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1.0 INTRODUCTION

The UH-60A Black Hawk is the Amy's first helicopter equipped with crashworthy
(energy-absorbing) seats for all aircraft occupants. These seats absorb
ground impact vertical energy by stroking downward relative to the aircraft
floor at a load which is preset to approach the upper limit of human spinal
compressive tolerance.

Three different designs of seat energy absorbers are employed in fielded
UH-60A helicopters. UH-60A's have been in service for approximately 10 years,
yet the long-term environmental degradation effects on the various energy
absorbers was not known. It is important that these devices maintain their
design load-deflection properties during the period they are in service to
ensure their performance should a mishap occur.

During this program, crashworthy seat energy absorbers were selectively removed
from high time UH-60A aircraft which have seen service under a wide variety of
environmental conditions. The energy absorbers were subjected to static and
dynamic stroking in a test rig with their load-deflection properties measured
and compared to those of new energy absorbers. Conclusions were made regarding
the effects of aging, and occupant injury implications should the aircraft
crash. Recommendations for future field actions are also presented.
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2.0 PROGRAM SUMMARY

The energy absorber program was divided into four tasks.

2.1 TASK I - ENERGY ABSORBER CHANGE OUT

Energy absorbers were removed from crashworthy crew and troop seats aboard
12 Government-selected UH-60A Black Hawk helicopters and replaced with new
Government-furnished energy absorbers. Government selection was based on
criteria which combined the environmental effects of aircraft age and flying
hours. Five selected aircraft were equipped with pilot/copilot seats of the
Simula/Norton design, five with the Aerospace Research Associates, Inc. (ARA)
design, and two with the Sikorsky Aircraft troop seats.

Each crew seat energy absorber was identified by aircraft tail number and
specific seat location (pilot or copilot) and serial number. The troop seat
energy absorbers were identified by aircraft tail number and grouped in pairs
for each seat. Operational history was also documented for each aircraft
based on the information supplied by the user.

2.2 TASK II - FIELDED ENERGY ABSORBER INSPECTION AND TESTING

The energy absorbers were visually inspected and outward signs of deterior-
ation and/or damage were documented. The length of each energy absorber was
measured to see if stroking had occurred due to hard landings, seat damage,
etc. The energy absorbers were then subjected to static and dynamic testing
to establish load-versus-deflection curves for each unit. A one-seat set of
crew seat energy absorbers (two for Simula/Norton, six for ARA) and a two-
seat set of troop seat energy absorbers underwent static testing. The
remaining energy absorbers were subjected to dynamic tests designed to
simulate actual crashes with a deflection rate to achieve the full design
stroke within 150 msec. After each test, static or dynamic, all energy
absorbers were closely inspected for deterioration or damage not apparent
during the pretest inspection.

2.3 TASK III - NEW ENERGY ABSORBER TESTING

Newly manufactured Government-furnished energy absorbers of each type were
tested. They were subjected to the same static and dynamic tests described
in Section 2.2 for Task II. The number of samples for static tests was the
same as for Task II. For dynamic tests, three seat sets each of crew seat
and troop seat energy absorbers were tested.

2.4 TASK IV - DATA ANALYSIS

In this document, the results of all static and dynamic tests are presented
in the form of load-versus-deflection curves. These load-versus-deflection
curves were integrated to obtain total energy absorption. Differences in
mean stroking load and total energy absorption between fielded and now energy
absorbers are fully documented. Computer program SOM-LA (Seat/Occupant
Model - Light Aircraft) was used to evaluate the injury potential for seats
based on the results of Task II.

2



3.0 SCOPE OF TESTING

In-service energy absorbers were inspected and then tested either statically
or dynamically. New energy absorbers were tested in the same manner. The
sample of in-service energy absorbers totaled 20 Simula/Norton, 60 ARA, and
48 Sikorsky. The quantity of new test units for the Simula/Norton, ARA, and
troop seats were 8, 24, and 10, respectively. Table I summarizes the
testing.

TABLE 1. ENERGY ABSORBER TEST MATRIX

Simula/Norton ARA Troop Seat

Energy Absorber Energy Absorber Energy Absorber

Tests Tests Tests

Type of Unit Static Dyamic Stati c i ynami

In-Service 2 18 6 54 4 44

Units

New Units 2 6 6 18 4 6

Total 4 24 12 72 8 so

Total energy absorbers tested; 170

3



4.0 SEAT DESCRIPTIONS

4.1 TROO1SAT

The ceiling-mounted Sikorsky troop seat is a lightweight unit consisting of
fabric stretched over an aluminum tube frame and is capable of being posi-
tioned to face in the forward, aft, or lateral direction. Energy is absorbed
by bending and unbending wire as it passes over rollers during the stroking
operation. Two wire benders are packaged within the frame upright tubes and
two inside the lower diagonal struts. See Figure I for an illustration of
the troop seat and energy absorber. Only the two overhead wire benders were
tested as they are the most critical in determining the seat occupant's
injury potential.

4.2 6A REWJEA

An armored bucket is attached to the upright steel frame through a system of
six rolling torus energy absorbers (Figure 2). Each rolling torus energy
absorber stage consists of a single layer coil of wire captured in the an-
nular space between two cylinders. The radial clearance between the con-
centric cylinders is dimensioned and toleranced so that the wire is squeezed
to create the necessary friction force to roll when the two cylinders move
relative to each other. The upper and middle seat energy absorbers are multi-
stage with stroking load dependent on stroking distance.

The stroking of the seat bucket is not guided and allows the bucket to move
in a manner so as to somewhat "self-align" with the input crash pulse and
react, to a degree, along All axes.

4.3 SIMULA!NORTON CREW SEAT

The Simula/Norton armored bucket is attached to a semi-rigid frame with four
roller bearings, as shown in Figure 3. The seat is allowed to stroke only in
the vertical direction in a guided path. Two inversion tube energy absorbers
are attached between the frame upper crossmember and at the vertical
adjustment mechanism attached to the seat bucket back. Vertical inertial
loads force the seat bucket down the guide tubes against the resistance of
the energy absorbers, producing an energy-absorbing stroke in that
direction. The tensile, inversion tube energy absorbers used on this seat
use the force required to invert (to turn inside out) a length of aluminum
tubing enclosed in an outer housing to absorb crash energy.

4
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5.0 ENERGY ABSORBER CHANGE OUT AND INSPECTION

5.1 AIRCRAFT SELECTION

Tables 2 through 4 summarize data pertinent to energy absorber selection,
including aircraft identification, seat and energy absorber identification,
aircraft delivery date, and number of flight hours.

1ABLE 2. SIKORSKY TROOP SEAT ENERGY ABSORBERS

Aircraft Aircraft Flight

Tail DeIiYverýLDat Time hr

77-22720 5-79 2.261

78-22971 10-79 1,200

The wire bender energy absorbers do not

have serial numbers.

TABLE 3. ARA CREW SEAT ENERGY ABSORBERS

Aircraft Flight
Aircraft Delivery Time Seat Energy Absorber S/N

ai N. J (hr) U T ddl (-2) Bottom (-3)

81-23597 7-82 873 031 103/095 106/091 106/101
* 114/099 086/097 114/095

81-23598 7-82 998 043 140/101 114/109 094/063

042 120/017 088/107 092/001

81-23601 7-82 1,032 046 137/118 102/072 079/103

045 142/145 112/101 098/089

81-23619 9-82 1,304 081 208/215 163/158 172/174

077 216/209 195/188 168/179

82-23678 11-82 1,129 126 310/311 259/282 278/279

128 316/321 265/268 28W/281

*Nplate placard missing.
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TABLE 4. SIMULA/NORTON CREW SEAT ENERGY ABSORBERS

Aircraft Flight

Aircraft Delivery Time Seat Energy Absorber

77-22728 7-79 1,55 004 0013/0014
012 0046/0047

78-22966 8-79 1.505 035 0143/0142

066 0188/1516
78-22973 12-79 1.764 083 0225/0224

082 0203/0204
78-22990 12-79 1,672 118 0297/0296

1; 0283/0282

78-22991 1-80 1.723 120 0287/0286

064 0168/0167

*'ameplate placard missing.

5.2 PRETEST INSPECTION RESULTS

Pretest inspection of the energy absorbers revealed no evidence of field tam-
pering, stroking, degradation, or misuse. The general seat environment and
energy absorber condition were documented on data sheets at the time of energy
absorber removal from the aircraft. Replications of the data sheets are in-
cluded in Appendix A. ARA energy absorbers generally had small amounts of oil
seepage. The troop seat energy absorbers had slight surface discoloration.
The measured lengths of each energy absorber are tabulated in Appendix A.

The aircraft maintenance histories did not indicate any energy absorber
replacement, so it was assumed that they were the originals supplied. The
energy absorber serial numbers were consistent with the seat serial numbers
except for Simula/Norton seat S/N 066, which had energy absorber S/N 188 and
S/N 1516. Apparently, the S/N 1516 energy absorber was a replacement.

9



6.0 ENERGY ABSORBER TEST PROCEDURES

6.1 STATIC TESTING

The energy absorbers selected for static testing were mounted in a frame
similar to that illustrated in Figure 4. A load cell was mounted between the
bottom of the energy absorber and the hydraulic cylinder to measure the force
applied to the energy absorber as it stroked, and a displacement transducer
measured the amount of stroke. Load was applied to the energy absorber by a
hydraulic cylinder sufficient to stroke it at a constant rate not to exceed
2 in./min. The energy absorbers were stroked to their design limits.

The Simula/Norton and ARA energy absorbers were mounted to the test frame by
simple clevis attachments since buL' ends of the energy absorbers have rod
ends. The troop seat wire-bending Jevices required a fixture, as shown in
Figure 5, which was fabricated from a production seat frame to ensure that
proper roller spacing and wire Suidance was provided.

6.2 DYNAMIC TESTING

The remaining energy absorliers that were not tested statically were subjected
to dynamic testing in the apparatus depicted in Figure 6. The apparatus con-
sisted of a drop cage that was subjected to rapid downward acceleration
through the use of a hydratllic cylinder charged with an accumulator. When
the drop cage impacted the ;and bed, deceleration occurred and the test
frame/weight assembly continued to travel downward on the guide tubes,
causing the energy absorber to stroke.

Instrumentation measured the stroking force of the energy absorber, the
acceleration of the moving part of the fixture, and the displacement of one
end of the energy absorber relative to the fixed end. The test was performed
so the design stroking limit was achieved below 150 msec. Mounting fixtures
similar to those used on the energy absorbers during static testing were used
during dynamic testing.
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FIGURE 4. ENERBGY ABSORBER STATIC TEST APPARATUS.
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FIXTURE MOUNTING
HOLE

1 INSTALLED WIRE BENDER
9• ENERGY ABSORBER

FIGURE 5. TROOP SEAT ENERGY ABSORBER TEST FIXTURE.
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FIGURE 6. ENERGY ABSORBER DYNAMIC TEST APPARATUS.
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7.0 TROOP SEAT ENERGY ABSORBER TEST RESULTS

7.1 REQUIREMENTS

Energy absorber load-deflection requirements per Sikorsky Aircraft were as
follows:

0 Desired Stroking Load: 1300 ± 150 lb
* Stroking Distance: 14.0 ± 0.25 in.

The stroke allowed to reach the desired load was not specified and was
assumed to be 0.75 in. based on the results of typical dynamic tests. The
desired load-deflection characteristics are superimposed on each plot as
shown in Figure 7.

7.2 TROOP SEAT ENERGY ABSORBER STATIC TEST RESULTS

7.2.1 New Energy Absorbers

An example of a typical static test result for a new troop seat energy ab-
sorber is shown in Figure 8. The load peaked out at approximately 1170 lb
and then dropped to a relatively steady load around 1070 lb, well below the
desired minimum of 1150 lb. This response was similar for all four of the
new energy absorbers, which had an average stroking load between 1059 and
1078 lb. Plots for the other three energy absorbers can be found in
Appendix B.

