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PREFACE

This report was prepared by the Biomechanical Protection Branch, 8iodynamics and
Bioengineering Division of the Air Force Aerospace Medical Research Laboratory.
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64706-80-92 dated 18 March 1980. CMSgt Donald L. Wennen was the Program Manager
and Mr. Robert M. Dixon was the Program Engineer for the Life Support System
Program Office of the Aeronautical Systems Division.

: The impact facilities, data acquisition equipment, and data processing system
were operated by the Scientific Services Division of the Dynalectron Corporation
under Air Force contract F33615-79-C-0523. Mr. Harold F. Boedeker was the
Engineering Supervisor for the Dynalectron Corporation.

Photographic data and documentation services were provided by the Technical
Photographic Division of the 4950th Test Wing.

The authors are grateful to the many personnel of the Biomechanical Protection
Branch who participated in the planning, accomplishment, and documentation of
this test and evaluation effort. Special acknowledgment is given to Mr. Herman
Engel of the Crew Equipment and Human Factors Division, Directorate of Equipment
Engineering, Aeronautical Systems Division, for his technical consultation.
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INTRODUCTION

BACKGROUND

Operational malfunctions caused by design deficiencies in MA-5/-6 series lap
belts prompted a replacement effort. That effort, initiated in 1965, resulted
in the development and operational issue of the HBU series automatic lap belts
in 1970. Inherent design deficiencies in the HBU belts, that were identified in
operational testing and throughout its operational life, have proven difficult
to correct. After many years of testing and several attempts to correct the
operational and safety problems associated with the HBU series belts, Air
Training Command rejected use of the HBU belts and resumed use of the MA-5/6
series belts although fully recognizing their design deficiencies. MAJCOM
representatives to the 1979 World Wide Life Support Conference reported that
aircrew confidence in both types of belts was seriously declining. This lack of
confidence was considered to be a potential cause of delayed ejection decisions
which might reduce chances of successful ejection. The resultant action was
initiation of the HBU-X Lap Belt Program to replace all existing HBU and MA-5/-6
series lap belts. The objective of this program was to eliminate all identified
deficiencies in the existing belts which cause injury or fatalities during ejec-
tion.

This report describes the results of a series of eight impact tests conducted on
three preproduction HBU-X automatic opening, lap belts of different design
developed by three competing contractors. These tests were performed in accor-
dance with the HBU-X Lap Belt Test Plan, dated 8 Oct 81. The tests were con-
ducted under the auspices of the Life Support System Program Office (ASD/AES) of
the Aeronautical Systems Division of the Air Force Systems Command, Wright-
Patterson Air Force Base.

The test program that was conducted to evaluate each HBU-X prototype included
developmental as well as qualification tests. Developmental testing was per-
formed on the HBU-X components and assembly by each contractor. Tests were also
accomplished by the contractor to demonstrate that the design and construction
of the HBU-X prototype would meet the requirements of the development specifica-
tions. Test requirements included engineering development tests, system quali-
fication tests, reliability and maintainability tests, and laboratory tests.

Final qualification tests were performed by the Air Force. The belts were sub-
jected to a series of ejection seat tests accomplished by the 6585 Test Group,
Holloman AFB, N.M. Impact testing was performed by the Biomechanical Protection
Branch, AFAMRL, Air Force Systems Command. Initial Operational Test and Eval-
uation (IOT&E) was defined and conducted under the direction of Tactical Air
Command with coordination through the Implementing Command (AFSC) and a Test
Plan Working Group. Participating commands coordinated requirements for test
articles, test procedures, and reporting responsibilities with the Tactical Air
Command. Participating commands provided the required resources -to conduct
IOT&E to include aircraft, personnel, maintenance, and facilities.
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IMPORTANCE OF DYNAMIC TESTS

Restraint systems used in ejection seats must provide protection for the seat
occupant under a wide spectrum of acceleration conditions. The acceleration
conditions vary in terms of direction, magnitude, rate of onset, and energy
level. The design of the restraint systems and their components are sensitive
to each of these factors. For example, a webbing adjuster may prevent webbing
slippage under steady state loads but will slip under dynamic load conditions.
Furthermore, webbing materials commonly used in USAF restraint systems will fail
at different force levels depending upon the rate of application of the load and
the energy level. Recent operational mishaps involving restraint system
failures have focused additional attention on the methods used to evaluate the
adequacy of restraint systems. It is especially important that the methods that
are used adequately simulate the dynamic characteristics of the operational
conditions.

Ejection seats and their restraint systems must meet the acceleration and
loading conditions described in MIL-A-008865A(USAF), rigidity, and MIL-S-94798
(USAF), the ejection seat specification. MIL-A-008865A specifies that ejection
seats should be designed for the crash loads listed below.

TABLE 1
SEAT CRASH LOADS

Longitudinal Vertical Lateral
Forward Aft Down Up Left Right
40 7 25 10 14 14

The loads that are specified are minimum ultimate load factors that are to be
multiplied times the combination of occupant weight plus equipment shown in AFSC
DH 2-1.

MIL-S-9479B (USAF) also describes the ultimate loads for the seat system
including the restraint system. Three restraint subsystem load conditions are
specified: 8,600 1b forward, 8,600 1b 200 to each side of forward, and 1,750 1b
downward applied through the occupant center of gravity. The seat system must
carry these loads plus 40 times the seat weight forward and 200 to each side of
forward, respectively, through the combined occupant and seat system center of
gravity, and 4,300 1b plus 25 times the seat system weight downward through the
occupant and seat system combinaticn center of gravity. MIL-S-9479B (USAF)
further specifies that the seat system must withstand shock test conditions in
accordance with method 516, procedures I and III with a shock pulse in accor-
dance with Figure 515-1 (now labeled Figure 516.2-) and -2), amplitude a and
time duration c, of MIL-STD-810. The most severe . hock pulse described has a
peak. acceleration value of 40 G with a nominal duration of 0.011 sec. Unfor-
tunately, this pulse represents a velocity change of only 7.1 ft/sec, which can
be produced by a drop height of 1ittle more than 9 inches. It is clearly not a
test that will adequately evaluate a restraint system intended to protect a seat
occupant under high velocity aircraft crash or emergency escape conditions.
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MIL-S5-94798 (USAF) is usually interpreted to also require a restraint system
that will withstand the loads applied throughout the entire escape sequence at
ejection velocities up to and including 600 knots equivalent airspeed (KEAS).
Unfortunately, this logical interpretation is sometimes confounded by an errone-
ous interpretation that the maximum restraint harness loads that will be experi-
enced are associated with the acceleration limit conditions (maximum of 35 G in
the -X axis) specified in Figures 4 through 8 of MIL-S-9479B (USAF). This
second interpretation is incorrect since it assumes that the escape accelera-
tions will always be no more than the limit conditions. In practice, this has
not been the case. Therefore, the restraint system must be designed to with-
stand the actual acceleration conditions associated with 600 KEAS escape. The
accelerations are frequently higher due to the lack of directional stability of
the seat and the occurrence of high transient loads such as the opening shock
associated with a drogue parachute.

Taking each of these requirements into consideration, it appears that the 40 G
minimum ultimate load is a reasonable test condition to meet the forward load
conditions that would be expected under either aircraft crash or emergency
escape conditions. However, in view of both the operational conditiins which
have led to catastrophic failures of restraint systems during the ejection
sequence and the experience gained from dynamic tests of restraint systems, it
is important that the loads be applied dynamically to uncover failure modes that
would not become apparent under steady state loads.

Specification number 412A-07878-55016, the development specification for HBU-X
lap belts, describes two types of impact tests. These are shock up to 400 +40 G
(3 millisecond pulse duration) along any axis and crash loads of 40 G. The
impact tests that are described in this report were accomplished to provide the
40 G crash loads.

The HBU-X specification does not provide a detailed description of the 40 G test
conditions; therefore, the test conditions were developed in consultation with
the Life Support System Program Office and other members of the HBU-X Test Plan
Working Group.

The acceleration profile was determined on the basis of previous estimates of
fighter aircraft crash velocities and crash test conditions (Preston and Moser,
1956), dynamic testing recommendations of the Air Force Flight Dynamics
Laboratory (Peterson, 1969), and the available acceleration profile control
metering pins: of the AFAMRL Impulse Accelerator Facility. It was decided that
the 40 G acceleration profile would be a triangular shape of 0.1 to 0.12 sec
duration with a velocity change of at least 64 ft/sec. Available metering pins
then dictated that the profile would be 0.12 sec in duration, peak at 40 G in
0.07 sec, and achieve a maximum velocity of 106 ft/sec. The velocity change of
the test profile exceeds the minimum velocity, but this is desirable since it
covers a larger range of potential aircraft crash velocities and emergency
escape conditions.

TESTING APPROACH

The tests were accomplished to demonstrate the structural integrity of the HBU-X
lap Lelts when subjected to an acceleration of 40 G. The acceleration pulse
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duration was 125 milliseconds with a velocity change of 104 to 106 ft/sec. This
acceleration profile provided a high-energy impact condition to approximate
aircraft crash or ejection seat acceleration conditions.

Prior to testing the HBU-X lap belts, a series of tests were accomplished to
establish the impact facility operating parameters necessary to achieve the
velocity, duration, and peak G impact profile specified in the test plan. The
initial tests of this series were conducted without a dummy and restraint har-
ness. To verify the 40 G impact profile, the final test in this series, test
1968, was accomplished with the dummy restrained in the seat fixture using a
modified HBU-2 lap belt and double shoulder harness. Test 1968 resulted in
complete failure of the restraint harness. Test 1968 occurred as programmed and
all impact facility systems functioned normally. This test was scheduled to
produce a peak acceleration of 40 G, with a velocity change of 106 ft/sec. The
measured impact sled acceleration was 44.1 G with a velocity change of 99.7
ft/sec. The higher acceleration is attributed to the restraint failure and the
reduction of the sled/payload mass as the dummy separated from the sled. A
review of the high speed films and lap belt load data of test 1968 revealed that
the lap belt webbing material failed at its point of attachment to the belt
buckle, preceding and precipitating total restraint harness failure, at loads
well below the peak lap belts loads expected from a nominal 40 G impact exrn- §
sure, The plan, prior to test 1968, was to conduct all tests at the 40 G ict }
level. As a result of this incident, a modification of the test plan was pro-
posed and approved by ASD/AES. The modification provided a method to collect
data to enable comparisons between the HBU-X lap belts at progressively higher
acceleration levels. Each of the prototype lap belts would be exposed initially
at the 32 G, then 38 G, and finally at the 40 G level.

The dummies used for this program were Alderson Research Laboratories, Inc.,
type F-95 and C-95. These dummies were selected because they were readily
available at AFAMRL in numbers sufficient to accomplish the test program. These
dummies were designed to represent a 95th percentile weight adult male.

Although these dummies do not realsistically reproduce human response to impact,
the weight and weight distribution were considered to be adequate for -Gx impact
structural adequacy testing of the HBU-X lap belts.

