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ABSTRACT[

In aircraft accidents with significant vertical crash loads, occupants typically suffer
some degree of back injuries. The latest design approach to minimize damaging
spinal loads during a crash is to incorporate design features in the landing gear,
fuselage, and seats to provide energy management of the crash impact forces.

>Special energy attenuating seats ire use, to provide a controlled deceleration over a
vertical stroking distance to keep#ýhcrash loads within human tolerance. Present
energy attenuating crew seats use this approach of translating the entire seat
vertically. This requires an area clear of equipment and structure between the seat
and the fuselage floor. -As with rn6-t aircrrft; thi-'installation of an energy
"attenuating seat in the OH-58 could provide reduced spinal loading in some crashes.
However, the 0H-58 crew seat is integral with the airczaft• structure with no room
for an energy attenuating seat which gave rise to theratitu4de that a stroking
energy attenuating seat wy s not technicaily feasible`..hn-tian innovative approach
was needed to provide,en4rgy attenuating mrew,-seats with a minimum of OH-58
structural modification. ý'To fulfill this need,--a pivoting seat pan design was
Sconceived,"k" feasibility study was performed for" the U. S. Army to provide this
preliminary design, fabricate test seats, and modify a dynamic test fuselage and a
flyable aircraft. Dynamic testing was performed to prove the feasibility of the
pivoting seat pan energy attenuating crew seat approach. This report discusses the
unique• approach which can provide energy attenuating crew seats to be installed in
an 011-58, while providing ýa concept which could potentially provide similar
solutions for other aircraft; in pairticular, existing aircraft without acceptable
stroking distances. ,!
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PREFACE

This report was prepared by Bell Helicopter Textron, Inc. (BHTI), Fort Worth, Texas
761,01, under U. S. Army contract I)AMDI7-87-C-7032, "OH-58 Energy Attenuating
Crew Seat Feasibility Study." The contract was administered under the technical
direction of Mr. Joseph L. Haley, Jr., U. S. Army Aeromedical Research Laboratories
(USAARL), Fort Rucker, Alabama. BHTI project engineer for this program was Mr.
Roy G. Fox.

Appreciation is expressed for Mr. Haley, USAAIRL, who directed the dynamic tests,
and for Mr. Van Gowdy of FAA Civil Aeromedical Institute, who conducied 'he
dynamic testing. In addition, the BHTI engineers who contributed to the success of
this program are Messrs. Ed Barney, Lindley Bark, Bill Craft, Don Eisentraut, and
Tom McManis.
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1.0 INTRODUCTION

An occupant of any aircraft involved in a crash with significant vertical crash loads
is subjected to the possibility of a back injury. The latest design approach to
minimize damaging spinal loads during a crash is to incorporate design features in
the landing gear, fuselage, and seats to provide energy management of the crash
impact forces. Special energy attenuating seat designs provide a controlled
deceleration of the occupant over a stroking distance with a controlled load that
minimizes injury. Present energy attenuating crew seats use this approach of'
translating the entire seat vertically. This requires an area clear of equipment and
structure between the seat and the fuselage floor. As with most aircraft, the
installation of an energy attenuating seat in the 0H-58 could provide reduced spinal
loading in some crashes. However, the OH-58 crew seat is integral to the aircraft
structure with armor plate and control linkages underneath. This structural
arrangement left no room for a stroking ener fy attenuating seat and gave rise to the
attitude that "an energy attenuating seat was not technically feasible". Thus an
innovative approach was needed to provide energy attenuating crew seats with a
minimum of OH-58 structural modification. A feasibility study was performed
under contract DAMD17-87-C-7032, Reference 1, by Bell Helicopter Textron Inc. for
the U. S. Army to provide this preliminary design, fabricate test seats, and modify a
dynamic test fuselage and a flyable aircraft. Dynamic testing was conducted under
the direction of the Contracting Officer's Representative (COR) to prove the
feasibility of the pivoting seat pan energy attenuating crew seat approach.

This report describes the contracted effort of Reference I for the period of September
28, 1987 through September30, 1988. In general, the design was completed and the
dynamic test fuselage modified, and dynamic testing completed June 17. The flight
aircraft was modified in July and August, the final review was completed on August
11, 1988; and, the flight test aircraft was delivered back to the Army on August 26,
1988.

The design concept validated by this program provides a measure of improved
occupant protection desired for the 011-58. Additionally, the concept could
potentially provide similar solutions for other aircraft where seats are part of the
airframe structure; in particular, existing aircraft without acceptable stroking
distance.

By defin~tion, "attenuate'' means "to lessen the arnount, force or value." The
primary function of an energy attenuating (EA) seat is-; to reduce the airframe crish
loads to a lower valie that is within human tolerance. The EA seat maintains that
lower load until ali of* the occupant's kinetic energy is dissipated. Some pDople alIso
refer to seats that perform this functiAu as an energy aih-;orhingi seAt.. F()o-

-• 1 1
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consistency, the seat described in the proposal of Reference 7, the contract of
Reference 1, and this final report was called an energy attenuating seat.



699-099-286

2.0 BACKGROUND

2.1 INJURY STUDIES

As with several other Army helicopter models, the U. S. Army Safety Center
conducted an analysis of crash injuries in the Army OH-58 accidents. The results of
the OH-58 injury study are found in USASC TR79-1, Reference 2. The injury hazard
considered as first priority for research, development, and acquisition was based
upon the finding that "aircraft and seats transmit intolerable vertical loads to
occupants, resulting in excessive spinal injuries." The U. S. Army study
recommeniation was to evaluate modifications that could increase the energy
attenuation capability of the landing gear, airframe, and seats.

A spinal injury study of OH-58 accidents by Shanahan and Mastroianni, Reference
3, stated "It is concluded that if this aircraft were modified to provide protection to
the occupants for impacts up to 9.1 m/s (30 ft/s), approximately 80% of all spinal
injuries incurred in survivable accidents could be substantially mitigated. The
incorporation of eaergy absorbing seats is recommended." Figure 2-1 from this study
shows the distribution of spinal injury percentage versus the vertical velocity change
at impact for survivable and partially survivable accidents.

: mu CUMULATIVE PERCENT INJOR
- VERSUS VERTICAL VELOCITY

/ CHANGE AT IMPACT FOR
ISURVIVABLE AND PARTIAl I Y

/ SURVIVABLE ACCIDENTS
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2.2 PREVIOUS SEAT STUDIES

On December 8, 1970, a Product Improvement Program (PIP) 69-10 was awarded by
the U. S. Army to Bell Helicopter Company to investigate an energy attenuating
crew seat for the OH-58A. Honeycomb attenuators were designed and built.
Dynamic drop tests were accomplished. The results were in Arizona State
University Report ERC-7905-622.15-8, Reftrence 4. The report conclusions and
recommendations were:

CONCLUSIONS

Based on the findings of this dynamic test program it is concluded that:

1. The OH-58A production seat design will protect the occupant from
injury during accidents which have a velocity change corresponding
to the 50th percentile survivable accident as defined in USAAVLAB
Technical Report 70-22. At the 80th percentile accident level the
occupant is subjected to loads which place him in the lower part of
the moderate injury range.

2, As compared to the production seat design, both the modified
production seat and the experimental seat reduced the severity of
injury to occupants in accidents where the impact velocity change
corresponds to the 90th percentile survivable accident as defined in
USAAVLAB Report 70-22.

3. The severity of occupant injury in accidents corresponding to the
97th percentile survivable accident is reduced by the experimental
design; however, the forces recorded in the one test conducted at this
level exceeded the recognized limits of human tolerance.

RECOMMENDATIONS

Based on the foregoing conclusions, it is recommended that:

1. The production seat design be modified to allow installation of the
four attach point lap belt.

2. The armor attachment to the pilot seat panel be modified by
replacing the rear attachment nutplates with NAS 1330A3KI16
rivnuts or by attachment of the armor to the panel by metal clips
designed to fail early in the crash sequence.

2 )-2
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3. A design study be conducted to investigate methods of reducing the
initial crushing strength of the production seat to eliminate the
initial acceleration spike.

As a result of this study, Recommendation I was accomplished by MWO 55-1520-
228-30-19, Reference 5. Recommendation 2 was accomplished by MWO 55-1520-.
228-30-16, Reference 6. Since the basic OH-58A production seat performed better
than anticipated in the tests, it appears that there was no further effort related to
Recommendation 3. With these MWOs incorporated, the basic OH-58 seat
configuration was determined and remains basically the same to this day.

Prior to the last few years, energy attenuating crew seat concepts have all shared a
common feature of allowing a controlled vertical motion of a seat bucket with a fixed
seat bottom-to-back position. This requires that no structure or any other
obstruction be located in the seat stroking area. The OH-58 crew seat had the
crewman's buttocks within 3 in (7.6 cm) of rigid airframe structure and armor plate.
Thus there was a general feeling that an energy attenuating crew seat was not
technically feasible for the OH-58.

A Product Improvement Program (PIP) for an energy attenuating crew seat using an
armored bucket concept was proposed to the U, S, Army in 1983. This PIP was never
authorized. On June 26, 1986, an unsolicited proposal for a unique energy
attenuating crew seat concept of a pivoting seat pan was submitted to USAARL
through the U. S. Army Medical Research Acquisition Activity. This proposal, BHTI
Report 299-199-536, Reference 7, resulted in contract DAMD17-87-C-7032 which
was issued on September 28, 1987, Reference 1. This report herein describes the
results of this feasibility study.

On December 11, 1986, the Canadian Defense and Civil Institute of Environmental
Medicine (DCIEM) issued a Request For Quote for a research study to investigate
the potential for energy attenuating crew seat concepts for the CH-136 (i.e., the
Canadian version of the OH-58A). Bell Helicopter Textron Canada (BHTC) with
Bell Helicopter Textron Inc. (BHtTI) as a subcontractor received DCIEM contract.
W.7711-6-9419/01.-SE, Reference 8, for a short conceptual study which resulted in
BHTC Report, CR.87:ST:02, Reference 9, dated August 25, 1987. The Canadian CH-
136 study evaluated three candidate (. nergy attenuating crew seat concepts shown in
Figure 2-2. The three concepts were: a pivotingseat pan, a tension seat and a guided
armored bucket. The guided armored bucket was the concept previouslI, proposed to
the Li S. Army as a PIP. The tension seat was a Model 412 energy art nuating
passenger seat to be modified to fit the CH -136. The pivoting seat pan was the latest
concept and the one proposed in BMITI Repimrt 299- 199-536, Reference 7. Figure 2-3
shows the vertical stroking potenttiai for the three CU-136 seat concepts. Table 2-1
from Reference 9 shuws th.- ýecat strokes arid their respective equivalent vwrticai

2- 3
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PIVOTING SEAT PAN TENSION SEAT GUIDED BUCKET

Figure 2-2. CH-136 study - seat concepts before stroking.

velocity changes for contact with the cyclic controa yoke underneath and the
maximum stroke to the floor (e.g., assuming no yoke interference). This CH-136
study increased the confidence that the pivoting seat pan concept was the best
approach.

