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Abstract
H 1224A weapons containers have been used for years by the Departments of Energy and De-

fense to transport and store W78 warhead midsections. Although designed to protect these mid-
sections only in low-energy handling drop and impact accidents, a recent transportation risk
assessment effort has identified a need to evaluate the container's ability to protect weapons in
higher-energy environments. Four impact tests were performed on H 1224A containers with W78
Mod 6c mass mockup midsections inside, onto an essentially unyielding target. Dynamic acceler-
ation and strain levels were recorded during the side-on and end-on impacts, each at 12.2 m/s (40
ft/s) and 38.1 m/s (125 ft/s). Measured peak accelerations experienced by the midsections during
lower velocity impacts ranged from 250 to 600 Gs for the end-on impact and 350 to 600 Gs for
the side-on impact. Measured peak accelerations of the midsections during the higher velocity im-
pacts ranged from 3,000 to 10,000 Gs for the end-on impact and 8,000 to 10,000 Gs for the side-
on impact. Deformations in the H1224A container ranged from minimal to severe buckling and
weld tearing. At higher impact velocities, the H1224A container may not provide significant ener-
gy absorption for the re-entry vehicle midsection but can provide some confinement of potentially
damaged components.

* This workwasperformeAat SandiaNationalt.aboratories,Albuquerque,NewMexico,andsponsoredby
the DefenseNuclearAgencyunderDNAMIPR#93-837WorkUnit#(X)165.
** A U.S. Departmentof EnergyFacility
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Impact Testing of the H1224A Shipping/Storage
Container

1. Introduction

Based on the results of recent Congressional and Department of Defense studies [1-3], the
Defense Nuclear Agency (DNA) has commenced a program to assess the safety of the Minuteman
IIIfW78/W87 weapon system in the form of a probabilistic risk assessment. The Minuteman III
Weapon System Safety Assessment (WSSA) requires determination of the potential physical en-
vironments surrounding the W78 and W87 re-entry, vehicles caused by credible accidents during
air and ground transportation. Impact testing of the H1224A storage/shipping container is neces-
sary to quantify the impact mitigation provided by the structure and determine boundary condi-
tions for analytical modelling of weapon response during potential C-141 aircraft and ground
transportation accident scenarios associated with the W78's Stockpile-to-Target Sequence (STS)
[4].

The aluminum H1224A storage/shipping container is approximately 1.4 m (54 in.) high and
0.82 m (33 in.) in diameter with a flexible polyurethane foam lining for cushioning (see Figure
1.1). The H1223B consists of an internal container and fore and aft threaded covers for the re-en-
try vehicle (RV) midsection. The H1224A container's original design intent was to protect W78
RV midsections from relatively light loadings associated with vibrations during shipping and han-
dling, as well as providing protection against weather during storage. Previous testing of H 1224A
containers encompassed only vibration and minor handling drops [5-14]. Although not designed
to provide significant RV impact mitigation during higher-speed accidents, the WSSA requires
quantification of load levels during extreme accident conditions. Specifically, Weidlinger Associ-
ates (a contractor to DNA for this study) required RV and H1224A container acceleration histo-
ries during four different impact conditions to validate analytical predictions they were tasked to
perform.

A series of four container impact tests (two impact orientations, each at low and high veloci-
ties) onto an essentially unyielding surface have been conducted to determine warhead midsection
loadings during postulated severe accident conditions and to validate finite element model predic-
tions. Accelerometers, strain gages, and photometric instrumentation were used to record con-
tainer deformations and loads transmitted to the container and re-entry vehicle during impact
testing. Computer modelling will be used to predict weapon response throughout the range of ac-
cident conditions, including impact, puncture, and crush environments.

Test results are described in terms of measured container and RV deceleration histories for

each of the four impact tests and subsequent structural defom_ations. Raw and reduced accelera-
tion and strain data are included with deformation naeasurements in the appendices.



Figure 1.1 W78 midsection inside It1224A shipping/storage conlainer



2. Impact Test Parameters

Impact test velocities were detem-fined jointly with Weidlinger Associates (Los Altos, Cali-
fornia), to encompass a wide range of impact energies and validate analytical model predictions.
Impacts at 12.2 m/s (40 ft/s) and 38.1 m/s (125 ft/s) in both end-on and side-on orientations onto
an essentially unyielding target were selected. To ensure flat impacts in these two orientations,
two parallel cables were used to guide the container to a point just above the target surface, where
the container was released to continue freely toward impact, as shown schematically in Figures
2.1 and 2.2. The four impact tests are outlined below in Table 2.1.

Table 2.1 Test Matrix for HI224A Impact Testing

Tes._.._t Container Orientation Impact Velocity Drop Height

1 Longitudinal (end-on) (LLV) 12.2 m/s (40 ft/s) 8.2 m (27 ft)

2 Horizontal (side-on) (HLV) 12.2 m/s (40 ft/s) 7.9 m (26 ft)

3 Longitudinal (end-on) (LHV) 38.1 m/s (125 ft/s) 86 m (283 ft) t,

4 Horizontal (side-on) (HHV) 38.1 m/s (125 ft/s) 88 m (288 ft)

Two different targets were used to conduct container impact tests, each essentially unyield-
ing. The two lower-velocity drop tests were conducted at the 185-ft drop tower of Sandia National
Laboratories, consisting of a steel plate grouted to two concrete blocks, as shown in Figure 2.3.
The steel is 91 cm x 244 cm x 13 cm (3 ft x 8 ft x 5 in) and provides the smooth target surface. The
bottom concrete block is 168 cm x 332 cm x 61 cm (5.5 ft x 11 ft x 2 ft) of 5000 lb/in 2 reinforced
concrete. The top concrete block is the same material but only 30.5 cm (12 in) thick. The overall
mass of the target is over 10,0(X) kg (22,000 lb).

The two higher-velocity drop tests were conducted at Sandia's Aerial Cable Facility in Cov-
ote Test Field, consisting of a 1520 m (5000 ft) long wire rope suspended across a mountain can-
yon. The target consists of 910,000 kg (2,000,000 lb) of reinforced concrete and steel, partially
resting on bedrock. A battleship armor plate 3 m x 8.5 m and 10 cn-i to 20 cm thick is welded to
the concrete reinforcing members and coupled to the concrete by a high-strength grout. The di-
mensions and construction of this target are shown in Figure 2.4.
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Figure 2.3 Low-velocity impact target
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3. Test Hardware and Inspections

The H1224A shipping/storage container basically consists of a 2.3 mm (0.091 in.) thick
6061-T4 aluminum cylindrical outer shell approximately 1.4 m (54 in.) high and 0.82 m (33 in.)
in diameter with a flexible polyurethane foam lining for RV cushioning [15] (see Figures 1.1 and
3.1). Fork lift channels are welded to the base for ease of handling. Its weight is approximately
145 kg (320 lb) without the RV inside. Flexible polyurethane foam vibration and light shock iso-
lation is provided by the approximately 0.12 m (4.8 in.) thick General Plastics Last-a-Foam TF-
5070 inserts, which can deform and "bounce back" elastically.

The H1224A's cylindrical outer container shell is assembled in two halves, the base and the
cover, by tightening bolts around a thin steel flange at the mid-body level. A thin silicone rubber
gasket provides a light weather seal between the base and cover outer shell sections. Filler A and
filler B denote the upper and lower foam inserts, the lower of which is 20 mm (0.8 in.) thicker
than the upper. A 3.2 mm (0.125 in.) thick cylindrical aluminum inner container assembly holds
the RV midsection and assists with load spreading to the flexible foam inserts. The inner container
assembly includes a 3.2 mm (0.125 in.) aluminum bottom plate welded circumferentially to the
cylinder, but is open at the top end for insertion of the RV midsection and has open cut-outs or
windows for heat dissipation along its mid plane longitudinally. A 19 mm (0.75 in.) thick plywood
load spreader rests between the lower foam insert and the inner container assembly (see Figure
3.2).

The H1223B is an assembly which includes the RV midsection aft protective cover and fore
(nose end) plate (with necessary threaded rings and bolts). The 13 mm (0.5 in.) 6064-T6 alumi-
num fore plate is threaded into the nose of the RV midsection acting as a load spreader and a bal-
ance. The aft protective cover is 7 mm (0.28 in.) thick forged 6061-T6 aluminum and threads onto
the aft end of the RV midsection protecting critical components, as shown in Figure 3.3 and par-
tially assembled into the container in Figure 3.4.

The H1224A container is actually a modification to the original H1224 container designed
for the W62 warhead midsection. Most parts internal to the outer container shell are different, but
the only outer container shell difference is the addition of four tie-down loops (just below the
original H1224 loops) and 9.5 x 76 x 178 mm (0.375 x 3 x 7 in.) reinforcements inside the ends
and at the bottom of the aluminum forklift channels. For impact testing purposes, therefore,
H 1224 container outer shells are essentially identical to H 1224A outer shells and were used inter-
changeably in these tests due to limited availability of the newer H1224A outer shells for testing.
Most of the test units arrived at Sandia with a number of small dents, which were "hammered out"
in order to better replicate the performance of actual WR (war reserve) dent-free units.

The W78 warhead midsection was simulated using a Mkl2a Mod6c midsection. The aero-
shell/heatshield consists of an approximately 13 mm (0.5 in.) carbon fiber reinforced phenolic
over a thin aluminum substrate. A series of fore and aft weighted plates simulate the mass proper-
ties of a W78 physics package, bolted to the aeroshell at points shown in Figure 3.5.
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Figure 3.1 H1224 / HI224A container body photograph

Quantification of H1224A deformations resulting from impact tests was performed using de-
tailed pre- and post-test measurements. On the outer container shell, length and diametral mea-
surements were recorded at locations indicated in Figure 3.6, at each 45 ° angular increment.
Deformations in the internal container assembly were recorded as lengths and diameters at loca-
tions indicated in Figure 3.7, at each 60 ° angular increment. And finally, deformations of the car-
bon phenolic aeroshell, fore end plate, and aft cover were recorded as pre- and post-test lengths,
outer diameters, and inner diameters as indicated in Figure 3.8, at each 60° angular increment.
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Figure 3.4 RV midsection inside inner container and foam and H1224A outer shell

Figure 3.5 Mkl2a Mod6c schematic with internal weight plates
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4. Instrumentation

Accelerometers, strain gages, and photometrics were used in each of the four impact tests to
provide quantitative experimental data necessary for determining overall structural response of
tile H1224A shipping/storage container and to validate analytical model predictions.

Accelerometers and strain gages were monitored through instrumentation cables attached to
the container. Each impact test was sequenced by a microprocessor providing event signals for the
explosive cable cutters, instrumentation, and high-speed photometrics. Instrumentation data ac-
quisition was provided by Sandia's MIDAS system [16,17], a self-contained mobile data collec-
tion and processing facility. This data acquisition system included signal conditioners that
supplied input voltage, bridge balance, and shunt calibration capabilities. Electrical signals pro-
portional to acceleration and strain at specific locations on the container were amplified, passed
through a voltage-controlled oscillator, and recorded digitally through primary and secondary de-
vices. The digital backup (secondary) recorder provided the capability of linearly recording data
with anaplitudes two-and-a-half times the value of the calibration signal. The secondary data was
sampled at a rate of 500,0(X) samples per second, then transferred to a computer workstation for
data analysis and reduction, including filtering, integrating, and displaying in the form of plots.
Fast Fourier transforms (FFTs) were performed on each data set to analyze amplitude information
in the frequency domain. All raw and reduced data plots are included in the Appendices.

The uncertainty band associated with this accelerometer and strain gage data is approximate-
ly 15 percent [18]. The primary contributors to the uncertainty include the accelerometers and
strain gages themselves including their attachment method, accuracy of the data acquisition sys-
tem, and the ability to record and reduce this data.

Strain gage instrumentation was used to quantify dynamic strains at key locations for future
validation with analytical model predictions. Eighth-inch 5-percent-strain Micro Measurements
CEA-series axial and biaxial constantan gages, compatible with the aluminum H1224A container
in terms of thermal expansion, were mounted as per manufacturer's specifications [19] as shown
in Figures 4.1 and 4.2 as well as Tables 4.1 and 4.2. After installation, each gage was coated with
a thin layer of RTV 3145 for protection. "Dummy" strain gage channels with impedance similar
to active channels, were used to characterize background noise and any other potential spurious
voltage signals acquired during the impact tests.

Dynamic accelerations throughout the container and RV during impact tests were recorded
using Endevco 7270A 2,000-g, 6,000-g, and 20,000-g piezoresistive accelerometers 1201."Dum-
my" accelerometers, whose physical appearance and impedance are identical to active units, were
used to characterize background noise and any other potential spurious voltage signals acquired
during the impact tests. Accelerometers for each test were bolted to the container body screwed to
mounting blocks (glued and screwed) at mounting locations shown in Figures 4.3 and 4.4 and in
Tables 4.3a, 4.3b, 4.4a, and 4.4b. These miniature units are only 14.2 mm (0.56 in.) x 7.1 mm
(0.28 in.) x 2.8 mm (0.11 in.) thick, adding virtually zero mass and thus not affecting the dynamic
response of the measurement location. High resonant frequencies (90 to 350 kHz) and zero damp-
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ing also allow the accelerometers to respond accurately to fast rise time, short duration shock mo-
tion all the way down to dc or steady state accelerations. The flat amplitude frequency response
(+5% max) for these accelerometers extends to 10 to 50 kHz, depending on the acceleration limit,
providing linearity below these limits. Container structural response was separated from the ac-
celerometer response using IIR 6-stage Butterworth (low-pass) filters with cutoff frequencies of 2
kHz and 250 Hz, bracketing the internationally recommended range to eliminate high-frequency
noise [21 ]. Prior to and after each impact test, each accelerometer was calibrated using drop ball,
shaker, and centrifuge methods [22-24] by Sandia's Measurement Standard Department. Post-test
calibration ensures that the transducer has not been damaged during testing.

The tests were recorded photometrically by orthogonal high-speed motion-picture cameras,
operating at 400 frames/s and 2000 frames/s to capture detailed deformation histories. Each cam-
era also recorded a synchronized 1000 Hz IRIG timing signal to verify velocity measurements.
Gridded stadia-board backgrounds aided displacement and velocity determination from the high-
speed films.

Photographs showing more detailed mounting locations of strain gages, accelerometers, and
terminal strips for the Longitudinal Low Velocity (LLV), Horizontal Low Velocity (HLV), Longi-
tudinal High Velocity (LHV), and Horizontal High Velocity (HHV) impact tests are presented in
Figures 4.5 through 4.19. As shown in some of these photographs, strain relief was designed into
placement of instrumentation lead wires and cables in order to minimize the chance of over-
stressing these wires and losing test data.
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LONGITUDINAL IMPACT INSTRUMENTATION REQUIREMENTS - STRAIN
GAGES

Strain Type/Catalog
Number Location Direction

SG1 CEA- 13-125UW-350 Top, Off-Center (3" toward 0 °) radial

SG2 CEA-13-125UT-350 13" Down, Side, 0 ° axial

SG3 CEA- 13-125UT-350 13" Down, Side, 0 ° c_rcumferential

SG4 CEA-13-125UT-350 13" Down, Side, 90 ° axial

SG5 CEA- 13-125UT-350 13" Down, Side, 90 ° circumferential

SG6 CEA-13-125UT-350 37" Down, Side, 0° axial

SG7 CEA- 13-125UT-350 37" Down, Side, 0° c_rcumferential

SG8 CEA-13-125UT-350 37" Down, Side, 90° axial

SG9 CEA- 13-125UT-350 37" Down, Side, 90 ° circumferential

SG 10 CEA- 13-125UT-350 19.38" Down, Inner, 0° axial

SGll CEA-13-125UT-350 19.38" Down, Inner, 0° circumferential

SG12 CEA- 13-125UT-350 19.38" Down, Inner, 60° axial

SG13 CEA-13-125UT-350 19.38" Down, Inner, 60° c_rcumferential

SG 14 CEA- 13-125UW-350 Top of 1223B, Center radial

SG 15 7270A-R/ GW Top, Center N/A

SG16 7270A-R/ RB Top, Center N/A

NOTE:

1. Strain gages 15 and 16 are dummy gages

2. Axial direction refers to along the length of the container axis
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TAIII,
HORIZONTAL IMPACT INSTRUMENTATION REQUIREMENTS - STRAIN GAGES

Strain Type/Catalog
Desig. Number Location Direction

SG1 CEA-13-125UW-350 13" Down, Side, 90° circumferential

SG2 CEA-13-125UW-350 13" Down, Side, 180° circumferential

SG3 CEA-13-125UW-350 22.75" Down, Side, 90° circumferential

SG4 CEA-13-125UW-350 22.75" Down, Side, 180 ° circumferential

SG5 CEA-13-125UW-350 37" Down, Side, 90° circumferential

SG6 CEA-13-125UW-350 37" Down, Side, 180° circumferential

SG7 CEA-13-125UW-350 19.38" Down, Inner Container, 120° axial

SG8 CEA-13-125UW-350 19.38" Down, Inner Container, 180° axial

SG9 7270A-li/GW 1223B, Side, 180°(onAS&9block) N/A

SG10 7270A-R / liB 1223B, Side, 180° (on AS&9 block) N/A

NOTE:

1. Strain gages 9 and 10 were dummy gages

2. Axial direction refers to along the length of the container axis
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TABLE 4.3a

LONGITUDINAL 40 FT/S IMPACT INSTRUMENTATION REQUIREMENTS -
ACCELEROMETERS

Accel. Type/Catalog
Number Location Direction

A 1 7270A-2K Top, Center Impact Axis

A2 7270A-2K Top, Side, 0 ° Impact Axis

A3 7270A-2K Top, Side, 90" Impact Axis

A4 7270A-2K 24.5" Down, Side, 0 ° Impact Axis

A5 7270A-2K 24.5" Down, Side, 90° Impact Axis

A6 7270A-6K Bottom, Side, 0 ° Impact Axis

A7 7270A-6K Bottom, Side, 90 ° Impact Axis

A8 7270A-2K 1223B Top, End, 0° Impact Axis

A9 7270A-2K 1223_ Top, End, 90° Impact Axis

A10 7270A-2K Fore Mount Plate, !/2" From Inner Edge, 0° Impact Axis

A11 7270A-2K Fore Mount Plate, 1/2" From Inner Edge, 90° Impact Axis

A 12 7270A-20K Bottom, Side, 0 ° impact Axis

A 13 7270A-Z 1223B Top, End, 0 ° N/A

Note:

1. A 13 was a dummy accelerometer
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TABLE 4.3b

LONGITUDINAL 125 FT/S IMPACT INSTRUMENTATION REQUIREMENTS -
ACCELEROMETERS

Accel. Type/Catalog
Desig. N_mb_r Lo¢_fion Direction

A 1 7270A-20K Top, Center Impact Axis

A2 7270A-20K Top, Side, 0 ° Impact Axis

A3 7270A-20K Top, Side, 90 ° Impact Axis

A4 7270A-20K 24.5" Down, Side, 0 ° Impact Axis

A5 7270A-20K 24.5" Down, Side, 90 ° Impact Axis

A6 7270A-20K Bottom, Side, 0 ° Impact Axis

A7 7270A-20K Bottom, Side, 90° Impact Axis

A8 7270A-20K 1223B Top, End, 0 ° Impact Axis

A9 7270A-20K 1223B Top, End, 90 ° Impact Axis

A10 7270A-20K Fore Mount Plate, 1/2" From Inner Edge, 0° Impact Axis

A 11 7270A-20K Fore Mount Plate, 1/2" From Inner Edge, 90 ° Impact Axis

A13 7270A-Z 1223B Top, End, 0 ° N/A

Note:

1. A13 was a dummy accelerometer
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TABLE 4.4a

itORIZONTAL 40 FT/S IMPACT INSTRUMENTATION REQUIREMENTS -
ACCELER()METERS

Accel. Type/Catalog
Number Location Direction

A1 7270A-2K Top, Center Impact Axis

A2 7270A-6K Top, End, 0 ° Impact Axis

A3 7270A-2K Top, End, 180° Impact Axis

A4 7270A-6K Bottom, End, 0 ° Impact Axis

A5 7270A-2K Bottom, End, 180° Impact Axis

A6 7270A-2K 1223B Top, End, 0° Impact Axis

A7 7270A-2K 1223B Top, End, 0 ° Container Axis

A8 7270A-2K 1223B Top, End, 180 ° Impact Axis

A9 7270A-2K 1223B Top, End, 180° Container Axis

A10 7270A-2K Fore Mount Plate, 1/2" From Inner Edge, 0° Impact Axis

AI 1 7270A-2K Fore Mount Plate, 1/2" From Inner Edge, 0° Container Axis

A 12 7270A-2K Fore Mount Plate, 1/2" From Inner Edge, 180° Impact Axis

A13 7270A-2K Fore Mount Plate, 1/2" From Inner Edge, 180° Container Axis

A 14 7270A-20K Bottom, End, 0 ° Impact Axis

A15 7270A-Z 1223B Top, End, 180° N/A

Note:

1. A 15 was a dummy accelerometer
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TABLE 4.4b

tlORIZONTAL 125 FT/S IMPACT INSTRUMENTATION REQUIREMENTS -
ACCELEROMETERS

Accel. Type/Catalog
Number Location Direc tion

A1 7270A-20K Top, Center Impact Axis

A2 7270A-20K Top, End, 0° impact Axis

A3 7270A-20K Top, End, 180° Impact Axis

A4 7270A-20K Bottom, End, 0 ° Impact Axis

A5 7270A-20K Bottom, End, 180° IInpact Axis

A6 7270A-20K 1223B Top, End, 0° Impact Axis

A7 7270A-20K 1223B Top, End, 0° Container Axis

A8 7270A-20K 1223B Top, End, 180 ° Impact Axis

A9 7270A-20K 1223B Top, End, 180 ° Container Axis

A 10 7270A-20K Fore Mount Plate, 1/2" From Inner Edge, 0 ° Impact Axis

A 11 7270A-20K Fore Mount Plate, 1/2" From Inner Edge, 0° Container Axis

A 12 7270A-20K Fore Mount Plate, 1/2" From Inner Edge, 180° Impact Axis

A13 7270A-20K Fore Mount Plate, 1/2" From Inner Edge, 180° Container Axis

A15 7270A-Z 1223B Top, End, 180° N/A

Note:

1. A15 was a dummy accelerometer
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Figure 4.7 LLV mounting location for A6 and A 12
i
I

Figure 4.8 LLV mounting locations for A8, A9, A 13, and SI4
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Figure 4.9 LLV mounting locations for A 10 and A I1

Figure 4.10 LLV mounting location for $4 and $5
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Figure 4.15 HLV mounting location for A6, A7, and AI5

Figure 4.16 HLV mounting location for AI2 and AI3

38



Figure 4.17 HLV mounting locations for $2, $4, and $6
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Figure 4.18 HLV mounting location for more terminal strips

Figure 4.19 HLV mounting location for $7
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5. Results

5.1 Longitudinal Low Velocity

The longitudinal low-velocity (LIN) impact test was performed on June 29, i993 at the 185-
ft drop tower of Sandia National Laboratories. The container drop height was 8.2 m (27 ft) along
a high-tension cable guided path which controlled impact orientation (see Figure 5.1.1). Analysis
of high-speed films yielded an impact velocity of 12.3 m/s (40.5 ft/s) at an impact angle of 1.7°
from perfectly upright. After impact, the test unit rebounded approximately 1.2 m (4 ft) from the
unyielding target, tilting slightly in mid-air causing the unit to fall from the raised target after the
second impact.

H1224A outer shell deformation resulting from the 12.3 m/s longitudinal impact was mini-
mal, as shown in Figure 5.1.2. The lower longitudinal stiffeners buckled slightly at the container's
lower circumferential bulge, reducing the container's overall length by up to 31 mm (1.22 in.) on
the side shown in Figure 5.1.2, or 0° circumferentially (see Appendix E: Inspection Data, Table E
1.1). On the opposite side of the container, slight weld tearing occurred in the joints between the
container's bottom pan and its fork lift channels, as shown in Figure 5.1.3.