Due to the sensitive nature of contractor competition in the HBU-X lap pelt
program, contractors and their representatives were restricted from the test
area during testing. In addition contractors were not permitted to have access
to any data from the tests. Prior to the testing of HBU-X lap belts all branch
personnel and the on site contractor were briefed on this policy.
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TEST METHODS

IMPACT FACILITY

The AFAMRL Horizontal Impulse Acceleration Facility shown in Figure 1, was used
for all tests. The Horizontal Impulse Accelerator actuator, test sled, and test
seat are shown in Figures 2 and 3. Figure 4 is a cross section view of the
actuator. The actuator produces forward thrust through differential gas
pressures acting on opposite faces of a thrust piston in a closed cylinder. The
cylinder is divided by an orifice plate into a rear or load chamber and a front
or set chamber. Prior to firing, a low gas pressure (relative to the rear
chamber pressure) forces the thrust piston against a seal ring on the orifice
plate. The full area of the front of the thrust piston is exposed to the high
pressure in the rear chamber. The system is stable in this condition as the net
force on the piston is acting rearward so as to maintain the seal. At firing,
high pressure gas is introduced between the orifice plate and the rear of the
thrust piston upsetting the seal. At this point the full area of the rear of
the thrust piston is exposed to the high pressure gas in the rear chamber pro-
ducing a large net forward force om the thrust column and sled combination. By
controlling the manner in which the gas is metered through the orifice into the
thrust chamber, the stroke length and the initial pressures, the resulting force
and the acceleration imparted can be altered and controlled. After the initial
acceleration, the test portion, the sled is decelerated along the track rails by
pneumatic brakes at a deceleration level much lower than the impact level.

DATA ACQUISITION SYSTEM

Both data acquisition and processing requirements were satisfied by utilizing
the Automatic Data Acquisition System (ADACS), which has the capability of
sampling 48 channels at a rate of 1000 samples/second/channel. For this test
program, data were taken using 14 channels. The on board portion of the ADACS
amplifies, filters, and encodes the analog data samples from all channels into a
digital format (pulse code modulated) which is then transmitted via an umbilical
cable to a word formatter. The word formatter reformats the serial data into
parallel data which are then routed to a PDP-11/34 computer for storage and
analysis. For details on this system, see Appendix A.

Electronic data collected during the tests included sled acceleration and veloc-
ity, and harness loads. Detailed descriptions of the instrumentation, electro-
nic data processing equipment, mounting procedures, and calibration techniques
are provided within Appendix A. Sled acceleration was measured using three
miniature, piezoresistive accelerometers mounted to the structure of the sled.
Velocity was computed from displacement data collected during the impact phase
of the tests. The test fixture was instrumented to measure the inertial forces
reacted into the restraint system by the dummy using triaxial load cells.

A video camera was also used to document the tests. This camera and the
recorder used with it are capable of recording motion at a rate of 120
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frames/sec with an effective shutter speed of 10 microseconds or less. Use of
this system allowed the investigators to evaluate the lap belt response to
impact immediately after each test. This system is described in Appendix A.

i ANTHROPOMORPHIC DUMMY

The dummies used for this program were Alderson Research Laboratories, Inc.,
§ type F-95 and C-95. These dummies are designed to represent a 95th percentile
adult male and are commonly used for USAF ejection seat tests. The dummies
weighed 210 1bs. Prior to testing, the dummy's joints were adjusted to a nomi-
nal one G value in accordance with Federal Motor Vehicle Safety Standard No. 208
(U.S. Department of Transportation, 1972).

1 TEST ARTICLES, TEST PREPARATIONS AND PROCEDURES

The HBU-X lap belt is an automatic opening, adjustable safety belt for aircraft
ejection seats. The automatic opening feature of the belt is gas activated.
The buckle assembly incorporates a mechanism to provide manual opening. The
buckle also provides a connection for a gold key used for automatic parachute
deployment. The belt consists of two fabric web straps, two strap adjusters,
and seat attachment hardware. Examples of the HBU-X Lap Belts manufactured by
Stencel Aero Engineering, Frost Engineering, and H. Koch and Sons; are shown in
Figures 5, 6, and 7, respectively.

The Stencel lap belts consisted of 1 3/4 inch wide polyester webbing, two East/
West adjusters, and a Stencel lap belt buckle, featuring a depress-and-lift-to-
release manual release mechanism,

The Frost lap belts consisted of 1 3/4 inch wide polyester webbing, two Frost
adjusters, and a fFrost lap belt buckle, featuring a squeeze-and-lift-to-release
manual release mechanism and an independent gas pressure automatic release
mechanism.

The Koch lap belts consisted of 1 3/4 inch wide polyester webbing, two Koch
adjusters, and a Koch lap belt buckle, featuring a squeeze-and-rotate-to-release
manual release mechanism.

A11 HBU-X lap belts were tested as delivered by ASD/AES. Each component of the
restraint harness, i.e., lap belt, shoulder harness, crotch (negative G) strap,
and associated hardware, received only one exposure to -Gy impact. The shoulder
harness was an MB-6 harness (MIL-H-53640) constructed of 1 3/4 inch wide Type I
polyester webbing (MIL-W-25361C). The crotch strap (Air Force Part No.
45402-0101649-01? was also constructed of 1 3/4 inch wide Type I polyester
webbing. The restraint harness attachment locations and seat dimensions are
shown in Figure 8. Prior to each test the lap belt and shoulder harness were
preloaded to create a force of 10 +2 pounds measured at each of the restraint
load cells. The configuration of the test fixture, harness attachment points,
and the symmetry of the restraint harness were identical for all tests. After
all adjustments to the lap belts and shoulder harness were completed, each belt
l and shoulder harness was marked at the adjuster to allow measurement of belt

s\

T R e cwag 0 et s e 5 5
h i - - '"“:‘*-?.-r‘ e




FIGURE 5. STENCEL LAP BELT 3

FIGURE 6. FROST LAP BELT

14

- - §
e — e Sl ok ] i
b S .




FIGURE 7. KOGH LAP BELT
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Inches

Point| Axis {Centimeters)

gl I Y 2
Center
Reference 1 0 0 0

+15.00 -1.56

Load Cel 2 J(+38.1) 0 (-3.96)
Triaxial 3 0 +9.00 -1.77
Load Cell {222.8€08 (4,50 ]
Triaxial 4 0 -9.00 -1.77
Load Cel) (-22.86)] (-4.50)
riaxial 5 -11.83 0 +26.76
Load Cel) (-30.00) (+68.00)

FIGURE 8.

CELL 2 PROVIDES A POSITIVE (+) OUTPUT
N THE N-6 STRAP IS PULLED IN THE
+2 DIRECTION.

T‘RlAX‘AL LOAD CELL § PROVIDES A POSITIVE (+)

o Y AND 7 WHEN THE HARNESS
1S PULLED IN THE +X, -Y AND -2 DIRECTIONS
RESPECTIVELY.

TRIAXIAL LOAD CELLS 3, 4 PROVIOE A POSITIVE
+ HE HARNESS 1S PULLED
TOWARDS THE CENTER REFERENCE.

RESTRAINT HARNESS ATTACHMENT LOCATIONS & SEAT DIMENSIONS




slippage. Impact tests were to be accomplished at progressively higher G levels
and velocities until failure occurred or until the 40 G test level was achieved.
The first exposure was at 32 G, the second exposure at 38 G, and the final expo-
sure at 40 G. The negative G strap was used with the restraint harness only
during the 40 G impact. This test sequence was repeated for all tests of the
contractor's lap belts. After each test the belt buckle was manually released
by the test conductor to check for proper function. The belts were then removed
from the test fixture and any belt slippage was measured. Post test photographs
were taken of all test failures.

The only exception to the test sequence occurred after catastrophic failures of
the Koch buckle during both the 32 G and 38 G tests. ASD/AES elected to cancel
impact testing of the Koch lap belt at the 40 G level.

DATA PROCESSING

Data from each test was reduced in a standardized format. Reduced electronic
data are available for review within Appendix B. Computer summaries provide
relevant maxima and minima from a total of 14 recorded signals. Relevant sums
and times were also computed. The sums of the measured forces are the maximum
values of continuously summed measurements. Scaled plots of selected signals
and computed resultants were produced. Time integrals of sled acceleration
signals were compared with velocity determined from displacement measurements.




FINDINGS

TEST BY TEST NARRATIVES

T TP

_ Test 1976 - A test of the Stencel lap belt. The maximum sled acceleration was

i 31.8 G, the maximum sled velocity was 93.0 ft/sec, and the duration of the accel-
eration pulse was 143 milliseconds. The measured belt slip through each

adjuster was less than 1/2 inch. The manual release of the buckle functioned
satisfactorily after the acceleration test.

Test 1977 - A test of the Stencel lap belt. The maximum sled acceleration was
38.3 G, The maximum sled velocity was 103 ft/sec, and the duration of the accel-
eration pulse was 131 milliseconds. The measured belt slip through each
adjuster was less than 1/2 inch. The manual release of the buckle functioned
satisfactorily after the acceleration test.

Test 1978 - A test of the Stencel lap belt. The maximum sled acceleration was
41,9 G, the maximum sled velocity was 106 ft/sec, and the duration of the accel-
eration pulse was 125 milliseconds. The lap belt material failed on the right
side lap belt, preceding and precipitating total restraint harness failure.

Test 1979 - A test of the Frost lap belt. The maximum sled acceleration was
32.1 G, the maximum sled velocity was 93.1 ft/sec, and the duration of the
acceleration pulse was 140 milliseconds. The measured belt slip through each
adjuster was less than 1/2 inch. The manual release of the buckle functioned
satisfactorily after the acceleration test,

Test 1980 - A test of the Frost lap belt, The maximum sled acceleration was
39.5 G, the maximum sled velocity was 103 ft/sec, and the duration of the
acceleration pulse was 130 milliseconds. The measured belt slip through each
adjuster was less than 1/2 inch. The manual release of the buckle functioned
satisfactorily after the acceleration test.

Test 1981 - A test of the Frost lap belt. The maximum sled acceleration was

40.4 G, the maximum sled velocity was 104 ft/sec, and the duration of the accel-

eration pulse was 126 milliseconds. The measured belt slip through both lap

belt adjusters was greater than 1/2 inch. The left side belt slipped approxi- &
mately 9 inches and the right side slipped approximately 8 inches. The measured

belt slip through the shoulder harness adjusters was less than 1/2 inch. The

manual release of the buckle functioned satisfactorily after the test.

Test 1982 - A test of the Koch lap belt. The maximum sled acceleration was

33.2 G, the maximum sled velocity was 95.0 ft/sec, and the duration of the accel-
eration pulse was 143 milliseconds. The lap belt buckle failed, preceding and
precipitating total restraint harness failure.
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Test 1983 ~ A test of the Koch lap belt. The maximum sled acceleration was

4]1.2 G, the maximum sled velocity was 106 ft/sec, and the duration of the accel-
eration pulse was 125 milliseconds. The lap belt buckle failed, preceding and
precipitating total restraint harness failure.

SUMMARY OF DATA

The test data collected from each test are summarized in Tables 2 to 9.

i These tables provide sled acceleration maximums, sled impact velocity, the maxi-
r mum restraint strap loads in three axes, and the maximum magnitude of the
H resultant restraint strap load vectors.

Figures 9 to 11 contain graphs of the data collected from each of the above men-
tioned chan~2ls during test 1976. The data from all eight tests accomplished
during this program are provided in Appendix B.
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? TABLE 2. SUMMARY OF THE ELECTRONICALLY MEASURED
AND COMPUTED DATA FROM TEST 1976

MAXIMUM SLED ACCELERATION (G)

X Axis -31.78 ?