2.3 APPROACH

The design approach is to pivot the crew seat pan about the front pan lip under the
knees. A thin, bottom cushion of increased comfort is placed directly on the armor
plate. Improved comfort was achieved by using a buttocks suspension system that
precluded pressure points due to the ischial tuberosities. A simple wire/rolier energy
attenuator attached to each aft end of the seat pan would absorb crash energy as the
wire was pulled through the rollers, The present restraint system with the inverted
"V" lap belt attachments would be retained but part of the lap belt restraint would
stay with the seat pan.

2 4 OBJECTIVES

The primary program objective was to prove that an energy attenuai'ng ý. eat. iS
Lechnically feasible using dynamic testing. The other program objecti v was to

2-4
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PIVOTING SEAT PAN TENSION SEAT GUIDED BUCKET

Figure 2-3. CH-.136 study - maximum stroke potential.

TABLE 2-1. CH-136 CREW SEAT ANALYSIS SUMMARY

VALUES AT POINT MAXIMUM
CANDIDATE CREW OF YOKE CONTACT* VALUES

SEAT DESIGN STROKE AV** STROKE AVý *
(In.) (fps) (In.) (fps)

Pivoting Seat Pan 5.00 30.0 8.25 35.1

Bulkhead-Mounted 5.25 30.4 6.25 32.1
Tension Seat

Bulkhead-Mounted 5.00 30.0 6.50 32.5
Guided Seat

NOTE: * The position of the cyclic control yoke is dependent on the cyclic
control input. For the purpose of this study, the yoke contact point
is determined with the yoke at its consistent neutral position.

AV* AV is the maximum vertical velocity change that will allow the
crew seat to decelerate at 12g in the given stroke distance.

2-5
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install this modification in a flyable OH-58A, thus allowing the Army to conduct an
operationalsui ,bility evaluation.

The pimary design. objective of this program was to provide the maximum energy
attenuation stroke until yoke contact occurred. The second objective was to
determine if yoke contact would be detrimental to a stroking seat. It was initially
hoped that a stroking seat might break or bend the yoke with very little extra crash
loading being applied to the occupant. A dynamic seat test would verify if this was
possible or not. If it were true or the yoke could be designed at a later date to be
frangible during a severe crash, then the seat concept shouln contain enough
stroking capability to allow the seat to stroke to the floor. This latter objective could
prevent a redesign of an energy attenuating crew seat once the yoke cow1tact problem
was resolved. The third objective was to identify design refinement areas that could
assure the maximum seat stroke.

All objectives staled above have been achieved in this program.

26
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3.0 DESIGN

3.1 EXISTING SEAT

The present OH 58 seat bottom is a tube frame covered with an open mesh Roschej
net, mounted directly on aircraft structural honeycomb panel with an armor plate
underneath a-, shown in Figure 3-1. Beneath the armor plate is the cyclic control
yoke. The fuselage floor is a cne inch honeycomb structure. The seat back cushion is
a tube frame covered with open mesh Roschel netting and is attached to a sheetmetal
bulkhead An armor plate is attached to the aft side of this bulkhead. The only
significant difference in the pilot and copilot seats is the collective jackshaft at the
back bulkhead that is mounted under the copilot. The copilot armor plate is cut out
to allow for this.jackshaft. Some crash energy absorption occurs in the bending of
the seat tube framnes.

I ___TCO-PiLOT

If -CO2-PILOT

(4

(9) (

I. uttlock reference point 5. collectivw centroI tube jacksthaft 9. cy-Itr control loru•le ruIn'

" a. mr nrrrno.ir pfnte 6. control •tick 10. ey.lti 5tic' hlarnce pritrg

l. ower aifm!r plate 7, cycli c ontrol sMick castink I1. fore/aft 'yY'liu IrimS Y Iy -

oilectlive •)n~r)l slick R. , yrliv rontrol yoke I .. lateral 'yc:kc Ir•ni•%y l•v m

Figure 3I . F'lsting Oil F5 c(rew seat znd (.fontrols.
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The present crewman restraint is a six-point system consisting of a dual shoulder
harness with an MA-6 inertia reel, and a lapbelt with inverted "W" side attachments
as shown in Figure 3-2. The inverted 'V" straps properly locate the lapbelt and
reduce shoulder harness lifting of the lap belt. This latter function is achieved in
five-point restraint system designs by the use of a crotch strap.

3.2 ENERGY ATTENUATING CREW SEAT

All existing energy attenuating (EA) crew seat concepts provide vertical stroking
while keeping the lower seat pan and seat back in the same relative positions.
Applying this concept to the OH-58 would result in structural interference with a
structure panel, armor plate, and flight controls. A conceptual study for the
Canadian CH-136 (a Canadian version OH-58A), Reference 9, looked at an armored
bucket concept, a modified Model 412 passenger seat, and a pivoting seat pan
concept. Of the three concepts, the pivoting seat pan concept appeared to have the
largest vertical stroking capability as discussed in paragraph 2.2. The U.S. Army
OH-58 energy attenuating crew seats use the pivoting seat pan concept in this
feasibility study.

The present design eye position was to be retained; the bottom of the seat pan was
moved up to hold that design eye location. This was achieved by using a new thin
cushion of PREQUALTM similar to the AH-1S Survivability And Vulnerability
Improvement Modifications (SAVIM) seat, Reference 10. PREQUALT " is a plastic
lever suspension system that provides uniiorm loading, i.e., no hard points. This
thin cushion allowed the seat pan to be located less than an inch (2.54 cm) away from
the occupant's buttocks on the AH-1S SAVIM energy attenuating seat with a
sheepskin cover. On the 011-58 energy attenuating seat, more plastic lever stages
were used and a breathable cushion cover called SPACEFABRICT' (Figure 3-3) was
added. The OH-58 occupant buttocks to seat pan bottom distance (compressed
cushion under IG load) was 1.5 inches (3.8 cm). The structural honeycomb panel
under the seat cushion was replaced by the armor panel. A frame was built up
around the edges of the armor to enclose the armor in the panel as shov, n in Figure 3-
4. The pilot armor plate of Figure 3-5 was retained. The existing copilot armor plate
of 186.1 sq in (1200 sq cm) was replaced with a new copilot armor plate of 206.9 sq in
(1335 sq cm) which was sawed from a wider pilot armor plate of 226.3 sq in (1460 sq
cm). Thus the new copilot armor plate was shortened 1.3 inches (3.3 cm) to allow
seat frame commonality and collective jackshaft clearances during stroking. This
copilot armor change resulted in 1.31 lb (0.6 kg) more armor and corresponding
increase in ballistic protection area of 20.8 sq in (135 sq crn) as shown in Figure 3-5.
The front end of tne seat pan was attached to the knee bulkhead by a hinge as shown
in Figure 3-6.

3-2
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Restraint System ,

Lap Belt Prior to
MWO 55-1520-228-19

BOTT OM V1g

SAT COVER A.'[M.LIES Inverted "V" Lap Belt
5-OWING LACING After MWO

55-1520-228-30-19,

Figure 3.2. Existing 011-58 seat and restraints.
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SPACEFABPIrlm

/PLASTIC LEVER-
PREQIJALym

FOJAv WEDGE POLYCARBONAIE

MOLDED PA4

Figure 3~-3. Seat bottom. cushion.

PILOT SEAT PAN
IA F BE I

COPILOT SEAT PAN

ýAj I

_ II,

Figure 3 4, Seat pans,
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COPILOT ARMOR ORIGINAL PILOT ARMOR

//

L .EXISTING CP ARMOR AREA - 186.1 sq In

NEW CP ARMOR AREA - 2O0,C sq In

0 AREA -.22.3 . q ir_

Figure 3-5. Lower armor panels.

COPILOT SEAT PILOT SEAT

V"W tooff UOMi - Us 
oasm.OO m ur

Seat C usi lo ns~ . .
oLye. L ap~ B elt Attacr~oa ct

Ulre/Rol•er
L. e oey At tnoe , a

-C o l le c ti e J a c kn s t t e0o

"Hi i e Pivot Point

Cyclic (Control Yo ke Z.. d/
Re ioLrtnd '.trap -

Figure 3-6. 01H-58 energy attenuating seat.
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Each aft corner of the seat pan was held verticaily by a wire/roller energy attenuator
with a latch hook and horizontally by the seat pan hinge (Figure 3-7). In a crash
where a 170 lb (77 kg) occupant (.e., 50th percentile aviator) experiences 12 +/- 1 G
in the vertical direction, the seat pan would start to pivot down about the knee
bulkhead, pulling the wires around the rollers. The energy attenuators would
continue to limit the stroking ioad to 13 Gs or less until stroking ceases. Although
the Utroking load was sized for a 50th percentile occupant, the 5th percentile
occupant and 95th percentile occupant would receive a stroking load of 13.7 G and
9.8 G, respectively. Thus a single load energy attenuator is acceptable. Since the
seat pan lengths are different due to the collective jackshaft behind the cipilot, the
moment arms are different as shown in Figure 3-8. This required a different energy
attenuator stroking load of 5b lb (262 kg) for the pilot energy attenuator and 700 lb
(317 kg) for the copilot attenuato,. Both pilot and copil3t encrgy attendator loads
are equivalent to 12G (i.e., S0% of 170 lb (77 kg) occupant) applied at the same
Buttocks Reference Point (BRiP).

tW0

PL0OT

IC)

*1RA 111W

COPLOT

Figure 3-'7. Latch hooks.