Inside the container, the upper foam insert glue joint partially separated (see Figure 5.1.4) due
to deceleration of its own mass. Weld tearing along the bottom of the inner container (see Figure
5.1.5) occurred where it was unsupported by the fork lift channels. Similar deformation to the
RV's threaded fore plate is shown in Figure 5.1.6, where the bending moment was provided by
asymmetric loading through the fork lift channels. Bulging of the outer container's bottom pan
between the fork lift channels can be seen in Figure 5.1.7. Container deformations for the LLV
impact test are quantified in Tables E 1.1, E 1.2, and E 1.3 of Appendix E, from measurement lo-
cations specified in Figures 3.6, 3.7, and 3.8.

Accelerations measured (and low-pass filtered to 2 kHz) at the fore and aft ends of the RV
midsection are presented in Figures 5.1.8 and 5.1.9. The accelerometers in each figure were locat-
ed 90 ° apart and show similar acceleration peaks of approximately 600 Gs at the nose or fore end
and 250 Gs at the aft end. Since the carbon phenolic aeroshell is not a rigid body, some attenua-
tion of the impact loading occurs through the RV. As identified by the time of peak acceleration
and by the time of zero velocity in the integrated acceleration plots of Appendix A, the RV mid-
section began rebounding approximately 14 to 16 milliseconds after container impact began.

Note that dynamic strain histories, as well as all raw and filtered data, FFTs and integrated ac-
celerations are presented for the LLV impact test in Appendix A.
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Figure 5.1.2 LLV H1224A post-test deformation
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Figure 5.1.3 LLV HI224A weld crack
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Figure 5.1.4 LLV upper foam insert joint separation

Figure 5.1.5 LLV inner container weld tears
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Figure 5.1.6 LLV fore plate bending

Figure 5.1.7 LLV HI224A bottom pan deformation
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5.2 Horizontal Low Velocity

The horizontal low-vekvcity (IIIN) impact test was perfonued on June 30, 1993 at the 185-fl
drop tower of Sandia National Laboratories. The container drop height was 7.9 m (26 ft) along a
high-tension cable guided path which controlled impact orientation (see Figure 5.2.1). Analysis of
high-speed films yielded an impact velocity of 12.1 nVs (39.8 ft/s) at an impact angle of 3.3° from
perfectly horizontal. After impact, the test unit rebounded approximately 1.2 m (4 ft) from the
unyielding target, tilting in mid-air toward the fork lift channel end, and impacting lightly at ap-
proximately 30° to horizontal after rebounding.

tt1224A outer shell deformation resulting from the 12.1 m/s horizontal impact was greatest
at the top end, as shown in Figure 5.2.2. The flexible foam inserts helped force the upper container
shell back out to nearly its original diameter at the top end. The diameter at the container's outer
shell midsection was reduced by approximately 82 mm (3.2 in.) at 0° circumferentially (see Ap-
pendix E: Inspection Data, Table E 2.1, and Figure 5.2.5). On the opposite end of the container
near the fork lift channels, no defomlation is visible, as shown in Figure 5.2.3.

Inside the container, the inner container diameter was decreased at its midsection slightly, as
shown in Figure 5.2.4, due to contact with the outer shell during impact. The bending moment
through the RV midsection due to support only at its ends during the side-on impact caused slight
fracture of the carbon phenolic aeroshell at its midpoint and lore end (0° circumferentially), as
shown in Figures 5.2.6a and 5.2.6b. The rapid loading of the RV after the flexible foam "bottomed
out" caused bolts on the fore-most fore end weight plate to shear, as shown in Figure 5.2.7. No de-
formation was visible on the fore plate and aft cover. Container and RV deformations for the HLV
impact test are quantitied in Tables E 2.1, E 2.2, and E 2.3 of Appendix E, from measurement lo-
cations specified in Figures 3.6, 3.7, and 3.8.

Accelerations measured (and low-pass filtered to 2 kttz) at the aft and fore ends of the RV
midsection are presented in Figures 5.2.8 and 5.2.9. The accelerometers in each figure were locat-
ed 90 ° apart and show similar accelezation peaks of approximately 350 Gs at the aft end and 600
Gs at the nose or fore end. As identified by the time of peak acceleration and by the time of zero
velocity in the integrated acceleration plots of Appendix B, the RV midsection aft end began re-
bounding approximately 15 milliseconds after container impact began and the fore end
approximately 19 milliseconds after impact. The time delay between RV aft and fore end rebound
is due in part to the slightly off-horizontal container impact.

Dynamic strain histories, as well as all raw and filtered data, FFl's and integrated accelera-
tions are presented for the HLV impact test in Appendix B.
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Figure 5.2.6a HLV Mkl2a Mod6c cracking

Figure 5.2.6b HLV Mkl2a Mod6c cracking
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5.3 Longitudinal High Velocity

The longitudinal high-velocity (LHV) impact test was performed on August 12, 1993 at the
Aerial Cable Facility of Sandia National Laboratories. The container drop height was 86 m (283
ft) along a high-tension cable guided path which controlled impact orientation (see Figure 2.1).
The LHV test unit is shown in Figure 5.3.1 before impact. Analysis of high-speed films yielded an
impact velocity of 38.0 m/s (124.7 ft/s) at an impact angle of 0.7 ° from perfectly upright. After
impact, the test unit rebounded about 10 cm (4 in.) at most from the unyielding target, tilting in
mid-air very slightly toward the 0° circumferential axis.

H1224A outer shell deformation resulting from the 38.0 m/s longitudinal impact was greatest
at the bottom end and in the fork lift channels, as shown in Figure 5.3.2a, 5.3.2b, and 5.3.2c.
Buckling in the container's lower half of the outer shell was not significantly greater than that ob-
served in the LLV impact test, but fork lift channel weld fracture and bending was incomparable.
The upper half of the outer container shell suffered no visible deformation but, similar to the LLV
impact tests, lower longitudinal stiffeners buckled at the container's lower circumferential bulge
combining with fork lift channel deformation to reduce the container's overall length by up to 180
mm (7.1 in.) at 225 ° circumferentially (see Appendix E: Inspection Data, Table E 3.1).

Inside the container, the inner container buckled severely, as shown in Figure 5.3.3, reducing
its overall length by up to 170 mm (6.8 in.). Extreme deformation of the carbon phenolic aero-
shell, however, caused the aft cover to end up below the top level of the inner container, as shown
in Figure 5.3.4. Both fore and aft RV weight plate groups sheared their mounting flanges and
many inter-weight-plate bolts sheared during the severe impact. Weight plate deceleration led to
severe fracture in the RV midsection aeroshell carbon phenolic and aluminum substrate, as shown
in Figures 5.3.5 and 5.3.6. Severe bending in the fore plate can also be seen in Figure 5.3.5 and
Figure 5.3.8. About 7.5 milliseconds after initial impact, the crushed aeroshell's nose or fore end I
came into contact with the fore accelerometers and their lead wires, yielding spurious results, as
shown in Figures 5.3.7 and 5.3.9. Container and RV deformations for the LHV impact test are
quantified in Tables E 3.1, E 3.2, and E 3.3 of Appendix E, from measurement locations specified
in Figures 3.6, 3.7, and 3.8.

Accelerations measured (and low-pass filtered to 2 kHz) at the fore and aft ends of the RV
midsection are presented in Figures 5.3.9 and 5.3.10. The accelerometers in each figure were lo-
cated 90 ° apart and show similar acceleration peaks of approximately 10,(XX)Gs at the fore end
(before the signal became faulty due to aeroshell fracture) and 2,(X)0 Gs at the aft end. As identi-
fied by the time of peak acceleration and by the time of zero velocity in the integrated acceleration
plots of Appendix C, the RV midsection fore end began rebounding approximately 6.3 millisec-
onds after container impact began and the aft end approximately 7.5 milliseconds after impact.
The time delay between RV fore and aft end peak decelerations is due to energy loss associated
with aeroshell fracture.

Dynamic strain histories, as well as all raw and filtered data, FFFs and integrated accelera-
tions are presented for the LHV impact test in Appendix C.
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Figure 5.3.1 LHV impact test pre-drop
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Figure 5.3.2a LHV HI224A post-test deformation
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Figure 5.3.2b LHV H1224A post-test deformation

Figure 5.3.2c LHV H I224A post-test deformation
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Figure 5.3.5 Mk 12a Modfc aerosheU fracture and weight plate detachment
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Figure 5.3.6 LHV RV carbon phenolic aeroshell fracture

62



Figure 5.3.7 L|tV RV aeroshell nose-end fracture and impact onto accelerometers

Figure 5.3.8 LHV fore plate deformation
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5.4 Horizontal High Velocity

The horizontal high*velocity (tttlV) impact test was performed on August 13, 1993 at the
Aerial Cable Facility of Sandia National Laboratories. The container drop height was 88 m (288
ft) along a high-tension cable guided path which controlled impact orientation (see Figure 2.2).
The HtIV test unit is shown in Figure 5.4.1 before impact. Analysis of high-speed films yielded
an impact velocity of 38.2 m/s (125.3 ft/s) at an impact angle of 1.1° from perfectly horizontal.
After impact, the test unit rebounded about 1.5 m (5 ft) from the unyielding target, rotating longi-
tudinally about 120° impacting partially on its bottom (fork lift channel) side after rebound.

tt1224A outer shell defon'nation resulting from the 38.2 m/s horizontal impact is shown in
Figure 5.4.2a, 5.4.2b, and 5.4.2c. Similar to the HIN impact test results, the top container shell re-
turned nearly to its undeformed diameter at the top surface (Figure 5.4.2b) and remained de-
formed at its midsection (Figure 5.4.2c) by as much as 235 mm (9.2 in.) (see Appendix E:
Inspection Data, Table E 4.1). But the fork lift channel, bottom pan, and inner container lower
plate weld joints all sheared and tore, along with the lower foam insert glue joint, exposing the
fore plate and RV aeroshell, as shown in Figure 5.4.2a.

Inside the container, the fore plate bolts (attaching it to its threaded ring) sheared upon impact
and prevented severe deformation of the fore plate, as shown in Figure 5.4.3. The aft cover de-
formed severely (reducing its diameter by 49 mm 11.9 in.I), tearing the inner container, as shown
in Figure 5.4.4. Ovalization of the outer container shell midsection is shown in Figure 5.4.5.
Large bending loads in the RV midsection caused severe fracture in the aeroshell's carbon phenol-
ic outer layer and aluminum substrate, as shown in Figures 5.4.6 and 5.4.7, releasing most of the
weight plates and sheafing some of the inter-plate bolts. Container and RV deformations for the
HHV impact test are quantified in Tables E 4.1, E 4.2, and E 4.3 of Appendix E, from measure-
ment locations specified in Figures 3.6, 3_7, and 3.8.

Accelerations measured (and low-pass filtered to 2 kHz) at the fore and aft ends of the RV
midsection are presented in Figures 5.4.8 and 5.4.9. The accelerometers in each figure were locat-
ed 90 ° apart and show rather dissimilar acceleration histories. Acceleration pulses from acceler-
ometers 6, 8, 10, and 12 (fore and aft ends of the mass mock-up midsection, in the impact axis
appeared to be much longer in duration than comparable acceleration pulse histories from the
high speed end-on impact. Also, integration of these pulses showed that only a much shorter dura-
tion pulse was necessary to slow the re-entry vehicle midsection velocity from 125 ft/s to approx-
imately -20 ft/s (negative denoting upward after downward impact).

After reviewing high-speed film views of the impact event, dummy accelerometer output,
and the post-test accelerometer calibrations, the cause of the abnormal acceleration histories was
determined. During impact, separation of the welded joint between the HI224A lower cylinder
and the bottom pan caused stretching of accelerometer and strain gage channel wires. Before the
wires completely failed, the stretching caused resistance changes thus inducing spurious accelera-
tions. From high-speed films, stretching appears to begin occurring at about 2.5 to 3 milliseconds
into the impact event, thus the acceleration data from these four accelerometers is suspect after
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this point in time. The dummy channel (A15 in Appendix D, full scale output equals 0.05 Volts)
indicates that wire stretching may have begun as early as 1.25 ms into the impact event. This is
also approximately the time at which the re-entry vehicle midsection has zero velocity (see inte-
grated velocity histories). Since the instantaneous rebound velocity of the relatively ligid attach-
ment points for the accelerometers is much greater than zero, actual peak acceleration magnitudes
should be greater than those shown in the data plots at approximately 3 ms.

It is estimated that valid acceleration data was recorded up through about peaks of approxi-
mately 8,000 Gs at the fore end and 10,000 Gs at the aft end. As identified by the time of peak ac-
celeration and by the time of zero velocity in the integrated acceleration plots of Appendix D, the
RV midsection began rebounding approximately 3 milliseconds after container impact began.
This lesser peak RV deceleration time compared to the LHV test results is justified by the reduced
effective container thickness in this impact orientation, since the fork lift channels have no influ-
ence.

Dynamic strain histories, as well as all raw and filtered data, FF-Ts and integrated accelera-
tions are presented for the HHV impact test in Appendix D.
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Figure $.4.1 ltitV impact test pre-test
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Figure 5.4.2a HHV H 1224A post-test deformation

Figure 5.4.2b HHV HI224A post-test deformation
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Figure 5.4.3 HHV fore plate deformation and bolt shearing

Figure 5.4.4 HltV inner container and aft cover deformation
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Figure 5.4.5 HHV HI224A outer shell deformation

Figure 5.4.6 HHV Mkl2a Mod6c aeroshell fracture and detached weight plates
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6. Conclusions

Sandia National Laboratories has performed four impact tests of the tt1224A shipping/stor-
age container for the Mkl2a W78 warhead midsection. The 12.2 rn/s (40 ft/s) and 38.1 m/s (125
ft/s) impact velocities onto unyielding targets encompass a range of potential accident conditions
associated with the weapon's STS. Acceleration and deformation results should be useful in vali-
dating analytical models, which can be used to predict weapon response throughout the range of
accident conditions.

Some acceleration and strain data was lost during the HHV impact test. Post-test review of
the test unit, accelerometer and strain gage output histories, dummy channel output histories, and
high-speed films indicated that unanticipated container deformations led to stretching and even
severing of transducer lead wires. The wire stretching resulted in spurious transducer output histo-
ries at approximately 2.5 to 3 milliseconds after initial impact, limiting the usefulness of data after
this point. For accelerations on the fore and aft end of the RV, however, most of the downward ki-
netic energy was absorbed at the time of wire stretching and can be used to partially benchmark
analytical predictions.

Accelerations measured at points on the Mkl2a Mod6c's fore plate and aft cover during im-
pact tests are point measurements on a test unit, which may differ significantly from accelerat ons
experienced by an actual WR Mk 12a midsection under identical conditions. Dissimilar acc.':_era-
tions measured at opposite ends of the RV prove the non-rigidness of the body during longitudinal
impact tests. Thus, modelling the RV as a rigid body should yield different results than those mea-
sured. Similarly, although mass properties are identical for undeformed WR Mkl2a and Mkl2a
Mod6c midsections, mass distributions and interactions with the support structure of the aeroshell
during severe impacts are very different. Thus, RV accelerations measured during these impact
tests may only approximate those experienced by WR hardware in identical impact conditions.

Deformations in the RV midsection aeroshells during impact tests can be misleading. They
are caused not only by interactions with the container and the impact surface, but also interactions
with masses inside. The severe fracture patterns of RV aeroshells and aluminum substrates ob-
served in the high-speed impact tests is unique to these test units with extremely dense, steel
weight plate mass simulators at each end. The sharp cylindrical edges may aide in the fracture
process as compared to an actual physics package which could deform and absorb more of its own
kinetic energy upon impact. The distinction between WR and tested RV midsections is important
not only for use in proper application of RV loads during accident modelling, but also in assumed
levels of aeroshell deformation for containment of potentially hazardous materials.

Acknowledging differences between the tested Mkl2a Mod6c midsection and a WR Mk 12a,
acceleration and strain results obtained during this series of low and high velocity impact tests
should prove useful in approximating W78 midsection load levels and validating finite element
model results for similar accident conditions.
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Appendix A. LLV Accelerometer and Strain Gage Data:
Raw, Filtered, and Reduced

The following pages show raw (unfiltered) acceleration and strain gage data for the Longitu-
dinal Low-Velocity (LLV) impact test. Following this raw data are plots of filtered data (using a
low-pass Butterworth 6-stage filter) with cutoff frequencies of 250 ttz and 2,(X)OHz. Integrated
acceleration data, yielding velocity versus time plots, are presented to analyze kinetic energy val-
ues during the test. And finally, Fast Fourier Transforms (FFTs) for each raw data channel are in-
cluded to analyze acceleration and strain amplitudes in the frequency domain.
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Test: LOHGITUDIN@LLOLlVELOCITYHI_4R 05/'_M_ (219) Test: LONGITUDINALLOMVELOCITYHI_4R O_J/_3 (7.19)

Session: Tue Jul 27 10:42:33 199] Trarmducer: 5G12(ucondmrg) Session:Tue Ju| 27 10:42:_m19g] TrammdbNr:SG14(mm_ndam_)
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Test: LOtlTUOIHRLLOMVELOCITYH1224R_ (219) Test: LONGITUOIHRLLOIJVELOCITYHJ224R_ (219)

Session: Tue Ju! 27 10:42:47 199"3 Tramduoer: 515 (seomxlary) Session: Tue Jui 27 11:22:45 199"3 Transduoer: R1 (semondarv)
fIR 6"$TI_E BUTTERIXlRTHFILTER(L_) 250 HI |IR 6.-S'TRGEBUTTE]WOI_HFILTER(LOIJPt_5)2000 H1
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Tut: LONGITUDINALLOLlVELOCITYXI_,IA06/29/9"3(=19) Iut: LONGITUDINALLOM VELOCITYHl_ 06_ (219)

Sesslm: Tue Jul 27 10:43:02 199"3 Trmsducer: 516 (secondarg) Session: Tue Jul 27 11:22:48 199"3 Transducer: R2 (Rcomla_)
I[R 6-5TRGEBIJTTERIJORTHFILTER(L_) 250 Hz fIR 6-5TRG(BUTTEIEJORTHFILTER(LOiJPlISS)2000 HI
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Test: LONGITUDIHRLLOUV(LO(ITY HX224RIM/29/93 (219) Test: LONGITUI)INRLLOUVELI)(ITYH122_i (M/29/93 (219)

Session: Tue Jul 27 11:23:37 1993 Transducer: R7 (ucondary) Session: Tue Jul 27 11:24:06 1993 Transducer: R9 (seoomlar_
IIR 6-STAGEBUTTERUOflTHFILTER(LI)UPAS5)2000 Hz IIR 6-STRGEBUTTERUI)I_HFILTER(LOIJPAS)2000 Hz

1800 280

1500 I 240 .... I

] _t,l I
.. _oo . "+_oo ..,,., ,
"-' "' 160

.+_ooIll ...... +°:,_o .. _WI_I! ,
_ooo, ...... _o I] _i'll|Iil ,_ Ji .° " 'llUl,ldI
._oo_ II)L rl[ "_ 40 "- - - -- "oo IIvr_'",,+'_ -- - o _-___.,,., .,

I'I_
-3oo If' -40 ...........
-600 1 -80 " '

0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (msec) Time (msec)

L_J

Test: LONGITLIDINRLLOIJVELI)CITYH1224R06/29/9"3 (227) Test: LONGITUDINRLLOMW).OCITYH1224R_ (219)

Session: Tue Jul 27 11:23:53 1993 Transducer: R8 (secmvJa_) Session: Tue Jul 27 11:24:20 199"3 Transduoer:tLtO(sm:onda_)
fIR 6-STRG(BUTTERMORTHFILTER(L_) 2000 Hz llR 6-5TRGEBIJTTEIWI)RTHFILTER(LI)kgmR_)2000 Hz
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Test: LI_ITUDINAL LOUVB.OCITYH_4A Of_ (21g) Test: LOM;ITUDINALLOUVELOCITYH_ (M_ (21g)

5easion: Tue Jul 27 11:24:_ 14_J_ TrY: A11 (samordarM) Susim: TuBJul 2? 11:_4:55 1_J3 Tr=nsdu:_: IU3 (uoondzrli)
IIR G-STI:IGEBUTTERgORTHFILTER(LOI_) 2000 Hz fIR rrSTiEE BUTT_H FILTER(LOMPAS5)2000 Hz
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Test: LDNGITIJDINALLOUVELOCITYH1224AOf_ (Zlg) Test: LOWIIUDINALLOUVELOCITYHJ224AO_ (215)

gusion: Tue Jul 27 11:2d:50 1993 Transducmr:A12 (se_) Session: Tu8Jul 27 11::¢:04 19_3 Tran_" 5G1(seo_)
iIR rr-STAGEBUTTEMUORTHFILTER (LOI_) 2000 Hz [IR 6-STAE MJTTE_ FILTtM (LOI_) 2000 Hz
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Test: LONGII?JOIHRLLOU VELOCITYHI224R 06/29/9) (219) Test: LONGITUDIIIRLLOB WI_IT¥ HJ224R 06/29/_ (219)

Session" Tue Jul 2? 11:25"06 1993 Trarsducer" 5G2 (semxv/a_) _ssion: Tue Jul 2? 11:25:2) 19_ Trmsduoer: 5G4 (seoomlar_j)

fIR 6-STRI;£ BUTTERUORTHFILTER (LOUFItSS) 2000 Nz fIR 6.-STI:IG£BUTTIDIIJmNHFILTER (LOUPRSS)2000 Hz
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T_t: LlllEI/11011_I. Llll VID.OCIT¥HI2L_IR _ (21g) Test: LOI_ITUI)II_I. Lm 1_].0F..11"/@ _ (21g)

Session: Tue Jul 27 1/:25:23 1993 Transducer: 5G3 (ssoonda_) Session: Tue Jul 27 11:25:38 19_ T_: SG5 (mcmvia_)
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Test: LONGITUDINALLOUVELOCITYHX224A06EJ9/_ (21c)) Test: LONGITUDINALLOMVELOCITYH1224A0_ (219)

Session: TueJuI 27 11:;";:38 1993 Transducer:E_6 (secondary) Session: TueJul 27 11:2S:55 1993 Transducer: 51;8(secmndl_)
fIR 6.-STI:IG[BUTTERUORTHFILTER(LOUBt:ISS)2000 Hz fIR 6-EIAGEBUTTERMORTHFILTER(L_) ZN)O0Hz
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Test:LONGITUDINALLDU VELOCITYHI224A06/29/93(219) Test:LONGITUDI_LLOUVELOCITYHJ224A06/29/9"3(219)

5essio_:Tue Ju]27 11:25:551993 Tramsduoer:5Gl (secondary) Session:Tue Jut1_?11:L_:08199"3 Transducer:5G9 (secondary)

fIR 6-STILE BUTTERUORTHFILTER(LOI,II:_'5)2000 Hz fIR @-STAGEBUTTERUORTHFILTER(LOI,IPASS)Z_X) Hz
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Tut: LOI_ITUDIHALLOWVELOCITYHI224AOfn/Zg/c_ (219) Test: LOIWITUDIHALLIZJ_.OCITY HX224A06/29/_ (219)
Session: Tue Jul 2? 11:26:20 l_Y'_ Trmsduc_: S;14 (secmdary) Smmion:Tue Jul 2? 11:25:47 l_J] Tramducer: 515 (stnonda_)

IIR 6-STAGEBUTTEIMIRTHFILTER(LOIJPt_5)2000 Hz IIR 6-STAI;EBUTTE]_ORTHFILTER(L_) 2000 Hz
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Test:LONGITUOII_L_ VELOCITY141_4AO_ (219) Iut: LONGITII]II_W.LOWVELOCITYHl_4R Of_IrJ (219)

Sesslm"lue Jul2l 11:26:481993 Ir_: 515 (s_) Sesslon:lue Jul27 L_:S:O01_J3 lrlms_: R1 (se_)

fIR6-5"r_ BIJTIEI_H FILTER(LOI_5) 2000Hz Inte_-:il_m
0.005 i 50

: Ai

0.004 ! _0 1tl

t 't h\30 i

0.002 " 20

;- _ 10
0.001 • , _ .w

o.ooo .! ..... : -" v o
tl/1J"_r" ' , i

-ooo_ L I -lo '
0 I0 20 30 40 50 60 0 i0 20 30 40 50 60

Time (msec) Time (msec)