Y Axis 2.91 ;

Z Axis 2.77 -1 1
SLED VELOCITY AT IMPACT (FT/SEC) 91.5

SHOULDER HARNESS MAXIMUM LOAD (LBS)

X Axis 3494
Y Axis 221
. L Axis 937
Resultant 3618

MAXIMUM LEFT LAP BELT LOAD (LBS)

X Axis 2692
Y Axis 1061
Z Axis 3787

MAXIMUM RIGHT LAP BELT LOAD (LBS)

X Axis 2640
Y Axis 1227
Z Axis 2635

Resultant 3924




TABLE 3. SUMMARY OF THE ELECTRONICALLY MEASURED
AND COMPUTED DATA FROM TEST 1977

MAXIMUM SLED ACCELERATION (G)

X Axis -38.25
Y Axis 3.53
Z Axis 3.42
SLED VELOCITY AT IMPACT (FT/SEC) 100.9

MAXIMUM SHOULDER HARNESS LOAD (LBS)

X Axis 4093
Y Axis 180
Z Axis 1133
Resultant 4249

MAXIMUM LEFT LAP BELT LOAD (LBS)

X Axis 3553
Y Axis 1278
Z Axis 2891
Resultant 4755

MAXIMUM RIGHT LAP BELT LOAD (LBS)

X Axis 3465
Y Axis 1397
Z Axis 3197

Resultant

{




g TABLE 4. SUMMARY OF THE ELECTRONICALLY MEASURED

1 AND COMPUTED DATA FROM TEST 1978

g MAXIMUM SLED ACCELERATION (G)

4 X Axis -41,01

. Y Axis 3.59

] Z Axis -5.94
SLED VELOCITY AT IMPACT (FT/SEC) 105.7

MAXIMUM SHOULDER HARNESS LOAD (LBS)

X Axis 4092
Y Axis 720
Z Axis 1244
Resultant 4267

MAXIMUM LEFT LAP BELT LOAD (LBS)

X Axis 3578
Y Axis 1339
Z Axis 2972
Resultant 4840

MAXIMUM RIGHT LAP BELT LOAD (LBS)

X Axis 3327

Y Axis 1319

Z Axis 3077

Resultant 4720
s
.
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TABLE 5. SUMMARY OF THE ELECTRONICALLY MEASURED
AND COMPUTED DATA FROM TEST 1979

MAXIMUM SLED ACCELERATION (G)

X Axis -32.07

Y Axis 2.97

7 Axis 3.47
" SLED VELOCITY AT IMPACT (FT/SEC) 91.8

MAXIMUM SHOULDER HARNESS LOAD (LBS)

X Axis 3921
Y Axis 114
Z Axis 908
Resultant 4012

MAXIMUM LEFT LAP BELT LOAD (LBS)

X Axis 2714
Y Axis 1053
Z Axis 2435
Resultant 3788

MAXIMUM RIGHT LAP BELT LOAD (LBS)

X Axis 2744
Y Axis 1276
7 Axis 2659
Resultant 4029
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TABLE 6. SUMMARY OF THE ELECTRONICALLY MEASURED
AND COMPUTED DATA FROM TEST 1980
MAXIMUM SLED ACCELERATION (G)
X Axis -39.45
Y Axis 3.43
Z Axis 3.99
SLED VELOCITY AT IMPACT (FT/SEC) 101.5
MAXIMUM SHOULDER HARNESS LOAD (LBS)
X Axis 4529
Y Axis 116 ‘
Z Axis 1074 .
Resultant 4643 1
MAXIMUM LEFT LAP BELT LOAD (LBS)

X Axis 3326
Y Axis 1350
1 Axis 2863
Resultant 4591

MAXIMUM RIGHT LAP BELT LOAD (LBS)

X Axis 3337
Y Axis 1433
Z Axis 3263
Resultant 4878
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TABLE 7. SUMMARY OF THE ELECTRONICALLY MEASURED
AND COMPUTED DATA FROM TEST 1981

MAXIMUM SLED ACCELERATION (G)

X Axis -40.41

Y Axis 3.57

: Z Axis 3.56
SLED VELOCITY AT IMPACT (FT/SEC) 102.5

MAXIMUM SHOULDER HARNESS LOAD (LBS)

X Axis 4403
Y Axis 272
7 Axis 1047

Resultant 4512

MAXIMUM LEFT LAP BELT LOAD (LBS)

¥ X Axis 2528
Y Axis 1049
7 Axis 2428
Resultant 3659

MAXIMUM RIGHT LAP BELT LOAD (LBS)

i

*l X Axis 3030
; Y Axis 1317
, 7 Axis 2922

Resultant 4379




TABLE 8. SUMMARY OF THE ELECTRONICALLY MEASURED

AND COMPUTED DATA FROM TEST 1982

MAXIMUM SLED ACCELERATION (G)

X Axis
Y Axis
Z Axis

SLED VELOCITY AT IMPACT (FT/SEC)

MAXIMUM SHOULDER HARNESS LOAD (LBS)

X Axis
Y Axis
Z Axis
Resultant

MAXIMUM LEFT LAP BELT LOAD (LBS)

X Axis
Y Axis
7 Axis
Resultant

MAXIMUM RIGHT LAP BELT LOAQV(LBS)

X Axis
Y Axis
Z Axis
Resultant
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-33.16
2.56
3.95

93.4

1843
70
342
1969

2426

842
2118
3318

2384
1060
2163
3386
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TABLE 9. SUMMARY OF THE ELECTRONICALLY MEASURED
AND COMPUTED DATA FROM TEST 1983

MAXIMUM SLED ACCELERATION (G)

X Axis -41,01
Y Axis 3.58
Z Axis 4.42
SLED VELOCITY AT IMPACT (FT/SEC) 104.6

MAXIMUM SHOULDER HARNESS LOAD (LBS)

X Axis 1987
Y Axis 4?2
Z Axis 360
Resultant 2013

MAXIMUM LEFT LAP BELT LOAD (LBS)

X Axis 2062
Y Axis 884
Z Axis 1824
Resultant 2891

MAXIMUM RIGHT LAP BELT LOAD (LBS)

X Axis 1666
Y Axis 529
Z Axis 1646
Resultant 2401
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TIME IN MILLISECONDS

FIGURE 10. ELECTRONIC DATA GRAPHS FROM TEST 1976

3 HBUX LAP BELT STUDY TEST NO: 1976 SUBJ ID: 95%
5000.0 7 LF LAP X (LB) 5000.8 7 LF LAP Z (LB)
4000.0 - 4000.0
- 3000.0 - 3000.0 -
! 2000.0 - 2000.0 -
1000.0 - 1000.0 -
:' 0.0 ™ T T =) 0.0 T T T 1
) 5000.0 5 LF LAP v (LB) 5000.0 | LF LAP RES (LR)
4000.0 - 4000.0
3000.0 - 3000.¢
2000.0 - 2000.0
1000.0 - #/“\\\¥, 1000.0 -
0.0 r - ; , 0.0 e . ,
196 340 490 640 790 190 340 490 640 790
TIME IN MILLISECONDS
FIGURE 9. ELECTRONIC DATA GRAPHS FR0M TEST 1976
|
HBUX LAP BELT STUDY TEST NO: 1976 SUBJ ID: 95%
5000.0 1 RT LAP X (LB) 5000.0 4 RT LAP Z (LB)
4000.0 - 4000.0
3000.0 - 3000.0
2000.0 - 2000.0
1000.0 - 10000 -
0.0 — . . ) 0.0 - 7 r .
5000.0 1 RT LAP ¥ (LB) 5000.0 7 RT LAP RES (LB) 2~
4000.0 - 4000.0 -
3000.0 - 3000.0 -
2000.0 - 2000.0 ,
1000.0 - ‘/\\ 1000.0 i
0.0 A : . \ 0.0 3 - r \
190 340 490 640 790 190 340 490 640 790




HBUX LAP BELT STUDY TEST NOt 1976 SUBJ 1D: 95X
5000.0 o SHOULDER X (LB) 5000.0 7 SHOULDER Z (LB)
4000.0 4000.9
3000.0 - 3000.0
2000.90 2000.9
: 1000.0 1000.0
0.0 ' y ' . 0.0 + j‘\ v r \
5000.0 o SHOULDER Y (LB) 5000.0 7 SHOULDER RES (LB)
4000.0 - 4000.0
3000.0 3000.0 -
2000.0 2000.0 -
1000.0 - 1000.0 -
0.0 S y ) e.0 T v T ]
190 340 490 G40 790 190 346 490 640 790

TINE IN MILLISECONDS

FIGURE 11. ELECTRONIC DATA GRAPHS FROM TEST 1976
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INTERPRETATION OF DATA

The results of the tests are summarized in Table 10.

DISCUSSION

Tests 1976, 1977, 1979,

and 1980 were judged to be successful tests since the restraint systems did not
structurally fail and the slippage of the lap belt webbing was found to be

within the 1/2 inch of allowable slippage.

Failure of the lap belt in test 1978

was determined on the basis of observations of webbing failure by high-speed
motion picture data, post-test inspection of the webbing material, and analysis

of the lap belt load data.

1981.

measured on both sides of the lap belt.

nism occurred in test 1982 and test 1983.
basis of motion picture data, post-test inspection of the buckles, and interpre-
tation of the lap belt load measurements.

Failure of the lap belt adjusters occurred in test

This determination was made on the basis of the extensive slippage

Failures of the lap belt buckle mecha-
This determination was made on the

TABLE 10. SUMMARY OF TEST RESULTS
TEST | PLANNED | MEASURED LAP BELT |  TEST

NO. | & LEVEL | G LEVEL MANUFACTURER |  OUTCOME REMARKS
1976 32 31.8 STENCEL SUCCESS

1977 38 38.3 STENCEL SUCCESS

1978 40 41.9 STENCEL FAILURE BELT FAILED
1979 32 32.1 FROST SUCCESS

1980 38 39.5 FROST SUCCESS

1981 40 40.4 FROST FAILURE BELT SLIPPAGE
1982 32 33.2 KGCH FAILURE BUCKLE FAILED
1983 38 41.0 KOCH FAILURE BUCKLE FAILED

The case of the webbing failure on test 1978 appeared to be a sharp radius on
The cause of the belt slipage of test 1981 may have been
incompatibility between the adjuster design and the webbing material. This
adjuster was originally qualified for application in the U.S. Army Blackhawk
helicopter restraint system using a webbing material that is more flexible than

the lap belt buckle,

the webbing used in these tests.

Higher than programmed X axis acceleration measured on tests 1978, 1982, and
1983 resulted after failure of the restraint systems, the higher acceleration
occurred because the total mass of the sled being propelled by the Impulse

Accelerator is reduced as the dummy is released.




™

The two failures of the Koch 1ap belt buckle appeared to have resulted from
structural deficiencies.

Although the lap belt webbing and the buckle mechanism did not fail on test
1981, this test was judged to be an inadequate test of the webbing and buckle
since the loads in the belt were reduced by the adjuster slippage. The maximum
resultant load measured at the left lap belt attachment was 3658 lbs. and at the
right lap belt attachment it was 4378 1bs. In contrast, the left and right lap
belt resultant loads were 4591 1bs. and 4878 1bs., respectively, in test 1980
where the adjuster slippage was less than 1/2 inch. However, since the buckle
and webbing did not fail in test 1980 at 39.5 G, there was no evidence to
conclude that the buckle and webbing would have failed under the 40.4 G con-
dition of test 1981 if the adjusters had not slipped.

Prototypes of each of the contractor's lap belt designs were subjected to static
Toading tests by each contractor prior to the accomplishment of the dynamic
tests described in this report. Each prototype withstood the applied static
load. This fact highlights the importance of dynamic testing.