The individual wire/roller attenuator was sized using dynamic drop Lest. The smtrne
size wire (0.093 inches) (2.4 mm) was used for the pilot and copilot energy
attenuators but the distance between the outermost rollers was varied to optirnize
the design ibr that specific application. The outermo•st roller spacing was 2.(0 inches
(5.1 cm) for the pilot energy attenuator and 1.8 inches (4,6 cm) for the copilot energy
attenuator. The test results of the, energy attenuator sizing testing are shown it
Figure 3-9. The stroking loads were consistent -nd close to the design goal load&;.
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1'0170 LB. X .80 X 12G X .5 (PER ATTENUATOR)

700 LB. 10.2-

580 LB.

SEAT PAN_____
SHINGE POINT

0 "-B 14.4 PILOT

1•1.9 COPILOT

Figure 3-8. Energy attenuator sizing.

A rebound strap was provided to minimize excessive rebound motion after stroking.
This was achieved with a one-way latch which is similar to a shoulder harness
adjuster. This latch or rebound assembly, attached to the seat. pan, slides down a
structure mounted strap of webbing. Some slack or stretching in the strap was
needed to allow the seat pan rebound latch, travering in an arc, to slide down a
straight fabric strap (Figure 3-10).

The seat back cushion was of foam construction with an adjustable lumbar support
as shown in Figure 3-11. Hook and pile fasteners were used to attach the lumbar
adjuster cushion to the back cushion. The seat back, attached to the seat bottom
cusfion, will slide down with the bottom cushion as it strokes. This provided
prote.ction from nearby structure for the lower back after stroking.

The crew back bulkhead of sheet metal with lightening holes was replaced wi Lh a
thicker sheet metal without Jightening holes. A strulctural channel was acided
behind the bulkhead to react the energy attenuator loads. Seat back cushion lateral
guides attached to the bulkhead also provided a cover for the wires. The hack
bulkhead is shown in Figure 3-12. The knee bulkhead was strengthened with 1/4
inch (0.64 cm) aluminum plate and a diagonal strut at the inboard and uc tboaird
cwrner of each seat as shown in Figure 3..13. Since a tubular strut on the copihVt
(MIboard side would interfere with the !ateral i magnetic brake, a curved giusset was
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DE~SIGN G.ýL (695 L.BS

lEST 20 -
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Figure 3-9. Energy attenuator sizing tests.

designed as shown in Figure 3-13. Part of a sloping filler ramp that was not
structural on the fuselage floor was trimmed to allow the gusset tU be installed !ext
to the lateral magnetic brake. A fitting was added to extend the knee bulkhead tip to
the pivot point.

The flight controls required a slight modification ()f the c:)Alective jackshaft friction
clamp and support. The clamp ear location was moved upward to aviod seat pan
contact during the crash stroke as shown in Figume 3- 1-1. No other conir(ol
modification was done.
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STROKE

/'•"I'DL'3/4g IN c-.,y 2WIDE LOW-ELONGAT ION
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Figure 3-10. Rebou-nd assemnbly.

The present occupant restraint, PiN'206-070-870-7, was used with the presen-t MA-G
inertia reel. The location of the inverted "V" lap belt attachments were relocated to
,)pt.imize lapbelt location during stroking. The lap belt location and loading directionl

remained th- same. T he fo~rward attachment point waskattached to tile pivotin'T seat
pain and moves with the p.an during stro)king. T'he aft lap belt attachmienit fastenis to
the crewman bnack bulkhead as shown I n Figure l- 15 fo~r the energy attvnruunting, crew"%

rI

seat on the existing 011-58. ,This keeps tile l,1pbelt tigh uigstoýn nI 13/ IN:.a t durin strNAonN g

n~ininlzes suhLDa rn i nP
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FIXED TOP
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v U
-,"--E.A. DEVICE COVER(TYPICAL)

, ,.., E.A. DEVICE (TYPICAL)

...-.

EXISTING OH-58 I ENERGY ATIEaUAT!NG
SEAT BACK SEA T BACK
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Figure 3-..12. Seat back structure.
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EXISTING CLAMP S.A. MOD A.A. MOD
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Figure 3-14. Collective friction clamp rood.
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4.0 DYXNAMLC TESTING

4.1 TEST SETUP

A darnage6 OH-58 fuselage "or cockpit modification was provided by the U. S. Army
for the energy attenuating crew seat dynamic testing. Tlie modified cockpit was
attached to a test fixture which was then mounted to the Federal Aviation
Administration (FAA) Civil Aeromnedicai1 Institute (CAM!) dynamic test. sled as
shown in Figure 4-1.'The U. S. Army and ihe FAA CAM] conducted the dynamic seat
tests and BH'L prcvidzd support. Mr. Joseph Haley ,Jr, COR, directed the dynamic
tests.

Four dyn~amic tests were planined but impact testing damage incurred to th~e basic
fuselage prevented the last test. The three dynami.c &eat test conditions conducted
are shown in Table 4-.1. The initial test was to simulate a pure vertical impact, the
second. test was to be comparable buc at a higher impact velocity, and the third test
was to add a forward, impact force to the vertical force. The dynamic tests were
conducted June 1.4-1.7, 1988. The same tVst seats. were used in each dynamic test:
only thc energy attenuating wires were, replaced between tests.

The impact velocities of Tests la and lb were chosen as they related to the vertical
velocity componient ef the 95th percentile survivable accidcnt for civil rotoreraft,
ftefercrncc 1.1 and- U. ý', Army 011-58 aircraft of Reference 12, respectively. The
WT-*58 portion of -!-ie diata used in Reference 12 was used. Test Hla was equivalent to
a 30 deg ti ,;e down., vertical drop test which provided a vertical velocity component
of 26 ft/sec (7.9 mils). The extra four degrees of pitch was to c,'mp-.nsate for the
dyniamic test, being conditcted horizontally, rather than a gravity drop %.est. The
i ntent oif Test, Hla was to further vet-ify that the seat w-l1 stroke, even though
combined forward and vertical crash load,; are present. Th-e fourth test was to be the
sanie as TestlHa, except, a- 15 deg roll was to be addeci..

A 5th peircent1Je and -a 95th 'poercentile instrumented Part 572, Hybrid HII dutiviy
tpeýre furnished by UISAARLL. Thmese dummities were instr,,Anentd as ýhown, ;11 TIable
4-2. Each dunnmy was clothed, in a flig),ht sulit and le~ather hoots and wore, an SPH-4
hte-4avet. The~ 50th percknt.I¶ý dwmmny was seated in the pilot seati (ight.) with the 9,5th
pecocntdih! dumraiy in thý- COInik~t Set'A Oeft dmn lldnm tPS1'

4,~2 EBS')VH S t-J P

'Tho 1eS I h, oft the 0v yam IIn tests 'Are d hscuissitd herelinL Thvy. pen'ak wt Iusof'Tests
L ~ ~ ~ ~ ~ ~ ~ ~~~~5 'ladLa~ ~ >T~ Y24 ,~ t~ i he pr ire m at test.A

an pstipat st A¾ gah h)owfl_ 12 .
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TABLE 4-1. DYNAMIC SEAT TESTING

TrEST NO. IMPACT VEL FUSELAGE INPUT PULSE (G)
(FAA CAMI) ftlsec(m./s) ORIENTATION- 840 G/Sec Onset

IMPACT
EQUIVALENT

ZaT 26 (7.9) Pure Vertical(Fig. 4-2)
(A88-057) (Fig. 4-3) 29G

Time

Ib 30 (9.1.) Pure Vertical(Fig. 4-4)
(A.88-058) (Fig. 4-5)

- 29G

G

,iL i6

Time

Ha 32(9.8) Combined Forward and G [
(A88-059) Vertical, 34 deg pitch

down (Fig. 4-6)
(Fig. 4 7)

Time
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TABLE 4-2. TEST DUMMY INSTRUMENTATION

DUMMY PERCENTILE WEIGHT* ACCELEROMETER LOCATION
TYPE MALE AVIATOR lb(kg) TYPE

Part 572 50th 175 lb Triaxial Pelvis
Hybrid (79.4) Chest
III Head

Load Cell Nck
Lumbar

Part 572 95th 228 lb Triaxial Pelvis
Hybrid (103.4) Chest
M Head

* With flight suit, boots, and SPH-4 helmet

44
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TABLE 4-3. PEAK TEST VALUES OF TEST la
26.5 FT/SEC VELOCITY CHANGE

NAME* PEAK 1 TIME PEAK 2 TIME

(ms) (mis)

Sled X Acceleration G's **-29.0 65.

(1) Head x Accleration G's 41.2 99. -7.2 144.

(1) Head Y Accleration G's 1.8 79. -1.8 157.

(1) Head Z Accleration G's 23.6 71. -7.1 143.

(1) Chest X Accleration G's 8.8 85. -8.6 97.

(1) Chest Z Accleration G's -3.9 102. 1.1 315.

(1) Neck Moment X in-lbs -87.9 83. 55.2 180.

(1) Neck Moment Z in-lbs -16.5 82. 15.0 147.

(1) Pelvic Force X lbs -333.2 102. 74.7 234.

(1) Pelvic Force Y lbs -81.4 84. 30.1 131.

(1) Pelvic Force Z lbs 1487.4 93.

(1) Pelvic Moment X in-lbs -378.0 90. 153.2 136.

(1) Pelvic Moment Y in-lbs -1165.6 149. 773.1 102.

(1) Pelvic Moment Z in-lbs 62.6 72. .30.1 89.

(2) Head X Acceleration G's 24.2 101. -7.8 143.

(2) Head Y Acceleration G's -12.5 105. 5.3 242.

(2) Head Z Acceleration G's 22.7 103. -6.2 268.

(2) Pelvis X Acceleration G's 15.9 64. -8.2 93.
(2) Pelvis Y Acceleration G's 5.3 58. -5.1 106.

(2) Pelvis Z Acceleration G's -44.8 93.

Contro! Tube Force lbs 205.8 145.

(2) Inboard Leg Strain uStr I ('604.4 88. -1027.7 63.

(1) Inboard Leg Strain uStr 1651, 6 86. -685.5 633.
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TABLE 43. PEAK TEST VALUES OF TESTIa
26.5 FT/SEC VELOCITY CHANGE (Concluded)

NAME* PEAK 1 TIME PEAK 2 TIME
(ms) (ms)

(1) Outboard Leg Strain uStr 2110.3 86. -635.9 62.