7.2.2 Fielded Energy Absorbers

Two fielded energy absorbers from the same troop seat failed. Figure ga
shows the load-versus-displacment plot for one which failed at 1174 lb. The
other energy absorber that failed (plot not shown) broke at 1087 lb. The two
energy absorbers broke at the same location where the wire is suspended, as
shown in Figure 10.

Two of the energy absorbers stroked. Figure 9b shows a load-versus-
displacement curve for one which stroked at an average load of 1024 lb. The
other energy absorber (plot not shown) stroked at an average load of 1009 lb.

Plots not shown here can be found in Appendix B.

7.3 TROOP SEAT ENERGY ABSORBER DYNAMIC TEST RESULTS

After the static testing was completed it was learned that new aircraft have
a load-distributing saddle installed at the wire suspension point as shown in
Figure 11. This modification was made to preclude wire failures at this loca-
tion. Since the observed static test failures were at the suspension point,
it was decided to test half of the remaining energy absorbers with the saddle
installed to determine if this solution would alleviate dynamic failures.

A typical dynamic test input pulse is shown in Figure 12. This pulse has a
peak of 22.4 G with an onset rate of approximately 1080 G/sec and total
velocity change of 16.5 ft/sec. All energy absorbers were stroked at an
average velocity between 8.0 and 11.6 ft/sec.
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TROOP SEAT, T/N 77-22720, SEAT 1
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FIGURE 9. TYPICAL STATIC TEST RESULTS - TROOP SEAT,
FIELDED ENEMY ABSORBER.
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FIGURE 10. TYPICAL STATIC TEST FAILURE - TROOP SEAT,
FIELDED ENERGY ABSORBER.

WIe hENDER

SADDLE

FIGURE 11. LOAD DISTRIBUTING SADDLE - TROOP SEAT

DYNAMIC TESTING.
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FIGURE 12. TYPICAL TROOP SEAT DYNAMIC TEST INPUT PULSE.

7.3.1 New EnerqX Absorbers

An example of a new troop seat energy absorber dynamic test result is shown
in Figure 13. Plots for the other five energy absorbers can be found in
Appendix B. The load-deflection characteristics were similar to those for
the static tests.

All six of the new energy absorbers stroked at an average load beteen 987 and

1062 lb.

7.3.2 fjj] od Enerly Absorbers

Test result examples are presented in Figure 14. Twenty-two of 24 energy
absorbers that stroked gave load-deflection characteristics similar to those
shown in Figure 14a, with the average stroking load ranging between 942 and
1068 lb. Characteristics of the other two energy absorbers were relatively
high and low. The plot for the highest energy absorber, which had an average
load of 1302 lb, is shown in Figure 14b. This is the only energy absorber
that stroked within the specified load limits. This energy absorber stopped
short due to insufficient input energy from the dynamic test apparatus. Note
that the load was continually increasing and may have exceeded the load-limit
had stroke continued. Figure 14c shows the plot for the lowest energy ab-
sorber, which had an average stroking load of 757 lb.

The remaining 20 energy absorbers failed with similar load-deflection
characteristics as those shown in Figure 14d. Plots of the remaining energy
absorbers can be founa in Appendix B.
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TROOP SEAT, TEST 7
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FIGURE 13. TYPICAL DYNAMIC TEST RESULT - TROOP SEAT,
NEW ENERGY ABSORBER.

Figure 15 shows an example of a wire fracture. Breakage points of all

failures were in the area where the wire wraps around the rollers. The wires

experienced necking-down in the area of the fracture.

7.4 TROOP SEAT ENERGY ABSORBER TEST RESULT SUMMARY

Troop seat energy absorber test results are summarized in Table 5. This

table identifies the energy absorbers by seat number and aircraft tail num-

ber. The seat numbers were selected at random and do not relate to any

specific location in the aircraft. Also shown is the total energy absorbed,

which is the integral of force versus displacement. For the energy calcula-

tions, the load was assumed constant during the remaining stroke if the

stroke stopped short of 14 in. for any reason other than failure.

Plots of all test results are included In Appendix B. Table 6 shows the

calculated average stroking loads and the calculated standard deviation of

the energy absorbers that did not fail.

Table 7 shows the failure rate summary, including the energy absorber that

broke after stroking (T/N 77-22720, Seat 9a). Note that aircraft 77-22720

had approximately twice the failures and flight hours of aircraft 78-22971

but was just 5 months older. This suggests that the failures are related to

flight time rather than age.
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FIELDED ENERGY ABSORBERS.

All dynamic failures occurred where the wire waps around the rollers, indi-

cating that the load distributing saddles were not a factor (11 broke with.
the saddle, 12 without). None of the now energy absorbers failed. The aver-
age load of now energy absorbers were only slightly higher (2.6 percent) than
the fielded energy absorbers that did not fail. The energy absorbers consist-
ently stroked approximately 280 lb under the desired nominal load of 1300 lb,
with the exception of aircraft 78-22971 (seats 4a and 9b), which stroked at
in average load of 1302 and 757 lb, respectively..
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NECKING
DOWN

FIGURE 15. TYPICAL WIRE FRACTURE DURING DYNAMIC TESTING -

TROOP SEAT, FIELDED ENERGY ABSORBER.

7.5 TROOP SEAT POSTTEST INSPECTION

Two phenomena were noted upon posttest Inspection of wires. The dynamically
failed wires showed necking-down (severe deformation) of the wire diameter at
the fracture point (see Figure 15). It was originally believed that the
necking-down was only a result of the ductility in the wire and occurred as
the wire was loaded to failure. However, inspection of wires that did not
fail revealed some of these also had areas of necking-down as shown in
Figure 16. Therefore, it appears that the initiation of the necking-down
Phenomenon occurred previous to, rather than during, the dynamic testing.
the location of the neck-down area was measured and found to be approximately
at the midpoint of the preformed minimum bend radius (0.19 in.) as shown in
Figure 17. All of the dynamically failed wires broke in this area. The
second phenomenon observed was localized flat spotting of wires due to con-
tact with the rollers. This wear resulted at points of suspension due
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TABLE S. TROOP SEAT ENERGY ABSORBER TEST RESULTS SUIMMARY

(3) pek Meet$
Energy Energy(I) Average Peak Manufacturer

Absorber Aircraft Test T=2 - jSadleUse Absorbed Stroking Load gMie ants Appendix B
Seat No T Static Dynmic be N Load (lb) U In 1 Figure No.

1 77-22720 X X 243 1,1087 X B-la

I X X 390 1.174 X B-lb
2 X X 3.082 - 1.295 X B-2a
2 X X 1,631 1.097 X 5-2b
3 X X 13,180 942 1,097 X B-3a
3 X X 13.710 077 1.136 X B-3b
4 X X 13,339 953 1.125 X B-4a
4 X X 13,184 933 1,110 X B-4b
5 X X 1,088 - 1.220 X B-Se

5 X X 2.380 - 1,201 X B-Sb
6 X X 2.385 - 1,237 X B-6a
6 X X 713 - 710 X B-6b
7 X X 14.948 1,066 1,222 X B-7a

7 X X 13,671 965 1.094 X B-7b
a X X 1.159 - 1,207 X B-8a
8 X X 2.263 - 1,216 X B-sb

9 X X 14.98 1.038(2) 1.251 X 6-9a
9 X X 2.127 1.229 X B-9b

10 X X 14.516 1.028 1.216 X B-10a
10 X X 1.207 - 1.146 X B-10b

11 X X 1,456 1,242 X B-lia
11 X X 1.456 - 1.210 X 8-11b
12 X X 14.344 1.017 1.201 X 9-12a
12 X X 858 - 1.145 X B-12b
1 78-22971 X X 14,133 1.009 1.063 X B-13a
1 X X 14.317 1.024 1.106 X B-13b
2 X X 14.330 1.021 1.220 X 0-144

2 X X 1.209 - 1.233 X S-14b

3 X X 14.557 1.041 1.191 X 8-15-
3 X X 14,577 1.042 1.233 ( X 8-1b

4 X X 18,718 1.302 1.445 X 0-154
4 X X 14.959 1.068 1.244 X 8-16b
5 X X 14.923 1.0S 1.212 X B-17a

S X X 13.977 998 1,144 X 8-17b

(1) For the energy calculations, the load was assumed constant during the remining stroke If the stroke stopped

short of 14 1,. for any reason other than failure.
(2) Energy absorber broke after stroking.

(3) Average stroking load only calculated for those energy absorbers which did not fail.

(4) Stroked short of required distance. If stroke would have continued, force-deflection requirmansts may
have been violated.
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TABLE 5 (CONTO). TROOP SEAT ENERGY ABSORBER TEST RESULTS SU4ARY

Meet$
Energy Energy") Average Peak Manufacturer

Absorber Aircraft lest Type Saddle Used Absorbed Stroking Load Reguairrant Appendix B

Seat No. TIN S Dyamic & fl (in.-lbl Load (lb) I_ In Nb Figure No,

6 78-22971 X X 14.526 1,037 11181 X 8-18a
6 (contd) X X 13.9S0 998 1.116 X B-18b
7 X X 14,144 1,009 1,230 X a-19a
7 X X 1.203 - 1.170 X B-19b
8 X X 2.127 - 1.222 X 8-20a
8 X X 14.298 1,022 1.179 X B-20b
9 X X 10,618 757 833 X 5-21a
9 X X 14.659 1.045 1.210 X B-21b

10 X X 696 - 681 X B-22a
10 X X 2,224 - 1.224 X B-22b

11 X X 14.323 1,020 1,216 X B-23a
11 X X 13.977 999 1.157 X B-23b
12 X X 1.080 - 1.17S X B-24a
12 X X 2.992 - 1.136 X 6-24b
1 N/A New X X 14.821 1.059 1.130 X 8-25a
2 X X 14.820 1.0S9 1.154 X S-2Sb
3 X X 14.965 1.068 1.186 X 6-264
4 X X 15.101 1.078 1,132 X B-26b
S X X 14,917 1.062 1.225 X 8-27a
6 X X 14.985 1,070 1.222 X B-27b
7 X X 14,143 1.012 1.192 X 8-284
8 X X 14.122 1.012 1.166 X B-28b

9 X X 13,891 992 11161 X 8-29a
10 X X 13,744 987 1.146 X 8-29b

(1) For the energy calculations, the load was assumed constant during the remaining stroke if the stroke stopped
short of 14 in. for any reason other than failure.

(2) Energy absorber broke after stroking.
(3) Avorage stroking load only calculated for those energy absorbers which did not fail.
(4) Stroked short of required distance. If stroke would have continued. force-deflection requirements my

have been violated.
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TABLE 6. AVERAGE STROKING LOADS OF TROOP
SEAT ENERGY ABSORBERS

Aircraft Average Load Standard

TIN (lb) Deviation lb1

77-22720 991 47
78-22971 1027 99

All Fielded 1014 85

Energy Absorbers
All New Energy 1040 35

Absorbers

TABLE 7. TROOP SEAT ENERGY ABSORBER FAILURE RATE SIJ4ARY

Aircraft
Aircraft Delivery Operational Nuiber of Failed Failure

SDate Hous Enry Absorber W

77-22720 S/79 2261 16 of 24 67
78-22971 10/79 1200 7 of 24 29

to the normal movement of seats (occupied and unoccupied) in the aircraft
while subjected to vibratory flight loads. This localized wear appeared to be
more severe in the -971 wires. Measurements made in the areas of localized
wear revealed diameter reductions as much as 0.0025 in. when compared to
unworn areas. None of the wires failed in the worn area.