RECOMMENDATIONS

Further tests of the two adjusters are recommended. Tests of the Koch and
East/West adjusters should be performed with the Frost buckle to compare their
efficacy under 40 G conditions.

In the future automotive crash dummies should be used in tests of this type.
These dummies have been developed to simulate the dynamic mechanical responses
of the human body to -Gy impact. Although the simulation is not completely
accurate, these dummies would provide more realistic loading of the restraint
system and thereby provide more assurance of the structural adequacy of
restraint systems under operational conditions.
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SUMMARY AND CONCLUSIONS

Eight impact tests were performed to evaluate preproduction HBU-X lap belts
supplied by three contractors. The impact tests were performed at 32, 38, and
40 G levels with impact velocities ranging up to 106 ft/sec.

The Stencel and Frost lap belts successfully completed impact tests at the 32
and 38 G levels.

The Stencel lap belt structurally failed at the 40 G level.

The Frost lap belt failed the 40 G level test due to excessive lap belt slippage
through the adjusters.

The buckle of the Koch lap belt failed at the 32 and 38 G levels.

Further tests of each of the Koch and East/West adjusters are warranted.

Further tests of the Frost buckle are recommended since there was no evidence of
failure of this unit in any of the tests. These tests should be performed with

other lap belt adjusters or with other webbing material that might be less
likely to slip through the adjusters supplied with the Frost lap belt.

S
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APPENDIX A

DATA ACQUISITION EQUIPMENT AND METHODS
ACCELEROMETERS

The sled acceleration was measured using two Endevco Model 2264 accelerometers
and one Endevco Model 2262 accelerometer. These accelerometers were rigidly
fastened to the test sled to measure the accelerations in the X, Y, and Z axis.
Figure A - 1 shows the coordinate system utilized for the testing and the
corresponding output polarity for an applied acceleration. The package was
oriented such that the Model 2262 transducer measured the primary acceleration
and the Model 2264 accelerometers measured the secondary axes. The specifica-
tions for these accelerometers are shown in Figures A - 2 and A - 3.

HARNESS INSTRUMENTATION

The harness instrumentation consisted of four load measuring transducers located
at the four points the harness attached to the seat. The harness and seat are
shown in Figure A - 4. Two types of transducers were used in measuring harness
loads. Three GM triaxial load cells were used to measure lap belt and shoulder
harness loads. One Strainsert load cell, shown in Figure A - 5, was used to
measure the negative G strap load. A1l load cell outputs were wired to
correspond with the coordinate system shown in Figure A - 6. A1l of the trans-
ducers produced a positive output when placed under tension in accordance with
the coordinate system shown in Figure A - 1. The Digital Instrumentation
Requirments sheet of Figure A - 7 contains the pertinent data for all of the
transducers used in the test program.

CALIBRATION

Strainsert load cells were calibrated on a periodic basis at the Precision
Measurement Equipment Laboratories (PMEL), Wright-Patterson Air Force Base. The
PMEL documents the calibration test results by a certificate which provides sen-
sitivity and linearity data.

Accelerometers were calibrated using AFAMRL facilities. These calibrations
were performed prior to and upon the completion of each phase of the test
program. Calibration of each test accelerometer was performed to determine sen-
sitivty, phase, and frequency characteristics by using a reciprocity method.
This method utilizes a shaker table to physically vibrate the test and standard
accelerometers simultaneously for comparison of their outputs. The laboratory
standard accelerometer is calibrated yearly to standards traceable to the
National Bureau of Standards. The frequency response and phase characteristic
of each accelerometer was obtained using a random noise generator to drive the
shaker assembly and analyzing the output data by Fourier analysis using a PDP
11/15 computer and a Time Data unit. Accelerometer natural frequency and dam-
pening factor are also derived and computed from this information.
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ACCELEROMETER COORDIMATE SYSTEM

ACCELERATION

Accelerometers will be oriented
and wired to provide an output
corresponding to the applied
acceleration. Use this table
as a reference:

Acceleration Qutout
+6x Positive
-6x Negative
+Gy Positive
-Gy Negative
+G2 Positive
-6z Negative

+X

BARE SLED AND MACHINE TESTS

Accelerometers will be oriented
to provide outputs to agree with
track coordinate system with

polarities as noted in test log.

AMRL BBP COORDINATE SYSTEM
( Left Hand Rule )

LK
e S S ¢ ¢
W e s - o e g~
-

- . —

FIGURE A-1
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The Endevco Models 2262A-100, 2262CA-100, 2262A-200 and 2262CA-200 are
rugged, fluid-damped accelerometers of the pewzoresistive type. Piezite* Type i
i P-11 semiconductor strain gage elements are used in afull bridge configuration CC b [
providing a low impedance output of 500 mV full scale with 10 Vdc excitation. ‘,at"ff:;; i

This output is high enough to drive most tape recorders and low frequency sttt
galvanometers directly, without amplification. l\ ;

The Models 2262CA-100 and 2262CA-200 have two active arms and two
precision fixed resistors of 1 00092 each to provide for shunt calibration in a six-
wire system. They are provided with a six conductor shielded cable assembly.

The frequency range of the Models 2262A-100 and 2262CA-100 extend from
static to 2 000 Hz. The Models 2262A-200 and 2262CA-200 are available with a \’“

frequency range from static to 3000 Hz. Positive overtravel stops prevent
damage to the seismic system, giving an overrange capability 012 000g. Theuse
of viscous damping extends their useful {requency range and reduces the effect
of spurious, high-ifrequency vibrations.

SPECIFICATIONS FOR MODEL 2262A-100, 2262CA-100, 2262A-200 and 2262CA-200 ACCZLEROMETERS
(According 10 ANSI| and ISA Standards)

Models 2262A-100 Models 2262A-200
(2262CA-100)" (2262CA-200)°
DYNAMIC
RANGE -100gto 100 g <200 gt0o 200 g
OVERRANGE LIMITING? +150 to £750 g +300t0 21200 g
SENSITIVITY 5 mv/g typical 2.5 mV/g typical

(2.5 mV/g typical) (1.2 mV/g typical)

MOUNTED NATURAL FREQUENCY (AT 75°F)
FREQUENCY RESPONSE?

4 mv/g minimum
(2 mV/g minimum)

5 000 Hz typical
+5% maximum 0 to 2 000 H2

2 mV/g mintmum
(1 mv/g minimum)

7 000 Hz typical
+5% maximum 0 to 3 000 Hz

at 75°F; -35%/10% typical at at 75°F; -35%/10% typical at
0/200°F and 2 000 Hz 0/200°F and 3 000 Hz

DAMPING RATIO 0.7 typical 0.7 typical
TRANSVERSE SENSITIVITY? 3% maximum 3% maximum
THERMAL SENSITIVITY SHIFT -5/0/5% typical at 0/75°F/200°F

LINEARITY AND HYSTERESIS +2% of reading, maximum, +2% of reading, maximum,
t0o 100 g t0 2009
ELECTRICAL
EXCITATION* 10.00 Vdc 10.00 Vd¢
A INPUT RESISTANCE (AT 75°F) 1 800 !! typical 1 800 ¢ typical
(1000 ¢ typical) (1 000 ! typical)
OUTPUT RESISTANCE (AT 75°F) 1200 ¢ typical 1200 ¢ typical
(1 000 ¢! typical) (1 000 ¢ typical)
1 INSULATION RESISTANCES 100 G* minimum 100 G¢! minimum
ZERO MEASURAND OUTPUT 425 mV maximum +25 mV maximum
] THERMAL ZERO SHIFT +20 mV maximum at 0°F and 200°F reference 75°F (24°C)
NOTES

*Specifications in perantheses are tor 2262CA, ahunt calibration versions

‘Urit 13 not rated for use above the apecitied range. but output 1s conNtiNUOUB 1N the region between tull range and the ettective timil point.
Response 1S :5%. 0 Hz to 500 Hz tor Modet 2262A- 100, and 0 Hz to 750 Hz for Mode! 2262A-200, over the temperalura range ot 0°F to 200°F.
MWorst case error in any direction, perpendicular 10 senaitive axia

] “Urt 18 calibrated at 10.0 Vdc. Lower excitation voltges may be amployed. but ahould be specified at ime ot ordar to obtain best thermal compensetion. Warmup time to meet all
apscitications 1a 2 minutea. Endevco Modal 4470 Signal Conditi is ded as the a aource
{ Mesaured with 100 Vdc, maximum, all leads to case. Cable shiald common 10 case.

FIGURE A -2
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MODEL 2264-200

=200 g

One gram
MINIATURE
PIEZORESISTIVE
ACCELEROMETER

The Atodel 2264-200 ie 3 very low mass. piezOresistive accelerometer de-
signed for mode! siudies. flutter 10SIING 3N suiMilar apPI.CalioNs reqQuU ING
good low {rgquency response and minimum mess 103C:NG.

With only @ small amount of Jamping. Ihe Mode! 2264-200 has no phase
shift over its usefu! frequency ranpe of sieady state 1o 1200 M2. Protection
SQaINSt Overranging results (rom the righ environmental raung of =1000 g
pesk. The accclerometer can be 0perated over a tempeialure range of
O°F to 150°F {—18°C to 86°C).

The 2264-200 utiiizes Piezite® Element Type P-11 geges :n a helf bridge
circuit proviing ¢ tow impertance nominat output of 500 mV full scale at
10 Voits ac excitetion.

SPECIFICATIONS FOR ATODEL 2264-200

DYNAMIC
RANGE - 5. .o -2009t0 ~200¢
SENSITIVITY (at rated exciation)’. .2.5 mV- g, nominal; 20 mV, g. mimmum
MOUNTED AT SONANCE
FREQUENCY .
AMPLIFICATICN FACTOR. Q
FREQUENCY SRESPONSE*
{retorenco ICO H2) ..........

4700 Hz. nominal
10. maximum. at resonance and 75°F

210% max.. 010 1200 Hz
o 75 F (24 C)
TRANSVERSE SENSITIVITY . ...
LINEARITY AND HYSTERESIS'. . .. = 2% cfreadinc. manirum. 010 159 0:
22.5% clreading. maximum, 010 2009.
..240mV max. 310 F gn2 190°F
(—18°C anda 6€°C), ref. 75 F (24°C)

THERMAL SERSITIVITY SHIFT.

VARMUP TIME .. ............... 1 minute
ELECTRICAL
EXCETATION® ... .......... .100Vde

RESISTANCE i'CR ARM® | ..
2ENO LASUI AND OUTPUT
THERMAL 2ZERO SHIFT ..........

17007 - 20%.at - 7S'F (24 C)

50 mvVacmax, at 75 F
=40 mV max.. a1 0°F ano 150°F
1~18°C ana G6C)

INSULATICH RLSISTANCEY . ... .. 10M {2 munimum 2t 1CO V de

ACCCLEROMETER

ENVIRONIMENTAL

ACLELLGTION LT’ Siatc: 1000 g.

(1 ..oy Sircchion) Sinusowdat: 1000 3 pk.