(1) SeatZ Acceleration G's 24.8 192. -21.2 74,

(2) Seat Z Acceleration G's -41.1 82. 26.4 63.

Aux. Sled X Acceleration G's -29.1 62.

(1) Head Resultant Acceleration G's 44.6 99.

(1) Pelvic Force Resultant lbs. 1513.5 96.

(1) Pelvic Moment Resultant in-lbs. 1167.0 152.

(2) Head Resultant Acceleration G's 34.3 104.

(2) Pelvis Resultant Acceleration G's 45.6 94.

*(1) 50th Percentile Dummy
*(2) 95th Percentile Dummy

Filtered Data per SAE J-211

4. "
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TABLE 4-4. PEAK TEST VALUES OF TEST lb
29.6 FT/SEC VELOCITY CHANGE

NAME* PEAK 1 TIME PEAK 2 TIME

(ms) (ms)

Sled X Acceleration G.'s **-29.0 62. 4.9 3)9.

(1) Head X Accleration G's 26 3 101. -5.4 164.

(1) Head Y Accleration G's -6.5 194. 5.2 106.

(1) Head Z Accleration G's 35.5 96. -8.5 150.

(1) Chest X Accleration G's -12.3 120. 9.0 83.

(1) Che.t Z Accleration G's -9.8 98. 2.1 194.

(1) Neck Force X lbs -217.1 95. 85.3 184.

(1) Neck Force Y lbs 33.1 1.93. -31.3 105.

(1) Neck Force Z lbs 349.3 92. -129.4 146.

(1) Neck Moment X in-lbs 165.3 184. -113.9 111.

Q ) Necr~k Moment Y in-lbs 644.4 111. -487.8 173.

(1) Neck Moment Z in-lbs -42.9 218. 41.0 132.

(1) Pelvic Force X lbs -469.0 98.

(1) Pelvic Forcm Y lbs 49.1 64. -40.9 89.

(1) Pelvic Force Z lbs 2124.5 92.

(1) Pelvic Moment X in-lbs 448.1 98. -123.1 57.

(1P Pelvic Moment Y in-ibs 2298.8 98. -633.8 153,

(i) Pelvic Mome.t Z' 98.7 101. -23.4 3 4J.

(2) Head X Acceleration G's 67.4 93. -13.0 125.

2) Head Y Acceleration G's -19.2 94. 9.,2 261.

(2) Head Z Acceieration G's :38.5 104. -15.5 122.

(2) Pelvis X Acceleration G's 14.3 d78. -10.8 D1.-

(2) Pelvis i Acceleration G's 13.4 86. 1.)0,6 6 1

-- 4-7
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TABLE 4.4. PEAK TEST VALUES OF .TEST Ib
29.6 FT/SEC VELOCITY CHANGE (Concluded)

NAM•* PEAK i TIME PEAK 2 TIME

(ins) (ms)

(2) Pelvis Z Aecceleration G's -,52.1 86.

Control Tube Force lbs 2590.0 104. -511.6 161.

(2). Inboard Leg Strain uStr 2137.9 85. -1137.8 58.

(1) Inboard Leg Strain uStr 1584.5 85. -663 7 61.

(U) Outboard Leg Strain uStr 1905.7 86. -678.1 62.

(1) Seat Z Acceleration G's 37.1 185. -2• . 89.

(2) Seat Z Acceleration G's -46.1 89. 184 59.

Aux. Sled X Acceleration G's -29.0 63. 5.2 85.

(1) Head Resultant Acceleration G's 39.3 96.

(1) Neck Force Resultant lbs. 405.3 96.

(1) Neck Moment Resultant in--lbs. 65 5. 114.

(1) Pelvic Force Resuitant lbs. 2151.9 9D.

(1) Pelvic Moment Resultant in-lbs. 2343.8 101.

(2) Head Resultant Acceleration G's 71.5 93.

(2) Pelvis Resultant Acceleration G's 54.8 87.

*(1) 50th Percentile Dummy
*(2) 95th Percentile Dummy
** Filtered Data per SAE J.-211
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TABLE 4-5. PEAK TEST VALUES OF TEST Ila
32.2 FT/SEC VELOCITY CHANGE

NAME* PEAK 1 TIME PEAK 2 TIME
(ms) (ms)

Sled X Acceleration G's **-35.0 54. 6.3 79.
(1) Head X Accleration G's -17.0 118. 11.5 80.
(1) Head Y Accleration G's -3.6 115. 3.2 152.

(1) Head Z Accieration G's 27.1 62. -24.5 121.

(1) Chest X Accleration G's -24.7 92. 6.5 139.

(1) Chest Z Accleration G's -6.2 80. 4.5 102.

(1) Neck Force X lbs 205.4 113. -123.8 74.
(1) Neck Force Y lbs 28.0 130. -9.2 183.

(1) Neck Force Z lbs -349.6 122. 313.9 98.

(1) Neck Mon-ent X in-lbs 141.5 122. -78.3 169.

(1) Neck Moment Y in- lbs 955.4 97. -845.0 160.
(U) Neck Moment Z in-lbs 20.3 157. -*19.3 87.

(1) Pelvic Force X lbs -241.9 95. 88.2 68.
(1) Pelvic Force Y lbs 55.4 160. -17.0 70.

(1) Pelvic Force Z Ibs 1376,7 70. -331.2 124.

(1) Pelvic Moment X in-lbs 280.6 158. -120.8 95.

(1) Pelvic Mo:,,ent Y in-lbs 1839.3 79. 31; .3 50.

(1) Pelvic Moment Z in-lbs 92.7 127. 35.3 184.

(2) Read X Acceleration G's -19.5 122. 15.5 345,

(2) H-lead Y Acceleration G's "6.9 17 1. 5.1 5

(2) Head Z Acceleration G's 30.9 103. -13.1 119.

(2) Pelvis X AcculerIc it wn G's 17.3 70. :3.8 114.

(2) Pelvis Y Acceleratimn l's 10.1 82. M5. G 108,
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TABLE 4-5. PEAK TEST VALUES OF TEST Ha
32.2 FT/SEC VELOCITY CHANGE (Concluded)

NAME* PEAK I TIME PEAK 2 TIME

(ins) (ms)

(2) Pelvis Z Acceleration G's -.53.4 82.

Control Tube Force lbs -489.0 140. 297.4 97.

(2) Inboara Leg Strain uStr 2693.4 68.

(1) Inboard Leg Strain uStr 1663.6 58.

(1). Outboard Leg Strain uStr 2646.0 72,

(1) Seat Z Acceleration G's -34.4 73. 7.5 49.

(2) Seat Z Acceleration G's -50.9 77. 21.9 52.

Aux. Sled X Acceleration G's -34.7 55. 6.2 79.

(1) Head Resultant Acceleration G's 28.4 121.

(1) Neck Force Resultant lbs 373.6 122.

(1) Neck Moment Resultant in-lbs 955.9 100.

(1) Pelvic Force Resultant lbs 1379.2 73.

(1) Pelvic Moment Resultant in- lbs 1850.3 83.

(2) Head Resultant Acceleration G's 31.0 103.

(2) Pelvis Resultant Acceleration G's 54.7 83.

*(1) 50th Percentile Dumnmy
*(2) 95th Percentile Dummy
** Filtered Data per SAE J-21 I
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Figure 4-21. Pre-impact test Ia.

Fi'gure 43 ~s iny:1r;, tst.A Ll.
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Fiure 4-4. Pre.-impadt test "a.
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Figilre 4-6. Pre-inipact test Ila.

Figure 4-7, Pos,-L-t imact test. fib.

.1. 1.3
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4.2.1 SeatStrokes

The seat strokes of the Buttock Reference Point (BRP) vertical disolacpment
obtained during, L.h' testing is 8showri in Table 4-6.

TABLE 4-6. BRP STROKES

TEST 50THIPEHtWENTJI1,h 95TH PERCEN71LE CONTRtOL YC9KE POSITION
N~UMBER OCCUPANT OCCUPANT (COLLECTIVE STICs EkQUIVALENT)

(In. (em)) (1a. (Cm))

Ia 4.75 (1.2.i)* 5.bl1 (14.2) Full down yoke
(Full up collective)

lb 4.8 2 (122 c) 5.82 (14.8) Full up yoke
(Full down collective)

H~a 4.30 (1.0.9) 5.66 (11.L4) Fuit tip yoke
(Full Jowfl collective)

*No contact imade with control yoke.

III ai~ tests, the cyclic controls% ýere locked -xi the neutral position., The seat with the
50tLh percentile dummy occupant did not contact the yoke in Test Ta but did in Tests
lb and H~a. T he seat w;tft the 95th percentile dummy occupant contacted the yoke. in
every test. The seat stroke and rebound positions are shown for Tests la, 1b, and fl~a
in Fig~m.res 4-7, 4-8, and~ 4-9, respectively. Some rebound is expected due to the~initial
siack in the rebound strap neede-d to allow the sept pan movemnent in an arc. 'The
ax;.Aounit of rebound experienced on the 95th percentile dummy 1in Test ia and both
dunmmies in Test 1b and 1L~t were more than desired but still considered Peceptable. 'It
is believ~ed that this large amount of rebound was related to the combinatiu'i of two
factors. F'irst, the primary contributor was the heavy -contact made by the seat
impacting; the control. yoke. Th~e deflection of die control yoke appears to be a',tifg
1Eke. a spring. The second factor is the rebound assembly cam (,-eeriý'er-of-gravity
loc~htion. com-vbined with low camn spri .ng tension may be delaying the ca-.tn
engagemyent against the viebbin-, This rebot'ri' assemxbly .sIseci on th e Modle 4 12
eneqgy attenuiating passienger sea~t arid Ias previously wort-ed wellI during, (lyrtam'ic
testhing fur that application. However, in the M4odel 4111 apphicatioa it~s orientation is,
v~ertical and not at. angle, nor is, it reouired to ino'-e in wrt ar.- A. p:odLuCt.ior, desiý_n
s.houlid include a ri~nnor reý-fi~nerner! ,. ct' the rebound assernbly cainlspring -irramge -

v~ie two piece .-tkC.e part n munvbers '20.6.001,322..- i and' '210 6-W)1 -322--1, w, i'.w d ina the
dovuamlc- testv.s 111d on 'he 0ih ai~rrraft.. Th"'is yoke is used cni 0-11-583A ~irrvt.T

bal~a.Ltoermart two,., pllecý'yoe polrt. numbers ý20113004 -404-1 an 210E-001 4:0,. . is
used (m~ M)H1-5~'i'ii C/rcz-at; :rd ZMC )ý CGFSid&,ably s:trong,,:r, thw:u fa lvs er deflectoon Wf'rn1

4- j4
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-(. 4.75" TOrAL STROKE

G 3.29" REBOUND POSITION

Cc) 5.41" TOTAL STROKE

OD 3.29" REBOUND POSITION

i6

/'F
TEST IA 290G 26 FPS

,/ - -

Fligure 4-8. 'I'est ka•
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4 82 TOTAL S iPOKE

® 2,9 REBOUND POSITION

O 5. •.•I"OTAL. STROKE

© 3.16"' RE~BOUND POSITION

TEST I 29 G 30FPS

------ ----- -- - .

