gross Static Steering Column Collapse
M, 1059 1066 Mechanism:
__Behind wheel units
M, 659 734 _ Convoluted tube
__Cylindrical mesh units
My 1718 1800 __Embedded ball
_ NOT collapsible
. . . __Other energy absorption
Note any damage to vehicle prior to test: ~Unknown
Crack in windshield Brakes -

Front: disc X drum
Rear: disc__ drumX

*d = overall height of vehicle

Figure 147 Test vehicle properties (test 9910-7).
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Figure148. Sequential photographs for test 9910-7.
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0.121 s

0.230 s

Figure 148 Sequential photographs for test 9910-7.
(Continued)
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Figure 149. Hexcel Model 4000 TMA
after test 9910-7.
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Fiqure 150. Vehicle after impact with
Hexcel Model 4000 TMA (9910-7).
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Test No. . . . . . . . 09910-7

Date . . « « &« v « 02/15/90

Test Art1cle . Truck Mounted Attenuator
Manufacturer . . Hexcel Model 4000

TMA Truck . . 1981 Ford Dump Truck (#1)

Weight w1thout TMA . 14,010 1b (6,361 kqg)
Weight with TMA . . 14,820 1b (6,728 kg)
Test Vehicle . . . . 1980 Honda Civic
Weight . . . . . . . 1,800 1b (817 kg)
Impact Speed . 46.4 mi/h (74.7 km/h)
Maximum Vehicle Crush . 13.0 in (33.0 cm)
Vehicle Damage Classification
TAD . . .. .. .. . 12FD6

€BC & « « v « « » « « JZFDEWS

Maximum Truck Displacement
Maximum TMA Crush
Vehicle Accelerations

. N/A (fixed position)
. 69.5 in (1.8 m)

(Maximum 50 ms Average at c.g.)

Vehicle Longitudinal . . .-15.6 g

Vehicle Lateral . . . . . -2.8¢g

Truck Cab Longitudinal . . N/A
Occupant Impact Velocity

Longitudinal . . . 40.8 ft/s (12.4 m/s)

Lateral 8.2 ft/s (2.5 m/s)
Occupant R1dedown Acce]erat1ons

Longitudinal . . . . . . .-99g

Lateral . ¢« « « « » » « » 1.4 g

Figure 151 Summary of results for test 9910-7.
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orientation is:
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vehicle angular displacements for test 9910-7.

185



LONGITUDINAL ACCELERATION (g‘s)

TEST 9910-7

Class 180 Filter

5 1 (
5 l! ,} N ) wﬁ$$ﬁﬁﬂﬁﬂﬁmm
! N o AT Y g
I
- i ﬁ ‘
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o Maximum 0.050-gecond Average = -15.6 g

Y 0.2 0.4

TIME (SECONDS)

Figure153. Longitudinal accelerometer trace
for test 9910-7.
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LATERAL ACCELERATION (g's)

TEST 9910-7

Class 180 Filter

20

Maximdh 0.050-sgcond Average = 2.8

A

15

10

0.2 0.4

TIME (SECONDS)

Figure 154 Lateral accelerometer trace
‘ for test 9910-7.
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VERTICAL ACCELERATION (g's)

TEST 9910-7

Closs 180 Filter

40

rc_—)+4———_-.Maximum 0.050-second Aver
1
T t

pae = -5.6

30

20

\ VV.WA —

0.2 0.4

TIME (SECONDS)

Figure155. Vertical accelerometer trace

for test 9910-7.
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enco {9910-02

The TMA used during this test was manufactured by Renco and is shown in
Figures 5 and 156. The TMA was mounted on Truck No. 1 which had a gross static
weight of 15,260 1b, including the TMA cartridge and mounting structure. As
mounted, the TMA cartridge clearance above the ground was 11.00 inches at the
front and 12.00 inches at the rear. The height to the upper rear surface of the
cartridge was 36.00 inches above ground.

The 1981 Honda Civic (pictured in Figure 156) was directed into the Renco
TMA. The height to the lower edge of the vehicle bumper was 13.25 inches and
18.25 inches to the top of the bumper. Other dimensions and information on the
vehicle are given in Figure 157.

The vehicle was travelling at a speed of 46.3 mi/h. Upon impact, the TMA
began to crush and, at 0.090 second, the rear of the truck began to rise as the
impacting vehicle rode under the TMA cartridge. As the vehicle continued
forward, the TMA cartridge displaced upward and allowed the vehicle to underride
the cartridge sufficiently to ride under the attachment frame. Forward motion
of the impacting vehicle stopped at approximately 0.155 second after impact. The
vehicle subsequently came to rest under the TMA. Sequential photographs of the
test are shown in Figure 158.

The Renco TMA cartridge crushed approximately 40 inches longitudinally with
the remainder displaced upward as shown in Figures 5 and 6. The bumper of the
impacting vehicle underrode the attachment frame approximately 2-3 inches. The
attachment frame of the cartridge was bent 0.50 inch on the right side, 0.25 inch
on the left and was displaced upward. The impacting vehicle received damage to
the front bumper, hood, grill, radiator, right and left front quarter panels, and
the roof. The windshield was shattered. Maximum vehicle was crushed down 6.25
inches just above bumper height. Figures 159 through 161 show damage to the TMA

and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 162. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -25.3 g between 118 and 168 msec.
Longitudinal occupant impact velocity was 36.4 ft/s at 127 msec and the maximum
Tongitudinal ridedown acceleration was -29.7 g between 142 and 152 msec. Vehicle
angular displacements are plotted in Figure 163 and accelerometer traces are
displayed in Figures 164 through 166.
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Figure 156. Vehicle before impact with
RENCO TMA (991C-2).
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SRD1043852

Date: Test No.: 9910-2 VIN:

Make: Honda Model: Civic Year: 1980

Tire Size: _155R]2 Ply Rating: Bias Ply: _
Accelerometers

y A—

(=
[y —

4
Lo

< 93.5 N
1
Tire dia T Accelerometers
Wheel dia
s
|
1 T /e
il 7 ( J{ i o~ D) 1
m 4 R (35) \ i kj;) X g
4 \ 4 Y \ \{22.’) ¥ y
h .
b ¢ lE >
P h f M, N
4-wheel weight
for ¢c.q. det., £f 623 rf 530 £r 302 rr 345

Mass - pounds Curb Test Inertial Gross Static
M, 1283 1153
M, 647 647
My 1930 1800

Note any damage to vehicle prior to test:

*d = overall height of vehicle
Figure 157.

191

Odometer: 88279

Radial: x

Belted:

Tire Condition: good
fair X_

badly worn _

Vehicle Geometry - inches

a 52.0 b__ 30.0

c 88.0  d* 52.25
e 28.5 f _146.5
g h _ 31.6
i e-em§ 28.75
k__15.5 £ _ 26.0
m_18.75 n__ 2.75
o 13.25 p _ 53.75
r21.0 s 13.25

Engine Type: 4 cylinder

Engine CID:

Transmission Type:
Automatic or Manual
FWD or RWD or 4UWD

Bég;ﬁ}ype: 3 door

Steering Column Collapse
Mechanism:

__Behind wheel units

_ Convoluted tube
__Cylindrical mesh units
__Embedded ball

__NOT collapsible

__Other energy absorption

__Unknown
Brakes:
Front: disc X drum___

Rear: disc drum X

Test vehicle properties for test 9910-2.