Sheck: =1C00 g pk. 1.5 mi'isecond duration or tonger
CAUTION: Keep protective slesve on azceleromeler unhit 1rady 1o use.
TCWPERATURE Oporeting: 0°F to 180°F (- 18°Cto 66°C)
Non-Operaling: -65°F to 200°F (- 54*C10 33°C)

HUMIDITY Epoxy Scaled
ALTITUDE Not Affected

FIGURE A-3
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LAT LGAD CELL SPECIFICATIONS

I GENERAL PURPOSE PRECISION

i BRIDGE 350023140, SINGLE or DUAL BRIDGE
EXCITATION 15V :g vorA ?)corngccoma’énoeo
OUTPUT SIGNAL 2mVIV or 3mviv
NON-REPEATABILITY +0.059% FS
NON-LINEARITY +0.25% FS +0.10% FS
SPAN CALIBRATION +0.25% FS +0.10% FS
HYSTERESIS +0.159% FS =0.10% FS

TEMPERATURE EFFECT
ON ZERO
ON 0OUTPUT

(15°F to 115°F)

0.0025% of

0.0025% FS/°F

0.00159% FS/°F

LOAD/*F 0.0015% of LOAD/°F

SAFE STATIC OVERLOAD

WITHOUT ZERO or

200% FS for2mviv

ey @ gy o E— Vc—d‘".fﬂ".'

150% FSt
CALIBRATION CHANGE bk A
WITHOUT STRUCTURA 250% FS for 2mV/V
FAILURE 200% FS for3ImViv
ZERO BALANCE *1% FS
Shear Gages
Shear Web Hold Dewn Beit
Wiring Duet
i —— Junction Bex
2
o
[
e~ \
\——o-llng
e————— Loading Bolt Supperting
e Structure
"
' FIGURE A-5
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LOAD CELL COORDINATE SYSTEM

load cells will be wired to
provide a positive output
when the belt is pulled.

+Z

e g

e e
Y

B | il

AR, suh = I L

AMRL BBP COORDINATE SYSTEM

] ( Left Hand Rule )
! FIGURE A-6
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Harness load cells were calibrated under tension load on a special test fixture.
The sensitivity and linearity of each device was obtained by comparing its out-
put to that of a standard load cell mounted to the test fixture. The standard
load cell is calibrated on a yearly basis by standards traceable to the National
Bureau of Standards.

A11 calibration records are maintained on file for reference. The pre and post
test calibration data for the devices calibrated by AFAMRL are shown in the
Table of Figure A - 8.
AUTOMATIC DATA ACQUISITION AND CONTROL SYSTEM :

SLED-BORNE DATA ACQUISITION SYSTEM

The Sled-Borne Data Acquisition (SBDA) System is shown in Figure A - 9. A block
diagram of SBDA system is shown in Figure A - 10. This system consists of four
parts: the power conditioner, the signal conditioner, the encoder and the junc-
tion box. The power conditioner receives a 28 vdc, 4A power source and provides
several regulated supplies. They are the +15 and -12 vdc (0.8A) supply for the
signal conditioners, the 5 vdc and the 10 vdc bridge excitation voltages (1.2A
total), and the 2.5 vdc signal output bias voltage (0.1A). The original 28 vdc
source also powers the pulse code modulator (PCM) encoder. The signal con-
ditioner consists of 48 signal modules. Each module is capable of processing a
sensor (transducer) signal which can be a voltage generating source or a bridge-
type sensor. If a bridge-type sensor is used, the bridge excitation voltage is
selectable from the 5 V or the 10 V source. The bridge (half or full bridge)
can be completed and balanced by connecting external resistors to the module
input connector.

The signal conditioning module has two sections. The amplifier section has
seven programmable gains to cover the input signal dynamic ranges from 50 MV to
5V. The filter section has four programmable frequencies according to the SAE
recoomended classes, 60, 180, 600, and 1000. There are three external connec-
tors for each signal module. The input connector connects a signal source or a
bridge, the balance resistors, the bridge completion resistors, the excitation
voltage, and the reference offset. The gain plug selects one of the seven
amplifier gains and the filter frequency plug selects one of the four filter
classes.

The 48 channel data signals are time multiplexed via an encoder which digitizes
the 48 analog data sources into 48 1l1-bit digital words. Two additional 11l-bit
synchronization (sync) words are added to the data frame. The 50-word frame is
then sampled at a rate of 1000 samples/second. This serial digital data along
with three additional synchronization pulse trains (bit sync, word sync, and {
frame sync) are connected to the computer room by four twisted pairs incor-

porated into a drag cable. They pass through a junction box to the digital com-

puter interface to allow recording and processing.

PDP 11-34 DATA COLLECTION AND STORAGE

A PDP 11-34 minicomputer is the main control for all electronic data collection
and storage functions. The block diagram of Figure A - 11 shows the processor
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and its related equipment. A1l data transfer in the data collection system is
under software control by the central processor unit. Serial data are
constantly being received by the data formatter unit from the sled data encoder.
These data are converted by the data formatter from serial to parallel for input
via a buffered data channel to computer memory for storage on disk. Finally,
the data is transferred from disk to magnetic tape for permanent storage
following the test event.

QUICK LOOK INERTIAL DATA

After each test, the data were sampled and checked. This check was made using
the Single Channel Analysis (SCAN) routine for the PDP 11-34 processor. This
routine allows the operator to access and plot up to 2000 points of data for any
of the 48 channels. The SCAN program can process vertical or horizontal decel-
eration data under operator control. The operator selects the channel to be
processed and enters its location description as well as the start and stop
points to be processed. A maximum of 2000 milliseconds or 2000 data points may
be accessed for each plot. The program converts the raw data into the
appropriate units of measure and calculates the minimum and maximum values
during the sample interval. If the sample is acceleration data, the velocity
will also be calculated using an integration process. An added optional feature
is a digital smoothing routine which can smooth the data to remove any excess
high frequency component that may be present.

TIMING REFERENCE - INERTIAL DATA

A 100 Hz timing reference was an integral part of the Data Acquisition System.
Figure A - 12 shows the timing signal wave shane. This 100 Hz signal was ini-
tiated at T-0 by the count down clock. 30 milliseconds after T-0, a second
signal marking was generated and provided a temporal reference for electronic
and photometric data.

KINEMATIC DATA ACQUISITION SYSTEM

Kinematic data were acquired through the use of high-speed 16mm cameras
operating at a rate of 500 frames per second. The cameras were Photosonic model
No. 16MM-1B pin registered units which were capable of withstanding 100 G. Two
cameras were mounted on the test sled and one camera was mounted off the sled.
During a test the cameras were started and stopped automatically by the Camera
and Lighting Control Station which is part of the impact faciliy safety and
control system. The cameras were started at a preset time in the test sequence
and run for a period of 4 seconds per test.

AUTOMATIC FILM READER

An Automatic Film Reader (AFR) subsystem, developed by Photo Digitizing
Systems, Inc., was used to automatically digitize and record photographic data
on magnetic tape. The subsystem consists of:
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Film motion analyzer with 16mm projection head
Electronic scanning camera

Control unit

Alphanumeric Cathode Ray Tube (CRT)

Line printer

Magnetic tape transport

The film reader recognizes quadrant or circular fiducial targets. It automati-
cally tracks and extracts data for up to ten targets per film frame at a minimum
rate of one-half film frame per second. Film may be processed through the
reader manually or automatically. Figure A - 13 is a block diagram of the
Automatic Film Reader System (AFR). The X-Y coordinate position of each target
on each film frame is input to the computer and recorded on magnetic tape.

A NOVA 3/12 computer, which contains 16K 16-bit words of core memory, a CRT ter-
minal, and a magnetic tape transport with suitable interface, controls the AFR.
In addition, a parallel data link is provided between the NOVA 3/12 and the PDP
11/34 computers.

An alphanumeric CRT (DGC 6052) automatically displays the AFR control infor-
mation. The CRT display and its keyboard function are used as separate devices.
The keyboard is a transmit-only device and the display is a receive-only device
but has the additional capability of transmitting cursor position information on
program request.

A line printer, LA36 Decwriter II, provides hard copies of the information
presented on the 6052 CRT. The LA36 is a medium-sized interaction terminal with
a low-speed impact printer and a standard ASCII keyboard consisting of alphanu-
meric characters and non-printing system control codes.

Either the Decwriter or the 6052 CRT output may be assigned to the PDP 11/34A.
Programs can also be established which can "down load" from the disc on the PDP
11/34A to the NOVA, or digital film data can be loaded on the PDP 11/34A for
processing or disc storage.

QUICK LOOK KINEMATIC DATA

An Instar (Instant Analytical Replay) video camera, recording and monitor system
was used to record each impact event. This video tape was available for review
by the test conductor immediately after the impact event.

The Instar is a compact, portable, fully transistorized instrument that combines
the long recording capacity and instant replay features of video tape. Each
system records 120 frames/second with an effective shutter speed of 10us or less
and will play back all recordings in real time, stop action, reverse slow
motion, and variable slow motion (2%-15% of real time). Each of the frames is
sequential and non-interlaced.

The Instar system that was used incorporates two cameras and a special effects
generator for the added flexibility of split screen. The simultaneous display
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of two events offers the precise evaluation of three dimensional problems or the
referencing of one physical event to an instrument (i.e., digital clock or
oscilloscope).

TIMING REFERENCE - KINEMATIC DATA

The high-speed cameras utilized a light-emitting diode driver, LM Dearing Model
2/3/3R, to place a mark on the film, thereby establishing a time reference.
This mark (a red bar) was generated once every 10 milliseconds for a duration
of 0.75 millisecond and was initiated at T-0 by the count down clock. These
photo timing pulses were generated at the same time as the electronic timing
pulses, thus providing temporal correlation between the two signals. A special
event flash was used to make the film frame at the start of the impact event.
This flash consisted of an electronic photo flash which was actuated by the
electronic event signal. Figure A - 14 shows the film, flash, and timing bars.
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APPENDIX B
DATA SUMMARIES AND GRAPHS

This appendix contains the data collected from each test accomplished in this
test series. These data are summarized in a table of maximum and minimum values
with corresponding times of maximum and minimum values and in graphs of sled
accelerations, sled velocity, and loads measured at the restraint tiedown
points.

The data printed out in tabular form are identified by an abbreviated title.
The data are listed in four columns titled max (the maximum value), min (the
minimum value), Tl (the time the maximum value occurred), and T2 (the time the
minimum value occurred) A fifth column identifies the data channel number.
_ The values of time are specified in milliseconds. An event mark is used to
| synchronize the electronic and photometric data. The event time is the first
g data value specified on each table. To correlate a time value from one test to
another the reader must calculate the values of Tl and T2 with respect to the
common time event mark. For example, if the event mark time is 160 milliseconds
and the max value of the resultant shoulder harness load occurs at 300 milli-
seconds, subtraction of the event mark time from the time of the max resultant
shoulder harness load yields the correlated time value, 140 milliseconds.