'Figare 4-9. 'Thst lb,
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a stroking seat contact is expected. The dynamic tests showed that the energy
attenuating seats function quite well prior to significant yoke contact. A redesign of
the yoke to meet ballisdic tolerance conditions, and to be frangible upon seat contact
in a crash, is needed to allow more seat stroking.

4.2.2 Pelvic Loading

The pelvic loading for the 50th percentile dummy was maeasured by a load cell and
the test results are shown in Figure 4-11. The pelvic loading in ýhe 95th percentile
dunmmy was measured by a triaxial acceleirometer and the vertical acceleration
results are shown in Figure 4-12. In general, the pelvic loads, assuming 1,800 lbs
(816 kg) for an average military aviator experienced were within human tolerance
withou t significant yoke contact and were unsatisfactory witth yoke contact.

4.2.3 Seat Pan Acceleration

The seat pan acceierations are shown in Figures 4-13, 4-14, and 4-15. Seat pan
accelerations are measured perpendicular to the seat pan, which in this concept
moves in an arc. rhe accelerometer was attached to the bottom of the seat pan
underneath 'he BRP location. If the seat pan was to remain in the same plane
during the stroking, the data would indicate directly the seat pan acceleration in the
vertical direct~orn. Since the seat pan pivots during stroking, the measured axis is
charng•ng from the true vertical axis as a function of the pivot angle. The data
valiance ranges from zero error at the start of stroking to a maximum of plus 14
percent error at the maximum seat stroke experienced of 5.66 inches (14.4 cm) of the
95th percentile dummy on Test Ha. Thus the accelerometer data is accurate at the
start of stroking and the actual value is graduaily higher than measured as the pivot
angle increases. In the worst case at 5.66 inches (14.4cm) of stroke, the actual
acceleration is 14 percent higher or 53 Gs instead of 51 Gs.

4.2.4 Pas,,Fail Results

The end result of dynamic seat testing is to compare the test loading experienced to
the pass/fail criteria. If the test results are below the pass/fail criteria, the test was
successful and occupant injury would be considered minimal. Conversely, with test
results above the pass/fail criteria, significant occupant injury would be expected.
Thus the results of dynamic tests are significantly affected by which pass/fail criteria
are used. Pass/fail criteria varies within the military and with civil authorities.
l•Hi{T evaluated the test rezsuts relativ, to the idllowing standards.

1MIL-S-58095, Reference 13, dated 27 August 1971, require the use of seat pan
accelerations aiid time excursions which are compared to the Eiband human
tolerarice to acceleration, Figure 15 of Reference 13. If the duration of any individual
acce~eration peak exceeds the 23 G level for more than 6 msec, the test is considered

4-17
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4.30" TOTAL STROKE

®• 5.66" TOTAL STROKE

TEST IIA 35 G 32 FPS
30 DEG PITCH

Figure 4-10. Test Ha.
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unsuccessful, as injury is expected. An excursion of 6 msec or less is considered a
successful test with minimal injury. Using this pass/fail criteria, only test Ia for the
pilot was successful. This was the only test in which the control yoke was not
contacted.

Later MUL-S-58095A, Reference 14, dated 31 January 1986, was revised and the
pass/fail criteria was changed to a cumulative excursion time of 25 nisec over 23 G
vertical seat pan acceleration. Using this latest military pass/fail criteria, all Test
la, Ib, and IHa for both 5th and 95th percentile dummies were successful.

The FAA has recently established another pass/fail criteria which will be used for
civil aviation. This pass/fail criteria, Reference 15, requires an axial load cell at the
top of the dummy pelvis to measure dummy lumbar loads. Only a 50th percentile
dummy is used for this criteria. If the lumbar load is 1500 lbs (680 kg) or less, the
test in considered successful with minimal injury. If the lumbar load is over 1500 lbs
(680 kg), the test is considered unsuccessful, as significant spinal injuries are
expected. Using this FAA pass/fail criteria, Tests Ia and Ha were successful.

In summary, the seat tests were considered successful when the control yoke was not
contacted, as shown in Table 4-7.

TABLE 4-7. PASS/FAIL CRITERIA FOR DYNAMIC SEAT TESTING

Pass/Fail Criteria
Testing -_____________

MIL-S-58095 MIL-S-58095A AC 21-22

Test la

"* 50th% Pass Pass Pass
* 95th% (Fai Pass (Not Applicable)

Test 
_b

* 50th% Fail Pass FailII* 95th% Fail fss (Niot App!ic ýi )1

Test. Ila

"* 50th'70 Fail ~s
"* 95th,7c Fa I I~is (Nu,.`Applic~ddc)
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5.0 DISCUSSION

5.1 DESIGN EYE LOCATION

The head location in the cockpit of a 50th percentile male aviator is called the
design eye location. 0 -e this spot is determined, the cockpit displays,
controls, visibility, and eating use the design eye location as a starting pc :nt
of reference. The design eye location for the OH-58A is aircraft station (SIA)
64.50 and waterline (WL) 63.22. There is no vertical adjustment in OH-58 crew
seats.

The Buttock Refere!ice Point (BRP) is the lowest point of the crewman buttocks
where the ischial tuberosities load the seat cushion when under normal IG
conditions. The RRP for 'the OH-58A is STA 67.22 and WL 33.75 so that a sitting
*ieight of (WL63.22-WL 33.75 = 29.47") is provided. This BRP location was
approved by the U.S. Army in the initial OH-58A design and is in all OH-58s, but
the current aviator 50th percentile sitting eye height is 32.05", a difference
of 2.52". The BRP is shown in Figure 5-1 as "ORIGINAL DESIGN". This exact BRP
location was used for the OH-58 energm attenuating crew seat design. Due to last
minute addition of the SPACEFABRIC cushion cover combined with an error in
cushion thickness, the BRP of the dynamic test seat was 0.82 in (2.1 cm) higher
than the "ORIGINAL DESIGN" point. This resulted in a BRP at WL 34.57 as noted
in Figure 5-1 as "TESTED A/C". During installation of the dummies for dynamic
testing, it became apparent that the "ORIGINAL DESIGN" BRP should be lowered by
several inches to account for the anthropometry of current aviators.

The flyable OH-58A used in this program was investigated for seat BRP location.
The crew seats were actually measured with a 175 lb (79.4 kg) man and a 200 lb
(90.7 kg) man as shown in Table 5-1. The average of this existing aircraft BRP
is noted in Figure 5-1 as "IN SERVICE," but both men compressed the netting into
the lower netting above the honeycomo panel. Assuming this is representative
of the OH-58 fleet, then the BRP location of any new seat design should be
lowered to match "inservice" seat height. The prototype energy attenuating seat
cushion was maasured the same way with the same two men. The resulting
measurements are also shown in Table 5-1. It should be noted that this is a
measurement of a new cushion with zero hours of use. It is expected to get some
permanent deformation with use. The field evaluation of this prototype seat
should provide this usage information.

The BRP of the flyable aircraft crew seat vas lowered as far as possible without
changing the pivot point location. The BRP of the flyable aircraft was about
an inch (2.54 cm) lower than on the dynamic test. seat. This is shown in Figure
5-1 as "FLIGHT A/C'" This caused the thigh angle on the flyable aircraft and
the 'ORIGINAL DESIGN" OH-58 crew seats to be about 15 degrees. The latch hook
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Figure 5-1. BRP' locations.

TABLE 5- L. MEASUlRED S ,AT CLEARANCES

Seat Cleaian ce *

Weighbt Or, nal Desigrn. In Services AC Flight A/C
OHt-o,.'A Orawing (Measured OU-58A) (Energy Attenuating Seat)

17 ,-. Ib 2.77 1.175 1.47
S79.4 Kg, (7T04) (4.45) (3.73)

2T2 lb 2.99 1.97 l61
(90.7 Kg,• (7.60) (5 00) (4.14)

.n,,s-,"--" (Vm) of I. li,' above .;ea t pav.,"st r uct k re, me su"ed at. isch tal tuherosi tiesS~~press are poiunt~.-.



arp angements for the dynamic tests and the fligrht airc,.'aft is shown in ý' gu~e 3-7.
UsinMg the latest iWIL-STD-1333, Reference 16), to identif'; the DRP resulted in an
even lower BRP as noted in Figure 5-1 as "MIL-sITY. Vertica) spat. adui~st~rifnt
would add the ability to compensate for these. differen,ýe_- aad the vaoiation,- ol'
huxL~ans. The Army operational suitability evalui)rion of' paragraph 5As-heuld
provide a be,-ter definition of where the BRP should he located..

5.2 IMPACT PROTECTION CAPA.BILITIES

5.2.1 CIonputer Simulation

A eompu~er simulation of Test, la was performned using DHT.'US 5-M~ass Sanulation
model, Figure 5-2. The bojdy spring, mass, and damper prupe.-tis for a, 5tFh
percentile occupant (Reference 17) were used in the 5-miass :nodel. 1,11 resu.!t of the
simulation of Test la to predict seat stroke is shown in Tabie. 6-2. INote ýhe good
agreement of the 50th percentile occupant stroke of 4.60 in (11.68 crn) by the 5-r~asL.
maodel versus the 4.75 in (12.07 cm) measured in the dynamic tte-ting. Using the
formula for seat stroke calculation in paragraph 4.7.2 of TR79-22'O, Reference 1.8
and modifying the pulse shape to trapezoidal as occurred in th~e dyna~mic test, the
seat, s'.ý'oke was calculated. The mocdi~ed design guice predicted stroke was about 30
perc7ent less than the dynamic test. and the 5-mass model for the ý'0th pex-,.en'.rit"
dLmmy as seen iai Table 5-2. The 5-mass model predicted mnore strrke than the
dynamnic test of the 95th percentile dumnmy because the yrokc wbýs contacted, which
preverted fuill: at stroke in the test.