A loss of cadmium plating (used as a dry lubricant) on almost all of the
fielded wires was also observed along with varying degrees of light corrosion
and debris in the wire-roller area. The roller mounting bolts also showed
evidence of corrosion which served to increase friction and make the rollers
more resistant to turning.

Metallurgical Inspection of the failed energy absorbers determined that all
wire fractures were due to overstress. Table 8 compares the measured average
peak load of the failed and successful energy absorbers for the three
sources: T/N 720, T/N 971 and new (depot).
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NECK
DOWNAREA

FIGURE 16. TROOP SEAT WIRE NECKING-DOWN.

Since the peak load of the failed attenuators is approximately the same as
the successful attenuators, it is concluded that the overstress was not
caused by overload. The calculated direct tensile failure load of the
attenuator is over 4000 lb, well above the loads experienced during these
tests. This indicates that the overstress must be caused by some other
mechanism such as a reduction in cross-sectional area, a reduction In the
strength of the material, high localized bending stresses, or a combination
of these factors.

The exact mechanism of wire failures is still not understood and is being
investigated by U.S. Army personnel at the time of this report. Additional
testing to isolate the failure mechanism may be required.
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FIGURE 17. PREFORMED WIRE LOCATION OF DYNAMIC
FAILURES AND LOCALIZED WEAR.

TABLE 8. PEAK STROKING/FAILLRE LOAD COMPARISON

OF TROOP SEAT ENER6Y ABSORBERS

Average Peak Load Average Peak Load

Successful Attenuators Failed Attenuators
E/A Source (lb) rilb)

T/N 77-22720 1161 1161
T/M 78-22971 1175 1120
New (D0pot) 1171 N/A
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8.0 AA CREW SEAT ENERGY ABSORBER TEST RESULTS

8.1 REQUIREMENT

The load-deflection requirements for the energy absorbers as interpreted from
ARA Drawing No. D3874 are presented in Figure 18. The desired load-
deflection characteristics are superimposed on each plot as shown in Fig-
ure 19. The energy absorber base part number of "D3874" will not be used In
the remainder of this report for abbreviation. All of the -3 energy
absorbers were tested in compression.

8.2 ARA CREW SEAT ENERGY ABSORBER STATIC TEST RESULTS

8.2.1 New Enerav Absorbers

Plots of the static test results for the new ARA energy absorbers are shown
in Figure 20. The -1 and -3 energy absorbers did not fall within the
specified limits for the entire stroke. The -3 energy absorbers were both
high, and one -1 was high and the other low at the end of the stroke. Both
-2 energy absorbers met the desired load-deflection characteristics.

8.2.2 Fielded Energy Absorbers

Plots of the static test results for the fielded ARA energy absorbers are
shown in Figure 21. The load-deflection response of the fielded units was
similar to that of the new units in that both -3 energy absorbers were high,
and one -1 was high and the other low at the end of stroke. Both -2 energy
absorbers met the specified load-deflection requirements.

8.3 ARA ENERGY ABSORBER DYNAMIC TEST RESULTS

The -1 energy absorbers were stroked at an average velocity of between 6.3
and 7.1 ft/sec, the -2 between 6.8 and 10.1 ft/sec, and the -3 between 3.8
and 4.6 ft/sec.

8.3.1 New Enerav Absorbers

Examples of dynamic test results for the new ARA energy absorbers are shown
in Figure 22. The -1 energy absorbers were typically low at the start of the
stroke atid high at the end of the stroke. The -2 energy absorbers were also
typically low at the start of the stroke but usually within the corridor, and
then climbed out of the corridor toward the end of the stroke. The -3 energy
absorbers were all well above the desired stroking range. Plots for the
remaining new energy absorbers can be found in Appendix C.

8.3.2 Fielded Energy Absorbers

Examples of dynamic test results for the fielded ARA energy absorbers are
shown in Figure 23. In general the dynamic response of the fielded energy
absorbers was similar to that ot the new energy absorbers. Selected worst-
case examples are shown in Figure 24. Plots for the remaining fielded energy
absorbers can be found in Appendix C.
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FORCE

STROKE

LOWER LIMIT UPPER LIMIT

PIN POINT STROKE FORCE STROKE FORCE

A 0.45 2.400 0.05 3.000

B 1.40 2,400 1.80 3,000

C 2.07 1,350 2.53 1,650-1 ---

D 3.30 1,350 2.70 1,650

E 3.35 1,440 2.75 1,760

F 5.13 1.440 5.70 1,760

A 0.38 1.500 0.00 2,100

B 1.80 1,500 2.20 2,100

C 2.47 250 3.03 550--2 -

D 8.82 250 5.68 660
E 6.85 350 5.61 650

F 10.98 360 12.20 650
A 0.40 1,100 0.00 1,400

-3 -

a 2.61 1.100 2.90 1,400

NOTES: 1. FORCE LEVELS 'C' TO -D' AND *E# TO 'F#
ARE INTERCHANGEABLE

2. FORCE LEVELS MAY EXCEED LIMITS SHOWN FOR
0.50 IN. STROKE MAXIMUM IF THE ENERGY IS LESS
THAN 2% OF THE TOTAL NOMINAL DESIGN ENERGY

3. -1 AND -2 ENERGY ABSORBERS TESTED IN TENSION,
-3 ENERGY ABSORBERS TESTED IN COMPRESSION

FIGURE 18. ARA CREW SEAT ENERGY ABSORBER
LOAD-DEFLECTION REQUIREMENTS.
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8.4 ARA CREW SEAT ENERGY ABSORBER TEST RESULT SUMMARY

ARA crew seat energy absorber test results are summarized in Table 9.

TABLE 9. ARA CREW SEAT ENERGY ABSORBER TEST RESULTS SUMMARY

Meets Manufacturer

Energy Energy Energy (1) Average Reuirements

Absorber Absorber Aircraft Test Typ Absorbed Stroking .Eneravy. ( Appendix C

P/N SIN T/L Stat 2ic ma ±c in.-Ib) Load (lb) L b fo B2 Fiaure No.

-1 95 81-23597 X 10.684 1,817 X X C-lb
-1 103 X 10.303 1.814 X X C-la

-2 91 X 9,710 795 X X(2) C-id
-2 106 X 9.158 751 X X(2) C-Ic

-3 101 X 5.290 1.824 X X C-if
-3 106 X 4.974 1,906 X X C-le

-1 99 X 9.154 1,623 X X C-2b
-1 114 X 10.111 1,774 X X C-2a

-2 86 X 5.841 480 X X C-2c
-z 97 X 9,592 787 X X C-2d
-3 95 X 5.468 1,885 X X C-2f

-3 114 X 5,350 1,639 X X C-2e
-1 101 81-23598 X 10,361 1.821 X X C-3b

-1 140 X 10,111 1.771 X X C-3a

-2 109 X 11,512 944 X X C-3d

-2 114 X 12,225 1,002 X X C-3c

-3 83 X 5,298 1,827 X X C-3f

-3 94 X 5,405 1.931 X X C-3e

-1 17 X 10,624 1,857 X X C-4b
-1 120 X 10.457 1,838 X X C-4a

-2 88 X 9,299 793 X X C-4c

-2 107 X 8.193 669 X X C-4d

-3 1 X 5,306 11,81 X X C-4f
-3 92 X 5,393 2,005 X X C-4e
-1 118 81-23501 X 9,750 1,708 X X C-Sb

-1 137 X 9,910 1,742 X X C-Se
-2 72 X 9.211 754 X X C-Sd

-2 102 X 10.633 878 X X C-Sc

-3 79 X 4.870 1,703 X X C-Se
-3 103 X 5,016 1.730 X X C-Sf

(1) Calculated energy ranges: (-1) 9,191 to 12,580 in.-lb
(-2) 5,970 to 11,424 in.-lb

(-3) 2,970 to 3,654 In.-lb
For the energy calculations, the load was assumd constant during the ramining stroke if the stroke

stopped short of 14 in. for any .eason other than failure.

(2) Force-deflection characteristic* very close to desired response.
(3) Stroke short of required distance. If stroke would have continued, force-deflection requirsiunts

my have been violated.
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TABLE 9 (CONTO). ARA CREW SEAT ENERGY ABSORBER TEST RESULTS SHIARY

Mets Manufacturer

Energy Energy Energy") Average Reout remnts

Absorber Absorber Aircraft Test Tye Absorbed Stroking Eneray() Load-Dflec Appendix C
P/N S/N TIN 2LL. y namic (in.-lb) Load (lb) Ina 19 In N Figure No.

-1 142 X 10.047 1.763 X X C-sa
-1 145 X 11.250 1,967 X X C-6b
-2 101 X 9.005 738 X X(2) C-ed
-2 112 X 9.547 781 X X(2) C-6c
-3 89 X 4.495 1,534 X X C-6f
-3 98 X 5.117 1.808 X X C-6e
-1 208 81-23619 X 10.148 1.918 X X C-7a
-1 215 X 10.868 1.868 X X C-7b
-2 Is8 X 7,747 836 X X C-7d

-2 163 X 9.034 740 X X C-7c
-3 172 X 5.556 1.700 X X C-7e
-3 174 X 5.853 2.018 X X C-7f
-1 209 X 9.361 1.651 X X C-8b
-1 216 X 10.609 1.861 X X C-88
-2 188 X 8.314 682 X X C-Sd
-2 195 X 7.390 606 X X C-8c
-3 168 X 5.509 1.967 X X C-Se
-3 179 X 5.638 1.889 X X C-Sf
-1 310 82-23678 X 12.352 2,167 X X C-94
-1 311 X 11,439 2.012 X X C-gb
-2 259 X 9.756 800 X X C-Sc
-2 262 X 10.326 846 X X C-gd
-3 278 X 5.058 1.771 X X C-ge
-3 279 X 6,494 2.063 X X C-gf
-1 316 X 11.747 2.061 X X C-10a
-1 321 X 11,006 1.931 X ) C-10b
-2 265 X 9,939 815 X X C-10€
-2 256 X 11,243 921 X X C-10d
-3 280 X 5,298 19'9 X X C-10e
-3 281 X 4,977 1.765 X X C-1Of
-1 3013 N/A New X 11,179 1.954 X X C-11a
-1 3021 X 10,683 1,871 X X C-11b
-1 3023 X 12,195 2.139 X X C-12a

(1) Calculated energy ranges: (-1) 9,191 to !2,560 in.-lb

(-2) 5,970 to 11,424 In.-lb

(-3) 2,970 to 3.654 In.-lb
For the energy calcuatilons, the load was assumed constant during the remining stroke if the stroke

stopped short of 14 in. for any reason other than failure.

(2) Force-deflection characteristics very close to desired response.
(3) Stroke short of required distance. If stroke would have continued, force-deflection requirimsnts

my have been violated.
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TABLE 9 (CONTO). ARA CREW SEAT ENERGY ABSORBER TEST RESULTS SUI4ARY

NMets Manufacturer

Energy Energy Energy(l) Average Reguiremnts

Absorber Absorber Aircraft Test Type. Absorbed Stroking AnroLID-) Load-Deflectjin Appendix C
P/N S T/N Static Dnam -lbl Load (lb) a ft Io sNo Figure No.