The data titles are defined as follows:

TIME OF EVENT
2.5V EXT PWR
10V EXT PWR

Time of event correlation mark
Monitor of 2.5 volt power
Monitor of 10 volt power

SHD PLD PRIOR EVENT = Shoulder harness preload prior to impact
LF LAP PLD PRIOR EVENT = Left lap belt preload prior to impact
RT LAP PLD PRIOR EVENT = Right lap belt preload prior to impact

SLED X ACCEL
SLED X ACCEL (5M)

Sled acceleration in the X axis

Sled X acceleration smoothed using a - point moving
average method

Sled acceleration in the Y ax1s

Sled acceleration in the Z axis

SLED Y ACCEL
SLED Z ACCEL

SLED VEL (INT ACCEL) = Sled velocity computed by integration of sled accel-
eration
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SHOULDER LOAD X
SHOULDER LOAD Y
SHOULDER LOAD Z

SHOULDER RESULTANT

SHOULDER RES/WT

LF LAP LOAD X
LF LAP LOAD Y
LF LAP LOAD Z
LF LAP RESULTANT

RT LAP LOAD X
RT LAP LOAD Y
RT LAP LOAD Z
RT LAP RESULTANT

-al
L3

a

"‘i*

1 }vn ,il ‘.{

The X axis component of the load acting at the
shoulder harness tie down point

The Y axis component of the load acting at the
shoulder harness tie down point

The Z axis component of the load acting at the
shoulder harness tie down point

The resultant of the continuously summed shoulder
harness load components

The maximum resultant shoulder harness load divided
by the total weight of the subject

The X axis component of the load acting at the left
lap belt tie down point

The Y axis component of the load acting at the left
lap belt tie down point

The Z axis component of the load acting at the left
lap belt tie down point

The resultant of the continuously summed left lap
belt load components

The X axis component of the load acting at the right
lap belt tie down point

The Y axis component of the load acting at the right
lap belt tie down point

The Z axis component of the load acting at the right
lap belt tie down point

The resultant of the continuously summed right lap
belt load components
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HBUX LAP BELT STuOY TEST: 1976 SUBJ: 957 WT: 204.0 NOM G: 32.0 CELL: X

OARTR 10 MAX MIN T1 Te o1}
TIME OF EVENT 189.00 37
2.5V EXT PHA 2.50 2.49 §.00 361.00 N7
10V EXT PHR 10.01 9.96 143.00 51.00 ye
SHD PLD PRIOR EVENT 16.31 90.00 190.00
LF LAP PLO PRIGOR EVENT 16.99 90.00 18C.00
AT LAP PLD PRICA EVENT 19.52 90.00 180.00
SLED X RCCEL 1.68 -31.78 508.00 365.00 1
SLED X ACCEL (S5M) 1.39 -31.44 509.00 365.00
SLEDO Y ACCEL 2.91 -1.36 327.00 727.00 2
SLEO Z RCCEL 2.77 -2.19 512.00 508.00 s
SLED VEL (INT ACCEL) 0.00 ~93.06 180.00 4¥36.00 ’
SLED VELOCITY 0.00 -91.52 190.00 470.00 29
VEL AT EVENT -91.52 475.00
SHOULOER LORD X 349K, 27 -24.01 344,00 4¥91.00 23
SHOULOER LOAOD Y 220.61 -7.01 343.00 ¥9%.00 22
SHOULDER LOAD 2 936.60 -7.31 346.00 507.00 2l
SHOULOER RESULTANT 3617.93 0.42 344,00 5$55.00
SHOULDER RES / NWT 17.73 0.00
LF LAP LOAD X 2692.22 -11.70 353.00 5§986.00 15
LF LAP LOARD Y 1061.20 -9.47 354.00 5§79.00 16
LF LAP LOAOD Z 2443.40 ~11.47 354.00 629.00 17
LF LAP RESULTANT 3787.40 1.680 354.00 566.00
RT LAP LOAD X 2639.64 ~12.68 3S4.00 612.00 18
RT LAP LOAD Y 1227.43 -5.56 354.00 261.00 19
RT LAP LOARD Z 2834.87 -4.80 355.00 645.00 20
RT LAP RESULTANT 3923.65 y.27 354.00 635.00




HBUX LAP BELT STUDY TEST NO: 1976

SUBJ ID: 95%

SLED X (G)

-5.0

SLED Y (G) 10.0 7 SLED Z (G)

-5.0 1

-10.0
190

HBUX LAP BELT STUDY TEST NO: 1976

L Ty T =y -10.90 7 Y v 1

340 490 640 790 190 340 490 640 790
TIME IN MILLISECONDS

SUBJ ID: 95%

SLED INT VEL ¢F/S)

................ D e S S

— T T i

SLED VELOCITY (F/S)

smsmee s msssssmsssssssSssSsssssSsssmse s

¥ oy L 1

340 490 640 700
TIME IN MILLISECONDS
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HBUX LAP BELT STUDY TEST NO: 1977 SUBJ ID: 95%

10.@ 7 SLED X (G)

-50.0 e
10.6 1 SLED ¥ (6) 10.0 7 SLED Z (G)
5.0 5.0 -
0.0 -——M———— 0.0
-5.0 1 -5.0 4
-10.0 — , -10.0 — - - : ,
220 370 s20 670 820 220 370 520 670 820

TIME IN MILLISECONDS

HBUX LAP BELT STUDY TEST NOs 31977 SUBJ ID: 95%

20.0 7 SLED INT VEL (F/S5)

-100.0 T - T q

20.0 7 SLED VELOCITY (FsS)

-100.9 T - T 1
22e 37 520 670 820

TIMNE IN MILLISECONDS

g -*w —N*,._




A T

HBUX LAP BELT STUDY TEST NO: 1977 SUBJ ID: 95%
5000.0 7 LF LAP X (LB) 5000.0 - LF LaP Z (LB)
4000.9 4000.0
3000.0 3000.0 -

2000.0 - 2000.0 -
1000.0 - 1000.0 -
0.0 . T — , 0.0 . : ' )
5000.0 4 LF LAP Y (LB) 5000.0 1 LF LaP RES (LB) |
4000.0 4000.0
3000.0 - 3000.0 -
2000.0 - 2000.0 -
1000.0 - j\_\ 1000.0
0.0 ——— ; , 0.0 T - \
220 370 S20 670 820 220 370 S20 670 820
TIME IN MILLISECONDS _
HBUX LAP BELT STUDY TEST NO: 1977 SUBJ ID: 95%
5000.0 1 RT L4P X (LB) 5000.0 4 RT LAP 2 (LB)
4000.0 - 4000.0
3000.0 - 3000.0
2000.0 - 2000.0
1000.0 - 1000.0 -

0.0 — ; T , 0.0 v ——— | 4
5000.0 7 RT LAP Y (LB) 5000.0 1 RT LAP RES (LB) :
4000.0 - 4000.0 - g
3000.0 - 3000.0 - | 4
2000.0 - 2000.0 - ]
1000.0 /\\ 1000.0 -

0.0 T v y s 0.0 - . : s

220 370 S20 670 820 22e 37 S20 670 820

TINE IN MILLISECONDS

Sy
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HBUX LAP BELT STUDY TEST NO: 1977 SUBJ 1ID: 95%

5000.0 7 SHOULDER X (LB) $000.0 § SHOULDER Z (LB)
4000.0 - ! 4000.0
3000.0 3000.0 -
2000.90 - 2000.0
i 1000.0 1000.0 - j\
;- 0.0 Y " — , 0.0 : ; y \
5000.0 1 SHOULDER Y (LB) 5000.0 § SHOULDER RES (LB)
4000.0 4000.0 -
3000.0 - 3000.0 -
2000.0 2000.0 -
: 1000.0 - 1000.0 -
i - 0.0 — Sy — ! 0.0 . — . Y
220 370 S20 670 820 220 370 S20 670 820

TIME IN MILLISECONDS




HBUX LAP BELT STUOY TEST: 1878

OATA 10

TIME OF EVENT

2.5V _EXT PHWAR
10v EXT PHWR

SHO PLO PRIOR EVENT
PLO PRIOR EVENT
RP PLO PRIOR EVENT

X ACCEL

X ACCEL (SM)
Y ACCEL

Z ACCEL
T
v
v
T

(INT ACCEL}
CITY
ENT

SHOULDER LOAD X

SHOULOER LOAD Y
JHOULOER LOAD 2
SHOULOER RESULTANT

SHOULOER RES / HWT
F LAP LOAD X

LF LAP LOAOD Y

LAP LORD 2

LAP RESULTANT

LAP LOAD X
LORO Y

LOAOD 2
LAP RESULTANT
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HBUX LAP BELT STUDY TEST NO: 1978 SUBJ 1D: 95%

10.98 7 SLED X (@) . 10.0 7 SLED Z (G)
9.0 1
S.0
"l.n. 1
-g...-] 2,0
-30.0
-5.0
-40.0 1
-50.0 g T T 1 -10.0 T — - .l
10.9 | SLED Vv (G? 1000.90 N--G STRAP (1.B)
800.0 1
5.0 1
600.90
0.0 _—h&—-"—l—-’*'—l— 400.0
200.0
-5-.1
9.0 29
-l.-. 3 T L] 1 -P00.0 T T T 1
200 3se 500 659 800 200 350 500 650 800
TIME IN MILLISECONDS
HBUX LAP BELT STUDY TEST NO: 1978 SUBJ ID: 9S5x

20.@ 7 SLED INT VEL (F/S)

-1“:’ T —— T hl

20.0 7 SLED VELOCITY (F/S)

500 650 goe
TIRE IN RILLISECONDS
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HBUX LAP BELT STUDY TEST NO: 1978 SUBJ ID: 95%
5000.0 - LF LAP X (LB) 5000.0 4 LF LAP Z (LB)
i 4000.0 ] 4000.0 -
;} 3000.0 3000.0 -
2000.0 - 2000.0 -
1000.0 1000.0 -
e.0 0.0 T p—y )
5000.0 | LF LAP ¥ (LB) 5000.0 7 LF LAP RES (LB)
4000.0 | 4000.0 -
3000.0 3000.0 -
2000.0 2000.0 -
1000.0 - /‘ 1000.0
0.0 & r r \ 0.0 -
200 350 500 650 800 200 350 500 650 800
TIME IN MILLISECONDS
i
| HBUX LAP BELT STUDY TEST NO: 1978 SUBJ ID: 95X
5000.0 | RT LAP X (LB) 5000.0 7 RT LAP 2 (LB)
4000.0 4000.0 -
3000.0 - 3000.0 -
2000.0 - 2000.0 -
1000.0 L 1000:0 - ,>
0.0 2 r T y 0.0 -+ 1 r N
$000.0 1 RT LAP Y (LB) 5000.6 7 RT LAP RES (LB)
4000.0 4000.0 -
3000.0 - 3000.0
2000.0 - 2000.0 -
1000.0 - A 1000 .0 - L |
0.0 = v v v 0.0 T T T Y |
200 350 S00 650 800 200 350 See €50 800 i

TIME IN MILLISECONDS




T

3 HBUX LAP BELT STUDY TEST NO: 1978 SUBJ 1D: 95x
5000.0 7 SHOULDER X (LB) 5000.0 7 SHOULDER Z (LB)
4000.0 - 4000.0 -1
3000.0 3000.0 -
2000.0 - 2000.0 -
1000.0 1000.0 Ml\
.0 , . , g .0 : — -
5000.0 7 SHOULDER Y (LB) 5000.0 - SHOULDER RES (LB) |
4000.0 - : 4000.0 %
3000.0 - 3000.0 - '
2000.0 - 2000.0 - ;
1000.0 - 1000.0 - |
0.0 Jr‘v’/\“ Y ) 0.0 — T - |
200 350 500 650 800 200 350 500 650 800

TIME IN MILLISECONDS
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X
CH
37

T2

32.0 CELL:

T3
174.00

WT: 204.0 NOM G:

MIN

95%

MAX

1979 SUBJ:

TEST:

TIRE OF EVENT
2.8V _EXT PHWR
10v

0

HBUX LAP BELT STuOY
DATA 1D

~m
>r=r

oo
oo

~O0
on

.00

169.00
]