5.2.2 Vertical Velocity Capabilt~ies

The collective stick Position at the Limne of impact iý' 1-ýxpected u.) kLý fUM LIP io. most.
crasites where an energy attenuating.3eat can provide an iq.ýrnpve neit. The ±tia
component of the seat stroking distance 'Lo the contro! yoke 'lowest posLtioa) w~het,
the collective stick is Call uip, %~as calcuiated. These strokes are shown inTbe5-2.
Trhe pilot seat out(K,"ard rear ct~etiex, of the dynamically tested aircraft and the fii
aircraft will contact. the c'urvatuire of the fusel_-age prior to floor contael This would
be well after yoke conttact. Thiis interfe.rence can be eliminated in. a p)roduction1
design by shaping of that seat pa~n cornier. A potent~ial production BRAI at ,N1. :33.09
wai introduced !Wwer thian hefit 'ca etto better appr'oximnate the pot~ertia.i.
capability u.f :4 preduk-tion -,-at. '11e pilvot point ýýa- movecl. down accordinglty, F~uh
floor st.rok iig is ,,ho wn ',o pro~vide~ comni pa i;.~ -1, ot1Ot of O~i rn.,ximurn syseg-4in

capabili ?.y usi ri~r a th.o h owa w~gii nok nr ro ing te y~ol~ e~i sa
stroke for paoe ntial pri-"'uction s4ý ait lsu I hon inV

The testedj 011-58 t.iif: rgy a, Ate oiati up crc e, at can prov ' inapto\er~i I pa tt

protA'(tiori capzA I ii t.N wvý>r the fayd ing Off 58 1,1, hyiI Ol niun w i~o vs iti cii cr ash
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TABLE 5-2. SEAT STIROKEf. COMPIARISO.N

E.A. STROKE IN IN(DIES (CM)

DYNAMC 5 -MASS MODIFIED
PERCENTILE DYNT AMC- MODEL DESIGN

TEST IAGUODE

5% -- 2.85 2,30
(20.63) (5.84)

50% 4.75 4.60 :3,23
(.2.06) (11.68) (8-20)

95% 5.60" 6.7o 5.07
(14.22) (171.02) (12.~38)

*Yoke contacted

TABLE 5-3. SEAT 8TROKE AVAILAbLE
B111 Vertical Stroke ia Inches (cm)

SEATTO YOKE~ CON~r.OT TO FLOOR CONTACT
SEAT(Full UJp Collective) (No Yoke Interfererec)

Tested Aircrqft*

Pilot 5.1'.ý (13.06) '1.613 (93
Copilot '5.41 C(X3. 74) 8.3S (21,29)

Flight kircraft*

Pilot 4. 0(0.10.61,4
Copilot 42 3 (10.92) 7.19 1..6

Potential Production
A.Ircraft*'

3.99 (19,13', .7 5.93)
pil;t 4 .1,6 ( 1,0.5)7) (6.90ý (1 7.53)

* Ou t~~;t d sea pa1r goroc tit ous wag ,.b., Lre pjl.vx tf: l~oor c.) rtact,
S3R'1W 0.-i ',So crrt) low(er th -An 11 Ight.1 t~ (Ic Wt t . 323.09.
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)io~.ds experienced by the cewvrinan. The design strokcing- load based on a 17(0 lb
.$77.1 kg) crewman is 12 +1*.- 1 G. Spinai in 'jury- toleranve, appears to decrease as age
inen-a~ses as indicated in Figure 5-3, from. Reference 19. This -trokinig load can
accept the reality of" the toWier spinal tolerauce tbr an older occupanit populationt~h-an
at t4,5 +/- 1 t'x stroking loar.' rqu~ired by MIL-S-580i%., Reference 14, The ,ertical
:rnpact Velocity protection level desired. Is MC ft/sec (9.1 mis) as shown ill Figure 5-4
for the 95t~h pe-rcentile, survivable 011-58 acciden.t, using data from RefePrence 121.
Thus there is no need to use 1.4.5 -+-/- 1 G stroking load, if 12+/.- I G- can be used to
mneet the 95th percenitile sur-ivable accident vertical velocity change.

Using a correction factor of L30 percent with the modified de,,.ign guide formula as
discussed in paragraph 5.2.1., the vertical impact velocity change was calculated for
the 5th, .50th, and 95th peroentile male aviator. The resulting verticai velocity
zquivalents are shown in Figure 5-5 and Table 5-4. Figure 5-5 shocws the imrportan-ze
of ac~hieving as much seat stroke as possible. This is mnost significant for che 95th
percentile occupant-,:. aýte requires more stroking distance than lighter occupants for
the same impact velocity.

Using the specific seat strokes available of Table 5-3, o, range of projected vertical
velocity change capabilities were developed. Variations ir. occupant weight and seat
position were included. A potential production aircraft seat olesign was used. to
determine the projected capabilities of a mrodification~ kit. The projected. 50th
percentile aviator verticali velocity change capability without yoke contact is 26.5
ft/sec (8.1 rn./s) or the 93.5th percentile survivable 01I-58 accident as shown in Figure
5-4. Projected vertical impact velocity chaniges, with no yoke ct titact, ra~ngz- fromi
22.9 flsec (7.0 m/s) fer a 95th percentiie to 29.2 ft/sec (8.9 in/s) for a 5th percentile
occupant. This (.-quotes to the 92nd and 94.5th percentile survivable 011-58 accident
cone~itions shown. in Figure 5 4. Thus the energy attenuating OHf-58 seat .2oncept
should provide verticcal energy attenuation capabilit'oy for over 90 percent of
survivable and. partially survivable 011-58 ac~cidents.

.53 ENHANCEMENTS

'I'here are several related areas where crash survival can be further improived
beyonO the energy attelLIutirig crew seat. As such, they could be incorporated Wit~h
the energy attenuating seat or applied independently.

5.3.1i Fra~n~ihbe Couitrol Yoko,

Trhe energy at*.-nuafing crr-w scat designi alows s!.t(king cap~ability until Cloor
contact occurs. As ~cen froin the dyrirnic. tests. the seat strolkinfg was(,wpped L.~pori
conLmoi yokýe contact. To achieve Lhe fUll Potenial enr~fgy ateu ncaiplabi lity of

st~kirg a the floor,.a yrrIbe'otok ~ie is nedeci.d Such a Yoke slhouldi have the

5-6
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EFFECT OF AGE ON SPINAL INJURY

TOLERANCE TO VERTICAL ACCELERATION
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Figure 5-3. Age effects on spinal strength.
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TABLE 5-4. PROJECTED VERTICAL VELOCiTY CHANGE
ft/sec(m/s)

TO YOKE** TO FLOOR

SEAT OCCUPANT OCCUPANT

5% 50% 95% 5% 50% 95%

Tested Aircraft

Pilot 30.9 28.1 24.3 34.6 31.5 27.4
(9.4) (8.6) (7.4) (10.5 (9ý6) (8.4)

Copilot 31.3 28.5 24.7 35.6 32.5 28.3

(9.5) (8.7) (7.5) (10.9) 19.9) (8.6)

Flight Aircraft

Pilot 28.9 26.2 22.6 32.9 30.0 26.0
(8.8) (8.0) (5.9) (10.0) (9.1) (7.9)

Copilot 29.4 26.7 23.1 34.0 31.0 28.9
(9.0) (8,1) (7.0) (10.4) (9 4) (8.8)

Potential Production
Aircraft*

28.9 26.2 22.C 32.6 29.7 25.8
Pilot (8.8) (8.0) (6.9) (9.9) (9.1) (7,9)

29.2 26.5 22,9 33.6 30.6 26.6
Copilot (8.9) (8"1 (7.0) (10.2) (9.3) (8.1)

* BRP is 0.5 in (1.3 cm) lower than flight aircraft.
** Full Up collective stick position

necessary strength to carry pilot-induced flight control loads but in a crash could be
penetrated vertically by the stroking seat. This penetraticn should require low
forces to prevent significant loads being transmitted to the stroking seat. The new
yoke would also need to meet the existing ballistic strike requirements. A thin wall,
large cross-sectiun yoke should be considered for a fr.ingible yoke. The,'xpohýsi() of
energy attenuation capabilities is shown in Table 5-4 when the seat is aliowed to
stroke t) the floor.

A shorter copilot seat could be used in place of the pilot seat to provide commonalily
and gr'ýater stroking distance. This woul Id slightly reduce the amount of by llis.ic

5-10
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coverage. The vertical velocity chanige capablities for the copi~lot potential
production seat~ by stroking to the floor for the 95th, 50th, and 5th percentile
occupant is 26.6 ft/sec (8.1 mn/s), 30.6 ft/sec (9.3 m~s), an~d 33.6 ft/sec (10.2 m/s),
respectively. From Figure 5-4, these velocities are equi-salent to 93.5th, 95.5th and
96.5th percentile survivable and partially survivable 011-58 accidents. The amount
of increased energy. attenuation capability of a frangible yoke over the yoke contact
(full-up collective stick) capability is si-gnificant. If the collective stick is not in a
full-up position, the energy attenuating seat capability is reduced unless a frangible
yoke is installed. The vertical position of the cyclic control yoke at seat contact
determines the stroke available. Less stroke available means less vertical velocity
change capabiiitv. Another important aspect of a frangible yok~e is 'ess distortion
and c~isruption of the se.and structure during stroking. A new yoke should be
developed for this last aspect even if additional velocity capability is not desired.