-1 3026 X 11.276 1,975 X X C-12b
-1 3034 X 9.922 1.741 X X C-13a

-1 3039 X 10.772 1.890 X X C-13b

-1 36S3 X 10,703 1.878 X X C-14a
-1 3662 X 11.360 1.993 X X C-14b
-2 2907 X 9.928 817 X X(2) C-11c
-2 2911 X 8,114 665 X X C-11d
-2 2915 X 9.236 793 X X C-12c

-2 2920 X 8.168 670 X X C-12d
-2 2926 X 9.321 770 X X C-13C
-2 2928 X 9.370 797 X X C-13d

-2 3555 X 10.799 884 X X C-14c
-2 3558 X 9.604 787 X X C-14d
-3 2996 X 6.208 2,133 X X C-lie
-3 3001 X 5.752 1.948 X X C-hlf
-3 3003 X 6.180 1.914 X X C-12e
-3 3011 X 5.222 1.801 X X C-12f

-3 3017 X 5,062 1,858 X X C-130
-3 3032 X 4.295 1.790 X X C-13f
-3 3034 X 5.535 1.909 X X C-14f
-3 3040 X S,715 1.971 X X C-14e

(1) Calculated energy ranges: (-1) 9,191 to 12.580 In.-lb

(-2) 5,970 to 11,424 in.-lb

(-3) 2,970 to 3.654 in.-lb
For the energy calculations, the load was assumed constant during the ramining stroke if the stroke

stopped short of 14 In. for any reason other than failure.
(2) Force-deflection characteristics very close to desired response.

(3) Stroke short of required distance. If stroke would have continued, force-deflection requirments

my have been violated.

Table 10 shows the calculated average stroking loads and the calculated stan-
dard deviation for each attenuator test series. In general, neither the new
or fielded energy absorbers met the manufacturer's specified load-deflection
characteristics. Five of the 60 fielded energy absorbers and two of 24 new
energy absorbers met the specified load-deflection characteristics. The -2
energy absorbers were, in general, closest to the desired response. The -3
energy absorbers were all significantly higher than the desired stroking
load. The -1 and -2 energy absorbers were typically low at the start of the
stroke and then high at the end of the stroke so that the calculated energy
absorbed (average stroking load) was within the.desired range. Discounting
the -3 energy absorbers, 36 of 40 fielded energy absorbers and all of the new
energy absorbers met the desired calculated energy range.
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TABLE 10. ARA ENERGY ABSORBER AVERAGE
STROKING LOADS

Energy Average Standard
Absorber Load Deviati on

Teat Series. (lb) (lbi

Fielded -1 1851 133
Fielded -2 771 121
Fielded -3 1843 140
Nw -1 1930 116
New -2 773 73
New -3 1926 145

8.5 AMA POSTTEST INSPECTION

There was no visible evidence of significant corrosion on the exterior of the
extended tubes. One of the middle energy absorbers from each aircraft was
cut open and inspected. Energy absorber S/N 102 had an area of slight
corrosion on the interior of the tube (see Figure 25).

After the stroked energy absorbers had been in dry storage for approximately
four months, some of the extended tubes began to show signs of corrosion
(rust). This indicates that stroking of the energy absorbers either removed
the corrosion protection from the tubes or that corrosion protection relies
entirely on the oil that is packed in the assembly.

AREA OF
CORROSION

FIOIRE 26. EXANPLE OF INTERIOR CORROSION -

ARA CREW SEAT INIRY ABSORBERS.
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9.0 SINULA/NORTON CREW SEAT ENERGY ABSORBER TEST RESULTS

9.1 RQIEE

Energy absorber load-deflection requirements as specified on Simula Drawing
No. 100014 are as follows:

* Desired Static Stroking Load: 1206 ± 100 lb

* Minimum Required Stroke: 17.0 in.

The drawing does not specify the desired dynamic stroking load or the stroke
allowed to reach load. According to the static qualification report for this
seat (Reference 1), dynamic stroking increased the load by an average of
13 percent, and a stroke of 0.3 in. was required to reach steady state
stroking load. This translates to a desired dynamic stroking load of 1363
t 113 lb. The desired load-deflection corridors are shown in Figure 26.

9.2 SIHULA/NORTON CREW SEAT ENERGY ABSORBER STATIC TEST RESULTS

9.2.1 New Enerov Absorbers

Plots of the static test results for the new Simula/Norton energy absorbers
are shown in Figure 27. Both energy absorbers stroked within the desired
corridor.

9.2.2 Fielded Eneray Absorbers

Plots of the static test results for the fielded Simula/Norton energy
absorbers are shown in Figure 28. Both energy absorbers stroked within the
desired corridor. Energy absorber S/N 014 had a slight load increase at the
end of the stroke which was caused by the inversion tube rubbing on the
housing.

9.3 SINULA/NORTON CREW SEAT ENERGY ABSORBER DYNAMIC TEST RESULTS

These energy absorbers were stroked at an average velocity between 9.6 and
14.1 ft/sec.

9.3.1 New Energ Absorbers

An example of dynamic test results for a new Simula/Norton energy absorber is
shown in Figure 29. All six of the new energy absorbers stroked within the
desired corridor. One energy absorber had a small spike outside the corridor
at the start of the stroke. Plots of dynamic test results for these energy
absorbers can be found in Appendix D.

9.3.2 Fielded Enerow Absorbers

Examples of dynamic test results for the fielded Simula/Norton energy ab-
sorbers are shown in Figure 30. All of the fielded energy absorbers stroked
within the desired limits except S/N 013. Energy absorber S/N 046 had the
highest stroke. Note the brief initial spike outside the corridor at the
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FIGURE 27. STATIC TEST RESULTS - SINULA/NORTON CREW SEAT,
NEW ENERGY ABSORBERS.
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FIGURE 29. TYPICAL DYNAMIC TEST RESULT - SIMULA/NORTON
CREW SEAT, NEW ENERGY ABSORBER.

start of stroke: a total of three energy absorbers had a similar minor spike
at the start of stroke. This spike was noted during seat qualification
testing and is considered acceptable (Reference 1).

9.4 SINULA/MORTON CREW SEAT ENERGY ABSORBER TEST RESULT SUMMARY

All Simula/Norton energy absorbers met the manufacturer's requirements except
for S/N 13 from aircraft 77-22728. (See Table 11 for a complete test sum-
mary.) Table 12 shows the calculated average stroking loads and the
calculated standard deviation for each attenuator test series.

9.5 SINULA/HORTON CREW SEAT EOSTTEST INSPECTION

Eleven out of 24 energy absorbers showed visible evidence of corrosion. Two
had relatively severe pitting, two had relatively large corroded patches, and
seven had faint rust-colored rings (Figure 31).

Table 13 summarizes the information on energy absorbers that experienced
corrosion. All the aircraft spent approximately 0 years at Fort Campbell,
Kentucky. Aircraft 78-22973 spent its entire tour there and exhibited the
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TABLE 11. SINULA/NORTON CREW SEAT ENER6Y ABSORBER TEST RESULTS SUMMARY

Energy Energy( ) Average Meets Manufacturer
Absorber Aircraft Test TMye Absorbed Stroking Reouiremnts Appendix D

$IN T/ Stti Dami (.-Ib) Load (lb) Bes FI i ur4_, N..

13 77-22728 X 15,856 932 X 0-la

14 X 20.095 1,232 X D-lb
46 X 24,471 1,444 X D-2a

47 X 23,691 1.390 X D-2b

142 78-22966 X 23.433 1.374 X O-3b
143 X 22.944 1,352 X D-3a

188 X 23.960 1,409 X 0-4a

1516 X 23.715 1,395 X 0-4b

203 78-22973 X 24.384 1,433 X 0-6a

204 X 24.438 1,436 X D-6b
224 X 23.532 1,383 X D-5b

225 X 22,900 1,401 X D-Sa

282 78-22990 X 23,799 1,397 X D-Sb

283 X 24,261 1.425 X 0-84

296 X 24,464 1.318 X D-7b
297 X 22,376 1.312 X O-7a

167 78-22991 X 24.173 1.418 X(2) D-lOb
168 X 24.468 1.433 X (2) D-lOs

286 X 20,875 1,228 X D-9b

287 X 23.691 1,393 X D-9a

1537 N/A New X 24,121 1.416 X D-1la

1538 X 21.052 1,239 X D-llb
1540 X 24,429 1.434 X(2) D-12a
1542 X 24.121 1.416 X D-12b

1579 X 19,487 1,147 X 0-13s
1580 X 22,297 1,345 X D-13b

1585 X 22,901 1,342 X 0-14.

1586 X 11,954 1,296 X D-14b

(1) Energy absorbed based on 17.0 In. stroke. If during dynamic testing the stroke
stopped short of 17.0 in., the load was assumed constant for the remaining

stroke. Calculated energy ranges: Static - 18.664 to 22.202 in.-lb

Dynamic - 21,094 to 25,092 in.-lb
(2) Load exceeded tolerance at start of stroke and remeined within limits for

relmaider of stroke.
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TABLE 12. SIMULA/NORTON CREW SEAT ENERGY ABSORBER
AVERAGE STROKING LOADS

Energy Absorber Average Load Standard
Test SerUgL (hlbxl yitaion (Ib)

Fielded Static 1230 3
New Static 1193 65
Fielded Dynamic 1369 115
New Dynamic 1375 55

TABLE 13. SINULA/NORTON CREW SEAT ENERGY
ABSORBER CORROSION SLN4ARY

Energy
Absorber Aircraft Type of

13 TN-2 Corrosiot

13 77-22728 Patch

14 77-22728 Patch

47 77-22728 Ring

142 78-22966 Pitting

Ise 78-22966 Ring

204 78-22973 Pitting

224 78-22973 Ring

22S 78-22973 Ring

167 78-22091 Ring

168 78-22"91 Ring

286 78-22091 Ring

worst corrosion. Aircraft 77-22728 spent only 2 years in the Fort Campbell
environment and shows no signs of corrosion. See Appendix A for complete
aircraft histories.

All of the energy absorbers with corrosion had acceptable load-deflection
characteristics and total energy absorption except S/N 013. This energy
absorber did have a corrosion patch but it was only in a localized area.
S/N 014 had a larger corrosion patch and had acceptable stroking character-
istics, indicating that the corrosion was not a factor for stroking
performance.
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FIGURE 31. SIKIULA/NORTON CREW SEAT ENERGY ABSORBER CORROSION EXAMPLES.
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10.0 INJURY EVALUATION

Computer program SON-LA (Seat Occupant Model - Light Aircraft) was used to
evaluate the potential for injury resulting from energy absorbers that were
out of specification. Program SOM-LA was developed under contract to the FAA
and is fully described in Reference 2. The standard edition of SON-LA in-
cludes a 12-segment occupant model with 29 degrees of freedom and a finite
element model of the seat structure. Characteristics for either a human
occupant or an anthropomorphic dummy are included. Interface loads between
the occupant and floor, seat restraint, and seat cushions are provided. An
option in the program allows modeling of a semirigid seat frame with a uni-
directional constant load stroking seat. For this contract, a specially modi-
fied version of SON-LA was used which allowed omnidirectional stroking of the
seat with variable load stroking energy absorbers. This permitted inputting
the actual force-deflection characteristics of the energy absorbers as deter-
mined from the testing.

Modeling was conducted with a 50th-percentile human occupant for a pure
vertical impact. The input pulse and occupant weights used are shown in
Figure 32. The outputs from the model were the DRI (Dynamic Response Index),
pelvis vertical acceleration/duration plot (Eiband curve), maximum spinal com-
pression load, and seat vertical stroke.

The DRI has been shown to be effective in predicting spinal injuries in
ejection seats as shown in Figure 33. The DRI is calculated using a single
lumped-mass, damped-spring model to determine the maximum deformation of the
spine and associated force. However, it should be remembered that this is a
simple model of a complex dynamic system and a helicopter pilot leaning
forward in his seat might be expected to respond differently from an upright,
well-restrained ejection seat occupant.

The Eiband curves were developed based on experimental test results (Refer-
ence 4) and are the generally accepted benchmark to determine human tolerance
levels. The experiments used to generate these curves used a uniform peak
acceleration plateau of various magnitudes and durations. To compare-the
SON-LA acceleration results to the Eiband limits, the summation of all times
for any given acceleration was used as shown in Figure 34. The Eiband limits
were selected according to the Aircraft Crash Survival Desian Guide (Refer-
ence 3) as shown in Figure 35. Also shown is the location of 23 G at 25 msec
as specified as the maximum limit in NIL-S-58095(A) (Reference 5).