0.048 s

Figure 158 Sequential photographs
for test 9910-2.
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0.170 s

Figure 158 Sequential photographs
for test 9910-2.
(Continued)
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Figure 159. RENCO TMA after test 9910-2.
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Figure 160. Damage to RENCO TMA
mounting hardware (9910-2)
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Figure 161. Vehicle after impact with
RENCO TMA (9910-2).
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Test No. . . . . . .. 09910-2

Date . . . . . . . .. 12/19/89

Test Article . . . . . Truck Mounted Attenuator
Manufacturer . . RENCO

TMA Truck . . 1981 Ford Dump Truck (#

Weight w1thout TMA
Weight with TMA .
Test Vehicle

Weight

. 14,010 1b (6,361 kg)
. . 15,260 1b (6,928 kg)
..... 1980 Honda Civic
. . . . 1,800 1b (817 kg)
Impact Speed . . . . 46.3 mi/h (74.5 km/h)
Maximum Vehicle Crush 6.25 in (15.9 cm)
Vehicle Damage Class1f1cation

TAD . . . . . ... . 12FD4

COE &« v &« & w 5 & & s 12FDHW1 & 12TYHA6

1)

SmROEm. <

Maximum Truck Displacement . N/A (fixed position)
Maximum TMA Crush . . . . . N/A*
Vehicle Accelerations

(Maximum 50 ms Average at c.g.)

Vehicle Longitudinal .-25.3 g
Vehicle Lateral . . . . . -1.8¢g
Truck Cab Longitudinal . . N/A
Occupant Impact Velocity
Longitudinal . 36.4 ft/s (11.1 m/s)
Lateral . . . . . . None
Occupant R1dedown Acce]erat1ons
Longitudinal ... .=29.7 ¢
Lateral . . . . . . . . . N/A

*Vehicle underrode TMA cartridge.

Figure 162 Summary of results for test 9910-2.
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Figure 163

Vehicle angular displacements for test 9910-2.
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LONGITUDINAL ACCELERATION (g's)

10

TEST 9910-2

Class 180 Filter

T 1
- =4< Maximum 0[.050-sec Average = -25.B g
b _'A;.VAY Y 1r A PRYSLNY,
L I
|
|
|y |
L |
T
|
]
|
0.2 0.4

TIME (SECONDS)

Figure 164. Vehicle longitudinal accelerometer
trace for test 9910-2,
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LATERAL ACCELERATION (g's)

TEST 9910-2

Class 180 Filter

20

A
Y

Maximum 0.050-se¢ Average =

A

1.8 g

]

Figure 165,

0.2 0.4
TIME (SECONDS)

Vehicle lateral accelerometer trace
for test 9910-2.



VERTICAL ACCELERATION (g's)

TEST 99102

Closs 1BO Filter

’ ]
PE__a44,___ Maximum 0.050-sec Average = -2.9 g
|
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I W\WW ’

-10
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Figure 166, Vehicle vertical accelerometer trace
for test 9910-2.
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Markings and Eguipment Corporation (9910-01

The TMA used during this test was manufactured by Markings and Equipment
and is shown in Figures 6 and 167. The TMA was mounted on Truck No. 2 which had
a gross static weight of 14,930 1b, including the TMA cartridge and mounting
structure. As mounted, the TMA cartridge clearance above the ground was 11.00
inches at the front and 12.00 inches at the rear. The height to the upper rear
surface of the cartridge was 36.75 inches above ground.

The 1981 Honda Civic (pictured in Figures 167) into the Markings &
Equipment TMA. The height to the lower edge of the vehicle bumper was 11.25
inches and 19.25 inches to the top of the bumper. Other dimensions and
information on the vehicle are given in Figure 168.

The vehicle was travelling at a speed of 44.9 mi/h. Upon impact, the TMA
began to crush and, at 0.142 second, the rear of the truck began to rise as the
impacting vehicle dove under the TMA. The impacting vehicle stopped forward
motion at approximately 0.203 second, and began to roll back. The vehicle
subsequently came to rest 37 ft behind the TMA, Sequential photographs of the
test are shown in Figure 169.

The Markings & Equipment TMA cartridge crushed a total of 84.0 inches
during the test. The frame attachment to the cartridge was bent 0.25 inches at
the lower right connection. The impacting vehicle received damage to the front
bumper, hood, grill, radiator, right and ieft front quarter panels, and the left
front door. The rear bumper was also damaged on the left side indicating
subframe damage to the vehicle. Maximum vehicle crush was 12.0 inches at bumper
height. Figures 170 and 171 show damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 172. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -19.6 g between 154 and 204 msec.
Longitudinal occupant impact velocity was 30.0 ft/s at 126 msec and the maximum
longitudinal ridedown acceleration was -23.9 g between 185 and 195 msec. Vehicle
angular displacements are plotted in Figure 173 and accelerometer traces are
displayed in Figures 174 through 176.
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Figure 167. Vehicle before impact with
Markings & Equipment TMA (9910-1)
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JHMSL5322BS024235

Date: Test No.: 9910-1 VIN:

Make: ‘Honda Model: _ Civic Year: 1981

Tire Size: P155 80R12 Ply Rating: 4 Bias Ply:
Accelerometers

—.

/

T

663824

Radial: x

Odometer:

Belted:

Tire Condition: good
fair X

badly worn

Vehicle Geometry - inches

a R2
i —T—' a 62.25 b 30.0
NS c  88.25 4x 52,0
PR N [ e 29.0 f 147.25
< - > g h
- . Accelerometers i ---- j 27,75
tire dia <l >
Wneel dia k 15.5 z 27.5
s
: i m_19.25 n__ 3.0
i| = L/ 16“) AN X o_11.25 p_ 54.13
y "y Oy @ \bj)} * r 21.0 s 13.25
D -
2 le ¢ NP Engine Type: 4 cylinder
Engine CID:
) V‘ﬁ ¢ %7»42 ngine CII
- > Transmission Type:
4-wheel weight Automatic or Manual
for c.a. det. £f 604 rf 55 £r 336 rr 310 FWD or RWD or 4WD
: , Body Type: _3 door
Mass - pounds Curb Test Inertial Gross Static Steering'Co1umn Collapse
M] 1197 1154 Mechanism:
__Behind wheel units
M, 668 646 __Convoluted tube
__Cylindrical mesh units
My 1865 1800 ~_Embedded ball
NOT collapsible

Note any damage to vehicle prior to test:

Crack in windshield marked

*d = gverall height of vehicle

Figure 168, Test vehicle properties for

204

_Other energy absorption

__Unknown
Brakes:
Front: disc_X drum

Rear: disc drum x

test 9910-1.