Resistive forces to cut into a frangible yoke are not known but could be mainimial
using a thin wall yoke and a sharp knife edge penetrator on the aft end of the seat
pan. If the resistive forces were found to be signirficant, the energy attenuator
sti-oking load could be reduced accordingly for the remainder of the stroke after the
point of expected, cont-act. Crushing of a thin-wall frangible yoke at floor contact
should not reduce the strokina distance more than twice the wall thickness. All
velocity estimates assumned no crushed frangible remains would reduce the stroke.
Thus, this stroking capabilit~y is considered "to- the -floor" as if the control yoke is
rerouted or eliminated. Thlerefore, this f~angible yoke concept *rndicated the
maximum potential capability of the pivoting seat to stroke to the floor.

5.3.2 R,ýstraint~vste a'

The present 01-1-58 restraint system has not changed significanily since thc- initial
airc;raft and MWC 55-1520-2218-0, Reference 5. The inverted "W7' lapbelt iý, bulky
and is ý`.0"`,7.9 cm) wide which could be replaced with the new technology 1.5 inch
(3.8 cm) to 2.25~ inich (5.7 cm) wide webbing with llgý,tweigh. fiitt5rings and buckle.
This shc uid reduce weight and provide a more comfortable Ifit. WiL a m, w restraint
system, a narrower shoulder harness guide should be investigated.

5.3.3 V[ertical Seat Adiustrunyýt

The presm~t 011-58 ciew seat height i-s not adjustable and the energy attenuating
seat design did not add any adjustment capabilities. 1It appeiars that a sniall amount
of vertical seat adJUtIAient can be inckludel into the pivoung enercgy attenuAting seat
dlesign. An adjuster assemibly could be ijosertcd between the wirc/r'oller energy
atteknuator and the aft end of the sea,-t pan. The seat pari coluld then pivot or or do" n
about the hinge, th us raisin~g or lowe ring, the 1310'. Tbhcunootint of adju stiniet rangeý
would be less than for ~ fOIl d sc ct sthe thi~gh angle1 on a pivotingr sea" "S

5. 11
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changed by any vertical adjustment. This added feacure could improve the comfort
during Stinger sight use. Vertical seat adjustment could mitigate the necessity of an
exact BPR location.

5A FIELD EVALUATION

5.4.1 Qperationai Suitability Evaiuation

A second set of energy attenuating crew seats was installed in OH1-58A 71-20778.
The Army will conduct an operational suitability evaluation of this modification.
USAARL test plan is being written and the evaluation is to be conducted by the U. S.
Army Aircraft Development Test Activity. Planned items to be evaluated include:

- Comfbrt
- Adjustable lumbar support
- Pilot size variations
- Seat height
- Pilot acceptance
- Effect on mission.

The results from all of the above areas are expected to be positive with the possible
exception of seat height. The flyable aircraft BRP is lower than the standard 0H-58
seat design but higher than the existing seats that are allowed to sag. 'Tlhe BRP on
the flight test aircraft was lowered as far as possible from the dynamic test aircraft
position without changing the pivot point location. The thigh angle increased but
remained within M.VL-STD-1333 limits. Thigh angle comfort will be uact of the
operational -,uitability evaluation. The BRP of the test aircraft seat is expected to
become lower with cushion rise to a permanent set position. The Army pians to
measure this change. Once the Army determines the desired BRP location, the
production modification kit design should use that location.

5.4.2 Flight Aircraft Differences

Design 7hanges to the flight aircraft from the dynamic test aircraft in addition to
lowering the BRP were:

- Increased stru'tL attachment insert contact area
Installed back armor

- Add%.d fabric closures to prevent debris under seats
- Reduced seat pan width on inboard side by 1/4 iiich (0.64 cm).

This last change to a narrower seat pan structure was to provide on additional 1/4
inch (0.64 cm) of seat pan to fuselage ce.-,nter consoie clea•rance during stroking. The

5. -'
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dynamic test seats had 1/16 inch (0.16 cm) clearance with a small deflector guide
mounted on the console to ensure the seat pan went down beside the center console.
This small clearance was acceptable for a feasibility study dynamic test but a seat for
field use needs more clearance. The deflector guides were deleted on the flight test
aircraft. This reduction of seat pan width did not change the seat cushion width or
location.

5.5 WEIGHT

5.5.1 Aircraft Modification Weight

The primary objective of a feasibility study is to prove the "feasibility" of some
concept, not to develop an optimized, lightweight production design. Thus these
feasibility designs tend to be very conservative in strength and provide liberal use of
standard size materials. Likewise, the feasibility modification was designed to
survive several severe crash tests and must therefore be stronger than a "one-shot"
production modification kit.

The weight increase of the feasibility modification to the flight aircraft is estimated
to be 43.5 lb (19.7 kg) with no ballast changes needed.

5.5.2 Potential Weiý ht Savings

Those major areas of the modification design where a weight reduction is expected by
using a production design rather than a feasibility design approach have been
identified. These areas and their respective potential weight savings (i.e. the energy
attenuating modified design less the original component weight) disregarding
ballast are shown in Table 5-5 and discussed below.

Item 1 of Table 5-5 shows an 8.4 lb (3.8 kg) increase by rmaking a special steel fitting
to surround and conform to the shape of the armor panel. This approach was
originally intended to use the strength of the armor plate but the actual design
resulted in all loads being handled in the surrounding fittings and metal plates.
However, this approach did minimize the thickness of structure and armor between
the seat and floor. For a production design, a more weight efficient approach is to go
back to a honeycomb panel for the seat pan and rigidly attach the armor plate. This
would require deletion, of the rivnuts presently used on the (N1-58 toallow the armor
panel to breakaway in a crush from MWO) 55-152() 's Th- 16, Reference 6.

Item 2 is related to the copilot, lower seat armor panel being na(le from a pilot armor
panel bv sawing offan end. The modified copilot armor panel installed in the flyable
test ,ircraft has more area o[ ballistic protection than the existing copi lot arrmr)v and

5-13
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TABLE 5-5. POTENTIAL WEIGHT SAVINGS AREAS
FOR PRODT CTION SYSTEM

DESIGN AREA SAVINGS/AIRCRAFT
Item - POTENTIAL WEIGHT SAVINGS ACTION LBS (kg)

1. Armor Panel Support Structure
- Go Back to Honeycomb Panel 8.4 (3.8)

2. Armor Panel
- Go Back to Original Coverage 1.3 (0.6)

3. Seat Pan Hinge of Steel Plates & Pin
- Go to Sheet Metal Hinge 3.1 (1.4)

4 Seat Cushions with Improved Comfort &
Adjustable Lumbar Support

- Go Back to Original OH-58TubýrNe ,ting Seats 7.0 (3.2)

5. Seat Back Bulkhead Web
- Go Back to Existing 0.020in (0.09 c, a) 1.9 (0.9)

thickness with Lightening Hotes

6. Knee Bulkhead Structure
- Redesign without Bolted c a Flate 1.4 (0.6)

7. Restraint System
- Use Lightweight Restra, t S-sIemn 4.0 (18

TOTAL 27.1 (1E..3)

is 1.3 lb (0.6 kg) heavier. A prodixu .ion design considering Item I above could go back
to the original copilot armor and ý,ave that weight increase.

Item 3 is due to the use of a large steel hinge used at the pivot .oiat- A production
design should consider a matorial change as well as ,, one-..ime-uise hinge. lIf a
vertical seat adjustment is de, red, then a repeated-use hinge must be used but a
material change would still be ;ossible. A vertical seat adjiuscment feature is not. in
the feasibility modification so its addition during a production r•odifiiatlo kit
design would cause a weight inrease over what is discussed in this repi.rt.

Item 4 is due to a considerable effort to increase the seat cushion con•,irt An
adjustable lumbar support was added whereas the exisn:ag O(H.•>, has a f'ixed
lumbar support. The lower cushion uses PREQUAI 1 ' , I eference 1t, whih is a
series of plastic levers us d to provide uniform butto,• .s flotatinw. A\ .ew a,,r
breathable cover of SPACE FABRIC "M (a "cool cushion" inatLrial) %',.s u I-ed 1LX

lower seat pan thigh angle wedge was filied with rigid foam which w01ou1 111nt 6C
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needed in a production design'. If no improvemern; in comfort is ailowed, the existing
OH-58 tube/netting seats could be used with the pivoting seat pan energy
attenuating seat, concept.

Item 5 is related to the expedient use of 0.040 inch (0.1 cm) thick seat back bulkhead
web without any lightening holes. A productio.n design could use the same size as
the existing 0.020 inch (0.05 cm) thick web with lightening holes. The conservative
thick plate approach of the feasibility study was to simplify the installation and
specifically to allow the designer to change different fitting locations quickly during
testing. By having a continuous flat plate available (i.e., no holes in the wrong
places), last minute design changes to move items like seat belt attachment, energy
attenuators and latch attachiment~s are possible. Thus prototype modifications are
usually heavier than are necessary in a production design. Once the final location of
fittings are determined for a production design, a lightweight production seat back
bulkhead web with lightening holes can be designed.

Item 6 is related to the strengthening of the knee bulkhead. The very conservative
approach used on the feasibility aircraft wa~s to bolt on -a 1/4 inch (0.64 cm) thick
aluminum plate onto the back of the existing knee bulkhead using 16 steel
nuts/bolts. This expedient modification was done on both seat knee bulkheads. A
production modification kit should include i different honeycomb knee bulkhead
that is lighweight but could carry the loads required.

Item 7 is; the potential weight savings of a new restrain~t -system. The large :i inch
(7.6 cmn) "lap belt and fi ttings are very heavy (5.0 lb [2.3 kg] each without inerta reel).
A 2.0) Inch (5.1 cm-) widd webbing with li'gtweight fittings and bucklc shouid be
cons-idereýd. USAARL is planning to install a prototype 5-point restraint systen-, in
the O1-1-58A left. seJt with a weigýht satvings of 2.08 lb 10.9 kg) per restraint to be
~valuit~e,,d duirngtthe opera:tl)ional suiltability test.

Another weight savings, of the knee bulIk head was not I nclu.ded In Ta [ule 5-5, This
,wcngotH ýv.ings- wouild he due to th-~ lowevring of the pivo)t poinlt height whenl thle finlal
BRW loc itia n i, determined. This change will be Initegrated I nto thle the new-A knee
bul~khea- ade~sign whiCh Would 'Saveý W"Ight. 1LeSS Mat( A-IJ WoO Id he' neeledi& f
streng~th to react cra.sh loads as the pI v,4 poi Ut is lowe-red. [he mIno~i.m (t o weight
savings,, potential is unknown alt this 6i,10.