Test: LONGITUOINRLLOUVELOCITYH1224R06/29/93 (219) Test: LONGITUDINALLI]UVELOCITVH1224R0(_J9/9] (219)

Session: Tue Jul 27 13:_:03 1993 Transducer: I_ (secondarg) _ion: Tue J.l 2? J3:25:10 1993 Transducer: PA (secondary)
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Test:LONGITUDINALL_ VELOCITYHI224AOf_ (219) Test:LONGITUDINALLOLlVELOCITYHI224AO_ (219)

Session:TurnJuI 27 13::x;:061993 Transducer:It3(uc_ndarw) Sessim:Tue Jul27 13:25:181993 Trans--: I_ (seoorx_r_)
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Test: LONGITUOINQLLOUVELDCITYHJ224A06/29/93 (219) Test: L@NGITLIOIN&LOUVELIrlTVH1224Q_ (219)

Session: Tue Jul 27 13::_:_& 1993 Transducer: A6 (Rcondarg) Session: TLmJul 27 13:_:44 1993 Transducer: I_ (secorwJa_)
Inte_jrat ion
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Test: LONGITUDINAl.LOUVELOCITYH1224Q_93 (219) Test: LOHGITUDINI_.LOUVELOCITYHJ_-_,l_l06f_/93 (219)

Session: Tue Ju] 27 13:25:36 1993 Transducer: A7 (se_ondarg) Session: Tue Jul 27 13::x;:48 1993 Transducer: l_J (secorw_rg)
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Test: L_ITUDIHRL LORVELOCITYH1224R I)6/29/93 (219) Tut: LOIGITUBIHRLLOR VELOCITYHJ224A 06/29/93 (219)

Session: Tul Jul 27 1]::x::55 1993 Trarsduoer: RIO (secomb_) Sessian: Tue Jul 27 13:26:12 1993 Transducer: R12 (secondarg)
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Test: LOHGITUOINALLOY VELOCITYHI224A 06/29/93 (219) Test: LOHGITUOIXALLOU q[LOCITY HIZZ4A 06/_93 (219)

Session: TuG Jul 27 13:26:05 1993 Transducer: All (secondary) Session: Tue Jul 27 13:53:06 1993 Transducer: R1 (seconda_)
FAST FOURIERTRNISFORMt_ L:_)O0.O Hz
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Test: LONGITUDIHRLLOWVELOCITYH1224FI_ (219) Test: LONGIYUDIHRLLOUVELOCITYHI224R_ (219)

Session: Tue Jul 27 13:53:24 1913 Tramducer: _ (ucondary) Session: Tue Jul 27 13:54:03 1993 Transducer: R4 (seoonda_)

FRSTFOURIERTRI:I_SFORflto 20000.0 Hz FRSTFOURIERTRANSFORflto 20000.0 Hz
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Test: LONGITUOIHRLLOUVELOCITYH122,1R06/29/13 (219) Test: LOHI;ITUDIHRLLOUVELOCITYH1224A06v2°./93 (219)

Session: Tue Jul 27 13:53:41 1993 Transducer: R3 (secorwJa_) Session: Tue Ju] 27 13:54:26 1993 Transducer: R5 (seoorwJarg)
FASTFOURIERTRANSFORMto 20000.0 Hz FRSTFOURIERTRJVlSFI)I_to 20000.0 Hz

1.8 1.6

i
" = I".r
", 1.4 _ 1.2 1

" 1.2 " g 1.o I
_ 1.0 _

. ill_ 0.6

O.2

0 2 4 6 8 I0 12 14 16 18 20 0 2 4 6 B 10 12 14 16 iB 20

Frequency (KHz) Frequenc_ (KHz)



Test: LONGITUDINALLOLlVELOCITYH1224R_ (219) Tut: LOHI;ITUOII/_LOWVELOCITYH122,kq06/29/93 (219)

Session: Tue Jul 2? 1]:54:45 1993 Trmrsducmr:I_ (_) Se_ion: Tue Jul 2? 13:5S:20 I_B Transducer: I_ (secondm_)
FRSTFOURIERTRNISFORItto 20000.0 Hz FRSTFOURIERTRRNSFO_to 20000.0 Hz
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Test:L_ITUDINAL LI],IVQ.OCITYH_2_ 06/29/93(219) Test:LOHI;ITUI)I_LOLlVELOCITYH_ 06/29/93(219)

Session: Tue Jul 27 13:5$:03 1993 Tr_sduc_: R7 (smcondar_l) Session: Tue Jul 27 13:55:,101993 Tram'duc_: 1:19(_)
FASTFIXIRIERTRANSFORMto 20000.0 Hz FASTFOURIERTRRI4SFOI_to L:_O00.OHz
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Test: LOHGITUOIHRLLOMVELOCITYH122_q_ (219) Test: LOI_ITUOINALLOLlVELOCITYH122,kq_ (219)

Session: Tue Ju| 27 13:55:58 1993 Transducer: RlO (_) Session: TueJul 27 13:56:31 1993 Transduoer:R12 (sm:ondar_)
F_T FOURIERTRNISFO_to 20000.0 Hz FRSTFOURIERTRf#6FOI_to 20000.0 Hz
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Test: LONGITLIOINIM.LOUVELOCITYH1224R06/29/93 (21g) LI)HGITUDINRLLOMVELOCITYH1224R06/29/9"3 (219)

Session: Tue Jul 27 13:56:13 1993 Transducer: _111(secondar_l) Session: IJedDec 8 07:42:20 1993 Trarmlucer: SG1(secondar9)

FRSTFOURIERTRRNSFORHto 20000.0 Hz FI_T FOURIERTRRNSFORllto 20000.0 Hz
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LONGITUDINRLLOUVELOCITVH1224R_ (219) LOHGITUOINRI.LOMVf1.OCITVHI_4Ti _ (219)

Session: I,JedDec 8 07:_:36 199] Transducer: S_ (secondarl#) Session: UeclDec 8 07:21:42 199"3 Tra_klm:er: 5;4 (sec_mdarg)
FRSTFOURIERTRRNSFOI_to 20000.0 Hz FI_'T FOURIERTRR#¢_OI_to 20000.0 Hz
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LONGITUDINRLLOU VELOCITYHI_4R 06_93 (219) LONGITUDINRLLOIJVELOCITYHI_4R 06_ (219)

gessim: _ Dec $ 07:21:11 19t3 Trarmdur,er: 5G3(seeondarw) Session:ileciDeo 8 01:42:47 19cj'3 Trlnsduoer: E_ (secondl_l)
FI_'TFOURIERTRRNSIrORIIto 20000.0 Hz FI_'TFOURIERTRIVSFDI_to 20000.0 Hz
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LONGITUI)IHRLLOiJVELOCITYH1224A_ (219) LONGITUDINALLOMVIE1.OCITYH1224R06/2°./93 (219)

Session: WedDec | 07:21:54 19_J Transduoer:SG6(seooeda_) £mssion:WedI)eo 8 07:,12:5919_ Trmsducer: SG8(secondary)
FRb'TFOURIERTRRHSFORIIto 20000.0 Hz FRSTFOURIERTRRIGFI)Rflto 20000.0 Hz
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LONGITIJOII_LOU VELOCITY1412241:10f_ (219) LONGITUDINRLLIB MELOCITVNI224AOf_ (219)

Session: icedDec 8 07:42:53 1993 Transducer: 51;7(secondary) Session: WedDec 8 07:22:09 1993 Trmnsduoer:S;9 (seounda_)
FRSIFOURIERTRANSFORMto 20000.0 Hz FRSTFOURIERTRIW6FI)RHto 20000,0 Hz
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LONGITUDINALL_ _LIEITY H_ _ (219) LONGITUDINII.L_ MELOEITYHl_4fi _ (219)

Smmion: IJedDec 8 07:22:20 l_jr3 Tr'i_Juo_r: 5G10(_.cxmdar_) Emmiws: iJedDec 8 07:47:_ 19_J Tr'mKlucgr: SG12(_)
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LOHGITUD]I_LLOMMEI.OCITYH1224R_ (2L9)

Session: IJedDec 9 07:22:34 1993 Transduom-:SG14(m_=ndarg)
FI_'T FOURIERTRNEFOI_ to 20000.0 Hz
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Appendix B. HLV Accelerometer and Strain Gage Data:
Raw, Filtered, and Reduced

The following pages show raw (unfiltered) acceleration and strain gage data for the Horizon-
tal Low-Velocity (HLV) impact test. Following this raw data are plots of filtered data (using a
low-pass Butterworth 6-stage filter) with cutoff frequencies of 250 Hz and 2,000 Hz. Integrated
acceleration data, yielding velocity versus time plots, are presented to analyze kinetic energy val-
ues during the test. And finally, Fast Fourier Transforms (FFTs) for each raw data channel are in-
cluded to analyze acceleration and strain amplitudes in the frequency domain.
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Te_t: 140RIZOHTALLOMVELOCITY H1224A 06/30/9] (220) T_t: HORIZOHTALLOMVELOCITYHI_4A 06/30/93 (220)

Session: _ Jul 26 15:43:56 199"3 Transducer: R1 (secNmdarM) Session: I_n Jul 26 15:4,1:09 199] Transd_er: A3 (seconda_)

Transdu_r Data Raw Tronsduc_ Data
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Session: _ Jul 26 15:4,1:02 1993 Transducer: I_ (se_:ndarM) Session: Non Jul 26 15:e:]'1 1993 TrY: 1:14(seconda_)
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Test: HORIZONTALLI:&IVELOCITYH1224A06/_/_J3 (220) Test: HORIZOHTHI.LOUVELOCITVH122,Lq_ (220)

gesslan: lion Jul 26 15:42:40 1993 Trmscluoer: AS (_cmdary) getumion:lion Jul 26 15:42:55 1993 TrY: AT (seocmdmry)
RawTrmm.Juo_Data
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Test: HORIZDNTRLLOWVELOCITY H1224A 06/'3(03 (220) Tut: HORIZOHTRLLOMVELOCITYH1224A 06/'30/33 (220)

Session: _ Jul 26 15:43:09 1993 Trmsducer: 1:19(seoondarg) Session: Man Ju! 26 15:43:24 1993 Transducer: Rll (seoondarg)

Raw Trarsducer Data Ra_ Tramsdu_-r Data
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Test: HORIZONTALLDU VELOCITY HI_4R 06/'30/93 (220) Test: HORIZOHTALLOU VELOCITYHI_4A 06/30/93 (220)

Sessi_: 11o. Ju! 26 15:43:38 1993 Transduoer: R13 (secondary) Session: _m Jui _ 1S:43:51 1993 Trl_r: R15 (s_rg)
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Test: HORIZONTALL_ VELOCITY H1224A 06/30/93 (220) Test: HORIZOHT_ LW _E]._ITV H1224A 06/30/13 (220)

Session: Non Jul 2S iS:44:21 199] Transdmm-: S;2 (seconda_) Session: I_m Jul 26 15:44:35 19@3 Transdu¢_: 5G4 (sm=mda_)
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Test: IERIZI_TRL LOIJVELOCITY H1224A 06/30/93 (220) Test: HORIZONTALLOU VELOCITYH122_q _ (220)

5essim: ttm Jul 26 15:44:45 19t] Transducer: Sr,S (wconda_) Smmian: lira Jul 26 15:44:g 1993 Transdu_r: _ (_)
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Test: HORIZONTALLOLlVE1.OCIT¥H1224R_ (_zO) Test: HORIZONTALLOklVELOCITYH1224A_ (_20)

Session: Tue Jul 27 08:38:56 1993 Transckxm-:R8 (smzndar_l) Session: Tue 3ul 27 08:39:1g 1913 Transducer:AIO (smmndary)

]IR G-STIlE BUTERilO_HFILTER(L_) 250 Hz fIR S-STIlE BUTTE]WORTH_LTER (LOIdP#._)2S0 Hz
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Session: Tue Jul 27 08:31:07 19t3 Transducer:_ (secxmda_) Sessim=:TueJul 2? 0ii:3cj:33 lcjcJ3 Transducer:Flll (seomxlary)
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Tut: HORIZONTALLOLlVELOCITYH122_10f_nQ_)/_(E_O) Test: HORIZONIALLOM_}.I_IT¥ HI224AOfJ30/_ (Z20)

_ssion: T_ Jul 21 _:_:47 1993 Tramsduo_: I;12 (seoonda_) _ss|_: Tue Jul 27 08:40:t_1 lgg3 Transducer: AIW(_c_larg)
fIR 6-STAG[BUTTERMORIHFILTER(LOMI_ISS)250 Hz IIR 6-STILEBUTTEI_IORIHFILTER(LOiJl_) 250 Hz
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Test: HORIZONTALLOLlVELOCITYH1224A06/'30/93 (220) Test: HI_I2ONTgLLOMVELDCITYHJ224A06/30_J'3(220)

Semi|on: Tue JuI 27 08:39:58 191"3 Transducer: R13 (ucondarg) Session: Tue Jul 21 08:40:11 199"3 Trlnsdu_r: R15 (secwmda_)
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Test: HORIZONTALLOMV[LOCIT¥ Hl_,_i 06v'3(V93 (220) lest: HORIZONTALLOMVIEIOCIT¥ HI_4R _ (220)

Session: Tue Jul 27 08:40:_ 1993 TrY: _1 (seoondarM) 5essim: T_ Jul 27 08:40:51 1993 Transducer: _ (seoonda_)
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Test: HORIZOHTRLLOMV(LOCITYH1224R_ (220) Test: HORIZOHTRLLOMVIS.OCITYHI224ROf:,r_)/_ (220)

5usion: Tue Jul 27 08:41:)3 199] TrY: SG9(secondary) Session: NonJul 26 16:21:22 19_ Trarmlucer: A1 (seoondarw)
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Test: HORIZOHTRLLOUVID.I)CITVH1224R_ (220) Test: HORIZOHTIM.LOLlVELOCITYHI224A _ (220)

Smmlm: lira Jul _ 1S:21:28 1t_3 Trmr: IL3(sec_dar_) Sessim: _ Jul 26 16:19:_ 19_r3 Transduce: R5 (sm_ndary)
IIR 8-STILE EUTTERUORTHFILTER(LIM31_;S)2000 Hz IIR S-STIlE BIJTTERtJI]RTHFILTER(LOla_I_) 2000 Hz
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T_st: HORIZONTRLLOWVE1.0CITVH1224R_ (220) Test: HORIZOHTRLLOMV_OCITY HI_4A 06/'30_3 (220)

Session: Itm Jul 26 16:20:00 1993 Trarmduaer:R7 (seeemla_) Session: NonJul 26 1@:20:06199"3 Transducmr:I_ (secomirV)
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Tin;t: HORIZOHTALLDUVELOCITYH1224,q06/'30/1"3(220) Test: HORIZONTALLDMVE1.DCITYH1224A06/30/93 (220)

Session: NonJul 21516:20:25 1_r3 Transduo_: All (se_darg) Session: NonJul _ 16:20:B4 1993 Transducer: AJ3 (Nconda_)
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Tat: iallZOHTil. LOll _E1.1EIT¥HI_,IR _ (220) Tut: HORIZONTALLOll VELOCITYHI,_4A _ (_0)

Session: NonJul _ 16"22:02 1_)3 Transdumr: _l (semmdar_) _ss{_n: NonJul t 1_:22:21 1_J3 TrY: _ (secondary)
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Test: HORIZONTALLOI/ VELOCITY H122&q 06_J0/93 (220) Test: HORIZONT_ _ VEUrJT¥ H.lZL_i/1_ (220)

Session: Itm Jul _ 16:22:Z8 1993 Transdu_r: _ (sm_mdary) Sessim: lira Jul _ 16:22:37 1993 Transdmar: 5;10 (sm:orda_)

I|R 6-STil_ BUTT£RI/ORIHFILTER (LOMPRSS)2000 Hz ||1_ frSTIl_ BUTTERMQRTHFILTE_ (L_PRSS) 2000 Hz
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T--t: IOllZilTILLll VEII_IP/ Hi2211 _wnJ(_ (220) list: HllilZilIlLLOllIELEII¥ Hill _ (220)

Siniml _ lul il IJiililS4l_r3 Trim_: i (ii=iml_) Suslon: TlliRug 12 iO:411:il1@_ Trawl: R1 (ui_)
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Tlst: HORIZONTALLOUVB.O(IT¥ HI,_4A 06/3E1/_ (220) Tat: H_IZOIITALLOUVELIr.ITYH1_l 06/)0/_ (220)

Session: ThuAug 12 10:4&:]S 1993 Trarmkmr: A2 (ss_mdary) Sluion: Thu AUl 12 10:41:33 1_J3 Tranmkmar: A4 (sm:amJl_)

14 Int_rat i an 15 !ntlgrot Ian

1 t - '
_a o 1 i

. _0 - ' t !

0 -9 '_
0 i0 20 30 40 50 60 0 I0 20 30 40 50 60
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Iest:NORIZONT_Lag VEI.O(IIYN_4R O&_ (220) Test:I_IZONIgI._ I/£LOOIYN_3L_IgOf_ (220)

_i_: _ _ 12 $0:4&:S0%9_13 T,-_: IB (mooeIlan_) Ses_i_:Thu Aug 12_0:43:4glC]M13Trauma: llS(uomffihw,,l)
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Test: HOMIZONTRLLOllVELOCITYH1224R_ (2_0) Test: MOMIZOMMLLOllVB.I_TY _ O&/20,,'_ (220)

r---ion: ThuRuBI2 10:43:$4 1_ Trarmduur: t (smmvlr_ 58uim: Tim Ibt 12 10:44:19 1553 Trdmmkmar:U (lmmln_dO
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Test: HOt_IZONTALL_ VELf_TY #1224R_ (220) Test: HOtlZDHN. LOLlW).OCll_ IL1224ROS/30,eB (220)

Session: Thu_ 12 10:44:10 1993 Trauducer: n7 (momvbrv) Seuian: Tlu Aug12 10:44:34 1_ql3 lramdtmr: M (senmderv)
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Test: I_IZONTlll. LOUVEI.OCITT_ _ (220) Test: HBUZIflllL UI VELACITT_ _ (2_)

Session: Thu Ruj 12 U):4S:13 1913 Transdaur: PA0(uomdarv) Session: lrhuIkg _ 10:4S:]2 19g Transducer:_ (smmndar!_
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Test: II_ _ __ S _ (220) Test: I_I ; WIJ)CIIY H1224R_ (221))
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Test: liORlZOlITlLOLlVELO(IIP/HI224R_ (_0) T_t: I(0EI_lITl L0UV[I.{[IT¥ H12241__ (220)

kssim: ThuI_j s= 10:46:0"31993 Irmsdu=_: A14 (nm=mlar_) _wim: Tim Ju] 27 n:a3:31 l_J'J Trmmlumr: A2 (_
R_STFaUEIE_TIR6F0m to 20000.0 Hz
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5asim: TurnJu!:J708:33:1019'J3 Trans--: fiI(me:_) 5essi_:Tue Jul27 08:I]:$81'J9"3Ira_: ID (_)
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Trust:HORIZONTRLLOMVELOCITYH1224R_ (ZZO) Tut: HORIZONTRLLOt/VELOCITYH1224R_ (220)

Session: Tue Jul 27 08:29:41 1993 Transducer: IW (_) Session: TueJul 27 08:2c):261913 TramuJucer:it6 (smxmda,_
FI_I FOURIERTRAHSF1)Rtlto 20000.0 Hz FASTFOURIERTRNiSFI)IWto 29000.0 Hz
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Test: I,I_IZONTRLLOMV(LO(:ITYH1224R_ (220) Test: HORIZONIRLLW V(LOCITYH1224R06;30/93 (220)

Session: Tue Jul 27 08:29:01 lCFJ3 Transcluc_: RS (sauumda_) Session: Tue Ju! 27 08:2c):47lgCJ3 Trarmcka:er:R7 (secxmda_)
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Test'- HORIZOHT_LOUVELOCITYHI_4R O_ (220) Test: HORIZONTALLOU_D.OCITYHJ224AO_ (220)

5usion: Tue Jul 27 08:30:08 1993 TrmN_iuoer:M (s_) Session: Tul Jul 27 06:30:55 1_ T_msduoer: AIO (s_)
Ft_T FOURIERTRt_SFQRIIto 20000.0 Hz F_-I FOURIEilTB_9"lmlt to _X)O0.OHz
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Test: HWIZONI"ALLOUVELOCITYH1224R_ (220) Test: HWIZONTALLOklW).OCITYHI_4R _ (220)

Session: Tue Jul 27 08:_):21 1_J3 Transducer: I_ (seeemiar_) 5essiee: Tue Jul 27 06:31:17 1_J3 TraMdueer: Rll (semmlarw)
F_ F_UR|E_ TR_R_ to _0000.0 Hz F_V' F'OURI|E_ TRiVISFO_to 2(X)Q¢.OHz

0.9 1.4 ,

o.,11I "_ 1
_o.6 Ill i I =1"0" 1I_' l

li,I, -," /WI,tt0.3 •
w " _ 0.4

o., IMl_t,_,,,J, o._ 11 _ __,,,_,__oo oo -
0 2 4 6 B I0 12 14 16 IB 20 0 2 4 6 B I0 12 14 16 IB 20

Frequencg (Kliz) Frequency (KHz)





Test: HORIZONTALLOUVELOCITYH1224ROG/30/_ (220) Trust:HORIZOHT_LOt/VELOCITYH_2,kq_ (220)

5euim: TurnJul 2? 08:34:22 1993 Trarmdu_r: SG1(semmdarw) SmmJon:TueJul 2? 08:3S:0S 1_J3 Tramdumr: SG3(secmda_)
IrRSTFOURIERTRRNSFORMto 20000.0 Hz FRSTFOURIERTRN6FORIIto 20000.0 Hz
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Test: HORIZONTALLOLlVELOCITYH1224R06/30/93 (220) Test: HORIZONTALLOWVELOCITYH122,1A06/30/q3 (220)

Session: Tue Jul 27 IW:34:41 1_3 Transctueer:gG2(sm=ondarw) 5essim: Tul Ju] 27 0e:35:23 lgg3 lr'ansduoer: SG,I (seccmda_)
FI_'TFOURIERTRANSFORMto 20000.0 Hz FASTFOIJRIERTWIEg:ORIIto 20000.0 Hz
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Test: HORIZONTALLOWVELOCITYH1224R_ (220) Test: HORIZONTALLQklVELOCITYH1224A06/30/9"3(220)

Session: Tue Jul 27 08:]5:44 1993 Transducer: SG5 (secorda_) 5usion: Tue Jul 27 08:]6:22 199"3 Trarmducer: 5G7 (secondary)
FASTFOURIERTRANSFORtlto 20000.0 Hz FASTFOURIERTRflNSFOI_Ito 20000.0 Hz
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Test: HORIZOHTN.LOUVELOCITYHIE24AO_ (220)

Session: Tue Jul 27 08:37:02 1993 Trans--: S_ (_ondar_)
FIRSTFOURIERTR_ to 20000.0 Hz
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Appendix C. LHV Accelerometer and Strain Gage Data:
Raw, Filtered, and Reduced

The following pages show raw (unfiltered) acceleration and strain gage data for the Longitu-
dinal High-Velocity (LHV) impact test. Following this raw data are plots of filtered data (using a
low-pass Butterworth 6-stage filter) with cutoff frequencies of 250 Hz and 2,000 Hz. Integrated
acceleration data, yielding velocity versus time plots, are presented to analyze kinetic energy val-
ues during the test. And finally, Fast Fourier Transforms (FFTs) for each raw data channel are in-
cluded to analyze acceleration and strain amplitudes in the frequency domain.
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Test: LOHGITUOIHRLHIGHVlD.O(ITVH1224R08/11/9) (22)) Test: I.OHGITUOIllV.HIll VELO(ITYH1224R08/11/9) (22])

Session: tied Rug11 16:14:20 1993 Transdumr: A1 (seconda_) 5usion: WedAug 11 16:14:35 1993 Transducer:A3 (secondary)
Ray Transducer Data Ray Transduoer Data
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Test-"LI_I;ITI_INAI.HIGHVELOCITYHi_4fl08/11_ (22)) fist:LI_ITI_INI&HIGHVIB.[XZITYHI_W 08/1VB (223)