.49
.99

Ny

O
o

EXY PHR

r-won
Ne—=O
. s
noo

L dalal

22
21

-55.02 316.00 346.00

8921.42
11441

T

z
LTRAN
/ NT

(§NT RCCEL)
A
S
S

SLEO VELOCITY
VEL A1 EVENT
SHOULOER LORO X
SHOULOER LOROD Y
ULOER LOARO
ULDER RESU
ULOER RE

SLEO VEL
SHO
SHO
SHO

X
Y
Z

LOROD
AP LOAD
AP LOAOD

1275.81

2659.12
N028.56

AP RESULTANT

AT L
AT L
RT L




HBUX LAP BELT STUDV TEST NO: 1979 SUBJ 1D: 9S%

10.0 7 SLED X <G)

-s0.0 ——— r )
16.6 7 SLED ¥ (&) 10.6 7 SLED Z (G)
5.0 5.0
0.0 J—M——r“‘v‘“—“ 0.0 -
-s.e -5.0 -
-10.0 , . : , -10.0 P ,
176 320 470 620 770 170 320 470 620 770

TINE IN MILLISECONDS

HBUX LAP BELT STUDY TEST NO: 1979 SUBJ 1ID: 95%

20.0 7 SLED INT VEL (F/S)

e i ol i

-100.9 T T Y 1

20.0 7 SLED VELOCITY (F/S)

-100.0 T T T 1
170 320 470 620 70

TIME IN MILLISECONDS
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HBUX LAP BELT STUDY TEST NO: 1979 SUBJ ID: 95% ,
5000.0 1 LF LAP X (LB) 5000.0 - LF LAP Z (LB)
4000.0 - 4000.0 -
3000.0 3000.0
i 2000.0 - 2000.0
i 1000.0 - 1000.0 -
0.0 : T . , 0.0 T . - \
5000.0 1 LF LAP Y (LB) 5000.0 7 LF LAP RES (LB)
4000.0 4000.0
3000.0 - 3000.0 -
2000.0 - 2000.0 -
1000.0 j\\ 1000.0 -
0.0 T - . ) .0 Y ; . ) 1
170 320 470 620 770 1706 320 470 620 77¢ ;

TIME IN MILLISECONDS 1

HBUX LAP BELT STUDY TEST NO: 1979 SUBJ ID: 95%
5000.0 1 RT LAP X (LB) 5000.0 1 RT LAP Z (LB)
4000.0 | 4000.0
3000.0 - 3000.0 -
2000.0 | 2000.0
1000.0 1000.0 - 3~
‘T 0.0 : ‘ y——— 0.0 . . . \
:; 5000.0 1 RT LAP ¥ (LB) 5000.0 1 RT LAP RES (LB)
% 4000.0 | 4000.0 - !
3000.0 3000.0 -
‘ 2000.0 2000.0
1000.0 A 1000.0 -
' 0.0 . r ———— 0.0 ' - r )
170 320 470 620 770 170 320 470 620 770

TIME IN MILLISECONDS

PP




HBUX LAP BELT STuUDY TEST NO: 1979 SUBJ ID: 95%

5000.0 7 SHOULDER X (LB) 5000.0 7 SHOULDER 2 (LB)
1 4000.0 4000.0 -
| 3000.9 3000.0 -
f 2000.0 2000.0 -
} 1000.0 - 1000.0 -
0.0 : v T 1 e.0 JYKT y ,
5000.0 7 SHOULDER ¥ (LB) 5000.0 | SHOULDER RES (LB)
4000.0 4000.0
3000.0 - 3000.0
2000.0 2000.9
1000.0 1000.9
0.0 - - ; S 0.0 . — - )

} 170 320 470 620 770 170 320 470 620 770
TIME IN MILLISECONDS

o it =
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X
37

40.0 CELL:

NOM G:

T1
160.00

WT: 204.0

MIN

95%
MAX

SUBJ:

1880

TEST:

TIME OF EVENT
2.5V _EXT _PHR
10v

0

DATA 10

HBUX LAP BELT STUOY
EXT PWR

NO
NN
« s u
0o r~

- = ot

-29.93 317.00 298.00 22
21

4529.29
118.47

(INT RCCEL)

SLEO VELOCITY
VEL RT EVENT
SHOULOER LOARO X
SHOULOER LORO Y

SLEO VEL

Ir

Ty
RS Al
o 13

5

S C 3N

1
__4..‘
—r

I

Ty

s

it

&

FY

69

Y
4

BT LAP RESULTANT

RT LAP LORD
RT LAP LORO




r—

10.0
0.0
} -10.0
i -20.0
] -30.0
] -40.0

-50.0

-5.0 -

HBUX LAP BELT STUDY TEST NO: 1980

SUBJ ID: 95%

SLED X (G)

10.6 9 SLED Z (G

-5.9

T T 1 -10.9 ] U = 7

‘1.0.
160

HBUX LAP BELT STUDY

e
]

»

o

.

®
L

(]
[y
-3
(-]
.
©

g

310

460 610 760 i6o 310 4690 610 760
TIME IN MILLISECONDS

TEST NO: 1980 SUBJ ID: 95x

SLED INT VEL (F-S)

SLED VELOCITY (F/S)

S A My
;b AT
i ti’&ﬁﬂnw;w Gt

I i B P R,

=

L]
310 4690 610 760
TIRE IN NILLISECONDS

70




HBUX LAP BELT STUDY "TEST NO: 1980 SUBJ 1ID: 95%x

5000.0 1 LF LAP X (LB) 5000.0 4 LF LAP 2 (LB)
4000.0 - 4000.0
3000.0 - 3000.0 |
2000.0 2000.0
1000.0 1000.0 -

0.0 . ; ; , 0.0 v —— e nm
5000.0 -y LF LAP V (LE) 5000.0 1 LF LAP RES (LB)
4000.0 - 4000.0 -
3000.0 3000.0 -
2000.0 | 2000.0 -
1000.0 ‘/\\,\ 1000.0 -

0.0 - - : . . 0.0 ' - —

160 310 460 610 760 160 310 460 610 760
TIME IN MILLISECONDS
HBUX LAP BELT STUDY TEST NO: 1980 SUBJ ID: 95x

5000.0 1 RT LAP X (LB) 5000.9 7 RT LAP Z (LB)
4000.0 - 4000.0 -|
3000.0 3000.0 -
2000.0 | 2000.0
1000.0 1000.0

9.9 T — S T v 0.0 [
5000.0 1 PT LA4P ¥ (LB) 5000.0 1 RT LAP RES (LB)
4000.0 4000.0
3000.0 | 3000.0
2000.0 2000.0 -
1000.0 ‘/\\ 1000.0 -

0.0 - v N ey

160 310 460 610 760 160 310 460 610 760

TIME IN MILLISECONDS




HBUX LAP BELT STUDY TEST NO: 1980 SUBJ ID: 95%

$000.0 '1 SHOULDER X (LB) $000.0 7 SHOULDER Z (LB)
4000.0 4000.0
3000.0 A 3000.0
2000.0 - 2000.0

1000.0 1000.0 - J\,\
LJ

000 i 0.0

T

5000.0 | SHOULDER ¥ (LB) 5000.0 1 SHOULDER RES (LB)
4000.0 4000.0
3000.0 3000.0
2000.0 c000.9
1000.0 A 1000.0

0-0 T L] T 1 °t° .y L
160 460 610 760 160 310 4690

TIME IN MILLISECONDS
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HBUX LAP BELT STUOY TEST:

ORTR 10

TIME OF EVENT

2.5V EXT PHR
10V EXT PHR

SHO PLO PRIOR
AP PLO

=r
ot
>

e
mmo mmmm
[=]= =] l:';l"

LEO VEL (INT ACCEL)

LED VELOCITY

VEL AT EVENT

SHOULOER LOAD X

SHOULOER LOAD Y

SHOULDER LOAD

SHOULOER RESULTANT

SHOULOER RES / WT

LF LAP LORD X

LF LAP LORO Y
LORD 2

LAP RESULTANT

weEZ Ly

DDID® rr
=== T

r

>

v

2

aQ

>

=}

-

LOAD 2
LAP RESULTANT

o f)re s
e e e )

© 5
@®
OO WWrr—= NI ON

QO UIVIOMD O~ OO
ol O~NDO =00 =0

=

e o o o o
DOON E~JWMNe cﬁ(ﬂ
WM~ NTOOOND OO
] L)
|

= e
o RN == ONO =
.

AER= NONNO —~W9=

EN-Ww W=
DONWD DNOIN NO
ONOUT DNOW™ RN~y

NT: 204.0 NOM

T1

160.00

$.00
118.00

WWw WWwWwoLw
00 0000
EWwEeE PN
0000 O000

0000 0000

-

WW EEWW =

oM O~ OO OO

s OO 000 oo
o o o e o »

00 0000 000 OO

OO0 O00O0O 000 0O

X
CH

37

u?
uB

o s
~Nown

A s a
owm




HBUX LAP BELT STUDY TEST NO: 1981 SUBJ ID: 95%

10.0 7 SLED X (G) 10.0 9 SLED Z (Q)
9.9
S.0
-10.0
-20.0 - 9.0
-30.0
~5.0 4
".0. '{
-50.0 T T T et ‘10-0 T T T =1
10.0 7 SLED VY (G) 1000.0 I N-G STRAP (LB)
800.0
5.0
600.0
0.0 v 400.0
200.0
~5.0
0.0 -
-10.9 T e T 1 -200.0
160 310 460 610 760 160 310 460 610 760
TIME IN MILLISECONDS
HBUX LAP BELT STUDY TEST NO: 1981 SUBJ 1ID: 95x%

20.9 | SLED INT VEL (F/S)

L i
-20.0 -
-40.0 -
-60.0 -
-80.0 -

-100.90 T e ————— T 1

20.0 4 SLED VELOCITY (F/§)

0.0 ek e i eater At S
-20.0
-40.0 -
-60.0 -
-80.0

~100.0 - e :
160 3te 460 610 760
TIME IN MILLISECONDS

74

il




HBUX LAP BELT STUDY TEST NO: 1981 SUBJ ID: 95%

5000.0 1 LF LAP X (LB) '5000.0 7 LF LAP Z (LB)

4000.0 4000.0
3000.0 - 3000.0
2000.0 A 2000.0 -
1000.0 - ' 1000.0 -
0.0 ; ' T ] .0 — : ,
$000.0 1 LF LAP ¥ (LB) | 5000.0 4 LF LAP RES (LB)
4000.0 - 4000.0
3000.0 - 3000.0 1
2000.0 -| 2000.0
1000.0 h ' 1000.0 -
0.0 ' v . \ °.0 ' - . .
160 316 460 610 760 160 310 460 616 760
TIME IN MILLISECONDS

HBUX LAP BELT STUDY TEST NO: 1981 SUBJ ID: 95% 1
5000.0 4 RT LAP X (LB) 5000.0 - RT LAP 2 (LB) !
4000.0 - 4000.0 'J
3000.0 3000.0
2000.0 - 2000.0 - :
1000.0 1000:0 4 ]

0.0 - . y , 0.0 —— . ) -
5000.0 4 RT LAP ¥ (LB) 5000.0 7 RT LAP RES (LB) 1
4000.0 - 4000.0 -

3000.9 - ' 3000.0 - ’i
2000.0 J 2000.0 -
1000.0 M 1000.0 -‘
0.0 : ; — 0.0 — . - ,
166 310 460 610 760 160 310 460 610 760