10.1 TROOP SEAT INJURY EVALUATIOI

10.1.1 Model Validation

The model was validated by comparison of predicted results to test data for
the Simula S-70A-9 Royal Australian Air Force (RAAF) troop seat. This seat
is similar to the Sikorsky troop seat but differs in occupant size (300 lb)
and energy absorber stroking loads (1400 lb). Results of the validation are
shown in Figure 36.
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SOM-LA PREDICTION

SOM-LA TEST

DRI 20.74 N/A

MAX.
SPINAL 2.037 N/A
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TEST RESULTS

FIGURE 36. COMPARISON OF SON-LA PREDICTION AND TEST RESULTS
FOR THE S.70A-9 RAAF TROOP SEAT.
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The test dummy did not have provisions for spinal load measurement; however,
the prediction for pelvis vertical acceleration and vertical stroke is accep-
table. The DRI is a calculated value and was not measured during testing.

10.1.2 TrOOD $eat Model Results

A total of five seats were modeled, as shown in Table 14. Run Nos. 1 and 2
are for the specification nominal stroking load of 1300 lb and for a constant
load of 1050 lb, which is consistent with tests of new energy absorbers. The
other three runs cover the extremes of the tested energy absorbers. The
plots for these energy absorbers are shown in Figure 37. A run was not made
with both energy absorbers falling.

The SOM-LA model results are shown in Table 15 and Figure 38.

TABLE 14. TROOP SEATS MODELED WITH PROGRAN SOM-LA

Run Aircraft Seat

b. T/N B2O- Description

1 N/A N/A 1300 lb constant load
2 N/A N/A 1050 lb constant load
3 79-?!9'1 4 Highest stroking loads
4 78-22971 9 Lowest stroking loads (no failure)
5 78-22971 8 Typical seat with one failed

energy absorher

TABLE 15. TROOP SEAT SOW-LA MODEL RESULTS

Maximu
Spinal Vertical

Run Maxim Load Stroke

1hL _RL Q.L (in.) ,-!:ýrittjon

1 31.98 2594 9.77 1300 lb constant load
2 30.29 2430 11.69 1050 lb constant load
3 31.31 2629 10.66 Highest stroklrg load
4 29.45 2440 12.82 Lowest stroking load (no failure)
5 29.61 2S17 1S.34" Typical seat with one failed

energy absorber

*Stroking load asuswd constant past 14 in.

53



TROOP SEAT. S/N 011 TROOP SEAT. S/N 012

1AI

IALI W.,
634

IA

a,

som L1 lm" (.4

TOOP AT. T8W4 71-aaov. StAT 4. MAM NO. I

TROOP SEAT, S/N 021 TROOP SEAT. S/N 022

IA IAIi 
l ,•

1.1 
1.31

OLA

L4 1
'SQ

S* a S I I SS i S S S I S I-4 
wItJ ~

'o.MAT. TfiN y-S*2? 1. WtAY S. MM NO. t

0TROOP SEAT, S/N 020

IA a

I.I

L;Ly

so

LSA64, 

4, r

si

A • S S SOD II 1A 1iS 
1 I

MAT ISA?. TM 7o-1W I. MAT 6. Mi N•O.

FIGURE 37. TROOP SEAT ENERGY ABSORBER LOAD-DEFLECTION

CHARCTERISTICS FOR SON-LA MODELS.
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RUN NO. 1, 1300 LB E/A LOAD RUN NO. 2, 1050 LB E/A LOAD

RUN NO. 3, HIGHEST EIA LOAD RUN NO. 4, LOWEST E/A LOAD

RUN NO. 6, ONE BROKEN E/A

FIGURE 38. EIBAND PLOTS FOR TROOP SEAT SON-LA
MODEL PELVIS VERTICAL ACCELERATION.
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For these models, the equipment weight of a 33.3 lb backpack was assumed as
an additional occupant mass on the upper torso, which increased the spinal
compression load by approximately 1000 lb (based on model prediction of a
short duration upper torso acceleration of 30G at time of peak spinal load).
If the backpack were to bottom out on the seat frame, or be otherwise
supported, the spinal load would be decreased accordingly.

10.2 ARA CREW SEAT INJURY EVALUATION

10.2.1 Model Validation

This seat had not been modeled with program SON-LA before, so a special model
was developed. Validation was conducted using data from the Civil Aerome-
dical Institute (CAII) dynamic test 83-068, which was a vertical impact of
42.5 ft/sec at 44 G with a 50th-percentile dummy. The model validation was
limited in scope and essentially performed as a sanity check rather than an
extensive correlation with test data. It would not have been practical to
perform an extensive validation since the actual load-deflection characteris-
tics of the tested seat energy absorbers were unknown. A comparison of the
test and SOM-LA results are shown in Figure 39. Both predict severe injury
according to the Etband criteria.

10.2.2 ARA Crew Seat Model Results

Four seats were modeled, as shown in Table 16.

TABLE 16. ARA CREW SEATS MODELEO WITH PROGRAM SON-LA

Run Aircraft Seat
Jig. Tail No. V/L Dcription

I N/A N/A Theoretical nominal loads
2 81-23597 ' Lowest -2 energy absorber loads
3 81-23568 043 Highest -2 energy absorber loads
4 81-23619 061 Highest -1 energy absorber loads

"Name placard missing.

Seats were selected primarily for the -2 energy absorbers since they predomi-
nantly control the vertical stroking loads (the other two sets of energy absor-
bers are essentially pivot arms). The other seat selected had -1 energy
absirbers which stroked relatively low at the start and relatively high at the
en- Plots of all the energy absorbers modeled can be found in Figures 40
through 42.

The results of the SOM-LA modeling are shown in Table 17 and Figure 43.
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SOM-LA PREDICTION
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FIGURtE 41. ARA CREW SEAT HIGHEST -2 ENERGY ABSORBER LOAD-
DEFLECTIONt CHARACTERISTICS, SEAT S/N 043,T/L 81-23568 SOt-LA NODEL 3.
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TABLE 17. ARA CREW SEAT SON-LA MODEL RESULTS

Max imum
Spinal Vertical

Ro~n Maximum Load Stroke

DR, (...~... .lb)... (in.) Description

1 42.25 2830 2.8 Theoretical nomiinal loads
2 39.39 2720 4.5 Lowest -2 energy absorber loads

3 42.03 2820 2.6 Highest -2 energy absorber loads
4 40.65 27S9 4.0 Highest -1 energy absorber loads

THEIORETICAL E/A LOADS COPILOT. Tift 81-23597
(LOWEST -2 LOACO-DEFLEC?,ON)

OLPAION OW DRATIN OW

Voe ~ ~ ~ ~ ~ ~ ~ ~m 4370 1260SNG.TO0-31

(MIG149~~~ ~ ~ ~ ~ ~ $I-A-~LCI~)HGNS ILA-2LCI

BINMDE PELVI TIN O:-21600 SIN AlTION.6-)1

(UIIIST-2LOO.~rLCTON IIGIS I OA OP61TON



10.3 SINULA/NORTON CREW SEAT INJURY EVALUATION

10.3.1 Model Validation

Extensive validation has been performed for the SOM-LA model of the Simula/
Norton crew seat and can be found in Reference 2. This seat is more readily
modeled since the guide tubes force the seat to stroke along a known path.

10.3.2 Sjmula/Norton Crew Seat Model Results

Three seats were modeled, as shown in Table 18. The energy absorber load-
deflection characteristics are shown in Figure 44. The model results are shown
in Table 19 and Figure 45. Note that the seat with the lowest energy absorber
loads would have required approximately 3.7 In. more stroke as compared to the
nominal stroking loads.
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TABLE 18. SINULA/NORTON CREW SEATS MODELED WITH PRO6RA14 SON-LA

Run Aircraft Seat

Eo. TINV iL Oepcriot ion

1 77-22728 04 Lowest energy absorber loads
2 78-22973 82 Highest energy absorber loads
3 N/A N/A Nominal energy absorber loads

8VAULA/NORTONo SIN 13 SNULAINORTON. SIN 0140

1.3 -

I.1, 9.9

IA, IA-

J'A 1 .1 .. .I
445e4 U,

4.s ea .

4.9 LI•

4 4 6 9* Ii Ii 14 9t l S 2 4 4 S IO 99 94 1 14 O i 9B

T/N 77-2#720. MAT OM 04, MM NO. I
(LOWEST WMY A0MO0U LOAD-0OP.ECK0I)

SPULAINOMTON. 8IN 203 8UULAINORTON, S/N 204

IA 93

1A.- IA-

A .I i

ISl ___________________ IS]

I.I ,I .I

'a

IS If

loom IP AM" 10" 10110 *PAT1C MV

FIGURE 44. SIJLA/NORTON ENERGY ABSORBER LOAD-DEFLECTION

CHARACTERISTICS FOR SON-LA MODELS.
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TABLE 19. SIMULA/NORTON 5014-LA MODEL RESULTS

Max imum
Spinal Vertical

Run maximum Load Stroke

12. ...DEL... (.lb).. ft.J.n) Descripotion

1 16.0 1529 16.37 Lowest energy absorber loads
2 19.6 2124 11.02 H~ighest energy absorber loads
3 18.4 1950 12.65 Nominal energy absorber loads

MAT? eM 04. TMK 77-43735 OUT? am @6*. 714733
SOAWIST aERS &ASSOUR LOAD-00WLECIM 09hIS? 114GY A94ORS0if LOAD-4WL.CTW00

THEONS1IAI NOMY A8eCASIR LOAMS

FIGURE 45. EISANDU PLOTS FOR SINIJLA/NORTON SON-LA
MODEL PELVIS VERTICAL ACCELERATION.
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11.0 CONCLUDING REMARKS

11.1 SIKORSKY TROOP SEAT ENERGY ABSORBERS

Fielded energy absorbers had an overall failure rate of 48 percent. Aircraft
with twice the flight hours had approximately twice the failure rate (2261 ver-
sus 1200 hours and a 67 percent versus 29 percent failure rate), which suggests
that the problem is fatigue related.

During testing, all energy absorbers which failed broke before reaching the
nominal stroking load of 1300 lb. This indicates that the strength of the wire
was reduced and the failures were not caused by binding of the rollers or some
other factor which may have increased the stroking load beyond the tensile
limit of the original wire. The incorporation of a load-distributing saddle
had no effect on the energy absorber dynamic testing failures.

The energy absorbers that did not fail had load-deflection characteristics simi-
lar to those of the new energy absorbers. Both new and fielded energy absorb-
ers typically stroked approximately 280 lb lower than the design nominal strok-
ing load. The lower stroking loads required approximately 2.0 in. more stroke
than a nominal load. Whether this lower stroking load is acceptable or not
should be verified by actual seat testing. The stroking loads used during the
seat qualification testing are unknown. However, verbal information received
from Sikorsky Aircraft engineers indicate that the energy absorbers tested at
that time stroked at 1300 lb. The lower stroking load may even be desirable
since the troop seat occupants typically wear backpacks, which may increase the
spinal loads beyond tolerable limits. However, the manner in which the back-
pack inertial loads are reacted in a crash was not part of this program and
should be considered.

11.2 ARA CREW SEAT ENERGY ABSORBERS

The majority of the new and fielded energy absorbers did not meet the
manufacturer-specified load-deflection requirements. However, the load-
deflection response of fielded energy absorbers was similar to that of the new
energy absorbers. Negligible evidence of corrosion was identified on the
fielded energy absorbers.