Session: ik:l _ 11 16:14:77 1993 fransducar: _ (mmmdary) f_mim: tiedAug11 16"14"411993 Transdumr: R4 (sm:omiar_)
Ray Tratsduc_ Oata RawTransducerOata
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Test: LOHGITUOIHRLHIGH VELOCITYH122,1R08/11/93 (223) Test: LOHI;ITUOIliRi.HIGH VE).OCITY H1224R 08/11/93 (223)

Session: Red Rug 11 16:14:49 19T3 ]rmsduc_: I_ (s_mdar_) Session: tktd Aug 11 1fi:15:06 1993 Trmsckcer: R? (semmdar_)
Ray Trar_lucar Data Raw Transducer Data
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Test: LOHGITUOIHRLHIGH WZO(ITV H1224A 08/11/93 (223) Test: LOHGITUOIHRLHIGH VELOCITY HI224A 08/11/93 (223)

Session: tied Rug 11 _:14:57 1993 TrareuJucer: AS (secadm_) Session: I_1 Aug 11 16:15:13 1993 Trarmt_r: FIB(semazlm_)

I_w Tra_zr Oata R_ Trmsdu_r Oata
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Test: LOIG|TUO[N_ HIGH VELOCITYH1224R 08/11/9] (223) Test: LONG|TW|NRLHIGH VELOL'ITYHI224R 08/11/_ (223)

Session: Uzd Ru9 11 16:15:28 1_ Tr'ansckmer: M (sewnda_) Session: i_l M 11 16:15:45 I_ Transducer: Rli (seoomSa_)
Raw Transduc_ Data Rid Transduoer Data
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Test: LOIEITI_II_L HIGH VELOCITY HI_ 08/11/9) (:_,_) Test: LI_IflEIlI_ HIGH VELOCITY8 08/1.1/_ (223)

Session: _ Rug 11 16:1S:_1 1993 fram_l_r: RiO (seemly'w) Se_lm: Mid R_ I1 1_:1S:)7 1993 fr_m_l_r: 1_3 (:mo_rtl)
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Test: LONI;ITUOINALHil;H VEUEITf Hl,_q _ (223) Test: LONGITUDINALlllDI _3LrlTY _ M/11_3 (EE3)

Session: Ued AuB 11 1S:1G:2S lC)CJ3 Trarmdu=r: _S (ucxmdm_) Session: Ued Aug 11 IS:lS:_J 19_B Tramedu_r: Sb'7 (sm=amtarw)

Raw Transd_er Data Rau Trarmduner Data
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Test: LONGITUDINALHIGH VELOCITYHI224R 08/11/_ (223) Test: LONGITUDINRLHIGH V(LOCITY _ Ol_/qJ3 (223)

Sasion: tJ-d Rug 11 16:16:20 l_J_ Transducm-: SG6 (seoonda_) Session: lled Rug 11 _:1&:34 l_J_ Iramduor: SG8 (seumda_)
Raw Trarmkamr Data
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Test: LI)I;ITUOltL HIGHVELOCITYHZ224R_/IL_ (223) Test: MJGI_,IOINI. WGHVELOCITYN224R Off/U/T) (223)

_ssion: i_J Rug11 )S:16:_ 1993 Transdu=er: 5G9(smmnda_) Sasion: BedRug11 16:17:07 I_ Transdm:_. _ (smmviary)
Transduc_ Data bw TransducerBeta

1 3 - i ---

0 I_

o o-3
" I

x -1 _ " "t " ' " " '
c: U,) c
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Test: LONGITUOINRLHIGHVE)J)C[TYHJ224R08/12/93 (223) Test: LQNGITIJD[IILNGH VELOCITYtl)224R 08/U/13 (223)

Session: Ued_ 11 _:_:45 1_J3 Trmsduoer: _10 (uomdarv) Session: lld Rug11 l&:l?:O0 1_(3 Transducer:5G)2 (ucmdarv)
Ibw T_ Data Ibu TrEmdumr Data
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Test: LOIClTWIHRLH]EHVELOCITYH_24R _ (223) Test: LOliGITUOINIILH|EHWIJO(I1W14_24RO&_L]/_ (223)

Session: lled Ru911 _:17:19 1_ Transducer: 5611 (seoonda_:) Session: Ued_ 11 )&:l?:]2 _ Trmmlmr: _S (_cmdarv)

bu Trmsduoer Data 0.04 Rm Tramdmmr Data
21 I
18 1 0.03

_] 15 0.02o
t.4
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Test:LON61IUDIWRLHIGH_DEII¥ 8 _ (_=_) Tin: _111DINIL Nl;HVB.DCIIT8 GI/'_ (_)

_lan: I_ Aug11 16:17:]3I_ Ir_: Sb'14(m=ml_) _im: I_ _ I/ 26:11:_19!13 Ir_: S16(wmmd_)
bw TransducerData bv framdm=r lata

2 0.03

1 i 0.02

.o "F"q, o.o, li b_-' V I m . J_,.IJ .J,. JL._, _,_.

t/\/'\ " Io -0.01
4a >

_,-s I v
-6 -0.03

-7 -0.04
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)



Test: LlllllUlllli HIGHVELOCITYH1224R08/11/q3 (223) Test: I,llllllili Hllll lliLi_iY _ _ (:o:)

gasslan: lld Au3:x; 14:0@:381913 Transduer: Itt (uemdari) Smmian: lied AuB3 14:10:00 19!13 Tramdumr: A3 (mwndrj)

lie &.STR_ BITTBEI_H F'ILTDI (L(IiP955) 250 Hi lie _b"TI_E B/I'TBM)MH FIL_II (LOUM55)250 IIz
I500 700

r_

I200 A 600 l_

m 913o w

600 S "X

300 _- 200

' 1 \ " J
° " ti!-300 -100 -

-2QO
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (reset) Tlme (reset)

Test: LONGITUDINALHIGHVELOCITYHI_4A 0_11/_ (2Z]) Test: LONGITUDINALHIGHW1.O(ITVH12L_M08/11/_ (:v_)

Session: lled _ 3 14:09:4g I_J'J Trmsdumee:I_ (mmmlry) _mlmicm:lld _ _ 14:10:0] 19_ Trammkame:t14(_
fIR 6,-5T1_ BUTTERIJIITrHFILTER(LOIJP_S$)250 Hz IIR 6.-STRGEBUTT_ FILTEI_(LOMINES)2S0 Hz

700 l 600

600 5O0 A

- _\ . ,oo I\ r'
" I \ ' y

" 400 "

., 300 _ -., "_

/ _ 200, 2oo ,- i

J t\ =,o<,A J t
lOO _

-100 _ ,-" -100

-200 -200
-5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)





Test: LONGITLIDIFIALHIGHVEUX:IT¥HI224A0_'11_J] (223) Test: LOIWITWIHALHIGHVELI_ITYH1224A08/11_J3 (=:_)

Session: _ AuD2S 14:10:4.3lC)93 Transduew: Ag (seoonda_) Session: I_d Aug25 14:10:g? 1_J3 Tramdumr: Rll (seoondarv)
IIR 6-STAGEBIJTTERHORTHFILTER(LOL;PRSS)250 Hz IIR 6-b'TAG(9UTTERUORTHFILTER(L_) 250 Hz

1000 I 12

800 _
_ 600 _ 1 x

200 t _ _ 3
_ 0 "

-200

-400 -3
-5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

Test=LONGITL_INRI.HI= VELOCITYHi_4R 08v'11/_(223) Test=LOI_ITUOINRLHI;HVELOCITYHI_4R 08/11_ (223)

Session: WedRug25 14:10:4g 1993 Tramsducer:RIO (seccmdarw) Session: WedRug25 14:11:0S 1_ Trar:ciucer: AL3(secondarg)
IIR 6-STRE BUTTERIJORTHFILTER(LOUP_S)250 Hz [IR 6-STR_ BUTTERUORTHFILTER(LI)la:Rgg)250 Hz

3 O.0006

w° 0 0.0004

x oooo_ I tf \\
_-3 _ 0.0002 _ -

_oooo_/-\/ \ I" I/

_ -ooooi: v /I I II
-9 -0.0002

-12 -0.0004 _
-5.0 -2.5 0.0 2.5 5.0 7.5 10o0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)



Test: LONGITUDINALHIGHVELOCITYH1224A08t11_J3 (223) Test: LOHGITUOIHRI.HIGHVELOCITYHI_ 0_1_J3 (223)

_ssion: RedAug25 14:11:14 1993 Transduom-:St;1(seoondarv) Session: iJedAug25 14:11:27 19cJ3 Trmmduo_: 563 (seoonda-M)
ilR 6"ST_ BUTTDNI_H FILTER(LOi_:IgS)250 Hz lIR &'STRG(BJTTEINORTHFILTBI_(LI3_A55) 250 HZ

z_ 9 f\
' fi

: i _5 \

z j 2 -o \ f'--.J
O

-300 -1
-5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Tlme (msec) Time (msec)
l.-a

L_

Tnt: LONI;ITUIIINRI.HIGHVELOCITYHI_4FI08/11/93(223) Test:LONI;ITIXlINIV.HIGHVELOCITYHI_ 08/11/93(223)

Session:Wed Rug _ 14:11:211993 Trmsduoer:_ (se_) 5euim: IiedAug2S 14:11:321_r3 Trmsducer:st,4(m_)

IIR6-STI_ BUTTERUORTHFILTER(LOlJl_i_) 250 Hz IIR 6-STRGEBIJTIERMORTHFILTER(LOl,ll_l_) 250 Hz200

I00 !

\ \ / \
C 0 "--'-- ,-

._,oo dV \ i v" -I00

20o o \
_. _- -200

-300 -300

-400 -400
-5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Tlme (msec)



Tat: LONGITUDINALHIGHVELOCITYHI_,Lq 08/11/_ (223) Test: LfllGITUDIWI.HI_ VEi.OCITVH122,1AO{V11/q3(:r.r:)

Session: _ Aug3 14:11:_J 1993 Trmsduem': 5Gg(seomdarv) Session: tied Aura25 14:11:54 1993 Trmsdmm-: SG?(secmrdarll)

ilR S-STAGEBUTTDWORTHFILTER(LI3JPASg)250 Hz fIR 6-gTAGEBUTTE]WORTHFILTER(L_) ZgOHz
2100 I

1500 ,_-I

° \1200 .--- x

9o0 v _
u 600 v

U -4

300 ,/ z
0 'i -5

-300 -6
-5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

Test: LONGIIUOINALHIGHVELOCITYH1224R08111/t3 (223) Test: LONGITUDINALHIGHVELOCITYH122_q08/11/93 (223)

Session: Ikxl Aug25 14:11:46 1993 Trmsduoer: SG6(secmxla_) Session: WedAug25 14:12:00 1993 Trmsduoer: 5G8(secxmda_)
fIR 6-STAGEBUTTERMORTHFILTER(LOLJFTSS)250 Hz IIR 6-STAGEBIJTTEIF,IORTHFILTER(L_) 250 Hz

2 400

k

,.w_0 / _ -400
\

__ c -800x ._

o 1: _ -1200 _

"u°m-1 ; _u_-2000-1600 1 /

•,w -2400l: -2

,...j -2Boo
-3 -3200
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)



Test: LOIWITUOIHALHIGHVELOCITYH122,1R08/11/93 (223) Test: LONGITUDINALHIGHVID.OCITYH1224FI08_11_r3 (223)

Session: WedAug25 14:12:06 1_J3 Trmsduc_: 5G9(mK:rdar18) 5uslem: WedRug;5 14:12:17 1913 Trmsdmir: SG11(smondari)
fIR S-SII_E BIJTTERIJII_HFILTER(LIIJPflSS)250 Hz IIR 6-STI_[ BUTTE]IORTHFILTER(LOIJPflSS)250 Hz

400 1

o -\ o_ ____\
-400 \ O_

\ / ", \c-800 -v" -',,___.,-w_--.-_ x,,,I

i -1600 _ _..---.
-2000 -3 /

-4

-2400 z -4

-2800

-3200 -5
-5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

hJ

Test:LKITUOIHRL HIGHVELOCITYH_4R 08/1_ (_) Tat: L_ITUI]II4RLHIGH_EI.IICITYH1_V_ 08/1_ (:_)

_im: _ Rug 25 14:12:121993 Tr-a_sd_: _10 (ser_m_dm-W) Session:Wed_ _ 14:12:251_ Tram_J_: _ (_mw_mr_l)

IIR 6-STN;EBUTTERIJORTHFILTER(LOUPIE_)250 Hz fIR 6-STI_E BiJTTERIJORTHFILTER(LOIJPRSS)250 Hz

4 21 I
_._.

m 3 _ "-v/ 'r 18;,_Ox2 _ k.._Ox1512
-_ 1 _ g

4J 4_

o 0 o

u _j u 3 /

.w I" .J
I -I 0 -"

-2 -3
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)



Tut: LOIGITUOIM_LHIGHVB.OCITVH122,1A08/11PJ_ (::=) Test: LOI_ITUDIHRLHIGHVELOCITVHI,_.,_ 08/1J,_Q (tam'a)

Smmim: WedRug;5 14:12:31 19T3 Transdum_: SG13(nomda_) Session: Ikxl I_i _S 14:12:44 19_3 Trmsduom,:515 (uoonda_)
IIR 5-STt_E BIJTTERWORTHFILTER(L_) 250 H= lilt 5-STILE BIJTTERUIMTHFILTER(LDIJP_5) 250 Hz

21 0.003

o 15 -0.003
I-4

x 12 = -0.006 6,-_

._ g -0.009

/

L. o

i _ / "-°'°_u 3 -0.015

- /x
- -0.018 -

o (-3 " -0.021
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

uo

Test:LONGITUOIN_.HIGHVELOCITYHI_4R 08/11/93(223) Test:LONGITUDINALHIGHVELOCITYHIZ24R08/11/93(223)

Session: WedIkW25 14:12:39 1993 Transducer: 5G14(seconda_) 5talon: Wed_ 25 14:12:51 1993 Transducer:516 (secondary)
fIR 6-STRG_BUTTERWORTHFILTER(LOUPASS)250 Hz IIR 6-5T1_[ BUTTERUORTHFILTER(LOUP_S)250 Hz

I .... 0.0006

0.00031 A /'I
o _.__.._ ooooo- _'_-- ^ • 1

1 "J " / \

° t A/\"_-I -0.0003

C _ -0.0006 1 /

-_-2

_ -oooo9

I
o -3 -0.0012
u
" ,. /-, -0.0015

/,,/v..._ -0.0018 ,,

-5 -0. 0021
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)



Test: LONGITUDINALHIGHVEL_.ITYH_24R 08/11/93 (2_) Test: LONGITUDINIM.HID! VELOCITYH1224R0_'11/93 (223)

5ession: ThuAug12 11:07:29 lc)g3 Transducer: A1 (seccmdarv) Session: Thu Aug12 11:07:,M 1993 Transducer: A3 (ssr.ondarV)

fIR 6-STAGEBUTTDWORTHF'ILTER(LO_'5) 2000 Hz fir 6-STAG(BUTTEOI)RTHFILTER(LOUPRgS)2000 Hz
6 • 1509

w 1200o

x _

3 v 900
A

_., 2 -4

W 600 ;., ,il o i .
o -_='------.., W vvkJ" xJ V u ........'_

,-1 " - _^_V Jh,

_ -2 ,,

-3 -300 '
-5.0 -2.5 0.0 2.5 5.0 7,5 10.0 12.5 15.0 17.5 20.0 -5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

L,n

Tnt: U)I_IIWIN_.HIGHVELOCITYH122Q 08/11/!rJ(_) Test:LONGITWINR1HI_ VB,OCIIYHI_Q 0W11_ (_','_)

5esslm: Thu Aug12 11:07:26 1993 Transdooer:Q2 (_nda_) _sslm: Thu Aug1:= 11:07:40 1993 Transducer: f14(secondary)
IIR 6,-_RGEBUTTERUORTHFILTER(LOUPRSS)!000 Hz IIR _STRG[ IITTEO,IORTHFILTER(LOUPR_)2000 Hz

900 .... _ ' 1200

"- I•_ , "_ 900 I

I ., A"i.--- : °" '_ .i

-_oo ' '_J- i -_oo " 1
-6oo : , • ' | -600 ,

-5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Time (msec) Time (msec)



Test: LONGITUDINALHIGHVfl.OCITYH1224R08/11/93 (223) Test: LONGITUOINALHIGHVELOCITYH_24A 06/11/93 (223)

Session: ThuI_i 12 11:07:58 lc_MQ Transducm-:AI (se_mda_) SessJm: ThuAug 12 11:08:15 1_J3 Transdu=er:A? (se_ndar_)
IIR &-STAGEBUTTE_I_H FILTD_ (LOUPR55)2000 Hz IlR _-STi_E BUTTERi_RTHFILTER(L_) 2000 Hz

3 1

o o

-3 -1
X X

".,w0-6 I ] v_'_-2

c -9 c -3
Q

,_-12 _ -4

-_ -15 _ -5

° rV °0 U

u -18 u -6
(z I (z

-21 I -7
-5.0 -2,5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0o0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)
l...a

Ln

Test: LONGITUDINALHIGHVELOCITYHL224A08/1_9"J (223) Test: LONGIIUOINALNIGHVfl.OCll'¥ N_2W_Cl08/1L/g3 (223)

Session: Thu Aug12 11:07:$4 19c)3 Transducer: A6(mecxxlarw) Session: ThuAug12 LI.:OS:U 1993 Transducer:118(seocmdarw)
fIR G-STAGEBUTTE]WORTHF'ILT(R(L_) 2000 Hz [IR &-STAG(BUTTfllUORTHFILTER(LOIJPRSS)2000 Hz

7 3

I,,..I _ 0 _ - --- _ -, - v'_) " _b" " vv_'-_.,''-0 0
b'•,4 .,4

5
x x-3

w-6
_,, %,o

,,_ -9
_ 2 _

,l_ I

-1 -18
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Tlme (msec)



Test: LONGITUDINALHIGHV£3.0CITVHJ22_cl08/11,,913(223) Test: LI_ITLIDINFILHIIDIVELOCITYHJ_)4FI08/L1/_ (223)

Session: Thu_ 12 11:08:25 1(_J'3 Transducer:i_ (_) Session: Thu_ 12 11:08:_J 1_J'3 Trmsdm:er: _ (sm:mmJary)
IIR 6-STILE BUTTERUIITIHFILTER(LDiJIM_5S)ZN)O0Hz IIR 6-5TI_i[ BUTTIDIUORTHFILTBI (L_) 2000 Hz

3 12

w _ _ go 2_" o

® .... V'" [",-, ---
-.4 ,-4

8 -1 8 -3

-2 -6 '
-_.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 I5.0 17.5 20.0

Time (msec) Time (msec)

Ch

Test: LONGITUDINI_.HIGHVELOCITYH1_46q0&/11/_3 (_) Test: LONGITUDINALHIGHVID.OCITYHli_46106/11/!I3 (223)

Session: Thell_ 12 11:08:]0 1993 Trammduclw:RIO (mcmllarw) _i_: Thutk_ 12 11:08:45 1_Jl3 Trammduoer:_ (_)
IIR 6-STILE BUTT_H FILTER(L_) 2000 Hz I1116-STAGEBLITTBIUII_HFILl'Ell (LilJI_SS) 2000 Hz

12 0.0016I
m g I J 0.0012

o 0.0008
" 6
x

0.0004

,, 3 //, ®=a _ 0.0000v

_ o ..... _ ,,
,-4

o -0.0004

m ' ' -0.0008

-6 -0.0012

u -9 I -0.0016° L-12 _ -0.0020
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Tzme (msec) T_me (=sec)



Test: LONGITUDINALHIGHVELOCITYHI_dA 08/11/93 (223) Test: LIDNGITUDINALHIGHVELOCITYH1224A08/1J,,_3 (223)

Session: ThuAug12 11:08:_;S1993 Transducmr:SG1(sesomJa_) Session: Thu_ 12 11:0g:08 1_ Tratsduem,:_ (_)
IIR 6.-b"TI_GEBUTTERUORTHFILTER(L_) .q)O0Hz IlR 6,-b'TI_GEBUTTE]KIIRTHFILTER(L_) 2000 Hz

1500 21 .....

18 J I

t

c 900 j

m 600 _ 9

j'_.oo _. I (
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

L/I
..j

Test:LONGITUDINALHIGHYELOCITVH122,B08/11/9"3(223) Test-"LOIKITUDINI¢HIGHVELOCITTiU22,B08/11,_ (223)

Session: Thu Aug12 11:09-'0119_3 TrmsduNr" _ (sesondar_) Session: ThuAug12 11:1_:W l_J_ Trarmduemr:S_I (__l)
fIR 6-5TRGEBLITTEOJOI_HFILTER(L_) 2000 Hz lie 6-SIRGEBUTT_H FILTEit (LOiJPl_ _000 Hz

3O0 600

100 I . 400 _-

"_"t_ "/\ t_l/tA_I .='* \_ -_oo

IIv- " hf _o .,,_,,_
•._&J UJ _ -2o0 , • ..

-700 -6(_)
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -_.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)



Test: LOIGITUDIMilLHIGHVELOCITYHI_ 0&"11,,_ (223) Test: L01GIIUOIMALHIGH VELOCITYH1224A (W/ll/!D (_)

.f_sion: Thu _ 1,?. 11:09:21 1993 Tramsdu:r: SG5 (seemclary) Susion: Thu _ 12 11:(R:35 1_R3 TramaMeer: SG7 (samnda_)

IIR G-ST_ BUTTERUO_HFILTI_ (L_) 2000 Hz IIR 5-.5TW£ BJTTDWmlI14 FILTI_ (LOUP¢_) 2000 liz
10 1 ' 'I 1

L I ^^.
I

s.-3 Z

w t _

° _ °-_ _o
_' o --"-_" _'"_ _ _ _ _..

..... ] -s , %+.._
-5.0 -2.5 0.0 2.5 5.0 7.5 lO.O 12.5 15.0 17.5 20.0 -5.0 -2.5 O.O 2.5 5.0 7.5 10.0 12.5 I5.0 17.5 20.(?