Figure 169 Sequential photographs
for test 9910-1.
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Figure 169. Sequential photographs
for test 9910-1.
(Continued)

206



, s
Figure 170. Markings & Equipment TMA
after test 9910-1.
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Figqure 171, Vehicle after impact with
Markings & Equipment TMA (9910-1)
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Test No.
Date . .
Test Art1c1e
Manufacturer
TMA Truck . . .
Weight w1thout TMA
Weight with TMA .
Test Vehicle
Weight . . .
Impact Speed . ‘
Maximum Vehicle Crush

. 09910-1
. « 12115789
. Truck Mounted Attenuator
. . Markings & Equipment
. 1980 Ford Dump Truck (#2)
. 14,010 1b (6,361 kg)
. 14,930 1b (6,778 kg)
. 1981 Honda Civic
. 1,800 1b (817 kg)
. 44.9 mi/h (72.2 km/h)
. 12.0 in (30.5 cm)

Vehicle Damage Classification

TAD .
coc .

. 12FD4
. 12FDEW3

Maximum Truck Displacement . N/A (fixed position)
Maximum TMA Crush . . . . . 84.0 in (2.1 m)
Vehicle Accelerations

(Maximum 50 ms Average at c.g.)

Vehicle Longitudinal . . .-19.6 g

Vehicle Lateral . . s « *1+8 4

Truck Cab Long1tud1na] . . N/A
Occupant Impact Velocity

Longitudinal . . . . . . . 30.0 ft/s (9.1 m/s)

Lateral . . v s« o« 8.9 Pts (2.1 mfs)
Occupant R1dedown ‘Accelerations

Longitudinal . . . . . . .-23.9 g

Lateral . « » o ¢ 5 5 5 & =}l G

Figure 172 Summary of results for test 9910-1.
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Figure 173, Vehicle angular displacements for test 9910-1.
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LONGITUDINAL ACCELERATION (g's=)

TEST 99101

Class 180 Filter

20 T T

l«—l«—Maxifum 0.050 sa

Average = -19.6 g

[&]

10

TIME (SECONDS}

Figure 174, Vehicle longitudinal accelerometer
trace for test 9910-1.
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LATERAL ACCELERATION (g's)

TEST 99101

Class 180 Filter

20

|
P“‘*%‘*‘“‘““Maximum 0.050|sec Average] = -1.5 ¢
|
|

—
<

gL T
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-10 !
|
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TIME (SECONDS)

Figure 175. Vehicle lateral accelerometer trace
for test 9910-1.
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VERTICAL ACCELERATION (g’=)

TEST 99101

Class 180 Filter

20

> Maximum 0,050 sek Average
= -2.4 ¢

AM Y. Mo AllAn A,

0 i VVW WWL"V'V A A

0 0.2 0.4
TIME (SECONDS)

Figure 176. Vehicle vertical accelerometer trace
for test 9910-1.




Connecticut DOT (9910-09)

The Connecticut DOT TMA used during this test is shown in Fiqures 7 and
177. The TMA was mounted on Truck No. 2 which had gross static weight of 16,130
1b, incliuding the TMA cartridge and mounting structure. As mounted, the TMA
cartridge clearance above the ground was 8.00 inches at the front and 7.00 inches
at the rear. The height to the upper rear surface of the cartridge was 41.00
inches above ground.

The 1982 Honda Civic (pictured in Figure 177) into the Connecticut TMA.
The height to the lower edge of the vehicle bumper was 14.25 inches and 20.00
inches to the top of the bumper. Other dimensions and information on the vehicle
are given in Figure 178.

The vehicle was travelling at a speed of 45.3 mi/h. Upon impact, the first
pipe in the TMA began to crush. Approximately 0.052 second after impact the
second and third pipe began to crush. At 0.079 second, the rear of the impacting
vehicle began to rise and, at 0.133 second, the rear tires lost contact with the
ground. Forward motion of the impacting vehicle stopped at 0.185 second and it
began to rebound at 0.212 second. The rear of the impacting vehicle reached its
highest elevation at 0.248 second. The vehicle subsequently came to rest 25 ft
behind the TMA. Sequential photographs of the test are shown in Figure 179.

The Connecticut TMA crushed a total of 44.13 inches during the test. The
attachment frame on the cartridge was not damaged. The impacting vehicle
received damage to the front bumper, hood, grill, radiator, and the right and
left front quarter panels. The right and left doors were also jammed. Maximum
vehicle crush was 7.0 inches at bumper height. Figures 180 through 182 show
damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 183. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -14.2 g between 003 and 053 msec.
Longitudinal occupant impact velocity was 37.8 ft/s at 096 msec and the maximum
longitudinal ridedown acceleration was -14.0 g between 100 and 110 msec. Vehicle
angular displacements are plotted in Figure 184 and accelerometer traces are
displayed in Figures 185 through 187.
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Figure 177. Vehicle before impact with
Connecticut TMA (9910-9 ).
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Date: . Test No.: 9910-9 VIN: JHMSL5321CS010702
Make: Honda Model: Civic Year: 1982 Odometer: 1484666
Tire Size: 155/SR13  pPly Rating: 3 Bias Ply: ___ Belted: ___ Radial: ___
Accelerometers Tire Condition: good
fair
T T———— badly worn __
a p Vehicle Geometry - inches
l a 621/2 b 30
/) . 88 g 53 1/2
R o 29 ¢ 147
g h  32.66
— ) Accelerometers i ——-- j__28 3/4
Tire dia <«
Wheel dia k 16 3/4 ¢ 29
e m 20 n 4
A
il —— \( {Qp A K o__141/4 p _531/2
il ol @ \\WHT e+ 2y2 ¢ 1414
B N
bl c sle € Engine Type: _ 4 cyl

1 f §i7M2

£r 348

i;};

A

4-wheel weight

for c.g. det. £f 586 re 320

rf 546

Gross Static

Mass - pounds Curb Test Inertial
M, 1100 1132
M, ' V 671 668
My 1771 1800

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Engine CID:

Transmission Type:
Automatic or Manual
FWD or RWD or 4UWD

Body Type: __ Hatch

Steering Column Collapse
Mechanism:

__Behind wheel units
__Convoluted tube
__Cylindrical mesh units
__Embedded ball

__NOT collapsible
__Other energy absorption
__Unknown

Brakes:
Front: disq_f_ drum
Rear: disc___ drum_X

Figure 178 Test vehicle properties (test 9910-9).
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0.000 s

0.078 s

Figure 179. Sequential photographs
for test 9910-9.
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Figure 179 Sequential photographs
for test 9910-9.
(Continued)
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Fiqure 180.
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Connecticut TMA
after test 9910-9 .
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Figure 181. Pipes of Connecticut TMA
after test 9910-9.
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Figure 182, Vehicle after impact with
Connecticut TMA (9910-9 ).
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Ly laon v > N 7 A ol So ek 3
w’\,ﬂ e . s - Ff e A < &

Test No. . . . . . .. 09910-9 Maximum Truck Displacement . N/A (fixed position)

Date . o v 5 v % & & s 01/25/90 Maximum TMA Crush . . . . . 44.1 in (1.1 m)
Test Article . . . . . Truck Mounted Attenuator Vehicle Accelerations
Manufacturer . . . . . Connecticut (Maximum 50 ms Average at c.g.)
TMA Truck . . . . . . . 1980 Ford Dump Truck (#2) Vehicle Longitudinal . . .-14.2 g

Weight without TMA . 14,010 1b (6,361 kg) Vehicle Lateral . . . . . -1.5 @

Weight with TMA . . . 16,130 1b (7,323 kg) Truck Cab Longitudinal . . N/A
Test Vehicle . . . . . 1982 Honda Civic Occupant Impact Velocity

Weight . . . . . .. 1,800 1b (817 kg) Longitudinal . . . . . . . 37.8 Ftfs (11.5 m/s)
Impact Speed . . . . . 45.3 mi/h (72.9 km/h) - - o 4.8 ft/s (1.5 m/s)
Maximum Vehicle Crush . 7.0 in (17.7 cm) Occupant Ridedown Accelerations
Vehicle Damage Classification Longitudinal . . . . . . .-14.0 g

TAO « = 5 # =« &« % = 12FD3 Lateral . . . . . ... .-09g

BDG « 5 o v 5 & & 4 4 12FDEW3

Figure 183 Summary of results for test 9910-9.