The SOM-LA modeling indicates no increase in the occupant injury level for the
fielded energy absorbers as compared to the theoretical nominal energy absorb-
ers with respect to DRI, Elband tolerance, and spinal loading during a pure
vertical crash impact. This is because the -2 energy absorbers--which primar-
ily determine spinal injury--were within or lower than the load limits at the
start of stroke. The lower stroking loads could, however, increase the ".ori-
zontal motion of the seat for combined/forward crash impacts, increasing the
possibility of missing the floorwell and bottoming out in the crashes with high
vertical components of velocity. It also increases the secondary strike
potential for all crashes.
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11.3 SINULA/NORTON CREW SEAT ENERGY ABSORBERS

Both the new and fielded energy absorbers predominately conformed to the manu-
facturer's specified load-deflection requirements. Although several of the
fielded energy absorbers experienced visible corrosion, this did not cause any
failures or affect the load-deflection characteristics. One energy absorber
was well below the specified stroking load, which would have increased the seat
vertical stroking distance by approximately 3.7 in. This could have caused the
seat to bottom out depending on the crash energy, seat vertical adjustment, and
pilot weight.
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12.0 RECOMHENDAIIONS

12.1 SIKORSKY TROOP SEAT ENERGY ABSORBERS

The fielded energy absorbers had a high failure rate which appeared to be due
to overstress, aggravated by a prolonged vibratory environment. To help
prevent failure, the following steps are recommended:

0 Replace fielded energy absorbers with new ones starting with
the aircraft having the most flight hours

* Dynamically test the replaced energy absorbers to determine
their useful life in flight hours

* Redesign the energy absorber to increase their life or continue
to replace the energy absorbers when the determined limit is
reached.

Both new and fielded energy absorbers were stroking approximately 280 lb
below the specified nominal stroking load. Design data should be reviewed to
verify the desired stroking load.

12.2 ARA CREW SEAT ENERGY ABSORBERS

Both the new and fielded energy absorbers exhibited load/deflection character-
istics that varied quite widely from one to another and from the design speci-
fications. The calculated DRI's and Elband curves were very high,indicating
a high probability of injury. It is recommended that the seat's performance
be evaluated in actual crashes to see if injuries are occurring as predicted.

Fielded energy absorbers demonstrated similar load-deflection characteristics
when compared to new energy absorbers and environmental effects appeared
negligible. However, these energy absorbers were less than seven years old,
and the internal packing oil, which appears to be critical for corrosion pro-
tection, is seeping out. It is recommended that further testing be performed
later to determine if loss of protective oil will cause a problem. To reduce
testing costs, only the middle two energy absorbers (-2 part numbers) could
be replaced and tested. These energy absorbers are the most critical for
occupant protection in a vertical crash.

12.3 SINULA/NORTON CREW SEAT ENERGY ABSORBERS

These energy absorbers demonstrated proper load-deflection characteristics
but also showed signs of corrosion. To help prevent performance degradation,
the following steps are recommended:

* Continue monitoring energy absorber corrosion for the oldest
aircraft and those subjected to the.worst environment to
determine useful life expectancy .

* Investigate methods of improved sealing of the energy absorber
end caps for new and replacement units.

67



13.0 BLEERENCESI

1. Taylor, R. L., Warrick, J. C., Desjardins, S. P, Test Reoort. Static
Oualtfication Tests for 613-1787-CQOL III of IV UH-60A Black Hawk Crash-
worthy Crewseat, TR-7813A, Simula Inc., Tempe, Arizona; Industrial Ceramics
Division, Norton Company, Worcester, Massachusetts, October 4, 1978.

2. Laananen, D. H., Bolukbasi, A. 0., and Coltman, J. W., Computer Simulation
of an Aircraft Seat and Occupant in a Crash Environment, Volume I, Techni-
cal Report, Simula Inc,. Report No. DOT/FAA/CT-82/33-1, U.S. Department of
Transportation, Federal Aviation Administration, Washington D.C., 1983.

3. Laananen, D. H., Aircraft Crash Survival Desian Guide. Volume II - Aircraft
Crash Environment and Human Tolerance, Simula Inc., USARTL-TR-79-22B,
Applied Technology Laboratory, U.S. Army Research and Technology Labora-
tories (AVRADCOM), Fort Eustis, Virginia, January 1980, AD-A082512.

4. Eiband, A. N., Human Tolerance to Rapidlv Applied Accelerations: A Summary
of the Literature, NASA Memorandum 5-19-59E, National Aeronautics and Space
Administration, Washington, DC, June 1959.

5. Military Specification, MIL-S-58095A(AV), General Specification for Crash-
Resistant, Non-Ejection, Aircrew Seat System, Department of Defense,
Washington, DC, January 1986.

68



AIRCRAFT DATA SHEETS AND
ENERGY ABSORBER INSPECTED LENGTHS

TABLE A-I. SINULA/NORTON ENERGY ABSORBER LENGTH SHEET

Aircraft Pilot Copilot

Tail Number Lf Riaht Left Ri

77-22728 SIN 14 13 47 46
Length (in.) 12.210 12.168 12.202 12.204

77-22966 SIN 142 143 1516 0188

Length (in.) 12.188 12.195 12.161 12.188
78-22973 SIN 224 225 203 204

Length (In.) 12.184 12.193 12.181 12.204

78-22990 SIN 296 297 282 283

Length (in.) 12.193 12.175 12.205 12.204

78-22991 SIN 286 287 167 168

Length (in.) 12.218 12.200 12.189 12.181

Desired Length: 12.187 in.

TABLE A-2. ARA ENERGY ABSORBER LENGTH SHEET

Aircraft Pi lot ......

Tail Nuer EL BJg LL=L Uf iJL

81-23597 -1 6.30 6.29 6.31 6.275
-2 8.81 8.82 8.81 8.815
-3 9.38 9.40 9.39 9.39

81-23598 -1 6.295 6.28 6.30 6.27

-2 8.79 8.81 8.81 8.83
-3 9.39 9.407 9.40 9.40

81-23601 -1 6.30 6.27 6.29 6.275
-2 8.81 8.82 8.80 8.80

-3 9.39 9.38 9.40 9.40

81-23619 -1 8.28 6.28 6.295 6.28

-2 8.80 8.82 8.79 8.79

-3 9.39 9.40 9.385 9.41

82-23878 -1 6.28 6.29 6.28 6.28

-2 8.805 8.80 8.81 8.79
-3 9.39 9.40 9.39 9.395
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TROOP SEAT ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATION STATION HISTORY
_ _ _ PAST STATIONS LENGTH OF STAYAIRCRAFT TAIL NO. 77-22720 Accepted @ Ft. Rucker: 5-79

Ft. Rucker: 5-79 to 6-83
DATE OF MANUFACTURE 5-79 Sikorsky Bridgeport: 11-83 to 3-84

Ft. Campbell, KY
NUMBER OF FLIGHT HOURs 2,261 (A Co., 101st Abn. Dlv.):

3-84 to 6-86

Ft. Rucker (6th Btn, 159th Avn.
HOME BASE Ft. Rucker, AL Rgmt.): 6-86 to present.

(10 Aug 88)
MISSION HISTORY (NOTE ANY EXTREME
ENVIRONMENTAL CONOITIONS)

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)
" All troop seat restraints were noted to have been replaced

29 July 1983. No other action noted pertaining to Troop/Gunner
seats.

"o No evidence found of any hard landings.

INTERIOR CONDITION OF AIRCRAFT
This aircraft had 2 side-facing gunner seats and 11 additional
troop seats: 4 forward facing along aft bulkhead, 4 rear facing
at midship, and 3 forward facing at midship. All energy absorbers
were replaced except left side gunner seat.
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TROOP SEAT ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATI'ON STATION HISTORY
PAST STATIONS LENGTH OF STAY

AIRCRAFT TAIL NO. 78-22971 Accepted @ Ft. Eustis: 10-79

Aircraft has been assigned to the
DATE OF MANUFACTURE 10-79 Aviation Office, Ft. Eustis for

its entire history.

NUMBER OF FLIGHT HOURS 1,200

HOME BASE Ft. Eustis, VA

MISSION HISTORY (NOTE ANY EXTREME
ENVIRONMENTAL CONDITIONS)

Aircraft has been used for routine trooo
haul and cargo missions plus flight crew
training.

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)

No evidence found of any hard landings.

I1TERIOR CONDITION OF AIRCRAFT

Average to good for aircraft of this age.
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ARA ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATION STATION HISTORY

AIRCRAFT TAIL NO. 81-23598 PAST STATIONS LENGTH OF STAY
Wiesbaden: 1-82 to 2-83
Nellingen: 2-83 to 5-86

DATE OF MANUFACTURE 7-82 Wiesbaden: 5-86 to 12-87
Hanau: 12-87 to 3-88
Wiesbaden: 3-88 to present

NUMBER OF FLIGHT HOURS 997.9

HOME BASE Wiesbaden

MISSION HISTORY (NOTE ANY EXTREME
ENVIRONMENTAL CONOIT IONS)

None noted.

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)

None.

INTEqIOR COt4ITION OF AIRCRAFT

Clean, nothing remarkable
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ARA ENERGY ABSORBER AIRCRAFT TAIL NO.

2 OPERATIONAL DATA SHEET 81-23598

SEAT TYPE AND SERIAL NUMBER: PILOT COPILOT Jun 82 043

SEAT CONDITION (GENERAL WEAR.CORROSION.FOD.ETC.)

Good many coats of paint. Looks like they spray the whole seat.
Usual wear on edges.

SEAT ENVIRONMENT (OBJECTS ATTACHEO.PAINT OIL.ETC.)

Clean - see above.

ENERGY ABSORBER CONDITiON

ENVIRONMENT INSTALLATION

Many coats of paint Nothing remarkable

ENERGY ABSORBER IDENTIFICAT1ON(AsSIGNN W.ER TO E4CW E/A.)

SIDE OF SEAT RH 0140 0114 094

LH 0101 0109 083
TOP MIDDLE BOTTOM

SCAT TYPE AND SERIAL f&•MBER! PILOT COPILOT June 82 042

SEAT CONOITION (GENERAL WIEAP.CORROSION.FOO.ETC.)

See above

SEAT ENVIRONMNT (OBJECTS ATTACHED,PAINT.OIL.ETC.)

See above

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION
See above

ENERGY ABSORBER IDENTIFICATIONEAI5ION ýft& gA To ¢C(/A)
RH 120 088' 092SIDE OP SEAT __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

LH 017 0107 01
TOP MIDOLE WTTOM
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ARA ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATION STATION HISTORY

AIRCRAFT TAIL NO.1 81-23597 PAST STATIONS LENGTH OF STAY

Wiesbaden: 7-82 to 1-87

DATE OF MANUFACTURE 7-82 Grafenwohr: 1-87 to present

NUMBER OF FLIGHT HOURS 873.2

HOME BASE Grafenwohr

MISSION HISTORY (NOTE ANY EXTREME

ENVIRONMENTAL CONOITIONS)
Used in tactical combat unit for training.

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)

Nothing remarkable.

INTERIOR COND)ITION OF AIRCRAFT
Clean, nothing remarkable.
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ARA ENERGY ABSORBER ARRF AL O
2 OPERATIONAL DATA SHEET 81-23597

SEAT TYPE AND SERIAL NUMBER: PILOT COPILOT 031

SEAT CONDITION (GENERAL WEAR.CORROSION,FOD.ETC.)

Usual signs of wear, velcro coming off spall shield.
Dirt and grime.

SEAT ENVIRONMENT (OBJECTS ATTACHED.PAINT.OIL.ETC.)

Has not been painted.