Time (msec) Time (msec)

Test: LOIKITLIDINi_ HIGH VELOCITY H1224A 08/11/_ (223) Test: LOIKITUDDWL NIGH _._.JTY N1224A 0B/11/_ (22])

gesslon: Thu Aug 12 11:09:27 1_J'3 T_: gGG(esemaJary) Session: Thu Aug 12 U:(R:40 1_J3 T_: SG8 (ammdarw)

IIR 6-STILE _H FILTE_ (L_) 2000 Hz IIR 6-gTAGE WTTEIBIMTH FILTI_ (LDiJPt_S) 2000 Hz
2 1

i --/"_ ,_

" "-' ii ld
" " ,/
. --2

*-_ i + I-4 -4 t
-5.0 -2.5 0.0 2.5 5.0 7.5 113.0 12.5 15.0 17.5 2(1.(1 -5.0 -2.5 (1.0 2.5 5.0 7.5 10.0 12.5 15.0 I7.5 20.0

Time (msec) Time (_sec)



Test: LONGITUOINILNIGHVEtOCITYM12_tR08/11/_ (_3) Test: LONGITUOINILHIGHVELIEITV_ _ (223)

Session: Thu _ 12 11:09:46 1G)93 Transducer: S_J (secom/_) Session: ThuAul 12 11:10:00 19_J3 T_: _ (am:mzlr_

fIR frSTIl_ BUTT_ FILll_ (L_) 2000 Hi ,,, 3 Ill fv'STAGE1UTTBWOmHFILTEll(LOlll:_5) 2000 14=

-" b,l _--

_ 9

; -3 ""V i _ -1_
-4 t -15
-=.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 I7.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Tlme (msec)

Test:LOWITIBINK NJW VlELBQT¥W224R 0_ (223) Tin: LIBKIIUBII_NIGN_LICJIV @ _ (223)

_|m: lhu_ 12 U:Og:S2 I_]MB Tra-mdWmT:$10 (_) _Im: IlwQuO 12 Lt:_.@#I_B T_: _ (_

fIRG-_RGE BLUISH FILTDZ(LBJI_) 2000I_ Ill&-SIAGEI_ FILIB (LI_) 2000Wz

5 21 t4 18 ¢

_j 3 ' "" ii

° I iv vv .o=" 2

x l t, J x 12
c 1 _ ¢ c:

" A ! _ 9

t it ' ° = j
--2 gl

z V z
-3 ' I

-4 -3 1
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 I0.0 12.5 15.0 17.5 20.0

Tlme (msec) Time (msec)



Test: LONGITUDINALHII_i VlD.OCITYH_q O_tl_ (223) Test: LOMSITUDINll.HIGHVQ.OCITVI_ OB/LL_ (223)

Session: TI_ I_ 12 11:10:15 lqq3 Transducer: 5G13(uo0ndm-g) Sasion: Thu Aug12 11:10:28 1t_J{3 Trmsd_m': SIS (Rom_)
lie S-STRG(BIJI"TE/BA)ETHIrlLTER(LOUFt;ISS)2000 Hz lilt Cr-STRGEIUTTE)BatTHFILTER(_) 2000

, ...... fi, ' i"" i*
m -0.01 L

4c 9 _

o _, -0.02

/o 3

•" 0 ^ /
z - _,, / -0.03 V

-3 "_ J/

-6 -0.04 "
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
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Test: LOIGITUOII@ILHIGHVELOCITYH122_qO_IL_ (;_3) Tut: LONGITUOIMALHIGI4VII.OCITV14_ 08v'L_ (_c_)

Session: TI_ _ 12 11:10:21 1_ Trm_zluczr: 5814 (s_) Sessim: IN, _ 12 11:10:35 1_ T_mJuom,: S_ (szcar_)
fIR6.-b'I'_BUTTEIeI,IORTHFILTER(LI)UPRS5)2000 Hz libG-b'I'RGEBl,ITT"--I_l,lOIITHFILTER(L_) _1)00Hz
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Test: LONGITUDINALHIGH VELOCITYHJ224R 0_'11_J3 (223) Test: LONGITLIDINRLHIGH VELOCITY_ 08f11_J3 (223)

Session: Thu Aug 12 11:]4:28 1993 Transckxxn-: R1 (smmndarv) Session: Thu Rug 12 11:34:41 199"3 TramduNr: R3 (_)

Integration
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Test: LONGITUDINALHIGH VELOCITYH122_1 08/11_J3 (2;[3) Test: LONGITUDIIMLHIGH VELOCITYHl,_q 08/11,_D (223)

Session: Thu ikJg 12 11:34:]3 19q3 Trmsckx:er: R2 (seomvJarv) Session: Thu Rug 12 11:34:44 lC)92 Transducer: Ikl (sammvia'V)
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Test: LONGITUDINALHIGH Vi_O(IT¥ H1224R (_/_ (_) Test: LOllEITUOIHIL HIGH YEi.OCITVH122_q 08/11/_ (_)

Sessim: Thu Ib_ 12 11:34:52 1_J3 Transducer: A5 (_) 5_slan: Thu Awj 12 11:35:06 l_J_ Tramdu_r: R7 (smmmia_)
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Test: LONGITUOINRLHIGH VELDCITV H1224R 08/11/_ (::=) Test: LONGITUDINRLHIGH VELOCITVH1224R 08/11/_ (Z23)

Session: Thu Aug 12 11:34:58 1993 Transducer: R6 (secorzlarg) Session: Thu Ik_ 12 11:35:tt 1_J3 TrameaJucer: U (secmzlm_)

Integration Integratimt
100

A

= |6o

= -I00 m

= | 40E =' --

::= -200

o
m -300 m

> > 10 ..,

-400 0
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 t7.5 20.0

Time (msec) TJ.me (nsec)



Test: LONGITUDINALHIGHVELOCITYH1224A0_11_r3 (:_) Test: LONGITUDIN_HIGHVELOCITYH122_ 08/11/93 (223)

Session: ThuAug 17.11:]5:18 1993 Transduoer:A9 (secordarg) Session:Thu _ 12 11:]5:]0 19_3 Transducer: All (secondarg)
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Test: LONGITUDINALHIGHVIEI.OCIT¥HI224A0&/11/_ (223)

Smmim: _ Ik_ 25 M:54:§1 1_J'3 Tramdmm,: A1 (seomda_)
FI_'TFOWLERTmNSFOI_to 20000.0 Hz
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Test: LOI_ITUDINALHll;H VID.OCITYH122,1A08/11/_J (22:3) Tut: LOI_ITUBIHALHI;H VELOCITYH1224A08/1_ (223)

Session: WedAug ;5 14:S5:23 199] Trmsdueer: 113(ueondarv) Sasim: _ I_i 2S 14:55:]5 lcJ'J3 Tr'msdum-: AS(seocncla_)
FOURIERTRN6FOIWto 20000.0 Hz FASTFOtmlERTRAliSF1]Wto 20000.0 Hz
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Test: LOH;ITUOINALHI;H VELOCITYH1224R08/11/cj3 (223) Test: LOH;ITL_IHALHIgH VELOCITYH1224A08/11/13 (223)

gession: gedAug:x; 14:55:2S 1913 Transducer: WI (seccmdary) Session: geciAug25 14:55:37 1993 Trmsdueer: 116(semxxla_)
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Tut: LONGITIJOINALHIGHVEI.0CIT¥H1224A08/11,,"D (223) Test: LONGITUDINAl,HIGHVELOCITYHI_4A O_I:I,_B (22])

Smmicm:WedAueZ5 14:55:46 1'J_3 Trmsduor: AT (seccmdarv) gmslcm: IJecl_ :_ 14:S:g9 199"3 Trmmlu_r: M (seomdarv)
FASTFOURIERTWMSFOIWto 20000.0 Hz FASTFOURIERTIUWSFOIWto 20000.0 Hz
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Test: LQIClTUDIHRLHIGHVD.OCITYHI22M O_llt_J_ (223) Test: LONGITUOINALHIGHV_.OCITYHI224ROBlll_JB (_,n)

5_mim: i_ Rug25 14:56:11 lg_ Tr-w_: All (R_da'l_ Smmfon:I_ Aug25 14:t:27 19gQ Tramdumr: S_I (mmondwv)
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Trot: LOHGITUOIHALHIgH VEL.OCIT¥HI_4A 0_11_J_ (:c_t) Tast: LONGITUOIHALHIGHVU._ITY H_24A 08/11_J] (:r,n)

Sessiml: _ Aug25 14:56:41 1_]13 Trmsduear: S_ (smxmdrg) Smmian: ileclAuD25 14:55:53 l_J_J3 Trmwdumw:SGS(sm:mzlarM)
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Test: LONGITUOIN_HIGI4VELOCITYHI224A08/11/q3 (223) Test: LOHGIIUI31HALHIGHVEI.EITV H122,kq08/11/93 (223)

Session: WedAug25 14:56:46 19cj3 Trar_ckJcer:SG4(seecmdarw) Session: iJedAug25 14:56:57 1993 Trarmduo_: SG6(_)
FF6"TFOURIERTRAf_FORMto 20000.0 Hz F_'T FOWIERTRANSF13Wto 20000.0 Hz
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Tast: LONGITUOINRLHIGHV(LOCIT¥HJ224R0_'11/_ (223) Tut: LONGITUDINALHIGHVELIEITVHX224R08/11/q3 (223)

Susian: Uacl_ 2S 14:57:03 1993 Trmsduoer: _? (seamdarg) Sassian: Ikd Aug25 14:57:14 19S3 Trmmduom-:SS9(seoamlarg)
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Test:LOIGITUOINRLHIGHVELOCITYHI224FII_/11/93(;_5) Test:LOIGIT_II_.HIGHVB.EIT¥H122_ 08/11/13(223)

Session: lied Aug25 14:S?:08 1993 TransdkKmr:SG8(seconding) Session: lied Rug2S 14:57:21 199B Transducer:5_10 (secondarg)
FASTFOURIERT_ to 20000.0 Hz FASTFOURIERTRIINSFI]_to 20000.0 Hz
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Test: LONGITUOIHALHIgHVIE).OCITYH12244_08_Liq'3 (223) Test: LONGITUDINAl.HIGHVELOCITYW224A_ (223)

_im: iced Auga M:57-'31 lc)g] Trmsduoer: SGU (mmanda_) f_mim: _d RuB_ M'5?:41 1_3 T_" S13 (woondm_
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Test: LOIKIiWlltll. HIgHIIfI.IICITY H1224ll06/II/CJ3(:r_) Tin,it: LOHGITWINALHIGHiID.W.IT'/HI224A08/11/cj3(223)

Sessian: UedRug25 14:$7:32 1993 Irwr, duo_: SG_. (sumancbry) Session: UedAug3 14:57:42 lc)g3 Transducer:SG_ (smxx-dr_)
FFISTFOURIERT_ to 20000.0 Hz FASTFOURIERTRIVEFO_ to 20000.0 Hz
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Test: U_ITUOINIIL HII#I VID.OCITYH12241tI_lJ,_ (223)

Session: ild _ 5 14:$7:53 1993 Trmeduaer: SIS (smmdrV)
FItSTIr_RllD_ TIMItGrI_ to _0000.0 Hz
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Appendix D. HHV Accelerometer and Strain Gage Data:
Raw, Filtered, and Reduced

The following pages show raw (unfiltered) acceleration and strain gage data for the Horizon-
tal High-Velocity (HHV) impact test. Following this raw data are plots of filtered data (using a
low-pass Butterwonh 6-stage filter) with cutoff frequencies of 250 Hz and 2,000 Hz. Integrated
acceleration data, yielding velocity versus time plots, are presented to analyze kinetic energy val-
ues during the test. And finally, Fast Fourier Transforms (FFTs) for each raw data channel are in-
cluded to analyze acceleration and strain amplitudes in the frequency domain.
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Tut: HORIZONIRLHIGHVELO[ITVH12LM_I0e/12/_ (_4) Tot: HI_IZI_ffllL HIGH_.OCITY HJ2241l_ (224)

Session: ThuR_ 12 15:19:23 19_ Trmm_Jc_-: Al (_comlrM) Session: Thu Ikl 12 15:15:02 1993 T_: 1:13(me_mJar_
Transduc_ Data _ TransduNr Data
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Test: NORIL_iT_ HIGHV(I.OCITYNl22_1 08/12/t) (224) Test: ll_lZgWIi. NIl_l _LIICITT _ _ (224)

_ssiort: Thu Rug12 15:18:55 lCJ_ Tr-ansduo_:A5 (secmnda_) Session: Thu Rug 12 25:18=41 2_(3 Trwmduomr:dl7(_ommdrM)
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Test:HORIZOHT_HIGHVELOCITYH1224R08/12/9)(224) Test:HOIIIZOiffRLNIGHVELOCITYH1224R08/12_ (224)

Session:ThuRug 12 15:18:491993 Transducer:R6 (mconda'v) Session:ThuRuj 12 15:111:33I_ lran_: R8 (sm:mndarv)
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Test: HORIZONTALHIGHVELOCITYH1224A08/12_ (224) Test: HORIZONTALHIGHVELOCITYKI2Z4A08/22_ (224)

Session: Thu Aug12 )S:15:23 1993 Trar_: Rg (saoo_) Session: Thu Rug12 J.5:_S:38lg_J3 TrY: Rll (saoondarw)
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Test: HOIIIZI]NlrLHIGHtEI.OEIT¥_ 0B,,"12/_ (224) Tat: lalIZIMI'_ HIGHVEI,0CJ__ 08/12/_ (224)
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Test: HORIZONTALHIGHVELOCITY141224A0_'_ (224) TNt: HORIZI)HTRLHIGHVELOCITYHI224A08/12/_ (224)

Session: Thu _ 12 15:15:52 leCJ3 Trarnuiuc_r: R13 (secondary Session: ThuAul 12 15:16:05 1993 Transduce': 5G1 (_)
Rau TransducerData _ TraewdmmrData
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Test:_IZ_ HIGHVEI._ITYIt1_q 0_12/_ (224) Test:NORIZONIBLHl_ VEl.O[ITVNJ_4A _12/93 (224)

Session: Thu Aug 12 15:15:52 1993 Transducer: AIS (secondary) £4ssion: Thu Aug12 15:15:04 1cjl93 T_: 5G2(secxxvia_)
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Test: HORiZOHTRLHIGHVELOCITYH1224R08/12/93 (224) Test: HORIZOHTRLHIGHVB.OCITYH1224R08/12/93 (224)

Session: ThuRu912 )5:17:]4 1993 Transduoer:SG7(seoondaru) Session:Thu _ 12 15:18:20 19cJ3 Transducer: S;9 (ucanda_)
RamTransducerData R-- Tramduc_ Data
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Test: HORIZONTRLHIGHVELOCITYHI_4R 08/12/93 (224) Test: HORIZONT_HIGHVELOCITYHI_4A 08/12/93 (224)

_wl_;ion: TI_JIk_ 12 15:17:42 19_ Tramsdm_r: 5G8(_) Session: ThuRug12 15:18:25 199"3 Tramsduem-:SGIO(m_conda_)
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-3 -0.03
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Tlme (msec) Time (msec)



Test: HOAIZONTALHIGH VELOCITYHI_4A 08/1_,_J3 (_4) Test: HI_IZI$NTAL HIGH MELO(ITY Hl_q 0_12/_ (:v>4)

Seuion: Thu Ikw 12 )S:_5:16 1993 Trarmelmm': A1 (secomlary) Session: Tim Aug 12 15:25:29 1993 Tramdueer: FI] (seoonclari)

ilR 6-STAG( BUTTEIWORTHFILTER (L_) 2S0 Hz fIR 6-STAGEBIJTTE]WI3_HFILTER (LOIJI_SS) ;50 Hz

800 A 3700 m

o o -- /'
,., 600 ,', -"----_....____v'
Io x

v 500 I _ ^ -3
400

300
,. 200
(_ 100 "_i-9

-1oo _ -12
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

Test: HORIZONTALHIGH VELOCIIY H1224A 08/12/_ (224) Test-"HORIZONTALHIGH VB.OEITY H122¢ 08/12_ (224)

Session: Tl_ Ik_ 12 15:S:18 19_r3 Trmr: l_ (ucondar_) Session: Thu k 12 15:S'_ 1993 Trams_: A4 (Rc_)

fIR 6-SII_ BUTTERUOITIHFILTER (LOUIS) _0 Hz Ill 6-SIRGEBIJTTERIJORTHFILTER (LOI_S) 2S0 Hz
7 32

-I -4
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -=.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)



Test: HORIZONTALHIGHVELOCITYH122,kq08/12/93 (224) Test: HORIZONTALHIGHVELOCITYH122,1A08/12/_ (224)

Session: Thu Aug 12 15:2S:4,11993 TrY: Fi5(secordary) Session: ThuAug 12 15:25:58 1993 Transducer: R7 (secondary)
fIR r-STIlE BUTTERUORTHFILTER(LOUI_SS)250 Hz fIR 6-STILE BIJTTERMORTHFILTER(L_) 250 Hz

1 6

_" _ 5
w 0 -I"-" o
,FI

x x 4
-1

'_ w 3

g-2 o:
m-3 m&. ;-

-4 U 0 ,...

-5 _'_ -1
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)
W...a

oo

Test:HORIZONTRLHIGHVELOCITVHI224R08/J2/93(224) Test:HORIZONTALHIGHVELOCITYHI224R08/12/93(224)

Session:Thu (kJ912 15:_:_ 1993 Tronsducer:_ (m_onda,_) Session:ThuAug 12 15:26:021993 Tronsducer:AS (secondary)

fIR 6-STt_'EBUTTERUORTHFILTER(LOUPflSS);50 Hz 6 IIR 6-STILE BUTTERMORTHFILTER(L_) 250 Hz3 -

0 _ /
_ o

o _ 0 -.. /
"_ -3 _ x /

x -3

^-6 ,_
v -6

: /-\ / :o .,°-9 /

._-15 J m -15

-le ,.,I _ -18 - I
I

-21 -21
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)



Test: HORIZONTALHIGHVELOCITYHI_4R 0_12_)3 (_4) Test: HORIZONTALHIGHVELOCITYHI_4R 08/12/93 (224)

5essim: ThuAug 12 JS:26:13 1993 Transduce: R9 (uconda_) _mssim: ThuRug 12 15:_:_J 1993 Transducer:Rll (stcmdarg)
IIR @-STAGEBUTTERUORTHFILTER(LOUPRSS)250 Hz fIR (r'STR;EBLITTERIJ(]RTHFILTER(LOIJl_l_) 250 Hz

6 1

o 0

x x -1
2

,-, _ ,-,-2

0 c -3

°
,,ll _

_ -4
,,-2

@
-4 u

-6 -7
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

Test:MORIZONTm.HIGHVELOCITYHI224R0@/12/93(_4) T_t: HORIZONTRLHIGHVELO£ITYHI_ 0@/12/93(224)

Session:Thu Aug 12 15:26:201993 TrKr..du,:er-"AIO (se_) Sess|on:Thufk_ 1215:26:351993 Tr'_: RJ2 (sec=_)
IIR 6--STRGEBUTTERU_THFILTER (LOUPRSS)250 Hz IIR 6-STRGEBIJTTERUORTHFILTER(LOIJPRSS)_ Hz

!5 21

12 r

o ox x
9

"_ 5 _X_ 1̂2v_06 9

/ /i@

u 0 - u z
u u 0 J

-3 J -3
-5.0 -2.5 0.0 2.5 5.0 7.5 I0.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)



Test: HORIZONTALHIGH VI[LOCITV H1224A 08/12/93 (224) Test: HORIZONTALHIGH VELOCITYH1224A 08/12/93 (224)

Susim: Thu Aug 12 15:26:44 1_J3 Transduce: RJ3 (sm_darw) Sessim: Thu Aug 12 L_:;S:58 199"3 Transduce: 5;1 (secondary)

I1R &-STAGEBUTTERiXMTHFILTER (LOgPt_;) 250 Hz fIR 8-STI_E BUTTEiMRTH FILTER (LI31PflSS) 2S0 Hz
3 4 i

3

X _

X
"-3 2W
_ C

e_

_-6 . 1

t/ \l o
,-I "q
• -9 x 0

o _j \ -_/
-12 -I I

-=.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Ti_e (msec) Time (msec)

oo
t,J

Test: HORIZONTALHIGH VELOCITYH1224A 08/12/9] (224) Test: HORIZONTALHIGH VELOCITY H1224A08/12/93 (224)

Session: Thu Aug 12 15:2G:50 1993 Transducer: A15 (secondary) Session: Thu _ 12 15:27:04 19_r3 Transduoer: SG2 (seamdary)

]JR 6-STAGE BUTTE_JORTHFILTER (LOUP_5) 250 Hz IIR 6-STI3;E BIJTTERIJORTHFILTER (LOUPI_'5) _50 Hz
0.01 400

o.® I i o
_o.o_ \ I ----\-400

-800
m -0.03 _.

-0.04 _ -1200 _/,-\
\> -0.05 u _1600 n

"\ - 1/,1i: \
-0.06 "" -2000 V

-0.07 j

-2_oo / V
-0.08 _--/-'_-'----" I
-0.09 -2800

-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Time (msec) Time (msec)



Test: HORIZOHTALHIGH VELOCITYHI_4A 08/12_J3 (224) Test: IWRIZOHTALHIGH VELOCITYH1224A 08/12/93 (224)

Session: Thu Rug 12 1S:2?:10 1993 Transducer: S_3 (sm_mclar_l) Session: Thu Rug 12 15:27:22 1_r3 Transducer: SGS (_)

llR 6-STR_ BUTTERUORTHFILTER (LCUPRSS)2S0 Hz /|R 6-STl_[ BUTTERUORTHFILTER (LOUPRSS)250 Hz

o "k,] o

x 0 _4_ _---''_ x 2

- -1 - 1

u u
-4 ',,i

z-2 ',- 0 "-'--

-3 -1
-5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

oo

Test: HI_IzoKrRL Nl_ VELOCITYNI_4R O_IZ/_ (ZZ4) Test: IG_IZOI_RL HIgH VEI.OEITY H/224R 06/12/9) (Z24)

Session: Thu Rug 1?. tc;:27:16 19cJG Transducer: S_ (smxmda_) Session: Thu Rug ].2 _:27:27 1993 Transducer: 51;6 (secondary)

[IR 6-STRGE BUTTERUORTHFILTER (LOUPASS)2S0 Hz fIR 6-STRG£ BUTTERIX)RTHFILTER (LOIJqK_) 250 Hz
400 21

-400

c "--'-" x 12

- /L -800

r.. -1200 r..
u ,la
.4 _ 6E

-1600 _"
u 3-,4

T

-2000 0

-2400 -3
-5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)



Test: HORIZONTRLHIGH _D.OCITV H1224R 08/12/93 (224) Test: HORIZI]NTRLHIGH VELOCITY H1224R 08/12/93 (224)

.Tmsslon: Thu Ik_ 12 15:27:36 1993 Transdumer: SG? (semmda_) Susion: Thu _ 12 15:27:51 1993 Transducer: 5G9 (secondarM)

IIR 6-STRI;E BUTTERMORTHFILTER (LOMPRSS)250 Hz fIR 6-5TRGEBIJTTERUORTHFILTER (LOUPR55) 250 Hz
21 0.1B

IB 0.15

LQ
0 15 0.12

x 12 _ 0.09
c _
•_ 9 _

o 0.06

o.o

x 0 0.00 I
-3 -0.03

-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Time (msec) Time (msec)

Test: HORIZOHTRLHIGH VELOCITY H1224R 08/12/93 (224) Test: HORIZOHTRLHIGH VELOCITYH1224R 08/12/93 1224)

Session: Thu Rug 12 15:27:43 1993 Transclucer: 51;8 (secondary) Session: Thu I_i 12 15:27:56 19cr3 Tronsductr: 5G10 (seoonda_)

liR 6-STRGEBIJTTERUOltTHFILTER (LDMPRSS)250 Hz 0.1B fIR 6-STRGEBUTT_H FILTER (LOIJPRSS)250 Hz

• I
w

o 15 0.12

x 12 -- _ 0.09
¢u

9 _ 0.06L •
,iJ 6 _

x 0.00
0

-3 -0.03
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)



Test: HORIZONT_HIGHVELOCITYH1224A08/12/93 (224) Test: HORIZOHTALHIGHVELOCITYHI224R08/12/_ (224)

Session: ThuAug 12 15:28:10 1993 Transducer: R1 (secondary) Session: Ti_ _ 12 15:_:27 1993 Trznsdumer:A3 (seoonda_)
IIR 6-STAGEBUTTERMORTHFILTER(LOUPASS)2000 Hz fIR 6-$TAGEBUTTERMORTHFILTER(LOIJI_SS)2000 Hz

1800 , 3

0 0 --

1200 . x

v

\_ ,aoo , li _ 1

-, \"_-9 h
r,,# _ f u

-300 -12
-5.0 -2o5 0.0 2.5 5.0 7.5 10.0 12.5 15o0 17.5 20.0 -5°0 -2.5 0.0 2.5 5,0 7.5 10.0 12,5 15.0 17.5 20.0

Tlme (msec) Time (msec)

L,n

Test"HORIZONTALHIGHVELOCITVNI_4A 0a/17./_(224) Int'-HORIZONTALHIGH_I.l_II¥X_.24A08/12/_ (224)

Session: ThuI_j 12 15:3:04 19'B Tramsdm=r: A2 (smmmla_) .Snslon: Thu_ 12 15:28:21 19T3 Transduom,:A4 (mu:mwJa_)
IIR 6-STRGEBUTTERIJORTHFILTER(LQUP_$) 2000 Hz fIR 6-STilE BUTTERIJORTHFILTER(LOIJBR_)2000 Hz

B 4

_j td

o o 3 _.__
/x

,_ 2
4 ,w,

. . 1 V"
2 m

,=,I _

u u V
II: 0 •

-1 -1
-5.0 -2,5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 I7.5 20.0

Time (msec) Time (msec)



Test: HORIZDNTALHIGH @EI.OCIT¥HI_4R 08/12/93 (224) Tut: HORIZGHTRLHIGH VELOCITYHI_4R l_/l?J_ (224)

_i_: Thu Rug 12 1._:_:42 1993 TrY: /S (_aQn_e'W) _i_: Thu Aug 12 1S:_B:_J 1_J3 Transduoer: R7 (_andm, M)
IIR 6-STRGEBUTTERUORTHFILTER (LOUPRSS)2000 Hz IIR 6-b'TRGEBUTCH FILTER (LDUPR_) 2000 Hz

1 IV, l i 56W 0 _ W0 V O

4
X X

-I "" I
'_J v

c -2 _ 2 ro
-.I .,4

•:-3 _ ' -.
., ._ 0 - r

QJ
u -4 -- - u

1 _-1 I
-5 -2

-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

oo

lut: HORIZONTal.HIGH MELOCITVH1_4kq 08/12/_ (_4) l_t: HORIZONI'RLNIGH VELOF.ITf Hl_l 08/J2,aJ3 (:_4)

_lm: Thu Aug 12 1S:3:]6 19_r3 Tra_duew-: R6 (_ Seuim: Thu I_j 12 15:3:51 1_J3 lrams_mr: I_ (_clarM)

II1_ 6-STAGE BUTTEOJI]RTHFILTER (LOUPRS5) 2000 Hz I!1_ 6-STILE BIJTTElUIRTHFILTER (LIIIJPRSS) 2000 Hz
4 "' 1 I 8

//*-
o o

x -4 x 0 --

I /V _ V

-12 / o
,_ _ -12

-i6 _ _ -1_
o -20

¢ _ -:,o i I
-24 -24 !, I
-5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (reset) Ti_e (reset)



Test: HI_IZONT_ HIGH I_EI.0CIT¥ H1224R 08/12/93 (224) Test: IIDRIZONTI_LHIGH VI_DCITY H1224R 08/_ (224)

Session: Tim Aug 12 15:29:15 lC)_3 Tramduoer: R9 (secondary) Session: Thu Aug 12 15:29:30 1993 T_: Rll (sammdm,_

llJ 6-STRGEBIJTTERIJDRTHFILTER (LOiI_RS5) 2000 Hz IIR 6-STRGEBUTTE]IWDI_HFILTI_ (LOIJPI:ISS)2000 ltz
6 1

f _.,-,_ -o -,
4 1 _ _v -'--_

0 0

L.JqI4

-1
x x

2
_ --2

0 A -3

_ _ --.4
e-2 q
t_ &.