Axes are vehicle fixed.
Sequence for determining
orientation is:
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Figure 184. Vehicle angular displacements for test 9910-9.
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Figure 185, Vehicle longitudinal accelerometer trace
for test 9910-9.
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LATERAL ACCELERATION (g’'s)

TEST 9910-9
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Figure 186. Vehicle lateral accelerometer trace
for test 9910-9.
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VERTICAL ACCELERATION (g's)
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Figure 187, Vehicle vertical accelerometer trace
for test 9910- 9.
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No TMA (9910-15)

The 1980 Honda Civic (pictured in Figure 188) was directed into the rear
of Truck No. 1 with no TMA. The height to the lower edge of the impacting
vehicle’s bumper was 13.5 inches and 18.75 inches to the top of the bumper.
Other dimensions and information on the impacting vehicle are given in Figure

189.

The vehicle was travelling at a speed of 45.9 mi/h. Upon impact, the
impacting vehicle began to crush. Forward motion of the impacting vehicle
stopped at 0.322 second. The vehicle subsequently came to rest 9.5 ft behind the
truck. Sequential photographs of the test are shown in Figure 190.

The impacting vehicle received damage to the front bumper, hood, grilil,
radiator, the right and left front quarter panels, he right and left doors, and
the right and left rear quarter panels. The roof and floorpan were bent and the
windshield was broken. The instrument panel was also damaged. Maximum vehicle
crush was 29.0 inches at bumper height. The truck received damage to the
mounting bracket only. Figures 191 and 192 show damage to the truck and test

vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 193. The maximum Jongitudinal 50-ms average acceleration
experienced by the impacting vehicle was -32.0 g between 021 and 071 ms.
Longitudinal occupant impact velocity was 61.3 ft/s at 073 ms and the maximum
longitudinal ridedown acceleration was -12.4 g between 090 and 110 ms. Vehicle
angular displacements are plotted in Figure 194 and accelerometer traces are
displayed in Figures 195 through 197.
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Figure 188 Vehicles prior to test 9910-15.
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SLA1022665

Date: _ 10/25/90 Test No.: 9910-15 VIN:
Make: Hopda Model:  Civic Year:
Tire Size: 155SR12 Ply Rating: Bias Ply:

//mq\fccelerometers

Belted:

T X7 LS
[ P 'f/7 13%:3 /2"
B 9% 1/2' ]
Tire dia T Accelerometers
Wheel dia L]
s
n—>
X )
i| = \( gZ‘P AN
y"y Oy 5 Xé;%bfij& :} ‘F
«—n 21 1/72["
sl £ & >
) i f v, N

4-wheel weight

for c.g. det. £f 632 rf_490 £r_311 rr_367
Mass - pounds Curb Test Inertial Gross Static

M] 1096 1122

M2 647 678

MT 1743 1800

Note any damage to vehicle prior to test:

Crack 1in windshield

*q =

overall height of vehicle

Fiqure 189.

229

12077.5

Radial: x

Odometer:

Tire Condition: good __
fair x
badly worn

Vehicle Geometry - inches

a 62" b 29''
c 83 1/2'' d*51 1/2"
e 29'' f146 1/2'"
g h 33.3
i - J 28 1/2'"
k _15'" £ 29"
m_18 3/4'' n _3''
0 _131/2'* p 5H4'"
r 211/2'' s 13 1/4'

Engine Type: 4 cylinder

Engine CID:
Transmission Type:
Automatic or Manual
FWD or RWD or 4WD
Body Type: Hatch

Steering Column Collapse
Mechanism:

__Behind wheel units
__Convoluted tube
__Cylindrical mesh units
__Embedded ball

__NOT collapsible
__Other energy absorption

__Unknown
Brakes:
Front: disc_x drum

Rear: disc drum_ x

Test vehicle properties (test 9910-15).



Figure 190 Sequential photographs for test 9910-15.
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Figure 190 Sequential photographs for test 9910-15.
(Continued)
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Figure 191 Damage to truck after test 9910-15.
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Figure 192 Damage to passenger car after test 9910-15.
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vee

Test No.. . . « « & & & 09910-15

Date . . . ... ... 10/25/90

Test Article . . . . . Truck Mounted Attenuator

Manufacturer . . . . . No TMA (baseline test)

TMA Truck . . . . . . . 1981 Ford Dump Truck (#1)
Weight without TMA . 14,020 1b (6,365 kg)
Weight with TMA . . . No TMA

Test Vehicle . . . . . 1980 Honda Civic
Weight . . . . . .. 1,800 1b (817 kg)

Impact Speed . . . . . 45.9 mi/h (73.8 km/h)

Maximum Vehicle Crush . 29.0 in (73.7 cm)
Vehicle Damage Classification

TAD s« & v w2 w & = & 12FD7

¢oc ..o 12FDEW4

0.091 s

Maximum Truck Displacement . N/A (fixed position)
Maximum TMA Crush . . . . . N/A (No TMA)
Vehicle Accelerations

(Maximum 50 ms Average at c.g.)

Vehicle Longitudinal . . .-32.0 g
Vehicle Lateral . . . . . -4.3 g
Truck Cab Longitudinal . . N/A
Occupant Impact Velocity
Longitudinal . . 61.3 ft/s (18.7 m/s)
Lateral . . . . . . . .. No contact
Occupant Ridedown Accelerations
Longitudinal . . . . . . . -12.4 ¢
Lateral . « = &« s & 5 & N/A

Figure 193 Summary of results for test 9910-15.



2 Axes are vehicle fixed.
Sequence for determining
sPITCH orientation is:

\\\\(ij\ ,//” 1. Yaw
2. Pitch
ROVY 3. Roll

6. 9. 12.

(DEGREES)

3.

OISPLACEMENT

.0

Figure 194. Vehicle angular displacements for test 9910-15.
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TEST 9910-15

Class 180 Filter
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Figure 195. Vehicle longitudinal accelerometer trace for test 9910-15,
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TEST 9910-15

Class 180 Filter
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Vehicle lateral accelerometer trace for test 9910-15.
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TEST 9910-15

Class 180 Filter
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Figure 197, Vehicle vertical accelerometer trace for test 9910-15.