ENERGY ABSORBER CONDITION
ENVIRONMENT INSTALLATION

nothing remarkable A bear

ENERGY ABSORBER I DNTIFICATION(AsSIoNNU ' TO E'AC. /A)
RH 0103 0106 0106SIDE 0F SEAT
LH 095 091 0101

TOP MIDDLE BOTTOM

SEAT TYPE AND SERIAL NUMBER: PILOT COPILOT Missing placard

SEAT CONDITION (GENERAL WEAR,CORROSIONFODETC.)
See above

SEAT ENVIRONMENT (OBJECTS ATTACHEO,PAINTOIL.ETC.)

See above

ENERGY ABSORBER CONDITION
ENVIRONMENT INSTALLATION

See above

ENERGY ABSORBER IDENTIFICATIONrAsSIGMNLuOAm o TEAC E/AI

SIDE OF SEAT RH 0114 086 0114
LH 099 097 095

TOP MIDDLE BOTTOM
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ARA ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATION STATION HISTORY

AIRCRAFT TAIL NO. 81-23601 PAST STATIONS LENGTH OF STAY

DATE OF MANUFACTURE 7-82

NUMBER OF FLIGHT HOURS 1,031.8

HOME BASE Ft. Campbell, KY

MISSION HISTORY (NOTE ANY EXTREME
ENVIRONMENTAL CONDITIONS)

Delivered to Ft. Campbell, KY, July 82.
Two weeks at Troy, AL (Aug 87) for instal. of flt. data recorder.

Otherwise - always @ Ft. Campbell, KY.

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)

Variety of troop/equipment transport missions.
No evidence of hard landings.

INTERIOR CONDITION OF' AIRCRAFT

Light/moderate, dust/dirt.
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AIRCRAFT TAIL NOARA ENERGY ABSORBERAICFTALNO
2 OPERATIONAL DATA SHEET 81-23601

SEAT TYPE AND SERIAL NUMBER: PILOT COPILOT 046

SEAT CONDITION (GENERAL WEAR.CORROSION.FOD.ETC.)
No unusual wear, corrosion.

SEAT ENVIRONMENT (OBJECTS ATTACHED.PAINT.OIL.ETC.)

Moderate dust/dirt.

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION

Dust/dirt.

ENERGY ABSORBER IDENTIFICATION(ASSIGN NUMBER TO EACM E/A)
RH 0137 0102 079

SIDE OF SEAT
LH 0118 072 0103

TOP MIDDLE BOTTOM

SEAT TYPE AND SERIAL NUMBER: PILOT COPILOT 045

SEAT CONDITION (GENERAL WEAR,CORROSION.FOD.ETC.)
No unusual wear, corrosion.

SEAT ENVIRONMENT (OBJECTS ATTACHED.PAINTOIL,ETC.)

Moderate dust/dirt

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION
Dust/dirt/

ENERGY ABSORBER IDENTIFICAT IASSION NuMOE TO ECE.A)

SIOE OF SEAT RH 0142 0112 098
LH 0145 0101 089

TOP MIOOLE BOTTOM
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ARA ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATION STATION HITORY

AIRCRAFT TAIL NO.j 81-23619 PAST STATIONS LENGTH OF STAY

DATE OF MANUFACTURE 9-82

NUMBER OF FLIGHT HOURS 1,303.8

HOME BASE Ft. Benning - delivered 9-20-82

MISSION HISTORY (NOTE ANY EXTREME
ENVIRONMENTAL CONDITIONS)

Stayed at Ft. Benning.

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)
Nothing remarkable.

INTERIOR CONOITION OF AIRCRAFT

Nothing remarkable.
Somewhat dirty.
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ARA ENERGY ABSORBER AIPCPAFT TAIL NO.
2 OPERATIONAL DATA SHEF.Ti 81-23619

SEAT 'TYPE AND SERIAL NUMBER: PILOT COPILOT r/N08 Mnf. 9/82

SEAT CONDITION (GENERAL WEAR.CORROSION.FOD.ETC. )

Wear on edges of spall shield.
Cushions worn out.

SEAT ENVIRONMENT (OBJECTS ATTACHED.PAINT.OIL.ETC.)

Dust, grime.

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION

Dirt, dust Nothing remarkable

ENERGY ABSORBER IDENTIFICATION(AssSIC' NUPAEq TO E&CH EIA)

RH 0208 0163 0172SIDE Or SEATm
LH 0215 0158 0174

"TOP MIDDLE BOTTOM

SEAT TYPE AND SERIAL NUMBER: PILOT COPILOT I S/N 077 Mnf. 9/82]

SEAT CONDITION (GENERAL WEAR.CORROSICNFOD,ETC.)

Chafing all around edge of seat.

SEAT ENVIRONMENT (OBJECTS ATTACHED,PAINTOIL,ETC.)

Dust, grime.

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION
Dirt, dust. Nothing remarkable.

ENERGY ABSORBER IDENTIFICATIONIAssI16N NUNR TO EACN E/A)

RH 0216 0196 0168

LH 0209 0188 0179
TOP MIDOLE 1OTTOIA
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ARA ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATION STATION HISTORY

AIRCATTLNO.8 3678 PAST STATIONS LENGTH OF STAYAIRCRAFT TAIL N.18-37

DATE OF MANUFACTURE 11-82

NUMBER OF FLIGHT HOURS 1,128.8

HOME BASE Gray AAF, Ft. Lewis, WA

MISSION HISTORY (NOTE ANY EXTREME
ENVIRONMENTAL CONDITIONS)

Aircraft delivered new to B Co. 219th Avn. Rgmt. - Ft. Lewis, WA (Jan. 83).

Aircraft used for routine training troop & cargo hauling missions.

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)

No evidence of hard landings or unusual abuse.

INTERIOR CONDITION OF AIRCRAFT

Light dust - normal wear for an aircraft of this age.
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ARA ENERGY ABSORBER AIRCRAFT TAIL NO.

2 OPERATIONAL DATA SHEET 82-23678

SEAT TYPE AND SERIAL NUMBER: PILOT COPILOT S/N 0126

SEAT CONDITION (GENERAL WEARCORROSION.FOOETC.)
Dusty, light corrosion on height adjust guide tubes.

SEAT ENVIRONMENT (OBJECTS ATTACHEO.PAINT.OILETC.)

Very light dust.

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION

Dusty

ENERGY ABSORBER IDENT IFICATIONASSIGN Wss fiE 'TO EACH E/A)

RH 0310 0259 0278SIDE OF SEAT '__ _ _ _ _ __ _ _ _ _ __=-_ _ _ _ __ _ _ _ _ _ _

LH 0311 0262 0279
TOP MIDDLE BOTTOM

SEAT TYPE AND SERIAL NUJMBER: PILOT COPILOT S/N 0128

SEAT CONDITION (GENERAL WEAP.CORROSION.FOD.ETC.)

Dusty, light corrosion on height adjust guide tubes.
Seat hard to raise & lower.

SEAT ENVIRONMENT (OBJECTS ATTACHEDPAINT.OIL.ETC.)

Very light dust

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION

Dusty

ENERGY ABSORBER IDENTIFICATIONA1sSION NLE TO EACH CAl

RH 0316 0265. 0280SIDE or SEAT . .... ___ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _

LH 0321 0268 0281
TOP MIDDLE BOTTOM
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N/S ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATION STATION HISTORY

AIRCRAF TAILNO.77-2 PAST STATIONS LENGTH OF STAYAIRCRAFT TAIL NO. 77-22728 Ft. Campbell: 7-79 to 4-85

158th Av. Batt. & I01st/160
DATE OF MANUFACTURE 7-79 Taskforce

Sikorsky: 4-85 to 12-86
NUMBER OF FLIGHT HOURS 1,535.4 Ft. Benning: 12-86 to present

HOME BASE Ft. Benning

MISSION HISTORY (NOTE ANY EXTREME
ENVIRONMENTAL CONDITIONS)

See station history.

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)

Nothing remarkable.

INTERIOR CONDITION OF AIRCRAFT

Very clean considering its age.

82



N/S ENERGY ABSORBER AIRCRAFT TAIL NO
2 OPERATIONAL DATA SHEET 77-22728

SEAT TYPE AND SERIAL NUMBER. PILOT COPILOT SIN 00004

SEAT CONDITION (GENERAL wEARCORROSION.FOD.ETC.)

SEAT ENVIRONMENT (OBJECTS ATTACHEOPAINT.OIL.ETC.)

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION

Dirty on top Intercom cable attached to
Has been painted R.H. energy absorber

ENERGY ABSORBER IDENTIF ICATION(AsSI NUMBER TO EACH E/Al
RH 00013

SIDE OF SEAT
LH 00014

SEAT TYPE AND SERIAL NUMBER. PILOT COPILOT S/N 00012

SEAT CONDITION (GENERAL WEARCORROSIONFOD,ETC.)
Little wear, probably painted since placard has
been pained.

SEAT ENVIRONMENT (OBJECTS ATTACHEO.PAINT.OIL.ETC.)

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION
Clean, nothing Intercom cable attached to
remarkable R.H. energy absorber

ENERGY ABSORBER IDENTIFICATION(AssINum AC TO EACH E/A)

RH 00046

LH 00047
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N/S ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATION "STATION HISTORY
- PAST STATIONS LENGTH OF STAY

AIRCRAFT TAIL NO. 78-22973 Delivered 30 Oct 79 to and always

based @ Ft. Campbell
DATE OF MANUFACTURE 12-79

NUMBER OF FLIGHT HOURS 1,764

HOME BASE Ft. Campbell, KY

MISSION HISTORY (NOTE ANY EXTREME
ENVIRONMENTAL CONDITIONS)

Normal Troop/Equipment transport.

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)

No evidence of hard landings.

INTERIOR CONDITION OF AIRCRAFT

Light/Moderate, Dust/Dirt
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N/S ENERGY ABSORBER AIRCRAFT TAIL NC
S OPERATIONAL DATA SHEET 78-22973

SEAT TYPE AND SERIAL NUMBERý PILOT COPILOT I 0800089 (BkýlFrame)"

SEAT CONDITION (GENERAL WEAR,CORROSION.FOD.ETC.)
Moderate pitting both guide tubes
Both rubber pads on bucket diagonals missing
Suspect frame to have been changed due to S/N mismatch

SEAT ENVIRONMENT (OBJECTS ATTACHED.PAINT.OIL.ETC.)
Moderate dirt/dust

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION
Light dust No evidence of damage

ENERGY ABSORBER IDENTIF ICAT ION(AssIoN NUEEAE TO EACH E/A)
RH 00225

SIDE OF SEAT
LH 00224

SEAT TYPE AND SERIAL NUMBER; PILOT COPILOT .0002o Framej olatL

SEAT CONDITION (GENERAL %EAR.CORROSION,FO0,ETC.)
Moderate pitting outboard (L) guide tube
Light pitting inboard guide tube

SEAT ENVIRONMENT (OBJECTS ATTACHEO.PAINT.OIL.ETC.)

Moderate dirt/dust
Wear on spa'll shielding edges

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION
Light dust No evidence of damage

ENERGY ABSORBER IDENTIFICATIONAsItaJ xNu(M TO EACH E/A)

RH 00204
SIDE Or SEAT

LH 00203
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N/S ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATION STATION HISTORY

AIRCRAFT TAIL NO. 78-22990 PAST STATIONS LENGTH OF STAYSikorsky: 6-80 to 12-82
Ft. Campbell: 12-82 to 3-84

DATE OF MANUFACTURE 12-79 Went to Grenada

Sikorsky: 7-84 tc 10-85
NUMBER OF FLIGHT HOURS 1,671.5 Darmstadt: 10-85 to present

HOME BASE Darmstadt

MISSION HISTORY (NOTE ANY EXTREME
ENVIRONMENTAL CONDITIONS)

See station history.

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)
Nothing remarkable.
Went to Sikorsky for rework after Grenada.

INTERIOR CONDITION OF AIRCRAFT

Clean, nothing remarkable.