.'-5,-4

_-4

° J¢

-6 , I -7 t
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

TIme (msec) TIme (msec)
M.a

oo
...j

Tut:l_IZl)IIiHIGH_OCIT¥HI_4R08/1_ (:_4) Test:lelIIZI)IIKHIGHtILOEIIVIlI_Q_ (224)
_im: Tl_ Rug 12 15:29:@ 1_ Tram_: RIO (ma:mlry) Se_mim: The _ 12 15:29:23 lg_JGl I_: il_ (mm:mdar_}

IIR 6-51'i_ RIITEUI_H FILTER (ll_ 2iXX)Hz fIR k_IIGE B_ FILTER (ll_ 2000 I_
IB 24

_- 15 _ 20 -"

x 12 x 16

m 9 -_ -,-v %,e

v x.,./-d \1 V
_ 3 _ 4

-3 --4
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (nmec) Time (msec)



Test: HORIZONTRLHIGH VI_I)(ITY tLt224R _ (224) Test: HORIZI)HTRLHIGH VELI)(ITY ITI224A _ (224)

Session: Thu Rug 12 15:2Q:44 1993 Transduur: R13 (smmmiary) Session: Thu Aug )2 15:29:57 1993 Transducer: SG1 (_)

fIR 6-gTRG( 8UTT_H FILTER (L_) 2000 Hz IIR G-gTR_ EIJTTE)M)RTHFILTER (_) 2000 Hz

6 4 r

_a 3 f' 3o T

ix o 2w,(

., 0 ...... ._j-_ [ x

-3 /_ ,._

g •

u-1

u -9

:
-12 l -3 '

-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15o0 17.5 20.0 -5.0 -2.5 0.0 2.5 5°0 7.5 10.0 12.5 15.0 17.5 20,0
Time (m_ec) Time (msec)

oo

_len: Thu Aug 12 _:Z_:37 1993 TrY: g1._(_) Sessl_: Thu Aug 12 Ig:L_:_ 1_ fflmkaer: _ (_)

IIR 6-._RGE BUTTEIB,IORTHFILTER (L_) 2000 Hz IIR 6,,._AGE BIJTTIBIITH FILTER (LDI,IPRSS) 2000 Hz
0.02 I

x-,-o.o4 \

--0 " 06 V V V -- _ _ _ -- 3 I I ' ' _ V

-O.OB I" -4

--0 . tO ..... 5 " J

-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Time (msec) Tlme (msec)



Test: HORIZONTRLHIGHVELOEITVH1224R0C_12/_ (224) Test" HORIZOI_RLHIGHVELOCITYH1224R0e/12/_ (224)

5essim: TheRuB12 15:30:10 1993 Transducer:SG3(secmtda_) Session: TheRu=j12 15:30:25 1993 Transdk=:_: SG5(_)
fIR 6-5TRI_ BIJTTERUORTHFILTER(LOiJPRSS)ZOO0Hz IIR 6-STRGEBIJTTEIIORTHFILTER(LOIJPRSS)2000 Hz

4 4 r I I,r

3 | ' V
_r T 3
o 2 o

x 1 i_ _ x

c c

° l/ "c_ _
=-1 =

u-2 u,,,,I -,4

-3
/

-4 _ I -I
-5.0-2.5 0.0 2.5 5.0 7.5 I0.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.C 7.5 I0.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

oo

Test:HORIZONTALHIGH_D.OC3T;H122_ 0_12_ (ram4) Tut: HORIZONTal.ItlGHVEI.OCIT¥I_ OB/I_ (ZZ4)

5umlm: ThuQm3 lZ lS:30:04lg=J'3Trammeluoer:_ (semnlar_) _Numlon:Thu _ 12lS:_:1719_ Tram_: SG6 (==0=_)
fIR 6-STRGEBUTTEIWORTHFILTER(LDIJPlRS5)2000 Hz IIR 6-STRGEEUTTEIBJORTHFILTER(LOtIN1SS)2000 #z

400 -- 21

/-0 _ _ 18

---------'-I,1 u,I 15
-400 : o

;. -BOO 9

3
^ '-rv u

Lj-20O0 -3
-2400

-5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Time (msec) Time (msec)



Test: HORIZOHTFLHIGH VELOCITY FU224A08/12_J3 (_4) Test: HQI21ZOIITALHIGH VELOCITY _ _ (_)4)

Session: Thu Aug 12 15:30:39 1993 Transdkmer: SG? (smmnda_) Session: Thu Rug 12 15:]0:S2 lgqQ Transdmzr: Sb_J(secmmta_)

l l R 6.-STRGEBUTTEIWO_HFILTER (LOUP_S) _00 Hz | IR 6.-SIRG[ BUTTEI_I3_H FI LTER (LOIJPES) 20GO Wz

21 r '1 0.18 i F 11B 0.15

tul
o 15 0.12gl4 i

x 12
0.09,

m
-e 9

o 0.06

6
o
r,. 0.03
u 3
-,-,I

z

0 _ _f 0.00

-3 -0.03 !
-5.0 -2.5 0.0 2.5 5.0 7.5 I0.0 12.5 15.0 17.5 20.0 -5.0-2.5 0.0 2.5 5.0 7.5 I0.0 12.5 15.0 17.5 20.0

Time (msec) Time (reset)

Tut: HORIZONIRI.NIGH VELKIT¥ HI_ O_ (224) Test: HORIZINII HIGH VELOCITY I_ O_ (B)

5minim: Tlw Ik_ 12 15:]0:]2 19cJ_ Trame_" _ (uoomJarw) 5em_i_ Tlw Aug I,?.15"]0:45 1_)_J3 Irate: _ (uc_mdmr_)

IIR 6-STRGEBUTTERUOITIHFILTER (L_) 2000 Hz fIR 6-STAGEBIJTTEIilJD_HFILTER (_ _000 Hz

21 0.10 --_

,,10 O. 15

wJ
o 15 0.12

x 12
m 0.09

c m
.w 9
r0 -4
L o 0.06

= 6

o 0.03
u 3
Z

0 0.00

-3 -0.03
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (reset) Time (msec)
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Test: HORIZONTRLHIGH VELOCITYHI_4R 08/12/9"3 (224) Test: HORIZOHTRLHIGH VELOCITY H1224R 08/12/93 (224)

Session: Th. Rug 26 09:_6:37 1993 Transducer: R1 (secxwJa_) Session: Thu I%Jg26 10:08:11 199"3 Transducer: t_1 (seIxmdary)

Integration Integration

40 100-- I i_

- 00 ,\% 'w,

_ -300

v v -400 \
:, I0 m

_ -500

• "_ -600
> >

-700

-10 -800
-5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time (msec) Time (msec)

Test: HORIZONTAL HIGH %_D.OCIT¥HI_,IA 0_'_ (ram4) Test: HORIZONT_ HIGH VELOCITY Hl_i 08'12/9) (ram4)

Session' Th, Rug 26 09:S6:4,11_J3 Tramsam,': _ (mmo,e_,_) Session: Th, Rum 26 Og:S6:Sl 1_r3 TTmmamm-: I_ (m,mo,da_)

Integrati on 1 Int_ration
m 1 i m

&u [ Luo o
0 _

X "_ X 0 ' _.,

"_. -1

, ,.., , \
| -4 -- | -2

,, _ vm-5 "_ m

- \_-6 1 _"-
_ -7

-5.0 -2.5 0.0 2,5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 -5.0 -2.5 0.0 2.5 5.0 7.5 1C.O 12.5 15.0 17.5 20.0
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Tnt: HORIZONTALHIGX VELOCITYHIZ24A 08/12/53 (224) Test: HORIZONTALXIGX VELOCITYX122_J_08/12/c_ {_4)

Session: Thu Aug 26 10:11:17 1993 Transducer: AS (secondary) Smzsion: Thu Aug 2G 09"KT:Og l_J] Transducer: A7 (sm:ondm_)
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Test: HORIZONTALHIGH VELOCITV H1224A 08/12/93 (224) Test: HOR;ZONTN.HIGH VELOCITYH1224R 08/12/33 (224)

Session: Thu _ 26 09:57:23 1993 Transducer: R9 (secondarw) Session: Thu _ 26 10:19:_3 199"3 Trare;duc_: Rll (seconda_)
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Test: HORIZONTAl.HIGH VELOCITY HI_48 08/12,_ (224) Test: IIZONT81, HIGH VELOCITYHJ27.4808/17./93(22,1)
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Test: HORIZOKrALHIGH VELO(ITV X13Z_ 08/_./EI (224) Test: HORIZONTALHIGH VE1.0CITVH122_q 0E/12/93 (224)
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Test: HOR[ZOHTRLHIGHVELO(ITYH1224R08/12293 (224) Test: HORIZOHTRLHIGHVELOCITYH1224R08/12/93 (224)

Session: i_d Aug25 13:48:52 1993 Tramm:kloer:_ (seoondarv) Session:WadRug25 13:4g:06 19_r3 Trumcluo_: A6 (seeonda'v)
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Test: IO_IZl]NT_ HIGH VEI.0CIT¥ H1224A 08/12/t3 (224) Test: HORIZONTALHI_ VELOCITYH1224A0_12_r3 (224)

Sasion: Wed_ 25 1]:49:18 19_J Transducsr: R8 (Rconda_) Session: Wed_ 25 13:49:22 199"3 Transducer: AIO (seconda_)
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Tarot: HORIZONT_ HIGH VELOCITY H1224Q08/12_93 (224) Test: HORIZOHT_ HIGH VE].OCITYH1224A 08/12/93 (224)

Session: Ued _ 2S 13:49:36 1993 Transducer': A12 (secondarg) Session: Ued _ ;x; 13:49:50 1993 Transducer: QIS (secondary)
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Test: HORIZONTALHIGHVE].D(ITYH1224A0_12_3 (224) Test: HORIZOHTALHIGHVELOCITYH1224R0_12_J3 (224)

Session: &ledAug 25 13:50:03 1993 Transduoer:51;2(setmnda_) Session: _ Rug25 13:50:15 1993 Transduoer: SC,4(seoonda_)
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Test: HORIZONTRLHIGHVELOEITVH1224R08/12/93 (_4) Test: HORIZOHTRLHIGHVELO(ITVH1224A08/12/93 (224)

Session: Uecl_ 25 13:50:31 1993 Transducer: 5t;6 (secondarg) Session: Ued_ 25 13:50:46 1993 Transducer: 5G8(seoaxlm_)
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Test: HORIZONTALHI6H VE/.OEIT¥HI_4A 08/12_J3 (224)

Session: _ Aug _ 13:51:01 1_J3 Transducer: SGIO(se_ml_y)
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0.0030 I I0.0027

0.0024 I

0.0021

0.0018
N

0.0015
>

0.0012

0.0009

0.0006

0.0003 [ I

o.ooooL ! 1
0 2 4 6 8 10 12 14 16 18 20

Frequencg (KHz)
bo



Appendix E. Inspection Data

The following tables present pre- and post-test HI 224A container body, inner container, and
RV and fore and aft cover inspection data at measurement locations designated in Figures 3.1, 3.2,
and 3.3.

Table E 1.1: LLV HI224A Container Body Inspection Data

Measurement Pre-Test Post-Test Measurement Change

Designation (mm) (in.) (mm) (in.) (ram) (in.)
.......

OD 0, 0° 825.70 32.508 825.09 32.484 0.61 0.024
.........

OD 0, 45° 822.83 32.395 822.50 32.382 0.33 0.013

OD 0, 90° 821.77 32.353 821.41 32.339 0.36 0.014
..............

OD 0, 135 ° 824.08 32.444 823.72 32.430 0.36 0.014
.....

OD 1, 0 ° 824.61 32.465 824.38 32.456 0.23 0.009
,, ,

OD 1, 45° 823.24 32.411 823.14 32.407 0.10 0.004

OD 1, 90° 821.77 32.353 821.72 32.351 0.05 0.002

OD 1,135 ° 824.33 32.454 824.18 32.448 0.15 0.006

OD 20, 0° 822.33 32.375 824.33 32.454 -2.01 -0.079

OD 20, 45 ° 822.15 32.368 823.98 32.440 -1.83 -0.072

OD 20, 90 ° 822.91 32.398 822.96 32.400 -0.05 -0.002
.................

OD 20, 135 ° 824.79 32.472 821.16 32.329 3.63 0.143
.... ,,,,

OD 21,0 ° 851.84 33.537 855.68 33.688 -3.84 -0.151
...........

OD 21, 45 ° 852.42 33.560 854.68 33.649 -2.26 -0.089

OD 21, 90 ° 853.67 33.609 853.49 33.602 0.18 0.007
,,,

OD 21,135 ° 855.68 33.688 852.96 33.581 2.72 0.107

OD 22, 0 ° 822.12 32.367 824.97 32.479 -2.84 -0.112

OD 22, 45° 821.72 32.351 823.90 32.437 -2.18 -0.086

OD 22, 90° 822.91 32.398 822.81 32.394 0.10 0.004

201



Table E 1.1: LLV H1224A Container Body Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement
,,

Designation (mm) (in.) (mm) (in.) (mm) (in.)
,,,

OD 22, 135° 824.94 32.478 821.69 32.350 3.25 0.128

OD 24, 0 ° 820.60 32.307 824.15 32.447 -3.56 -0.140

OD 24, 45° 821.66 32.349 824.41 32.457 -2.74 -0.108

OD 24, 90° 823.24 32.411 821.92 32.359 1.32 0.052

OD 24, 135° 825.32 32.493 822.63 32.387 2.69 0.106

OD 25, 0 ° 820.80 32.315 824.15 32.447 -3.35 -0.132

OD 25, 45 ° 821.05 32.325 823.77 32.432 -2.72 -0.107

OD 25, 90 ° 822.91 32.398 821.31 32.335 1.60 0.063

OD 25, 135° 824.64 32.466 822.05 32.364 2.59 0.102

OD 26, 0° 912.47 35.924 913.43 35.962 -0.97 -0.038

OD 26, 45° 911.12 35.871 911.96 35.904 -0.84 -0.033

OD 26, 90° 909.22 35.796 908.20 35.756 1.02 0.040

OD 26, 135° 912.44 35.923 910.92 35.863 1.52 0.060

OD 27, 0° 822.83 32.395 823.85 32.435 -1.02 -0.040

OD 27, 45° 820.09 32.287 822.15 32.368 -2.06 -0.081

OD 27, 90 ° 818.77 32.235 816.81 32.158 1.96 0.077

OD 27, 135° 821.49 32.342 821.11 32.327 0.38 0.015

OD 28, 0 ° 813.97 32.046 814.27 32.058 -0.30 -0.012
,, , ,,

OD 28, 45 ° 811.38 31.944 813.82 32.040 -2.44 -0.096

OD 28, 90 ° 809.42 31.867 806.02 31.733 3.40 0.134
I

OD 28, 135° 812.55 31.990 813.33 32.021 -0.79 -0.031

OD 37.75, 0° 812.80 32.000 810.39 31.905 2.41 0.095

OD 37.75, 45 ° 812.34 31.982 819.20 32.252 -6.86 -0.270

OD 37.75, 90 ° 807.34 31.785 790.12 31.107 17.22 0.678
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Table E 1.1: LLV H1224A Container Body Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement

Designation (mm) (in.) (mm) (in.) (ram) (in.)

OD 37.75, 135° 814.43 32.064 823.59 32.425 -9.17 -0.361
.....

OD 38.75, 0° 812.80 32.000 808.94 31.848 3.86 0.152

OD 38.75, 45° 811.61 31.953 818.54 32.226 -6.93 -0.273

OD 38.75, 90° 806.83 31.765 788.19 31.031 18.64 0.734

OD 38.75, 135° 814.48 32.066 823.59 32.425 -9.12 -0.359

OD 39.75, 0° 843.71 33.217 852.32 33.556 -8.61 -0.339

OD 39.75, 45 ° 843.36 33.203 855.88 33.696 -12.52 -0.493

OD 39.75, 90 ° 838.89 33.027 832.71 32.784 6.17 0.243

OD 39.75, 135° 845.24 33.277 860.83 33.891 -15.60 -0.614

OD 40.75, 0 ° 812.67 31.995 817.98 32.204 -5.31 -0.209

OD 40.75, 45 ° 811.81 31.961 814.02 32.048 -2.21 -0.087

OD 40.75, 90 ° 806.53 31.753 789.71 31.091 16.81 0.662

OD 40.75, 135° 814.15 32.053 821.00 32.323 -6.86 -0.270

OD 41.75, 0° 812.16 31.975 818.74 32.234 -6.58 -0.259

OD 41.75, 45° 812.77 31.999 815.70 32.114 -2.92 -0.115

OD 41.75, 90° 807.21 31.780 792.40 31.197 14.81 0.583

OD 41.75, 135° 814.55 32.069 821.08 32.326 -6.53 -0.257
,,

OD 50.5, 0° 811.10 31.933 814.17 32.054 -3.07 -0.121

OD 50.5, 45° 811.76 31.959 808.35 31.825 3.40 0.134

OD 50.5, 900 811.53 31.950 798.30 31.429 13.23 0.521

OD 50.5, 135° 813.05 32.010 811.68 31.956 1.37 0.054

OD 51.5, 0 ° 815.90 32.122 813.03 32.009 2.87 0.113

OD 51.5, 45 ° 817.30 32.177 815.75 32.116 1.55 0.061

OD 51.5, 90 ° 815.82 32.119 803.73 31.643 12.09 0.476
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Table E 1.1: LLV HI224A Container Body Inspection Data

Measurement Pre-Test Post-Test Measurement Change
....................

Designation (ram) (in.) (ram) (in.) (mm) (in.)
..... ". " ,i ...... ' ....

OD 51.5, 135° 817.32 32.178 816.36 32.140 0.9"7 0.038
,,

OD 52.5, 0 ° 815.52 32.107 809.07 31.853 6.45 0.254
.............

OD 52.5, 45 ° 816.99 32.165 809.57 31.873 7.42 0.292
.......

OD 52.5, 90° 816.31 32.138 809.73 31.879 6.58 0.259
........

OD 52.5, 135° 817.19 32.173 811.56 31.951 5.64 0.222
.......

L1, 0 ° 1459.13 57.446 1428.04 56.222 31.09 1.224

L1, 45 ° 1460.68 57.507 1431.16 56.345 29.51 1.162
................

L1, 90 ° 1460.73 57.509 1442.03 56.773 18.69 0.736
....

L1,135 ° 1460.53 57.501 1455.06 57.286 5.46 0.215
,,,

L1,180 ° 1459.81 57.473 1463.70 57.626 -3.89 -0.153
......

L1,225 ° 1459.92 57.477 1461.69 57.547 -1.78 -0.070
, ...............

L1,270 ° 1457.93 57.399 1449.40 57.063 8.53 0.336

L1,315 ° 1458.47 57.420 1436.22 56.544 22.25 0.876
........

L2, 0° 1344.17 52.920 1320.50 51.988 23.67 0.932

L2, 45° 1344.78 52.944 1317.12 51.855 27.66 1.089

L2, 90° 1345.54 52.974 1326.29 52.216 19.25 0.758
, ,

L2, 135° 1344.19 52.921 1339.90 52.752 4.29 0.169
.....

L2, 180 ° 1344.30 52.925 1346.83 53.025 -2.54 -0.1t30
......

L2, 225 ° 1342.95 52.872 1342.49 52.854 0.46 0.018
,,,

I_,2,270 ° 1342.26 52.845 1332.53 52.462 9.73 0.383
.........

L2, 315 ° 1343.18 52.881 1322.58 52.070 20.60 0.811
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Table E 1.2: LLV Inner Container Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement

Designation (mm) (in.) (mm) (in.) (ram) (in.)
, ,,

OD 0, 0 ° 519.18 20.440 519.81 20.465 -0.64 -0.025
........

OD 0, 60 ° 514.48 20.255 513.08 20.200 1.40 0.055

OD 0, 120° 519.43 20.450 520.07 20.475 -0.64 -0.025

OD 11.38, 0° 518.87 20.428 518.69 20.421 0.18 0.007

OD 11.38, 60 ° 513.46 20.215 513.46 20.215 0.00 0.000

OD 11.38, 120° 519.10 20.437 519.23 20.442 -0.13 -0.005

OD 17.38, 0° 519.53 20.454 514.38 20.251 5.16 0.203

OD 17.38, 60 ° 516.10 20.319 516.89 20.350 -0.79 -0.031

OD 17.38, 120 ° 519.35 20.447 523.67 20.617 -4.32 -0.170
,,

OD 23.38, 0 ° 518.29 20.405 517.40 20.370 t3.89 0.035

OD 23.38, 60° 514.83 20.269 517.02 20.355 -2.18 -0.086

OD 23.38, 120° 518.21 20.402 516.13 20.320 2.08 0.082

OD 38.75, 0 ° 517.55 20.376 516.64 20.340 0.91 0.036

OD 38.75, 60" 517.83 20.387 519.51 20.453 -1.68 -0.066

OD 38.75, 120° 517.19 20.362 515.62 20.300 1.57 0.062

L1, 0 ° 987.02 38.859 987.45 38.876 -0.43 -0.017

L1, 60 ° 987.42 38.875 1002.59 39.472 -15.16 -0.597

L1,120 ° 987.42 38.875 988.34 38.911 -0.91 -0.036

L1,180 ° 987.15 38.864 989.43 38.954 -2.29 -0.090

L1,240 ° 986.82 38.851 1002.16 39.455 -15.34 -0.604
......

L1,300 ° 986.76 38.849 989.86 38.971 -3.10 -0.122
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Table E 1.3: LLV RV, Fore, and Aft Cover Inspection Data
1

Pre-Test Post-Test Measurement ChangeMeasurement

Designation (ram) (in.) (mm) (in.) (ram) (in.)