TINE IN MILLISECONDS




HBUX LAP BELT STUDY TEST NO: 1981 SUBJ 1D: 95%

5000.0 7 SHOULDER X (LB) , 5000.0 7 SHOULDER Z (LB)
4000.0 4000.0
| 3000.0 3000.0
2000.0 1 - 2000.0 - ;
1000.0 W 1000.0 A
0.0 ; ' - ) 0.0 - - : ,
5000.0 7 SHOULDER Y (LB) 5000.0 7 SHOULDER RES (LB) ]
'. 4000.0 - 4000.0 ] '
3000.0 - 3000.0
2000.0 2000.0 -
1000.0 - 1000.0
H 0.0 AP - ) 0.0 - T ' ~
1 160 310 460 610 760 160 310 460 610 760 1
TIME IN MILLISECONDS '

i oe

e e —

|
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HBUX LAP BELT STUOY TEST: 1982 SusJ: 85X WT: 204.0 NOM G: 32.0 CELL: X
DARTA 10 MAX MIN T1 T2 CH

TIME OF EVENT 160.00 37

2.5V EXT PR 2.51 2.49 $92.00 121.00 47?7
10V EXT PNR 10.01 9.98 283.00 24.00 (1]
SHD PLD PHIUH EVENT 12.22 60.00 160.00
PL RIGR EVENT 16.50 60.00 160.00
HT LRP PLO PHIUH EVENT 19.16 60.00 160.00
SLEO X ACCEL 1.63 -33.16 586.00 322.00 1
SLEO X ACCEL (SM} 1.45 -32.86 586.00 321.00
SLEO Y RCCEL 2.16 -0.95 284.00 495.00 2
SLEO Z RCCEL 3.95 -1.29 310.00 318.00 3 i
SLEO VEL (INT ACCEL) 0.01 -95.01 237.00 391.00 3
SLEO VELOCITY 0.00 -93.39 160.00 y27.c0 29 !
VEL AT EVENT -838.39 427.00 ]
SHOULOER LOAO X 1842.53 -115.70 290.00 295.00 23 .
SHOULOER LOARO Y 68.81 -12.62 292.00 298.00 22
SHOULOER LOA0 Z 342.04 -13.54 291.00 297.00 21
SHOULOER RESULTANT 1969.07 1.97 280.00 398.00
SHOULOER RES / NWT 9.65 0.01
LF LAP LOAOD X 2U25.63 -13.39 303.00 410.00 1S
LF LAP LOAO Y 841.75 -M.97 303.00 364.00 16
LF LAP LOAD 2116.83 -15.64 302.00 926.00 17
LF LAP RESULTRNT 3318.41 1.68 303.00 757.00
RY LAP LO 2383.51 -830.13 302.00 308.00 18
AT LAP LOAD Y 1060.21 -165.05 302.00 308.00 19
AT LAP LOAD 2 2183.37 -290. 12 801.00 308.00 20
AT LAP RESULTANT 3386.36 2.13 302.00 jgq.o0

[ 4’¢h

i



HBUX LAP BELT STUDY

TEST NO: 1982 SuBJ ID: 95%

SLED X (G)

-50.0 — v Y ]
10.0 7 SLED Y (G) 10.0 7 SLED Z (G)
5.0 1
0.0 -
-5.0 -5.0 -
-10.0 r T . y -10.0 r . T =
160 310 460 610 760 160 310 460 610 760

HBUX LAP BELT STUDY

]

20.9
0.0
-20.0
-40.0
-60.0
-80.0
~100.0

TIME IN ®ILLISECONDS

TEST NO: 1982 SUBJ ID: 9S%

SLED INT VEL (F/S)

20.0
0.0
-20.0
-40.0
-60.0 -
-80.0 -
-100.0

L4 T L{ L

SLED VELOCITY (F/S)

.....................................................................

160

T g o=
e of e T D
v B St By Y o \;3
e -‘“»—-—‘__.~,~,,.‘. 3
-

%
[

T T T i

310 460 610 760
TIME IN MILLISECONDS

78

i



HBUX LAP BELT STUDY TEST NO: 1982 SUBJ ID: 9S5x
5000.0 7 LF LAP X (LB) 5000.0 7 LF LAP Z (LB)
4000.0 1 4000.90 -
; 3000.0 - 3000.0
| 2000.0 - 2000.0 -
1ooo.ow 1000.0 -
0.0 e—— r y 0.0 . T — —n
5000.0 4 LF LAP ¥ (LB) 5000.0 1 LF LAP RES (LB)
4000.0 4000.0 -
3000.0 - 3000.0
2000.0 - 2000.0
woe.oJ 1000.0 -
0.0 A r : ! 0.0 : r - v
160 310 460 610 760 160 310 460 €10 760
TIME IN MILLISECONDS
}
HBUX LAP BELT STUDY TEST NO: 1982 SUBJ ID: 95%
5600.0 1 RT LAP X (LB) 5000.0 4 RT LAP Z (LB)
4000.0 4000.0 -
3000.0 3000.0 ‘
2000.0 : 2000.0
1000.0 1000.0 ;
0.0 fo—r— y Y 0.0 t - - —-
5000.0 1 RT LAP Y (LB) 5000.0 1 RT LAP RES (LB) i
4000.0 4000.0 |
3000.0 - 3000.0 i
2000.0 2000.0 -
1000.0 - A 1000.0 -
0.0 . — v < 0.0 : - —
160 310 460 610 760 166 310 460 610 760
TIME IN MILLISECONDS




"%‘«G"}L‘

HBUX LAP BELT STUDY

5000.0

1

4000.0
3000.0 -

A

2000.0
1000.0

SHOULDER X (LB)

TEST NO: 1982

0.0

5000.0 1
4000.0 -
3000.0 -
2000.0 -

1000.0

SHOULDER Y (LB)

0.0

160,

.'ﬁ,}

e Uy ..' a1

]

760

5000.0 - SHOULDER Z (LB)

4000.0
3000.0 -
2000.0
1000.0

SUBJ ID: 95%

0.0

5000.0 7 SHOULDER RES (LB)

4000.0 -
3000.0
2000.0 -
1000.0-J

0.0
160

TIME IN MILLISECONDS

760




HBUX LAP BELT STUDY TEST:s 1983 SUBJ: 9574 WTs 204.0 NOM G: Y40.0 CELL: X
ORTA ID MAX MIN T1 T2 CH
TIME OF EVENT 192.00 37
2.5V EXT PHWR 2.50 2.49 0.00 29.00 47
10V EXT PHWR 10.01 8.89 142.00 5¢.00 s
SHO PLO PRIOR EVENT 14.97 90.00 199.00
LF LAP PLO PRIOR EVENT 19.11 90.00 190.00
RT LAP PLO PRIOR EVENT 18.23 90.00 180.00
SLEDO X ACCEL 1.68 -41.01 710.00 348.00 1
SLEQ X ACCEL (sM) 1.47 -40.70 710.00 346.00
SLEQ Y ACCEL 3.58 -0.u8 317.00 297.00 2
SLED Z ACCEL 4.y2 ~-1.68 337.00 423.00 3
N-GC STRAP 1052.193 ~56.72 349,00 35€.00 30
SLEQ VEL (INT ACCEL) 0.02 -106.42 264.00 411.00
SLEO VELOCITY 0.00 ~-104.63 180.00 454,00 29
VEL AT EVENT -104.63 453.00
SHOULOER LORO X 1986.84 -142.23 322.00 3286.00 23 1
SHOULOER LOAD Y 4yo2.13 -19.69 324.00 347.50 22
SHOULOER LOAOD 2 360.04 -24.9% 323.00 $23.00 21
SHOULOER RESULTANT 2012.66 0.74 322.00 411.00
SHOULOER RES / WT 9.87 0.00
LF LAP LOAG X 2061.57 -12.60 329.00 430.00 15
LF LAP LOAOD Y 88y4. 15 ~39.56 329.00 $79.09 16
LF LAP LOAO Z 1823.75 -21.42 329.00 359.00 17
LF LAP RESULTANT 2891.00 2.76 328.00 $02.00
RT LAP LORD X 1665.80 -189.29 328.00 334.00 18
RT LAP LOARD Y 529.44 =72. 328.00 334.00 19
AT LAP LOAD 2 1646. 36 -215.48 328.00 332.00 20
R7 LAP RESULTANT 2u01.18 0.81 328.00 431.00 3




E HBUX LAP BELT STUDY TEST NO: 1983 SUBJ ID: 9S%
10.0 q SLED X (G) 10.0 1 SLED Z (G)
.0
. 5.0 1
-10.0
-20.0 0.0 4
-30.0
-5.0
-40.0
-50.0 +-—-71 T T 1 -10.0 T T T 1
10.0 W SLED ¥ (G) 1000.0 J N-G SFRAP (LB) é
800.0
5.0 1
600.0
0.0 - ™ 400.0
200.0
=5.0 1
2.0 Ol Fr s SRR S
-10.90 T T T Se—y -200.0 L T =0 1
190 340 490 640 790 19¢ 340 490@ 640 790
TIME IN MILLISECONDS
o
HBUX LAP BELT STUDY TEST NO: 1983 SUBJ ID: 95%

20.0 ] SLED INT VEL (F/S5)
0.0
-20.0 1
-40.0
-60.0
-80.0
-100.0

20.0 9 SLED UELOCITY (F/S)
L e et e
-20.0 -
-40.0
-60.0 -
-80.0 - i
) -100.0 T — T Y 1
| 190 340 490 640 790
TIME IN MILLISECONDS
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HBUX LAP BELT 5TUDY TEST NO: 1983 SUBJ 1D: 95%
5000.0 7 LF LAP X (LB) 5000.0 4 LF LAP Z (LB)
4000.0 - 4000.0 -
3000.0 - 3000.0 -
2000.0 2000.0
1000.0 - 1000.0 -
0.0 ' - - \ 0.0 : . - -

5000.0 LF LAP ¥ (LB)

$000.0 | LF LAP RES (LB)

4000.0 - 4000.0 -
3000.0 3000.0 -
aooo.o# 2000.0 -
:ooo.o{ 1000.0 -

0.0 A‘ ™ —— ] 0.0
190 340 490 640 790 190

TIME IN MILLISECONDS

HBUX LAP BELT STUDY TEST NO: 1983

T

340

L T 1

490 640 790

SUBJ 1D: 95%

5000.0 = RT LAP X (LB) 5000.0 4 RT LAP Z (LB)
4000.0 4000.0
3000.0 3000.0 -
2000.0 - 2000.0 -
1000.0 | L 10000 - A
0.0 ¢ r ——r 0.0 - . —
5000.0 1 RT LAP V (LB) $000.0 1 RT LAP RES (LB)
4000.0 - 4000.0 -
3000.0 - 3000.0
2000.0 - 2000.0 |
1000.0 - 1000.0
0.0 A y fm—— 0.0 , —_—
1906 240 490 640 790 190 340 490 640 790

TIME IN MILLISECONDS

83




HBUX LAP BELT STUDY TEST NO: 1983 SUBJ 1D: 95%
5000.6 7 SHOULDER X (LB) $000.0 - SHOULDER 2 (LB)
4000.0 - 4000.0 -
3000.0 - 3000.0 -
2000.0 2000.0 -
_ 1000.0 - 1000.0 -
1 0.0 . —— 0.0 A " '
: 5000.0 7 SHOULDER Y (LB) 5000.0 7 SHOULDER RES (LB)
‘ 4000.0 4000.0 -
3000.0 ] 3000.0
2000.0 2000.0
1000.0 - 1000.0 -
e.0 r T T - 0.0 5 T T !
190 340 490 640 790 190 340 490 640 790

TIME IN MILLISECONDS

84
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