N/S ENERGY ABSORBER AIPCPAFT TAIL NO

2 OPERATIONAL DATA SHEET 78-22990

SEAT TYPE AND SERIAL NUMBER. PILOT COPILOT F00118

SEAT CONDITION (GENERAL WEAR.CORROSIONFOD.ETC.)

Corrosion on guide tubes, general wear.
Horizontal movement is smooth.

SEAT ENVIRONMENT (OBJECTS ATTACHED,PAINT,OIL.ETC.)

Looks like seat has been painted at least once.

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION
Radio cable attached to
R.H. energy absorber

ENERGY ABSORBER IDENTIFICAT ION(AssIGN MJMBE TO EACH E/A)
RH 00297

SIDE OF SEAT
LH 00296

SEAT TYPE AND SERIAL NUMBER: PILOT COPILOT I Missing placard

SEAT CONDITION (GENERAL WEAR.CORROSIONFOO,ETC.)

See above

SEAT ENVIRONMENT (OBJECTS ATTACHED.PAINT.OIL.ETC.)

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION
Radio cable attached to
R.H. energy absorber

ENERGY ABSORBER IDENTYFICATION(AssIoN meumTO •AC*4 E/A)

S ID E O F " S E A T . . ..0
LH 00282



N/S ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATION STATION HISTORY

AIRCRAFT TAIL NO. 78-22991 PAST STATIONS LENGTH OF STAY

DATE OF MANUFACTURE 1-80

NUMBER OF FLIGHT HOURS 1,723

HOME BASE Nellingen, FRG

MISSION HISTORY (NOTE ANY EXTREME
ENVIRONMENTAL CONDITIONS)

NOTE: This aircraft formally assigned to 160th Task Force at Ft. Campbell,
KY, and due to sensitive nature of missions, no records of this
activity are available.

March 1980 - aircraft delivered to Ft. Campbell, KY - 101st Abn. Div.
(158th Avn. Bn.) (This is really the 160th]

October 1986 - Aircraft delivered to 45th Med. Co. - Nellingen.

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)

Aircraft was rebuilt by Sikorsky (Troy, AL) beginning 1-86.

INTERIOR CONOITION OF AIRCRAFT

Light dirt/dust, but generally good.
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N/S ENERGY ABSORBER APPF At C
2 OPERAT IONAL DATA SHEET 78-22991

45th Medical Co., 421st Evac. Btn.; Nellingen, FRG
SEAT TYPE AND SERIAL NUMBER- PILOT COPILOT [ S/N 0120

SEAT CONDITION (GENERAL WEAR,CORPOSIONFOD.ETC.)

Minor pitting on guide tubes, seat cushion wcrn. Dusty (light)
New 1986 (5000#) inertia reel
Inertia reel straD w/ edge fraying (mfg. 6081); Rubber pad missing on top left

SEAT ENVIRONMENT (OBJECTS ATTACHED,PAINT.OIL,ETC.) bucket diagonal

Generally good - no excessive dirt

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION

Generally good - no excessive dirt, oil etc.

ENERGY ABSORBER IDENT IFICAT ION(AsSIGN NUMBER TO EACH E/AM

SIDE OF SEAT RH 00287
LH 00286

SEAT TYPE AND SERIAL NUMBER; PILOT COPILOT I-N 0064

SEAT CONDITION (GENERAL WEAR.CORROSION,FOO.ETC.)

Good - no evidence of corrosion, cushions ok.

SEAT ENVIRONMENT (OBJECTS ATTACHED.PAINT.OIL.ETC.)

Generally good - as above.

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION

Generally good - as above.

ENERGY ABSORBER IDENT IFI CAT I ONC(ASSN mIm 'TO EACH E/Al

SIDE OF SEAT - 001
LH 00167



N/S ENERGY ABSORBER
OPERATIONAL DATA SHEET

AIRCRAFT INFORMATION STATION HISTORY
PAST STATIONS LENGTH OF STAY

AIRCRAFT TAIL NO. 78-22966

DATE OF MANUFACTURE 8-79

NUMBER OF FLIGHT HOURS 1,505

HOME BASE 1st Special Forces Group (Perm. Assigned to C Co. 219 Avn. Rgmt.)
Ft. Lewis

MISSION HISTORY (NOTE ANY EXTREME
ENVIRONMENTAL CONDITIONS)

Aircraft delivered (Nov. 79) to 0 Co. 158th Avn. Btn.; Ft. Campbell.
Aircraft assigned to 160th Task Force @ Ft. Campbell (Aug 82 - Dec. 85)
Bird rebuilt by Sikorsky; Troy, AL (Jan. 86 - Feb. 87). Arrived Ft.
Lewis May 87 -219 Avn. Rgmt.
Assigned Ist Special Forces Group, Ft. Lewis Jan. 88.
No specifics on mission history, mostly due to classified nature
of missions flown.

MAINTENANCE HISTORY (NOTE ANY HARD LANDINGS)

No evidence of hard landings.

INTERIOR CONDITION OF AIRCRAFT

Exceptionally clean I very well-maintained.
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SEAT CONDITION (GENERAL WEARCORROSIONFODETC.C Data plate on Bucket

Good/excellent for this age aircraft. i isn

SEAT ENVIRONMENT (OBJECTS ATTACHEO.PAINT.OIL.ETC.)

Unusually clean - absence of dirt/dust.

ENERGY ABSORBER CONDITION

ENVIRONMENT I NSTALLAT ION

Clean

ENERGY ABSORBER IDENTIFICATAIONASSION MBER TO EACH E/A6

SIDE OF SEAT R 04
LH 00142

SEAT TYPE AND SERIAL NUMBER; PILOT COPILOT 1 000et

S(Torn)FFrame

SEAT CONDITION (GENERAL WEAR,CORROSION.FOO.ETC.)

Good/excellent for this age aircraft.

SEAT ENVIRONMENT (OBJECTS ATTACHED.PAINTOIL.ETC.)

Unusually clean - absence of dirt/dust.

ENERGY ABSORBER CONDITION

ENVIRONMENT INSTALLATION

Clean

ENERGY ABSORBER IDENTIFICATIONIASsIGN MAEM TO EACHN £A)

SIDE Of SEAT RH 0188

LH 1616

STYPEAND ERIA NUMER: IOT OIOTI006(uk•



TROOP SEAT ENERGY ABSORBER LOAD-DEFLECTION CHARACTERISTICS

L b.
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FIGURE B-1. SIKORSKY TROOP SEAT NO. 1, AIRCRAFT T/N 77-22720.

a. b.
3.5 

:A

3S 3

is *a 1 04

0wN W 410. 11111111 g

FIGUR B-2. SIKORSKY TROOP SEAT NO. 2, AIRCRAFT T/N 77-22720.-
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I. b.
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FIGURE B-3, SIKORSKY TROOP SEAT NO. 3, AIRCRAFT T/N 77-22720.
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FIGURE B-5. SIKORSKY TROOP SEAT NO. 5, AIRCRAF T/H 77-22720.
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a. b.
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FIGURE B-7. SIKORSKY TROOP SEAT NO. 7, AIRCRAFT T/I 77-22720.
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FIGURE B-8. SIKORSKY TROOP SEAT NO. 8, AIRCRAFT T/N 77-22720.
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Q. b.
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FIGURE B-90. SIKORSKY TROOP SEAT NO. 90. AIRCRAFT T/N 77-22720.
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a. b.
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FIGURE• B-12. SIKORSKY TROOP SE.AT NO. 12, AIRCRAFT T/H 77-22720.
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FIGURE B-13. SIKORSKY TROOP SEAT NO. 1, AIRCRAFT T/N 77-22971.
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FIGURE B-14. SIKORSKY TROOP SEAT NO. 2, AIRCRAFT T/N 77-22971.
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FIGURE S-15. SIKORSKY TROOP SEAT NO. 3, AIRCRAFT T/N 77-22971.
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FIBURE 8-17. SIKORSKY TROOP SEAT NO. 5, AIRCRAFT T/NI 77-22971.
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FIBURE 8.18. SIKORSKY TROOP SEAT NO. 6, AIRCRAFT T/N 77-229)71.
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FIGURE B-20. SIKORSKY TROOP SEAT NO. 7, AIRCRAFT T/N 77-22971.
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FIGURE B-20. SIKORSKY TROOP SEAT NO. 8, AIRCRAFT T/Nl 77-22971.
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FIGURE B-21. SIKORSKY TROOP SEAT NO. 9, AIRCRAFT T/TI 77-22971.
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FIGURE B-22. SIKORSKY TROOP SEAT NO. 10, AIRCRAFT T/N 77-22971.
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FIGURE B-25. SIKORSKY TROOP SEAT NEW ENERGY ABSORBERS.
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FIGURE 1-20. SIKORSKY TROOP SEAT NEW ENERGY ABSORIERS.
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FIGURE B-27. SIKORSKY TROOP SEAT NEW ENERGY ABSORBERS.
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FIGURE 3-2G. SIKORSKY TROOP SEAT NEW ENERGY ABSORBERS.
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FIGURE 8-29. SIKOPSKY TROOP SEAT NEW ENERGY ABSORBERS.
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ARA CREW SEAT ENERGY ABSORBER
LOAD-DEFLECTION CHARACTERISTICS

IL b.
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FIGURE C-1. AlRA SEAT 0 031, AIRCRAFT T1 81-23597.
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a. b.
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FIGUJRE C-3. ARA SEAT S/N 043, AIRCRAFT T/N 81-23598.



a. b.•
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FIGURE C-4. AMA SE.AT S/' 042, A1RCRAT" "7N 81-23598.
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IL b.
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a. b.
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FIhURE C-8. ARA SEAT S/N 077, AIRCRAFT T/M 81-23619.
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B. b.
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a. b.
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FIGUR C-o. MA• sEA s/N 128, AR~CuRAF T/N 81-23675.
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a. b.
ARA-1. S/N 3013 ARA-1. S/N 3021
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AF".%NDIX D

SINULA/NORTON CREW SEAT
ENERGY ABSORBER LOAD-DEFLECTION

CHARACTER!STICS

a. b.
SIN 013 8/N 014
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FIGUR 041. SIUANRO SA 0, ICATTN 077278
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FIURE 0-2. SINULA/NORTON SEAT S/N 012, AIRCRAFT T/N 77-22728.
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FIGURE D-2. SIJULA/NiORTON SEAT S/N 012, AIRCRAFT T/N 77-22728.
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a. b.
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FIGURE D-3. SINULA/NORTOH SEAT S/N 035, AIRCRAFT T/N 78-22966.
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FIGURE D-4. SINULA/NORTON SEAT S/N 066, AIRCRAFT T/N 78-22966.
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b.
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FIGURE D-6. SINULA/NORTON SEAT S/N 082, AIRCRAFT T/N 78-22973.&I ITol
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a. b.
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FIBURE D-7. SIULA/NORTON SEAT S/H 118, AIRCRAFT T/N 78-22990.
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FIGURE D-8. SIMU/ORTON SEAT S/H ,AIRCRAFT T/H 78-22990.

126

*5 b

tJ *

La

LI LI

* I 4 8 I St II Id 18 lB U i II | e l

FIGURE D-8. SIIUJLA/NORTON SEAT S/N *, AIRCRAFT T/N 78-22990.

•*Name placard missing.
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FIGURE 0-90. SIMULA/HORTON SEAT S/N 064, AIRCRAFT T/N 78-22991.
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FIGURE D-11. SINUILA/NORTON SEAT NEW ENERGY ABSORBERS.
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FIGURE D-13. SINULA/NORTON SEAT NEW ENERGY ABSORBERS.
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FIGURE D-14. SINULA/NORTON SEAT NEW ENERGY ABSORBERS.
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