OD A, 0 ° 500.71 19.713 500.68 19.712 0.03 0.001

OD A, 60° 500.68 19.712 500.63 19.710 0.05 0.002

OD A, 120° 500.91 19.721 500.89 19.720 0.03 0.001

ID B, 0° 426.52 16.792 426.59 16.795 -0.08 -0.003

ID B, 60° 426.49 16.791 426.39 16.787 0.10 0.004

ID B, 120° 426.59 16.795 426.72 16.800 -0.13 -0.005

ID C, 0° 490.58 19.314 490.55 19.313 0.03 0.001
l

ID C, 60 ° 491.03 19.332 491.08 19.334 -0.05 -0.002

ID C, 120° 491.19 19.338 491.21 19.339 -0.03 -0.001

L2, 0 ° 236.30 9.303 236.19 9.299 0.10 0.004

L2, 60° 236.19 9.299 236.02 9.292 0.18 0.007

L2, 120° 235.84 9.285 235.79 9_283 0.05 0.002

L2, 180° 235.76 9.282 235.74 9.281 0.03 0.001

L2, 240 ° 235.84 9.285 235.76 9.282 0.08 0.003

L2, 300 ° 235.94 9.289 235.89 9.287 0.05 0.002

OD B, 0° 431.55 16.990 431.50 16.988 0.05 0.002

OD B, 60° 431.55 16.990 431.65 16.994 -0.10 -0.004

OD B, 120° 431.62 16.993 431.62 16.993 0.00 0.000

ID D, 0 ° 165.76 6.526 165.71 6.524 0.05 0.002

ID D, 60 ° 165.76 6.526 165.79 6.527 -0.03 -0.001
.........

ID D, 120° 165.76 6.526 165.76 6.526 0.00 0.000
,

L1, 0 ° 883.51 34.784 872.79 34.362 10.72 0.422
.............

L1, 60 ° 883.41 34.780 872.64 34.356 10.77 0.424
......
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Table E 1.3: LLV RV, Fore, and Aft Cover Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement
.......

Designation (mm) (in.) (mm) (in.) (mm) (in.)

L1,120 ° 883.46 34.782 872.49 34.350 10.97 0.432

L1,180 ° 883.36 34.778 872.31 34.343 11.05 0.435
....... ,.......

L1,240 ° 883.36 34.778 872.54 34.352 10.82 0.426

L1,300 ° 883.41 34.780 872.67 34.357 10.74 0.423

OD D, 0 ° 171.25 6.742 171.30 6.744 -0.05 -0.002

OD D, 60° 171.25 6.742 171.27 6.743 -0.03 -0.001
,,,

OD D, 120° 171.25 6.742 171.25 6.742 0.00 0.000

OD F, 0° 482.35 18.990 482.60 19.000 -0.25 -0.010
,,_

OD E, 60° 482.35 18.990 481.41 18.953 0.94 0.037

OD E, 120° 482.35 18.990 481.51 18.957 0.84 0.033

Table E 2.1: HLV H1224A Container Body Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement

Designation (mm) (in.) (mm) (in.) (mm) (in.)
, ,

OD0, 0° 822.60 32.386 807.21 31.780 15.39 0.606
.....

OD 0, 45 ° 822.83 32.395 823.65 32.427 -0.81 -0.032

OD0, 90 ° 818.34 32.218 816.46 32.144 1.88 0.074

OD 0, 135° 824.69 32.468 825.27 32.491 -0.58 -0.023
J

OD 1, 0 ° 822.86 32.396 808.51 i31.831 14.35 0.565

OD 1, 45° 823.49 32.421 824.99 32.480 -1.50 -0.059
....

OD 1, 90° 819.91 32.280 819.76 32.274 0.15 0.006

OD 1,135 ° 825.27 32.491 825.88 32.515 -0.61 -0.024

OD 20, 0° 822.20 32.370 773.28 30.444 48.92 1.926
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Table E 2.1: ttLV HI224A Container Body Inspection Data

Measurement Pre-Test Post-Test Measurement Change

Designation (ram) (in.) (ram) (in.) (mm) (in.)

OD 20, 45° 823.49 32.421 827.35 32.573 -3.86 -0.152

OD 20, 90° 823.75 32.431 854.61 33.646 -30.86 -1.215

OD 20, 135° 825.60 32.504 826.54 32.541 -0.94 -0.037
,,

OD 21, 0° 853.85 33.616 799.95 31.494 53.90 2.122
.......

OD 21, 45° 854.41 33.638 857.99 33.779 -3.58 -0.141

OD 21, 90 ° 855.60 33.685 887.12 34.926 -31.52 -1.241
............

OD 21,135 ° 856.26 33.711 856.69 33.728 -0.43 -0.017
....

OD 22, 0 ° 822.50 32.382 760.55 29.943 61.95 2.439

OD 22, 45 ° 822.88 32.397 827.07 32.562 -4.19 -0.165

OD 22, 90 ° 824.97 32.479 859.46 33.837 -34.49 -1.358

OD 22, 135° 825.14 32.486 826.34 32.533 -1.19 -0.047

OD 24, 0 ° 822.02 32.363 748.69 29.476 73.33 2.887
.......

OD 24, 45 ° 822.22 32.371 826.31 32.532 -4.09 -0.161

OD 24, 90 ° 824.43 32.458 862.89 33.972 -38.46 -1.514
, ,

OD 24, 135° 823.72 32.430 824.18 32.448 -0.46 -0.018

OD 25, 0 ° 820.93 32.320 738.66 29.081 82.27 3.239

OD 25, 45 ° 821.64 32.348 825.40 32.496 -3.76 -0.148 i
,,

OD 25, 90 ° 823.87 32.436 863.30 33.988 -39.42 -1.552
t .....

OD 25, 135° 823.19 32.409 823.24 32.411 -0.05 -0.002
............

OD 26, 0 ° 910.59 35.850 833.70 32.823 76.89 3.027
,,

OD 26, 45° 913.21 35.953 914.22 35.993 -1.02 -0.040
.................

OD 26, 90° 912.75 35.935 960.30 37.807 -47.55 -1.872
,,,

OD 26, 135 ° 912.80 35.937 911.99 35.905 0.81 0.032

OD 27, 0° 819.15 32.250 739.04 29.096 80.11 3.154
.....
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Table E 2.1" HLV tI1224A Container Body Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement

Designation (mm) (in.) (mm) (in.) (mm) (in.)

OD 27, 45 ° 822.60 32.386 828.67 32.625 -6.07 -0.239
,,,

OD 27, 90 ° 822.12 32.367 960.22 37.804 -138.10 -5.437
.................

OD 27, 135° 821.41 32.339 821.77 32.353 -0.36 -0.014
.............

OD 28, 0° 810.46 31.908 734.97 28.936 75.49 2.972
......

OD 28, 45 ° 811.99 31.968 817.80 32.197 -5.82 -0.229
...... ,....

OD 28, 90 ° 813.61 32.032 858.90 33.815 -45.29 -1.783

OD 28, 135 ° 811.81 31.961 813.51 32.028 -1.70 -0.067
, ,

OD 37.75, 0° 812.90 32.004 778.13 30.635 34.77 1.369

OD 37.75, 45° 811.91 31.965 815.64 32.112 -3.73 -0.147
........

OD 37.75, 90° 812.22 31.977 838.50 33.012 -26.29 -1.035
.......

OD 37.75, 135° 812.80 32.000 811.76 31.959 1.04 0.041
,,

OD 38.75, 0 ° 812.52 31.989 779 48 30.688 33.05 1.301
......

OD 38.75, 45 ° 810.84 31.923 814.20 32.055 -3.35 -0.132
......

OD 38.75, 90° 811.71 31.957 835.94 32.911 -24.23 -0.954

OD 38.75, 135° 812.27 31.979 811.25 31.939 1.02 0.040
....

OD 39.75, 0° 841.76 33.140 808.74 31.840 33.02 1.300

OD 39.75, 45 ° 842.65 33.175 819.15 32.250 23.50 0.925
......

OD 39.75, 90 ° 842.77 33.180 865.23 34.064 -22.45 -0.884
....

OD 39.75, 135° 843.84 33.222 842.01 33.150 1.83 0.072
............

OD 40.75, 0 ° 809.65 31.876 786.00 30.945 23.65 0.931
.........

OD 40.75, 45 ° 811.73 31.958 813.69 32.035 -1.96 -0.077

OD 40.75, 90° 810.59 31.913 830.68 32.704 -20.09 -0.791
..............

OD 40.75, 135° 812.80 32.(X)0 811.73 31.958 1.07 0.042
..... ,.........

OD 41.75, 0° 809.73 31.879 788.87 31.058 20.85 0.821
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Table E 2.1: HLV HI224A Container Body Inspection Data

Measurement Pre-Test Post-Test Measurement Change
, _ .... _ .........

Designation (ram) (in.) (mm) (in.) (ram) (in.)
....... ' ..... ,',............. 4 " ', "

OD 41.75, 45 ° 814.71 32.075 _814.65 32.073 0.05 0.002
..............

OD 41.75, 90 ° 810.59 31.913 830.07 32.680 -19.48 -0.767

OD 41.75, 135° 813.41 32.024 812.50 31.988 0.91 0.036
....

OD 50.5, 0 ° 807.72 31.800 802.56 31.597 5.16 0.203
................

OD 50.5, 45 ° 812.34 31.982 813.05 32.010 -0.71 -0.028
............

OD 50.5, 90 ° 812.34 31.982 817.52 32.186 -5.18 -0.204
.....

OD 50.5, 135° 811.20 31.937 810.84 31.923 0.36 0.014
...................

OD 51.5, 0 ° 813.23 32.017 809.88 31.885 3.35 0.132
............... .......

OD 51.5, 45° 817.40 32.181 818.77 32.235 -1.37 -0.054
..............

OD 51.5, 90" 816.97 32.164 819.99 32.283 -3.02 -0.119
.......

OD 51.5, 1350 816.74 32.155 816.38 32.141 0.36 0.014
........ ± .......

OD 52.5, 0 ° 815.01 32.087 811.94 31.966 3.07 0.121
......

OD 52.5, 45 ° 830.71 32.705 831.85 32.750 -1.14 -0.045
....

OD 52.5, 90 ° 817.88 32.200 819.38 32.259 -1.50 -0.059
...........

OD 52.5, 135° 817.14 32.171 816.99 32.165 0.15 0.006

L1,1800 1455.88 57.318 1468.27 57.806 -12.40 -0.488

L1, 0° 1457.96 57.400 1460.58 57.503 -2.62 -0.103
...........

L1, 45 ° 1458.34 57.415 1463.80 57.630 -5.46 -0.215
...... • .......

L1, 90 ° 1458.82 57.434 1470.74 57.903 -11.91 -0.469
• ....

L1,135 ° 1457.60 57.386 1470.38 57.889 -12.78 -0.503

L1, 0 ° 1457.96 57.400 1460.58 57.503 -2.62 -0.103
..................

L1,180 ° 1455,88 57.318 1468.27 57.806 -12.40 -0.488
.......

L1,225 ° 1455.32 57.296 1472.36 57.967 -17.04 -0.671
....... , ,,

L1,270 ° 1455.34 57.297 1472.13 57.958 -16.79 -0.661
,--,
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Table E 2.1: HLV HI224A Container Body Inspection Data

Measurement Pre-Test Post-Test Measurement Change

Designation (mm) (in.) (ram) (in.) (mm) (in.)

L1,315 °..... 1455.75 57.313 .... 1464.54 57.659 -8.79 ..... -01346

L2, 0 ° 1340.71 52.784 1336.14 52.604 4.57 0.180

L2, 45 ° 1340.76 52.786 1344.60 52.937 -3.84 -0.151

L2, 90 ° 1342.92 52.871 1354.76 53.337 -11.84 -0.466

L2, 135° 1339.93 52.753 1351.15 53.195 -11.23 -0.442

L2, 180° 1338.05 52.679 1346.10 52.996 -8.05 -0.317

L2, 225 ° 1337.77 52.668 1349.38 53.125 -11.61 -0.457

L2, 270 ° 1339.47 52.735 1353.24 53.277 -13.77 -0.542

L2, 315 ° 1337.61 52.662 1344.52 52.934 -6.91 -0.272

Table E 2.2: HLV Inner Container Inspection Data

Measurement Pre-Test Post-Test Measurement Change
,, ,

Designation (ram) (in.) (mm) (in.) (ram) (in.)
.... ' ..... I ''

OD 0, 0° 513.08 20.200 521.44 20.529 -8.36 -0.329
' ' ' ' I

i

OD 0, 60° 512.24 20.167 520.88 20.507 -8.64 -0.340
' ' ............... i

OD 0, 120 ° 530.76 20.896 506.25 19.931 24.51 0.965
, ,,

OD 11.38, 0° 514.02 20.237 519.05 20.435 -5.03 -0.198
........

OD 11.38, 60° 513.94 20.234 509.04 20.041 4.90 0.193

OD 11.38, 120° 526.52 20.729 511.73 20.147 14.78 0.582

OD 17.38, 0 ° 515.70 20.303 521.36 20.526 -5.66 -0.223
, , .........

OD 17.38, 60° 516.15 20.321 521.21 20.520 -5.05 -0.199
............

OD 17.38, 120° 526.59 20.732 491.67 19.357 34.92 1.375
,,, , ..........

OD 23.38, 0 ° 516.03 20.316 525.86 20.703 -9.83 -0.387
....
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Table E 2.2: HLV Inner Container Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement

Designation (mm) (in.) (nlm) (in.) (mm) (in.)
'% ',, ' ....... ,., ' ........ ,"7,7................ -

OD 23.38, 60° 516.61 20.339 525.88 20.704 -9.27 -0.365
............. b............

OD 23.38, 120° 523.27 20.601 499.29 19.657 23.98 0.944

OD 38.75, 0° 517.22 20.363 517.53 20.375 -0.30 -0.012
...........

OD 38.75, 60° 517.98 20.393 518.19 20.401 -0.20 -0.008
...................

OD 38.75, 120° 519.68 20.460 517.07 20.357 2.62 0.103

L1, 0 ° 987.37 38.873 986.66 38.845 0.71 0.028

L 1, 60° 987.17 38.865 986.49 38.838 0.69 0.027

L1,120 ° 985.88 38.814 982.90 38.697 2.97 0.117

LI, 180° 986.43 38.836 986.49 38.838 -0.05 -0.002

L1,240 ° 986.71 38.847 986.08 38.822 0.64 0.025

L1,300 ° 986.82 38.851 986.76 38.849 0.05 0.002
.....................

Table E 2.3: HLV RV, Fore, and Aft Cover Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement

Designation (mm) (in.) (mm) (in.) (mm) (in.)

OD A, 0° 502.29 1').775 502.87 19.798 -0.58 -0.023
• ............

OD A, 60° 502.34 19.777 500.48 19.704 1.85 0.073
t ....................................

OD A, 120° 502.21 19.772 502.97 19.802 -0.76 -0.030

ID B, 0 ° 502.87 19.798 426.54 16.793 76.33 3.005

ID B, 60° 502.89 19.799 425.45 16.750 77.44 3.049

ID B, 120° 502.89 19.799 428.09 16.854 74.80 2.945
,k ......

ID C, 0 ° 490.(_ 19.315 492.07 19.373 - 1.47 -0.058

ID C, 60° 490.30 19.303 486.64 19.159 3.66 0.144
, ,
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Table E 2.3: HLV RV, Fore, and Aft Cover Inspection Data

Measurement Pre-Test Post-Test Measurement Change
,,,

Designation (mm) (in.) (ram) (in.) (mm) (in.)
",,'...........

IDC, 120 ° 490.86 19.325 492.56 19.392 -1.70 -0.067
....

L2, 0° 234.90 9.248 225.37 8.873 9.52 0.375
..............

L2, 60° 235.36 9.266 226.34 8.911 9.02 0.355

L2, 120° 235.43 9.269 225.63 8.883 9.80 0.386
..............

L2, 180 ° 235.31 9.264 225.86 8.892 9.45 0.372
m

L2, 240 ° 234.92 9.249 225.63 8.883 9.30 0.366
...................

L2, 300 ° 234.62 9.237 224.92 8.855 9.70 0.382
............

OD B, 0 ° 431.29 16.980 431.80 17.000 -0.51 -0.020
,, , .,,

OD B, 60° 431.67 16.995 430.15 16.935 1.52 0.060

OD B, 120° 431.95 17.006 431.95 17.006 0.00 0.000
, ,,

ID D, 0 ° 165.86 6.530 155.65 6.128 10.21 0.402

ID D, 60° 165.86 6.530 155.70 6.130 10.16 0.400
,,,

ID D, 120° 165.86 6.530 155.70 6.130 10.16 0.400
................

L1, 0 ° 883.39 34.779 883.51 34.784 -0.13 -0.005
.............

L1, 60° 883.36 34.778 883.82 34.796 -0.46 -0.018

L1,120 ° 883.26 34.774 883.87 34.798 -0.61 -0.024

L1,1800 883.28 34.775 883.64 34.789 -0.36 -0.014

L1,240 ° 883.31 34.776 883.39 34.779 -0.08 -0.003

L1,300 ° 883.34 34.777 883.28 34.775 0.05 0.002
................

OD D, 0 ° 171.32 6.745 171.22 6.741 0.10 0.004
...............

OD D, 60° 171.32 6.745 171.20 6.740 0.13 0.005
................... ,....

OD D, 120° 171.32 6.745 171.22 6.741 0.10 0.004
_

OD E, 0 ° 482.40 18.992 482.45 18.994 -0.05 -0.002

OD E, 60 ° 482.37 18.991 482.37 18.991 0.00 0.000
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Table E 2.3: HLV RV, Fore, and Aft Cover Inspection Data

Measurement Pre-Test Post-Test Measurement Change

Designation (ram) (in.) I (ram) (in.) (mm) (in.)

OD E, 120° 482.40 18.992 482.40 18.992 0.00 0._

Table E 3.1: LHV HI224A Container Body Inspection Data

Measurement Pre-Test Post-Test Measurement Change

Designation (mm) (in.) (ram) (in.) (mm) (in.)

OD 0, 0° 821.69 32.350 820.70 32.311 0.99 0.039

OD 0, 45° 820.95 32.321 819.56 32.266 1.40 0.055
, ,

OD 0, 90° 821.11 32.327 819.86 32.278 1.24 0.049

OD0, 135 ° 821.28 32.334 818.16 32.211 3.12 0.123
.....

OD 1, 0° 822.30 32.374 821.72 32.351 0.58 0.023
, ,

OD 1, 45° 821.54 32.344 819.81 32.276 1.73 0.068

OD 1, 90° 822.88 32.397 821.66 32.349 1.22 0.048
......

OD 1,135 ° 821.84 32.356 815.34 32.100 6.50 0.256

OD 20, 0 ° 819.20 32.252 831.14 32.722 -11.94 -0.470
.......

OD 20, 450 819.45 32.262 802.26 31.585 17.20 0.677

OD 20, 90 ° 821.87 32.357 831.85 32.750 -9.98 -0.393

OD 20, 135° 819.05 32.246 807.62 31.796 11.43 0.450
......

OD 21,0 ° 843.43 33.206 860.76 33.888 -17.32 -0.682

OD 21, 45 ° 843.81 33.221 836.68 32.940 7.14 0.281
.... ,

OD 21, 90 ° 845.36 33.282 836.42 32.930 8.94 0.352

OD 21,135 ° 843.13 33.194 813.69 32.035 29.44 1.159

OD 22, 0 ° 819.20 32.252 827.71 32.587 -8.51 -0.335
........

OD 22, 45° 818.97 32.243 802.87 31.609 16.10 0.634
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Table E 3.1: LHV HI224A Container Body Inspection Data

Measurement Pre-Test Post-Test Measurement Change

Designation (mm) (in.) (mm) (in.) (ram) (in.)
_

OD 22, 90 ° 819.99 32.283 830.61 32.701 -10.62 -0.418

OD 22, 135 ° 818.18 32.212 803.99 31.653 14.20 0.559
..... i .....

OD 24, 0 ° 821.82 32.355 826.19 32.527 -4.37 -0.172

OD 24, 45 ° 822.43 32.379 812.24 31.978 10.19 0.401
-- ,.

OD 2,:1,90 ° 823.16 32.408 828.29 32.610 -5.13 -0.202

OD 24, 135° 821.99 32.362 816.15 32.132 5.84 0.230
-- ,..........

OD 25, 0 ° 821.79 32.354 823.65 32.427 -1.85 -0.073

OD 25, 45 ° 822.53 32.383 814.20 32.055 8.33 0.328

OD 25, 90 ° 822.96 32.400 825.70 32.508 -2.74 -0.108

OD 25, 135° 822.10 32.366 818.29 32.216 3.81 0.150

OD 26, 0 ° 910.74 35.856 912.67 35.932 -1.93 -0.076

OD 26, 45 ° 911.96 35.904 913.56 35.967 -1.60 -0.063

OD 26, 90 ° 909.40 35.803 911.00 35.866 -1.60 -0.063
.,

OD 26, 135° 909.45 35.805 903.76 35.581 5.69 0.224
.......

OD 27, 0° 820.67 32.310 818.11 32.209 2.57 0.101

OD 27, 45° 822.96 32.400 825.35 32.494 -2.39 -0.094

OD 27, 90 ° 819.28 32.255 815.92 32.123 3.35 0.132

OD 27, 135 ° 819.56 32.266 815.67 32.113 3.89 0.153
...........

OD 28, 0° 810.79 31.921 805.48 31.712 5.31 0.209

OD 28, 45 ° 815.09 32.090 820.17 32.290 -5.08 -0.200

OD 28, 90 ° 810.26 31.900 803.91 31.650 6.35 0.250
_

OD 28, 135 ° 810.64 31.915 809.07 31.853 1.57 0.062
.............

OD 37.75, 0 ° 809.37 31.865 752.47 29.625 56.90 2.240
-- ,..... , ,

OD 37.75, 45° 815.11 32.091 843.38 33.204 -28.27 -1.113
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Table E 3.1: LHV H1224A Container Body Inspection Data

Measurement Pre-Test Post-Test Measurement Change

Designation (mm) (in.) (mm) (in.) (mm) (in.)