238



Test Series 3: Free-Standing Truck Tests with 3500-1b Passenger Cars
Traveling at 55 Miles per Hour

Before this series of tests, the TMA’s were subjected to vibration and
moisture tests to determine environmental effects on performance. The TMA’s that
passed these tests were then crash tested with a 3500-1b vehicle travelling at
55 mph. The TMA’s were mounted on the trucks in a free-standing position, parked
in second gear with the parking brake on. The test vehicles were directed into
the TMA’s using the reverse tow and cable guidance system and the point of impact
being head-on with the centerline of the vehicle aligned with the centerline of
the TMA. The test vehicles were free-wheeling and unrestrained just prior to
impact.

Energy Absorption Alpha Model (9910-13)

The TMA used during this test was manufactured by Energy Absorption (Alpha
model) and is shown in Figures 1 and 198. The TMA was mounted on Truck No. 2 a
gross static weight of 15,030 1b, including the TMA cartridge and mounting
structure. As mounted, the TMA cartridge clearance above the ground was 11.5
inches at the front and 12.75 inches at the rear. The height to the upper rear
surface of the cartridge was 35.25 inches above ground.

The 1982 Chevrolet Malibu (pictured in Figure 198) was towed into the
Energy Absorption Alpha TMA. The height to the lower edge of the vehicle bumper
was 12.75 inches and 20.75 inches to the top of the bumper. Other dimensions and
information on the vehicle are given in Figure 199.

The vehicle was travelling at a speed of 55.5 mi/h. Upon impact, the TMA
began to crush smoothly and steadily. The rear tire of the dump truck began to
rotate at 0.063 second after impact. The impacting vehicle began to dive at
0.111 second and bottomed out at 0.163 second. By 0.183 second the rear tire of
the dump truck had rotated 30 degrees, began to skid forward and rotate
backwards, and continued to do so for the remainder of the test. The dump truck
reached a maximum speed of 12.6 mi/h at 0.201 second and had moved forward 2.7
ft. Forward motion of the impacting vehicle stopped at 1.131 second at which
time it had travelled forward 17.1 ft and then rolled backwards. Sequential
photographs of the test are shown in Figure 200.

The Energy Absorption Alpha TMA cartridge crushed a total of 68.0 inches
during the test. The frame attachment to the cartridge was bent 1.75 inches on
the left side and 0.75 inch on the right. The impacting vehicle received damage
to the front bumper, hood, grill, radiator, and the right and left front quarter
panels. The subframe and floorpan were bent and the windshield was cracked.
Maximum vehicle crush was 22.0 inches at bumper height. Figures 201 and 202 show
damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 203. The maximum longitudinal 50-ms average acceleration
experienced by the impacting vehicle was -24.2 g between 112 and 162 ms.
Longitudinal occupant impact velocity was 39.3 ft/s at 140 ms and the maximum
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longitudinal ridedown acceleration was -39.3 g between 148 and 158 ms. Vehicle
angular displacements are plotted in Figure 204 and accelerometer traces are
displayed in Figures 205 through 208.
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Figure 198 Vehicle before impact with Energy
Absorption Alpha TMA (9910-13).
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Date: Test No.: 9910-13 VIN:
Make: Chevrolet Model: Malibu Year:
Tire Size: P185 75R14  Ply Rating: Bias Ply:

//wq\fcce1erometers
 ma—" 4

_7[ N e ]
'y /
a |p —

1GTAW69K8CR119885

1982

Y | —=—a }
— |
b g 134 1/2 .
. N IY‘\
Tire dia > Accelerometers
vheel dia
A L B
A é&“jf j{ I~
J A S { 7
EE e (@) KD T
- h ’ o
- b>< < o ety € -
i ] VA
4~wheel weight
for c.a. det. £f 992 rf gg9 £r 820 rr__ 799

Mass - pounds Curb Test Inertial Gross Static
M, 1885 1881
M, 1324 1619
MT 3209 3500

Note any damage to vehicle prior to test:

*d = overall height of vehicle
Figure 199,
242

286395
Radial:

Odometer:
Belted: _

Tire Condition: good
fair x
badly worn __

Vehicle Geometry - inches

a 71.1/4 b 35

¢ 107 1/2 d* 54 1/2
e 48 f 190 1/2
9 h 49.73

i — J 32 1/2
k 19 £ 31 1/4

m__203/4 n 4

0 12 3/4 p 58 1/4
r 24 1/2 s 15 1/4
Engine Type: V8
Engine CID: 305

Transmission Type:
Automatic or Manual
FWD or RWD or 4WD

Body Type: 4 door
Steering Column Collapse
Mechanism:

__Behind wheel units
__Convoluted tube
__Cylindrical mesh units
__Embedded ball

__NOT collapsible
__Other energy absorption

__Unknown
Brakes:
Front: disc x drum___

Rear: disc__ ‘drum x

Test vehicle properties (test 9910-13)



Figure 200 i
( Sequential photographs for test 9910-13
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Figure 200 Sequential photographs for test 9910-13.
(Continued)
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Figure 201 Energy Absorption Alpha TMA
after test (9910-13).
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Figure 202 Vehicle aft

er impact with Energy
Absorption Alpha TMA (9910-13)
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. 09910-13 Maximum Truck Displacement . 8.5 ft (2.6 m)

Date . . & « & s & & s 08/31/90 Maximum TMA Crush . . . . . 68.0 in (1.7 m)
Test Article . . . . . Truck Mounted Attenuator Vehicle Accelerations
Manufacturer . . . . . Energy Absorption (Alpha) (Maximum 50 ms Average at c.g.)
TMA Truck . « « & « 5 4 1980 Ford Dump Truck (#2) Vehicle Longitudinal . . .-24.2 g

Weight without TMA . 14,010 1b (6,361 kg) Vehicle Lateral . . . . . 2.2¢g

Weight with TMA . . . 15,030 1b (6,824 kg) Truck Cab Longitudinal . . 5.8
Test Vehicle . . . . . 1982 Chevrolet Malibu Occupant Impact Velocity

Weight . . . . . .. 3,500 1b (1,589 kg) Longitudinal . . . . . . . 39.3 ft/s (12.0 m/s)
Impact Speed . . . . . 55.5 mi/h (89.3 km/h) Lateral . . . . . . . . . None
Maximum Vehicle Crush . 22.0 in (55.9 cm) Occupant Ridedown Accelerations
Vehicle Damage Classification Longitudinal . . . . . . .-39.3 g

TAD . . . ... . . . 12FD6 Lateral . . . . . . . . . N/A

| . . . 12FDEW3

Figure 203. Summary of results for test 9910-13.