In Stu mit- ther appea,ýrs to bte aholi I7. lbs I, 12.3 kg of' w'eght romn potential
welght reductA.ion areshown In l:Iblr ")-5. 'UhIs Indic:ýte' tha:t an user
producW eler'gv 4at tent)outing, 01rew sa oii~in(~. o mothne
1hokild ncreise, th"' Oll-58 etnpt.v w-igbjt bY ibowt. I1 e. lA7. kg,). If th dded
fea'lt rt. t 4v;e rtW.(I ca -ýt ý 1I t i ýAI .l reet Idus~nn iIt lc.i d m Idt I I) l :Iwk Igh t Ic r -tcr; I e vIwill occu.
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5.6 POTENTIAL PRODUCTION DESIGN

A feasibility study is a:n effort to see if a concept can physically function with little
attention given to weight efficiency or pcoduction application. This feasibility
progranm proved that the pivoting seat pan concept can provide effective energy
attenuati,3n and also identified areas needing refinement for a production seat.
Thesp de-sign refinement areas are in Table 5-6 and discussed below.

TABLE 5-6. DESIGN REFINEMENT AREAS

Ytem Subject

1. Different armor panel shapes

2. Pilot aft right sear corner hits sidewall

3. Knee bulkhead and supports

4. Cushion thickness relative to BRP

5. Fore & aft magnetic brake location

6. Seat Pan latch lever interference during stroking

7. Rebound latch effectiveness

8. Weight

9. Back and side armor

t0. H-58 configuration differences.

Item 1. Different armor panel lengths between the pilot and the copilot seats were
used. The present pilot seat armor was used. The copilot seat was a wider and longer
pilot armor panel that wa:; shortened by sawing to clear the collecti'•e jackshaft.
This resulted in 20 sq inch (135 sq cm) more area of ballistic protection and 1.3 lb (0.6
kg) more weight than present copilot armor. This was done to have as much
commonality of the armor attachment frames as possible. A better solution for
production is to reduce the. armer length of the pilot seat to be identical to the tested
copilot seat. This would result in an increase in copilot ballistic protection, a
reduction in pilot ballistic protection, an increase it) pilot seat strokeL, and would
reduce cost by having common armored seat pans and energy attenuatnirs.

Item 2. The pilot seat aft right corner contacts the fuselage curvature prior to loor
cont ict. This iS only applicable to Lhe pilot seat. This early contat c.n be minim,.cd
or eliminated by arm or pzii shaping of the right aft corner during detail design ci
implementation of Item 1.

5-16
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Item 3. The knee hu!khead and its supports ark- not, df.-signed for light weight. A 1/4
int e0F m) aluminum plate v,,as attached by In' boIL- to the knee bulkhead on each
side with a brace strut, on each upper corner for thle fe..,sibility study. A production
design would replace the presen't knee bulkheads with improved lighter bulkheads
anti struts.

Itemr. 4. 'The BRP location is expected tw become somewhat lower with prototype
cushion use. A production seat should be desidned for the lower BRP location, of a.
used cushion. This information should be generated by the field evaluation of OH-
58A 71-2)778.

htem 5. To achieve the full stroke to the floor on the pilots side, it will be necessary to
move the cyclic fore & aft magnetic brake. as far aft as possible. This refinement is
needed in conjunction with shortening the pilrot seat pan (Item 1)

Item 6. The latch interferes with the control yoke during stroking. Prior to stroking,
the seat pan latch function is to prevent seat loos-eness during flight that might cause
occapant concern as well as react upward loads. Once the vjertical stroking in a crash
starts, the latch disengages and can pivot out of the way ,`f an obstruction is
conta-cf.ed. On Test Ha. the pilot inbor '4ý latch had rotated 90 degr-ees and struck the
aft ou'tboard edge of the control yoke. 1- 1-s caused Yoke gouging and imparted a
counterclockwise racking load in tile pilots, seat pan which subsequently led to knee
bulkhiead strut attachment failure. On a production design, the latch motion should
be bettper co ntrolled.

Item. 7. Increased rebound control is desired. After a seat has stroked down, ther"e is
alway5 some reboundting upward. A diesign should prevent excessive. rebo'unding
that wouldi allow the occupant, to becomre loose in his restraint. Reboundling beyond
the original .;eat position should be prevented. Douring stroking, a sp~ioigloaded
latch, similar to a shoulder harrness adJuster, s!!des1; down a structure mounted strap.
A-s the seat. vertical stroking h~as stopped, the elastic energies cautse thle occupant,
cushion, seat, and structure to spring, back or rebound. ".he rebound latch with a
spr.ing-loaded (car wvill wedge into the scrap webbing and thus stop furthe~r upward.
seat pan inotion. Trils function worked very well on the pilot's.seat in. Test la where,
no control yoke contact was inade. In all other tests of the pilot seat and all copilot
seat tests, the seats contacted, the control yoke which. acted as a spring. This caased
considerable reLound forces. It. appears that tbc reteouniu latch camn wa~s not able to
engage the strap webbigqikyenuhhtr svr' nhe teo idoe rc
During all dynamic testi ngr, the amou '1It (A rtebou nding wlas unt ccu sidered
detriniint~al and woutld havo beeýn iccept,,.-bie in Inn actual crash. "'li whokh intent of'
dynamic te-sting' xsto ferret, out unide~sirable cor ditions such as this. Ihf..r ; s no need
to changke thle rebounlfd aý.;s-eizly or any cnashi rc u i ringr a seai stroke -A tstops prior
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to control yoke contact. For those impacts more severe than this, an increase in
rebound latch effectiveness is needed for a production modification kit.

Item 8. The weight of this feasibility modification is considerably heavier than a
production design. The purpose of a feasibility study is to prove feasibility in the
most expedient manner, not optimize weight. A major part of a production design
would be to optimize the weight of a modification kit. Major areas where weight
reduction could be expected wt re discussed in paragraph 5.5.2.

item 9. The back and side armonr plates were not considered in this feasibility study
and thus would need to be in a production design. The latch receptacle for the side
armor will need to be located to use the existing side armor panel. Near the end of
the program, the Army directed that the back armor be installed, as this would be
needed for the field evaluation. Due to the stiffener channel added to the back side of
the seat back bulkhead, the back armor panel was mounted farther aft. This
required increasing the length of structural standoff supports to mount the back
armor panels. The prototype structural channel interferes with the back armor
panel and will need correction for a production design. The back armor panels on the
flight test aircraft were notched to eliminate channel interference. A production
design should mount the back armor panel as close as possible to the seat occupant
foi both structural and ballistic protection efficiency.

Item 10. There are some des-ign differences between the OI-5SA, OH-58C, and the
OH-58D. This feasibility study did not attempt to define these differentces. Thus
locations uf unique equipment will need to be checked t', ensure no degrading
interference with the energy attenuating seat design.
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6 0 CONCLUSIONS

As a result oi this study, it is concluded with regard ito the OfI-158 seat feasibility
objectives that:

L. An energy attenuating crew seat is tecbnically fcaskble "eOr he 011O58
belicopter.

2. As the collect-Ave stiuk is expected to be ia a fuil-up [jo~iTion during
terrminaiw,,)n of a coritroled eraergency landing, the pivotrig seat pan
cancept provides significant stroking distance without cyclic ,3rntrcl yoke
contact. The vertical velocity change equivalent capabiiity "G~r the 50th
percentile occupant is the 93.5th percentiie Furvivable aad partially
surcivable OP-58 accident.

3. Seat contact en the cyclic control y3ke beneath the crew seat, sefs the
usable limits of pivoting seat pan capabiiities. The yoke pre-iented tihe
potential of cmaxinum se;at stroke to the flocr. Yoke contact during
stroklng also increases the amount of seat rebounding and the seat
structural distortion.

With regard to the pivoting scat pan concept, it is concluddri that:

1. The basic pivoting seat pan concept could conceiva!,y provide sirvla,
sniutions Ibr other aircraft; in particular, existing aircraft without
accepta ble seat ,tromking cleairance.

2. Seat obstractions that cannot be moved, iaay be designed to be fraigible
upon seat contaczc dur: ng a. crash.

S~6- 1
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7.0 RECOMMENDATIONS

The fol~ov!ng recommenudai-ons are mnade to iLicrease the 011-53 crewmen crash
survivab)dity.

1. Develop a lightweight morification kit to add energy attenuating crew
seats to the OH-58A/C/D fleet using the basic concept described in this
report,

2. Develop a cyclic control yoke thait will carry flight loads during normal
ase and meet the ballistic tnleran-ce requirements. The new yoke should
ýýe frangible such that a stroking seat co-uld penetrate, the yoke with very
liAle additional crash loading being applied to the seat pan.

0. Energy attenuating erew seats shouew oe developed with enough
capa~bility to st-'Oke Wto he floor ev'en though the cyclic control yoke would
prevent ful! strokiag. This would preclude a redesign of the energy
attenuating s,ýaiw aýt a late, date when a frangible control yoke becomes
available. The fore and aft magnetic brake should be moved aft as far as
Fossible.

4. Use a commnon seat pan/armor for both pilo~t and copilot energy
attenuating.sas The shorter length copilot seat should be used as it
p-zovides more st --,,king distance than the pilot seat. This could also
provide com.)monality arid reduce modification kit cost.

5. De-okip v. vertical seat adjustment device between the energy attenuator
and thci seat pan. This would allow a wide- range of pilots to fit
comifortably in the OH. 58.

6. Redesign the frestraint system to be lightweight~. The i n'irted "V" lapbel't
arra~ngemient should be retained but .Tiade of rninimum-,-'idth, low
elongation webbing. Tbe width of the shoulder haraess guide should be
reduc-ed to mua ých the new i estrain'k systemn.

7. Investigate the ai-'rnor oallistic protection eoverq1gc to provide optimIUM
coverage with the miziimurn armor plate are-a. Tbv~s approach ,vas
siuccessfut o n the AlL IS Survivability And Vulnerability Iniprovem'ent'
MIodi ficatior; (SAVIM.) protgrarn, Refterence 10, using shotli ne analysis.
Trhis rer ommuendation shOulid be consid ered in conj unecilon with

~~erinrnndjtri Nmber4.
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