OD 37.75, 90 ° 806.83 31.765 763.47 30.058 43.36 1.707

OD 37.75, 135 ° 812.62 31.993 835.79 32.905 -23.16 -0.912

OD 38.75, 0 ° 807.06 31.774 752.40 29.622 54.66 2.152

OD 38.75, 45 ° 813.00 32.008 837.74 32.982 -24.74 -0.974

OD 38.75, 90 ° 803.73 31.643 759.56 29.904 44.17 1.739

OD 38.75, 135° 810.54 31.911 832.28 32.767 -21.74 -0.856
, ,

OD 39.75, 0 ° 830.86 32.711 819.33 32.257 11.53 0.454

OD 39.75, 45° 836.47 32.932 874.27 34.420 -37.80 -1.488

OD 39.75, 90° 827.43 32.576 785.44 30.923 41.99 1.653

OD 39.75, 135° 834.59 32.858 879.53 34.627 -44.93 -1.769

OD 40.75, 0° 806.73 31.761 780.41 30.725 26.31 1.036

OD 40.75, 45° 812.75 31.998 805.43 31.710 7.32 0.288

OD 40.75, 90° 802.03 31.576 697.23 27.450 104.80 4.126

OD 40.75_ 135° 811.73 31.958 829.26 32.648 -17.53 -0.690

OD 41.75, 0° 807.97 31.810 793.80 31.252 14.17 0.558

OD 41.75, 45 ° 814.71 32.075 819.53 32.265 -4.83 -0.190

OD 41.75, 90 ° 803.78 31.645 704.09 27.720 99.69 3.925

OD 41.75, 135 ° 814.17 32.054 835.94 32.911 -21.77 -0.857

OD 50.5, 0° 811.83 31.962 809.27 31.861 2.57 0.101

OD 50.5, 45° 813.84 32.041 818.79 32.236 -4.95 -0.195

OD 50.5, 90 ° 808.10 31.815 780.54 30.730 27.56 1.085

OD 50.5, 135 ° 813.38 32.023 813.74 32.037 -0.36 -0.014

OD 51.5, 0 ° 815.57 32.109 814.53 32.068 1.04 0.041

OD 51.5, 45 ° 817.17 32.172 815.95 32.124 1.22 0.048
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Table E 3.1: LHV H1224A Container Body Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement
, ,,

Designation (mm) (in.) (mm) (in.) (mm) (in.)
,,

OD 51.5, 90° 813.74 32.037 813.31 32.020 0.43 0.017

OD 51.5, 135° 817.40 32.181 818.39 32.220 -0.99 -0.039
'1

OD 52.5, 0° 816.15 32.132 815.70 32.114 0.46 0.018

OD 52.5, 45° 829.69 32.665 814.17 32.054 15.52 0.611
, ,,

OD 52.5, 90° 816.61 32.150 830.50 32.697 -13.89 -0.547

OD 52.5, 135 ° 817.98 32.204 812.04 31.970 5.94 0.234

L1, 0° 1454.76 57.274 1314.20 51.740 140.56 5.534

L1, 45 ° 1455.45 57.301 1326.39 52.220 129.06 5.081

L1, 90 ° 1454.12 57.249 1322.96 52.085 131.17 5.164

L1,135 ° 1455.65 57.309 1303.96 51.337 151.69 5.972

L1,180 ° 1455.24 57.293 1286.31 50.642 168.94 6.651

L1,225 ° 1456.56 57.345 1274.95 50.195 181.61 7.150

L1,270 ° 1455.85 57.317 1277.82 50.308 178.03 7.009
,, ,

L1,315 ° 1455.85 57.317 1294.77 50.975 161.09 6.342

L2, 0 ° 1340.38 52.771 * * N/A N/A

L2, 45 ° 1340.43 52.773 * * N/A N/A

L2, 90 ° 1339.21 52.725 * * N/A N/A

L2, 135° 1340.28 52.767 * * N/A N/A

L2, 180° 1340.21 52.764 * * N/A N/A

L2, 225 ° 1339.80 52.748 * * N/A N/A

L2, 270 ° 1339.34 52.730 * * N/A N/A

L2, 315 c' 1339.27 52.727 * * N/A N/A

• Part destroyed during test and measurement not possible.
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Table E 3.2: LHV Inner Container Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement

Designation (mm) (in.) (mm) (in.) (mm) (in.)

OD 0, 0° 520.47 20.491 528.68 20.814 -8.20 -0.323
.......

OD 0, 60° 517.50 20.374 514.48 20.255 3.02 0.119

OD 0, 120 ° 516.81 20.347 508.48 20.019 8.33 0.328
, ,

OD 11.38, 0° 518.90 20.429 492.02 19.371 26.87 1.058

OD 11.38, 60° 517.68 20.381 521.64 20.537 -3.96 -0.156

OD 11.38, 120° 517.42 20.371 532.13 20.950 -14.71 -0.579

OD 17.38, 0° 520.17 20.479 449.71 17.705 70.46 2.774

OD 17.38, 60° 518.13 20.399 673.35 26.510 -155.22 -6.111
,,,

OD 17.38, 120° 517.98 20.393 712.47 28.050 -194.49 -7.657
,,

OD 23.38, 0° 519.68 20.460 588.21 23.158 -68.53 -2.698
,

OD 23.38, 60° 517.45 20.372 477.52 18.800 39.93 1.572

OD 23.38, 120° 517.60 20.378 479.96 18.896 37.64 1.482

OD 38.75, 0° 519.48 20.452 531.22 20.914 -11.73 -0.462

OD 38.75, 60° 517.14 20.360 514.73 20.265 2.41 0.095

OD 38.75, 120° 517.78 20.385 509.52 20.060 8.26 0.325
....

L1, 0 ° 987.42 38.875 896.52 35.296 90.91 3.579
......

L1, 60° 987.93 38.895 879.91 34.642 108.03 4.253

L1,120 ° 988.14 38.903 842.09 33.153 146.05 5.750
....

L1,180 ° 987.12 38.863 814.65 32.073 172.47 6.790

L1,240 ° 986.92 38.855 821.59 32.346 165.33 6.509
,.,

L1,300 ° 986.97 38.857 873.30 34.382 113.67 4.475
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Table E 3.3: LHV RV, Fore, and Aft Cover Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement

Designation (mm) (in.) (ram) (in.) (mm) (in.)

OD A, 0° 500.68 19.712 500.63 19.710 0.05 0.002

OD A, 60° 500.63 19.710 500.91 19.721 -0.28 -0.011

OD A, 120° 500.89 19.720 500.94 19.722 -0.05 -0.002
......

ID B, 0 ° 426.59 16.795 426A7 16.790 0.13 0.005

ID B, 60 ° 426.39 16.787 426.67 16.798 -0.28 -0.011

ID B, 120 ° 426.72 16.800 426.59 16.795 0.13 0.005

ID C, 0 ° 490.55 19.313 490.27 19.302 0.28 0.011

ID C, 60° 491.08 19.334 491.13 19.336 -0.05 -0.002
...........

ID C, 120° 491.21 19.339 490.86 19.325 0.36 0.014

L2, 0 ° 236.19 9.299 234.39 9.228 1.80 0.071

L2, 60 ° 236.02 9.292 235.99 9.291 0.03 0.001

L2, 120° 235.79 9.283 235.89 9.287 -0.10 -0.004

L2, 180° 235.74 9.281 234.29 9.224 1.45 0.057

L2, 240 ° 235.76 9.282 232.59 9.157 3.17 0.125

L2, 300 ° 235.89 9.287 232.56 9.156 3.33 0.131

OD B, 0° 431.50 16.988 431.83 17.001 -0.33 -0.013

OD B, 60 ° 431.65 16.994 431.47 16.987 0.18 0.007

OD B, 120 ° 431.62 16.993 431.80 17.000 -0.18 -0.007

ID D, 0° 165.71 6.524 * * N/A N/A

ID D, 60 ° 165.79 6.527 * * N/A N/A

ID D, 120° 165.76 6.526 * * N/A N/A

L1, 0 ° 840.92 33.107 * * N/A N/A

L1, 60° 840.89 33.106 * * N/A N/A
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Table E 3.3: LHV RV, Fore, and Aft Cover Inspection Data

Pre-Test Post-Test Measurement Change
Measurement

Designation (mm) (in.) (ram) (in.) (mm) (in.)

L1,120" 840.92 33.107 * * N/A N/A

L1,180" 840.94 33.108 * * N/A N/A

L1,240`" 840.94 33.108 * * N/A N/A

L1,300" 840.92 33.107 * * N/A N/A

OD D, 0" 171.30 6.744 173.33 6.824 -2.03 -0.080

OD D, 60`" 171.27 6.743 171.81 6.764 -0.53 -0.021

OD D, 120" 171.25 6.742 171.96 6.770 -0.71 -0.028

OD E, 0" 482.60 19.000 499.44 19.663 -16.84 -0.663

OD E, 60° 481.41 18.953 442.57 17.424 38.84 1.529

OD E, 120" 481.51 18.957 465.79 18.338 15.72 0.619

• Part destroyed during test and measurement not possible.

Table E 4.1: HHV HI224A Container Body Inspection Data

Pre-Test Post-Test Measurement Change
Measurement

Designation (mm) (in.) (mm) (in.) (mm) (in.)

OD 0, 0" 822.63 32.387 786.33 30.958 36.30 1.429

OD 0, 45`" 824.18 32.448 842.01 33.150 -17.83 -0.702

OD 0, 90`" 821.64 32.348 818.13 32.210 3.51 0.138

OD 0, 135 ° 823.19 32.409 815.04 32.088 8.15 0.321

OD 1, 0" 825.70 32.508 780.36 30.723 45.34 1.785

OD 1, 45`" 826.82 32.552 838.48 33.011 -11.66 -0.459

OD 1, 90 ° 823.70 32.429 822.99 32.401 0.71 0.028

OD 1,135 ° 823.06 32.404 809.14 31.856 13.92 0.548
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Table E 4.1: HHV HI224A Container Body Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement

Designation (ram) (in.) (mm) (in.) (ram) (in.)

OD 20, 0° 823.87 32.436 650.70 25.618 173.18 6.818

OD 20, 45 ° 825.68 32.507 820.93 32.320 4.75 0.187
......

OD 20, 90 ° 823.24 32.411 945.21 37.213 -121.97 -4.802

OD 20, 135° 822.02 32.363 797.64 31.403 24.38 0.960
,. .........

OD 21, 0 ° 856.56 33.723 676.50 26.634 180.06 7.089

OD 21, 45 ° 858.27 33.790 858.24 33.789 0.03 0.001

OD 21, 90 ° 854.74 33.651 981.89 38.657 -127.15 -5.006

OD 21,135 ° 853.74 33.612 825.58 32.503 28.17 1.109

OD 22, 0 ° 824.31 32.453 629.72 24.792 194.59 7.661

OD 22, 45° 827.00 32.559 813.89 32.043 13.11 0.516
, ,

i

OD 22, 90° 823.93 32.438 965.76 38.022 -141.83 -5.584

OD 22, 135° 822.66 32.388 791.92 31.178 30.73 1.210

OD 24, 0° 823.21 32.410 614.12 24.178 209.09 8.232

OD 24, 45 o 826.26 32.530 807.59 31.795 18.67 0.'735

OD 24, 90 ° 823.24 32.411 982.09 38.665 -158.85 -6.254
.....

OD 24, 135° 822.53 32.383 782.70 30.815 39.83 1.568
........

OD 25, 0 ° 822.96 32.400 597.61 23.528 225.35 8.872

OD 25, 45 ° 825.45 32.498 798.78 31.448 26.67 1.050
....

OD 25, 90 ° 822.33 32.375 980.03 38.584 -157.71 -6.209

OD 25, 135° 822.07 32.365 779.42 30.686 42.65 1.679
w,

OD 26, 0° 908.51 35.768 682.96 26.888 225.55 8.880

OD 26, 45° 910.44 35.844 782.70 30.815 127.74 5.029
......

OD 26, 900 909.78 35.818 1059.05 41.695 -149.28 -5.877
.........

OD 26, 135° 907.49 35.728 907.03 35.710 0.46 0.018
......

221



Table E 4.1: HHV HI224A Container Body Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement
................

Designation (ram) (in.) (ram) (in.) (ram) (in.)
"' ,......

OD 27, 0 ° 819.81 32.276 585.09 23.035 234.72 9.24i

OD 27, 45° 821.87 32.357 747.67 29.436 74.19 2.921
....

OD 27, 90° 820.55 32.305 978.53 38.525 - 157.99 -6.220
......

OD 27, 135° 818.54 32.226 828.42 32.615 -9.88 -0.389
......... , .....

OD 28, 0° 810.39 31.905 591.41 23.284 218.97 8.621
........

OD 28, 45° 813.51 32.028 745.95 29.368 67.56 2.660
,,,

OD 28, 90 ° 810.92 31.926 968.32 38.123 -157.40 -6.197
, ......

OD 28, 135° 814.22 32.056 818.59 32.228 -4.37 -0.172

OD 37.75, 0° 809.60 31.874 634.90 24.996 174.70 6.878
,,,

OD 37.75, 45° 811.68 31.956 775.28 30.523 36.40 1.433
....

OD 37.75, 90 ° 806.86 31.766 951.56 37.463 -144.70 -5.697

OD 37.75, 135° 816.89 32.161 809.83 31.883 7.06 0.278

OD 38.75, 0° 808.05 31.813 634.52 24.981 173.53 6.832

OD 38.75, 45° 808.43 31.828 775.67 30.538 32.77 1.290

OD 38.75, 90 ° 804.24 31.663 947.62 37.308 -143.38 -5.645
,,,

OD 38.75, 135° 816.33 32.139 806.15 31.738 10.19 0.401
.........

OD 39.75, 0 ° 833.27 32.806 649.63 25.576 183.64 7.230

OD 39.75, 45° 832.36 32.770 798.53 31.438 33.83 1.332
......

OD 39.75, 90° 829.23 32.647 961.97 37.873 -132.74 -5.226
.........

OD 39.75, 135° 833.70 32.823 834.59 32.858 -0.89 -0.035
.....

OD 40.75, 0° 309.02 31.851 641.25 25.246 167.77 6.605
.........

OD 40.75, 45 ° 809.57 31.873 787.10 30.988 22.48 0.885
....

OD 40.75, 90 ° 803.22 31.623 938.48 36.948 -135.26 -5.325
,,,

OD 40.75, 135° 816.81 32.158 806.78 31.763 10.03 0.395
..............
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Table E 4.1: HHV HI224A Container Body Inspection Data

Measurement Pre-Test Post-Test Measurement Change

Designation (mm) (in.) (ram) (in.) (mm) (in.)
.... :I ..... 7 .... :_ _ L L _. _ , •

OD 41.75, 0° 810.77 31.920 644.80 25.386 165.96 6.534

OD 41.75, 45 ° 812.24 31.978 791.54 31.163 20.70 0.815
.... , ...... , , ii i ,,,, ,, ,,,, ,,

OD 41.75, 90 ° 805.51 31.713 935.94 36.848 -130.43 -5.135
, • , .... , • , t, t • , , J. ,,

OD 41.75, 135° 818.24 32.214 808.69 31.838 9.55 0.376
....................... ,,.,,,, ,,,........ -

OD 50.5, 0 ° 811.61 31.953 614.32 24.186 197.28 7.767
, ,,,, , , ....... , ...., ......... , , ,,,,, , , , ,, , . ,,, ,.,,,.,i, , ,, , ,

OD 50.5, 45 ° 812.42 31.985 809.96 31.888 2.46 0.097
, ,, , L , , , ,,, , L

OD 50.5, 90 ° 807.82 31.804 851.87 33.538 -44.04 -1.734
.......,..... , ........ m ..... ,,,, , i i,,, , ,,

OD 50.5, 135° 817.24 32.175 806.70 31.760 10.54 0.415
........ , ,

OD 51.5, 0° 816.13 32.131 762.00 30.000 54.13 2.131
,,, ,, t , , ,, ,, IlL J

OD 51.5, 45° 817.17 32.172 * * N/A N/A

OD 51.5, 90° 815.01 32.087 833.45 32.813 -18.44 -0.726
....................... ,

OD 51.5, 135 ° 825.32 32.493 * * N/A N/A

OD 52.5, 0 ° 816.66 32.152 764.54 30.100 52.12 2.052

OD 52.5, 45° 831.09 32.720 * * N/A N/A
, , ,,. n.. , ,

OD 52.5, 90 ° 817.91 32.201 828.04 32.600 -10.13 -0.399
.................. i

OD 52.5, 135° 825.32 32.493 * * N/A N/A
,, ,, .,,,,

L1, 0° 1458.04 57.403 * * N/A N/A
..... i

L1, 45° 1454.76 57.274 * * N/A N/A

L1, 90° 1454.89 57.279 * * N/A N/A

L1,135 ° 1456.18 57.330 * * N/A N/A

L1,180 ° 1457.55 57.384 * * N/A N/A
,, , , ,

L1,225 ° 1457.88 57.397 * * N/A N/A

L1,270 ° 1457.58 57.385 * * N/A N/A

L1,315 ° 1458.52 57.422 * * N/A N/A
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Table E 4.1: lillY 111224A Container Body Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement

Designation (mm) (in.) (ram) (in.) (mm) (in.)
: :'''r"'i" !I' ' '" ,, _.'_'", _ :,' '", ,L; ',.... _ ,/,;, ,,_;, '..... ,_, i i ',"',,,,, '

L2, 0° 1343'i0 52.878 * * N/A N/A
• ........... ,_

L2, 45° 1338.61 52.701 * * N/A NIA
...... , ,, .............. ..... - ....

L2, 90° 1338.58 52.7(X) * * N/A N/A
......... ,......... ,, .... ,, ,, : , ,,, , , ,, , ,, , ,, , , ,

L2, 135° 1340.31 52.768 * * N/A N/A
L,,,,,. ,, ..... ,,.,t, ,,

L2, 180° 1342.06 52.837 * * N/A N/A
...... ,,, ............ ,,,,, ,, ,, , , ,

L2, 225 ° 1341.09 52.799 * * N/A N/A
............. ,, ......... ,

L2, 270 ° 1341.35 52.809 * * N/A N/A
,, ,, , ,, , • ,, ,, ,

L2, 315 ° 1341.70 52.823 * * N/A N/A
......................

• Part destroyed during test and measurement not possible.

!

Table E 4.2: HHV Inner Container Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement
, , ,.... ..... _ ,,,, ,,,

Designation (ram) (in.) (ram) (in.) (mm) (in.)
, .... ' .............. ,i,, ..... '" ' """ ' --- ,

OD 0, 0° 520.83 20.505 527.51 20.768 -6.68 -0.263
..................

OD 0, 60° 517.53 20.375 528.32 20.800 -10.80 -0.425
, ........... ,...... m ,,,,

OD0, 120 ° 517.63 20.379 513.97 20.235 3.66 0.144
......, ..... _ ,, ,

OD 11.38, 0° 518.57 20.416 470.05 18.506 48.51 1.910
......

OD 11.38, 60 ° 517.42 20.371 528.35 20.801 -10.92 -0.430
,.....................

OD 11.38, 120° 517.58 : 20.377 539.39 21.236 -21.82 -0.859

OD 17.38, 0° 520.22 20.481 4(X).53 15.769 119.68 4.712
....... ,................. , .............

OD 17.38, 60 ° 518.08 20.397 507.90 19.996 10.19 0.401
...... , ......... _ ,,

OD 17.38, 120° 518.24 20.403 506.91 19.957 11.33 0.446
............... t

OD 23.38, 0° 519.05 20.435 469.52 18.485 49.53 1.950
...............
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Table E 4.2: IillV Inner ('ontainer Inspection Data

Measurement Pre-Test Post-Test Measurement Change

Designation (mm) (in.) (mm) (in.) (ram) (in.)
---- .... ii i_: ", ,",......... _ ' '_' '_" II, LJ '' _ " ' _ ,_ ..... S

OD23.38,60° 517.i7 20.361 465.66 18.333 51.51 2.028
, ......

OD 23.38, 120° 517.09 20.358 502.21 19.772 14.88 0.586

OD 38.75, 0° 518.74 20.423 483.46 19.034 35.28 1.389
_-:__

OD 38.75, 60° 517.53 20.375 595.58 23.448 -78.05 -3.073
_., __ , ..... _ .... _ _ ,, ,,,,, ,,, q .... , ,

OD 38.75, 120° 517.63 20.379 531.24 20.915 -13.61 -0.536

LI, 0 ° 986.23 38.828 982.68 38.688 3.56 0.140

LI, 60 ° 986.71 38.847 974.72 38.375 11.99 0.472
-.,,___ ,,, ,,,., ,,,,,,, ,,, ,w. , , .......

LI, 120 ° 987.12 38.863 971.55 38.250 15.57 0.613

LI, 180 ° 987.15 38.864 960.45 37.813 26.70 1.051
,,,, ,,,,,n........ , , ,, | ,,, ,, ,,,...... _

L1,240 ° 987.04 38.860 966.80 38.063 20.24 0.797

LI, 300 ° 987.04 38.860 979.50 38.563 7.54 0.297

Table E 4.3: titlV RV, Fore, and Aft Cover Inspection Data

Pre-Test Post-Test Measurement ChangeMeasurement
.... _ ,

Designation (mm) (in.) (mm) (in.) (mm) (in.)
L.... , ,,,! ,,, ,,,t..w ," - _.,, • ,, '..... " " "

OD A, 0 ° 502.72 19.792 * * N/A N/A
......... ,

OD A, 60° 502.92 19.800 508.97 20.038 -6.05 -0.238
___ _ ,,, ,

OD A, 120° 502.56 19.786 507.11 19.965 -4.55 -0.179
..... _ .......... ,

ID B, 0 ° 426.21 16.780 345.44 13.600 80.77 3.180
.....

ID B, 60° 426.26 16.782 441.96 17.400 -15.70 -0.618
.... , .....

ID B, 120° 426.36 16.786 462.28 18.200 -35.92 -1.414
........

ID C, 0 ° 490.88 19.326 454.18 17,881 36.70 1.445
- _ ............ ,

ID C, 60° 490.68 19.318 520.85 20.506 -30,18 -1.188
........................... I,,,
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Table E 4.3: IItlV RV, Fore, and Aft Cover Inspection Data

Measurement Pre-Test Post-Test Measurement Change
,/,,,,,,, , , ,,, J - : J,

Designation (ram) (in.) (mm) (in.) (ram) (in.)
.......... '-_....... _ .............. . ,?"-",, i ............... _"_ ....... u

ID C, 120° 490.32 19.304 514.60 20.260 -24.28 -0.956
, , , , u, 1.................... ,.,- , i,,,,,, .,,,,,,, , .... ,, ,,,

L2, 0° 234.87 9.247 227.20 8.945 7.67 0.302

L2, 60° I 235.25 9.262 210.31 8.280 24.94 0.982

L2, 120° 235.48 9.271 226.70 8.925 8.79 0.346
i i i iii,i,,i,,,,i i,,, , , ,i ,, ,, ,,,

L2, 180° 235.25 9.262 224.41 8.835 10.85 0.427
U'ILI I ....... , I I ,, ,,, , ,,,,,,,, ,, II = " , ',,

L2, 240 ° 234.87 9.247 224.16 8.825 10.72 0.422

L2, 300 ° 234.62 9.237 227.08 8.940 7.54 0.297
ii i i, i,,,,i,ii, i i, , ,,, , ,,,,, , _, i

OD B, 0 ° 431.55 16.990 * * N/A N/A
: i i ,, ,,,,,i, , i ,,, ,i J i, ,, ,,, , , ,,

OD B, 60° 431.50 16.988 433.43 17.064 -1.93 -0.076

OD B, 120° 431.32 16.981 432.54 17.029 -1.22 -0.048
,iir ,,,, , ,,, ......... , , I ,,,, , p , , i,, ,i

ID D, 0° 165.74 6.525 166.47 6.554 -0.74 -0.029
r , , _ ............... i ,, , ,,,, ,, ,,,,

ID D, 60° 165.74 6.525 169.95 6.691 -4.22 -0.166
i ,, ,J , ,,,, , ,, ,,,,, ,,,, , ,,,,, i

ID D, 120° 165.74 6.525 170.21 6.701 -4.47 -0.176
,, ,, , ,,,,, l ..... , ,,

L1, 0° 840.77 33.101 * * N/A N/A
i , ,, ,,,, ,, ,,,, • ,, , ,

L1, 60° 840.74 33.100 846.33 33.320 -5.59 -0.22
i, ,,, • ,, ,,, ,, ,, , ,............. J ,.............. , ,

Ll, 120 ° 840.74 33.100 841.07 33.113 -0.033 -0.013

Ll, 180 ° 840.79 33.102 * * N/A N/A
,,,, , ,,, , J, ,i ,, ,, ,, , ,, ,,,, ,,,,- ,,,,,,

Ll, 240 ° 840.79 33.102 838.99 33.031 1.80 0.071
, ,,,,, ,,, ,,, ,,i,,i ,,=,, i ,,, / L! _

Ll, 300 ° 840.74 33.100 842.54 33.171 -1.80 -0.07 l
,, ,,, ,, ...... ,u ,,

OD D, 0 ° 171.20 6.740 170.87 6.727 0.33 0.013
_,,.... ,,,,,.... ,,, ,

OD D, 60° 171.20 6.740 171.40 6.748 -0.20 -0.008
i,, i i

OD D, 120° 171.17 6.739 171.45 6.750 -0.28 -0.011
i ,,, , ,,,, ,, ,,,,

OD E, 0 ° 482.88 19.011 470.41 18.520 12.47 0.491
i i , , ,,,,, ..... ,, ,,,, ,

OD E, 60 ° 482.85 19.010 483.29 19.027 -0.43 -0.017
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Table E 4.3: IIIIV RV, Fore, and Aft Cover Inspection Data

Measurement Pre-Test Post-Test Measurement Change
, ,,, ,,, ,,,

Designation (mm) (in.) (ram) (in.) (ram) (in.)
IrI in ;_- iI , iII ,,,'!iSi I i ,_,= rn L . lInnnU,I, -- --

OD E, 120 C' 482.85 19.010 483.41 19.032 -0.56 -0.022

* Part destroyed during test and measurement not possible.
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