Axes are vehicle fixed.
'z Sequence for determining
orientation is:
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Figure 204, Vehicle angular displacements for test 9910-13.
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TEST 9910-13

Class 180 Filler

LONGITUDINAL ACCELERATION (o’s)
|
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Vehicle longitudinal accelerometer trace for test 9910-13.
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TEST 9910-13

Class 180 Filter
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Figure 206, Vehicle lateral accelerometer trace for test 9910-13.
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TEST 9910-13

Class 180 Filter
> Maximum 0.D50-second Average = -10.4 g
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Figure 207. Vehicle vertical accelerometer trace for test 9910-13.
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LONGITUDINAL ACCELERATION f(g’s)

TEST 9910-13
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Figure 208, Dump truck longitudinal accelerometer trace for test 9910-13.
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Hexcel 3000 (9910-14

The TMA used during this test was manufactured by Hexcel (Model 3000) and
is shown in Figures 3 and 209. The TMA was mounted on Truck No. 2 which had a
gross static weight of 14,920 1b, including the TMA cartridge and mounting
structure. As mounted, the TMA cartridge clearance above the ground was 10.5
inches at the front and 11.5 inches at the rear. The height to the upper rear
surface of the cartridge was 35.75 inches above ground.

The 1979 Chevrolet Malibu (pictured in Figure 209) was towed into the
Hexcel Model 3000 TMA. The height to the lower edge of the vehicle bumper was
12.5 inches and 20.0 inches to the top of the bumper. Other dimensions and
information on the vehicle are given in Figure 210.

The vehicle was travelling at a speed of 58.0 mi/h. Upon impact, the TMA
began to crush smoothly and steadily. The rear tire of the dump truck began to
rotate at 0.032 second after impact. The impacting vehicle began to dive at
0.062 second and bottomed out at 0.149 second. The dump truck reached at maximum
speed of 8.9 mi/h at 0.161 second and had moved forward 1.1 ft. By 0.181 second
the rear tire of the dump truck had rotated 14 degrees, began to skid forward and
rotate backwards, and continued to do so for the remainder of the test. Forward
motion of the impacting vehicle stopped at 0.985 second at which time it had
travelled forward 18.0 ft and then rolled backwards. Sequential photographs of
the test are shown in Figure 211.

The Hexcel Model 3000 TMA cartridge crushed a total of 75.0 inches during
the test. The frame attachment to the cartridge was bent 0.5 inches on the left
side and 0.69 inch on the right. The impacting vehicle received damage to the
front bumper, hood, grill, radiator, the right and left front quarter panels, and
right and left doors. The roof, subframe and floorpan were bent and the
windshield was cracked. Maximum vehicle crush was 22.0 inches at bumper height.
Figures 212 and 213 show damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 214. The maximum longitudinal 50-ms average acceleration
experienced by the impacting vehicle was -22.8 g between 120 and 170 ms.
Longitudinal occupant impact velocity was 37.9 ft/s at 132 ms and the maximum
longitudinal ridedown acceleration was -35.1 g between 139 and 149 ms. Vehicle
angular displacements are plotted in Figure 215 and accelerometer traces are
displayed in Figures 216 through 219.

253



HEXCEL:Q

Figure 202 Vehicle before impact with Hexcel TMA (9910-14).
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Date: 10/23/90 Test No.: 9910-14 VIN: 1W27J9D483393
Make: Cheyy Model: Malihy Year: 1979 Odometer: _ 29314.6
Tire Size: 19575R-15 Ply Rating: Bias Ply: _ Belted: x_ Radial: ___
Tire Condition: good _y
//<:\5ccelerometers fair _
badly worn
[ w—

) N
F Y ‘g///
a |p — |

.- _L/Z”
| T

Y ~e—— T J
e ]
; ” 140" |
. . I
Tire dia < Accelerometers
viheel dia
7;[* ° D)
A ( 4 V1))
J N+> 1 /, A
D ")) AP prird | §x
- h -
Vi ¢ \WAL”,

4-wheel weight

for c.a. det. &f 990 pf 942 5 783  p 785

Mass - pounds Curb Test Inertial Gross Static
M, 1978 1932
M, 1326 1568
Mr 3304 3500

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Vehicle Geometry - inches

a _71.1/2't b 36 1/2'"

c 108'’ d* 53 3/4"'"
e f

g h 43.4

1 dubaied 32 1/4'!
k 18 3/4'' £ 28'!
m_20'" n_3'

o 12 1/2'' p 57 7/8""

r_26' s 156 1/4""

Engine Type: 8§ cylinder

Engine CID:

Transmission Type:
Automatic or Manual
FWD or RWD or 4WD

Body Type: 2 Door

Steering Column Collapse
Mechanism:

Behind wheel units
—_Convoluted tube
__Cylindrical mesh units
__Embedded ball
__NOT collapsible
__Other energy absorption
__Unknown

Brakes:
Front: disc x drum
Rear: disc drum X

Figure 210. Test vehicle properties (test 9910-14).
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.000 sec

110 sec

Figure 211 Sequential photographs for test 9910-14.
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.985 sec

Figure 211 Sequential photographs for test 9910-14.
(Continued)
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Figure 212 Hexcel TMA after test 9910-14.
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Figure 213 Vehicle after impact with Hexcel TMA (9910-14).
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09¢

Test MO < 5 = = s & 09910-14 Maximum Truck Displacement . 10.6 ft (3.2 m)
Date . . . . « ¢ « « & 10/23/90 Maximum TMA Crush . . . . . 75.0 in (1.9 m)
Test Article . . . . . Truck Mounted Attenuator Vehicle Accelerations
Manufacturer . . . . . Hexcel Model 3000 (Maximum 50 ms Average at c.g.)
TMA Truck . . . . . . . 1980 Ford Dump Truck (#2) Vehicle Longitudinal . . .-22.8 g

Weight without TMA . 14,040 1b (6,374 kqg) Vehicle Lateral . . . . . 1.9g

Weight with TMA . . . 14,920 1b (6,774 kqg) Truck Cab Longitudinal . . 4.7
Test Vehicle . . . . . 1979 Chevrolet Malibu Occupant Impact Velocity

Weight . . . . . .. 3,500 1b (1,589 kg) Longitudinal . . . . . . . 37.9 ft/s (11.6 m/s)
Impact Speed . . . . . 58.0 mi/h (93.3 km/h) Lateral . &« » v v v & @ @ None
Maximum Vehicle Crush . 22.0 in (55.9 cm) Occupant Ridedown Accelerations
Vehicle Damage Classification Longitudinal . . . . . . . -35.1 ¢

TBE « « & &« s # = 2 @ 12FD6 Lateral . . - . & & « 5 o N/A

GDE = 5 & o s« = 5 « = 12FDEW3

Figure 214 Summary of

results for test 9910-14.



Axes are vehicle fixed.
Sequence for determining
orientation is:
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Figure 215 Vehicle angular displacements for test 9910-14
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TEST 9910-14

Class 180 Filter
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Vehicle longitudinal accelerometer trace for test 9910-14.
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TEST 9910-14

Class 180 Filter
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Figure 217. Vehicle lateral accelerometer trace for test 9910-14.
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Vehicle vertical accelerometer trace for test 9910-14,
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TEST 9910-14

Class 180 Filler — Dump Truck
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Figure 219, Dump truck longitudinal accelerometer trace for test 9910-14,
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Connecticut DOT {9910-11)

The Connecticut DOT TMA used during this test is shown in Figures 7 and
220. The TMA was mounted on Truck No. 2 which had a gross static weight of
16,130 1b, including the TMA cartridge and mounting structure. As mounted, the
TMA cartridge clearance above the ground was 7.00 inches at the front and 7.75
inches at the rear. The height to the upper rear surface of the cartridge was
41.00 inches above ground.

The 1980 Chevrolet Malibu (pictured in Figure 220) was directed into the
Connecticut TMA. The height to the lower edge of the vehicle bumper was 12.25
inches and 20.00 inches to the top of the bumper. Other dimensions and
information on the vehicle are given in Figure 221.

The vehicle was travelling at a speed of 55.8 mi/h. Upon impact, the first
pipe in the TMA began to crush. Approximately 0.027 second after impact the
second pipe began to crush and the third pipe at 0.036 second. The rear tires
of the truck began to rotate 0.077 second after impact. At 0.097 second the
fourth pipe began to crush, the impacting vehicle began to dive at 0.099 second
and the front of the vehicle bottomed-out at 0.155 second. At 0.185 second, the
rear tires of the impacting vehicle left the ground. The rear truck tire had
rotated 23 degrees by 0.217 second, and began to rotate backwards reaching -5
degrees from perpendicular by 0.365 second. The rear of the impacting vehicle
reached its highest elevation at 0.488 second, the tires touched down again at
0.750 second and the rear of the vehicle bottomed-out at 0.878 second. Forward
motion of the impacting vehicle stopped at 0.787 second, then began to move
forward again shortly thereafter, and stopped completely at 1.524 second. The
vehicle subsequently came to rest 21 behind the TMA. Sequential photographs of
the test are shown in Figure 222.

The Connecticut TMA crushed a total of 78.0 inches during the test. The
attachment frame on the cartridge was not damaged. The impacting vehicle
received damage to the front bumper, hood, grill, radiator, the right and left
front quarter panels, the right and left doors, and the windshield was broken.
The subframe was bent and the floor pan around the transmission tunnel was also
bent and twisted. Maximum vehicle crush was 21.0 inches at bumper height.
Figures 223 and 224 show damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 225. As noted in the damage to the vehicle, the floor pan
around the transmission tunnel was damaged and the accelerometer block was
mounted in this area. Although this bending and twisting of the tunnel may have
some affect on the accelerations measured during the test period, it is felt that
this influence was minimal. The following values are reported as recorded with
no adjustments made. The maximum longitudinal 50-msec average acceleration
experienced by the impacting vehicle was -24.4 g between 119 and 169 msec.
Longitudinal occupant impact velocity was 35.3 ft/s at 111 msec and the maximum
longitudinal ridedown acceleration was -54.0 g between 154 and 164 msec. Vehicle
angular displacements are plotted in Figure 226 and accelerometer traces are
displayed in Figures 227 through 230.
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Figure 220 Vehicle before impact with
Connecticut TMA (9910-11).
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Date: 2/8/90 Test No.: 9910-11 VIN: 1T19HAR459851

Make: Chevrolet Model: Malibu Year: 1980 Odometer: 121866
Tire Size: P195/75R14  Ply Rating:- Bias Ply: _ Belted: ___ Radial: ___
Tire Condition: good
//ﬂq\fccelerometers fair X
badly worn
A —~— —

Vehicle Geometry - inches

P — | . 5.25 |
| a _701/2 b __36
y e J ¢ 107 d* 55 3/4
L 47
< > 133.0 kl e f 190
ire di r, | 9 h  46.2
Tire dia e Accelerometers
vWheel dia i - J 32
kaiplin D) K« 183/4 ¢ 34
A o "Z - 7y n 20 ] .
j A (7l N
y "y of D)\ : o 24.0 Yk
- o _121/4 p_581/4
_ b | el e o P25 s 15 1/4
y y
i f Vit R Engine Type: V-8

Engine CID: 305
Transmission Type:

4-wheel weight or Manual
for c.g. det. ef 990 yf 999 er 788 rr 723
FWD or (RWD) or 44D

Body Type: 4-Door

Mass - pounds Curb Test Inertial Gross Static Steering.Co]umn Collapse
M‘[ 1949 1989 Mechanism:
__Behind wheel units
M, 1284 1511 __Convoluted tube
__Cylindrical mesh units
My 3233 3500 __Embedded ball
__NOT collapsible
: : . __Other energy absorption
Note any damage to vehicle prior to test: ~Unknown
Brakes:

Front: disc X drum___

Rear: disc__ drum X
*d = overall height of vehicle

Figure 221 Test vehicle properties (test 9910-11).
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0.150 s

Figure 222. Sequential photographs for test 9910-11.
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0.201 s

0.249 s

0.501 s

1.000 s

Figure 222 Sequential photographs for test 9910-11.
(Continued)
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Figure 223 Connecticut TMA
after test 9910-11.
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Figure 224 Vehicle after impact with
Connecticut TMA (9910-11).
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Test No. . . . . . . . 09910-11

Date . . . . . . . . . 02/08/90

Test Article . . . . . Truck Mounted Attenuator

Manufacturer . . . . . Connecticut

TMA Truck . . . . . .. 1980 Ford Dump Truck (#2)
Weight without TMA . 14,010 1b (6,361 kg)
Weight with TMA . . . 16,100 1b (7,309 kg)

Test Vehicle . . . . . 1980 Chevrolet Malibu
Weight . . . . . . . 3,500 1b (1,589 kg)

Impact Speed . . . . 55.8 mi/h (89.8 km/h)

Maximum Vehicle Crush . 21.0 in (53.3 cm)
Vehicle Damage Classification

TAD . . . .. . . . . 12FD5

BOC & =« =« « s s + = » 12FDEW3

Maximum Truck Displacement . 9.
Maximum TMA Crush . . . . . 78.

Vehicle Accelerations

(Maximum 50 ms Average at c.qg.

Vehicle Longitudinal . . .-24.
Vehicle Lateral . . . . . -T.
Truck Cab Longitudinal . . 7.
Occupant Impact Velocity
Longitudinal . . . . . . . 35.
Lateral . . . . .. R VA
Occupant Ridedown Accelerations
Longitudinal . . . . . . .-54.
Lateral . . . . . ... . =2,

Figure 225 Summary of results for test 9910-11.
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E;;géi;g;%%;}p OV Axes are vehicle fixed.

Sequence for determining

— \\\\\ orientation is:
! 1. Yaw
2. Pitch
3. Roll
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Figure 226 Vehicle angular displacements for test 9910-11.

274



LONGITUDINAL ACCELERATION (g's)

-100
-110

TEST 9910-11

Class 180 Filter

Maximum 0.050-second Average
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Figure 227 Longitudinal accelerometer trace
for test 9910-11.
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LATERAL ACCELERATION (g's)

TEST 9910-11

Class 180 Filter
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Figure 228 Lateral accelerometer trace
for test 9910-11.
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VERTICAL ACCELERATION {(g's)
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TEST 9910-11

Class 180 Filter
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Figure 229 Vertical accelerometer trace

for test 9910-11.
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LONGITUDINAL ACCELERATION (g*'s)

12

10

TEST 9910-11

Class 180 Fitter — Dump Truck Cab
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Con

Maximun 0.050-segond Average = 7.0 g
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———
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Figure 230 Longitudinal accelerometer trace
for test 9910-11. (dump truck cab).
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Test Series 4: Free-Standing Truck Test with 4500-1b Pickup Truck
Traveling at 45 Miles per Hour

The one crash test in this series was run under the same conditions
reported in Test Series 1, except that in this test a 4,500-1b pickup truck was
used in place of a 4,500-1b passenger car.

Energy Absorption Alpha Model (9910-12

The TMA used during this test was manufactured by Energy Absorption (Alpha
Model) and is shown in Figures 1 and 231. The TMA was mounted on Truck No. 2 and
had a gross static weight of 14,990 1b, including the TMA cartridge and mounting
structure. As mounted, the TMA cartridge clearance above the ground was 12.00
inches at the front and 12.00 inches at the rear. The height to the upper rear
surface of the cartridge was 34.50 inches above ground.

The 1981 Chevrolet Scottsdale Pick-up (pictured in Figure 231) was towed
into the Energy Absorption Alpha TMA. The height to the lower edge of the
vehicle bumper was 15.0 inches and 25.0 inches to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 232.

The vehicle was travelling at a speed of 45.1 mi/h. Upon impact, the TMA
began to crush smoothly and steadily. The rear tire of the dump truck began to
rotate at 0.063 second after impact. The front of the pick-up began to dive
downward at 0.113 second and the rear wheels began to rise. Maximum crush of the
TMA occurred at 0.162 second. By 0.270 second the rear tire of the dump truck
had rotated forward to an angle of 55 degrees and then began to skid forward and
rotate backward. The tire continued in this manner during the remainder of the
test. The dump truck reached a maximum speed of 8.3 mi/h at 0.398 second and had
moved forward 4.1 ft. Forward motion of the impacting vehicle stopped at 1.094
second at which time it had travelled 15.6 ft and began to roll backwards. The
vehicle subsequently came to rest 2 ft behind the TMA. Sequential photographs
of the test are shown in Figure 233.

The Energy Absorption Alpha TMA cartridge crushed a total of 66.5 inches
during the test. The frame attachment to the cartridge was bent 3.5 inches on
the left side and 0.6 inch on the right. The impacting vehicle received damage
to the front bumper, hood, grill, radiator, and the right front quarter panels.
Maximum vehicle crush was 8.0 inches at bumper height. Figures 234 and 235 show
damage to the TMA and test vehicle.

A summary of the test results and other information pertinent to this test
are given in Figure 236. The maximum Jlongitudinal 50-ms average acceleration
experienced by the impacting vehicle was -13.5 g between 124 and 174 ms.
Longitudinal occupant impact velocity was 35.2 ft/s at 152 ms and the maximum
longitudinal ridedown acceleration was -14.3 g between 158 and 168 ms. Vehicle
angular displacements are plotted in Figure 237 and accelerometer traces are
displayed in Figures 238 through 241.
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Fi .
igure 231 Xgh'ncle.before impact with Ener
sorption Alpha THMA (9910-12) *
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Figure 233 Sequential photographs for test 9910-12.
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Date: Test No.: 9910-12 VIN:
Make: Chevrolet Model: Scottsdale Year: 1981
Tire Size: 9.50 16.5  ply Rating: Bias Ply: x_

////7§;-Acce]erometers
- P

61/4'/ | |

left
of
center .

o { L iy 2

BEETYR VTR o .
>

l“‘

»l<«— Tire dia

Kols
¥

Accelerometers
//;;h\\\t l“n
= N /Y
|y
] ‘ e /M\‘\ Y /fﬁik \ j
a9 T8 d@é) m
y v1 = vk Y (éa —1bw y
- h >
& >le £ e 9 5
\ /M \ /1
4-wheel weight
for c.g. det. £f 1283 «rf 1181 £&r 983 rr_ 1053
Mass - pounds Curb Test Inertial Gross Static
M] 2508 2464
MZ 2196 2036
MT 4704 4500

Note any damage to vehicle prior to test:

Crack in windshield

*d = overall height of vehicle

Figure 232.
281

R airal

16CGC24M189142573

Odometer: 63949

Belted: _ Radial:

Tire Condition: good __
fair x_
badly worn

Vehicle Geometry - inches

a__791/4 b _331/2
¢ _131 1/2 d*_70 1/2
e 50 f _215

g h _59.5

i e j 43172

k 30 1/4 £ _73

m 25 n 4
0 15 p__66
r 29 s 17 1/4

Engine Type: V8

Engine CID: 305

Transmission Type:
Automatic or Manual
FWD or RWD or 4WD

Body Type: Pick-up

Steering Column Collapse
Mechanism:

__Behind wheel units
__Convoluted tube

_ Cylindrical mesh units
__Embedded ball

__NOT collapsible
__Other energy absorption

__Unknown
Brakes:
Front: disc_x drum

Rear: disc drum X

Test vehicle properties {(test 9910-12)



Fiqure 233 Sequential photographs for test 9910-12.
(Continued)
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Figure 234. Erergy Absorption Alpha TMA
after test (9910-12).
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Figure 235 Vehicle after impact with Energy
Absorption Alpha TMA (9910-12).

285



98¢

Test No. . . . . . . . 09910-12

Oate . . . v . i s o 08/31/90

Test Article . . . . . Truck Mounted Attenuator

Manufacturer . . . . . Energy Absorption (Alpha)

TMA Truck . . . . 1980 Ford Dump Truck (#2)
Weight w1thout TMA . 14,010 1b (6,361 kg)
Weight with TMA . . . 14,990 1b (6,805 kg)

Test Vehicle . . . . . 1981 Chevrolet Scottsdale
Weight . . . . . . . 4,500 1b (2,043 kqg)

Impact Speed . . . . 45.1 mi/h (72.6 km/h)

Maximum Vehicle Crush . 8.0 in (20.0 cm)
Vehicle Damage Classification

TAD . « ¢« « = =« 5 « « 12FD?

¢coc . . .. . . . . . 12FDEW2

Maximum Truck Displacement . 8.4 ft (2.6 m)
Maximum TMA Crush . . . . . 66.5 in (1.7 m)
Vehicle Accelerations
(Maximum 50 ms Average at c.g.)
Vehicle Longitudinal . . .-13.5 g
Vehicle Lateral . . . .-1.5g
Truck Cab Long1tud1na1 .. 4.8
Occupant Impact Velocity
Longitudinal . . . . . . . 35.2 ft/s (10.7 m/s)
Lateral . . . . . . None
Occupant Ridedown Acce]erat1ons
Longitudinal . . . . . . . -14.3 g
Lateral . . . . . . . . . N/A

Figure 236. Summary of results for test 9910-12.



I Axes are vehicle fixed,
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orientation is:
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Figure 237. Vehicle angular displacements for test 9910-12.
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LONGITUDINAL ACCELERATION (g's)
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Vehicle longitudinal accelerometer trace for test 9910-12.
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LATERAL ACCELERATION (g’s)
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Figure 239.
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Vehicle lateral accelerometer trace for test 9910-12.
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VERTICAL ACCELERATION (g's)
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Figure 240,
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Vehicle vertical accelerometer trace for test 9910-12.
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Dump Truck longitudinal accelerometer trace for test 9910-12.









