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U $ ARMY TRANSPORTATION RESEARCH COMMAND
FORT CUSTIS. VIRGINIA 23804

This report has been prepared by the Boeing-Vertol Division
under the terms of Contract DA 44-177-AMC-94(T). The
technical objectives of this contract called for the design and
development of experimental crew seats incorporating com-
posite lightweight armor materials integrated with the seat
structure and meeting the design load as herein described.

Conclusions and recommendations contained hercin are con-
curred in by this Command.
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ABSTRACT

Pilot/copilot protected crash-safety seat was designed and manu-
factured. Optimum secat and torso protection was attempted. Detail
load and stress analysis for accelerations of 20 g vertically and 45 g
longitudinally and laterally was made. By using crushable honeycomb
type material, an improved torso restraint system and a variable
attenuation mechanism were adopted. The feasibility of using pro-
tection media as a load bearing structure was demonstrated.

iii



PREFACE

This final technical report is prepared for the U, 8. Army
Transportation Research Command under Contract DA 44-177-
AMC-94(T). It describes the effort of The Boeing Company,
Vactol Division in the design and subcontract manufacture
ot a pilot and copilot armored seat with crash safety
features for the CH-47A helicopter.

R. Fama, Project Engineer, was designated as authorized
representative of the Contracting Officer, R. P. McKinnon,
for the U. S. Army Transportation Research Command.

For the Vertol Division, the investigation and design were
conducted by D. F. Thompson, Project Manager, assisted by
P. Harper, Design Engineer, under the supervision of

L. Kingston, Chief Development Engineer, and R. Wesson,
Supervisory Engineer.

Ballistic test samples were evaluated at the Ballistics
Research Laboratories, Aberdeen Proving Ground by R. Bernier
and D. Mower.
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FIGURE 1 ARMORED PILOT SEAT - HARDWARE



SUMMARY

An armored crash pilot/copilot seat was designed and manu-
factured for the CH-47A helicopter.

The milestones of the program were as follows:
l. GOALS:

a. The optimum torsc armor protection and seat comfort.

b. The optimum restraint and attenuation throughout a
survivable crash impact up to the human tolerance
limit.

2. A design study was performed to achieve an optimum seat
configuration. Several basic approaches were investi-
gated and rejected.

3. The chosen design embodied a wraparound seat bucket
and torso protector mounted upon a crushable seat base.

4. A detail load 2nd stress analysis was performed.
5. Mock-up seat configurations were constructed.

6. A mock-up evaluation was performed by ten Vertol test
pilots with the seat mounted inr a CH-47A helicopter.

7. Mock-up reviews were conducted at Goodyear Aerospace and
at USATRECOM. Inputs from these agencies were incqrporated
as design changes.

8. A ballistic armor/seat structure panel evaluation was
conducted at the Ballistics Research Laboratories, Aberdeen
Proving Ground.

9. An improved restraint system was developed which uses
the armored torso protector as a restraint element.
Also, it provides full restraint if the torsc protector
is not used.



10.

11.

12.

Combined seat adjustment and load limit behavior to

accommodate the Sth percentile through the 95th per-

centile man was conceptually achieved in the design.
Detail manufacturing drawings were prepared.

One aircraft set of seats were manufactured and
delivered to USATRECOM.



Armor is most effective when placed as close as
possible to the man.

Some: hampering of the seat occupant is unavoidable if
effective ballistic torso protection is to be provided.
However, adequate pilot freedom ox action is obtained
in this seat.

Dual use of the armor material as a load bearing
structure appears feasible and is employed in this seat
design.

Provision of high crash-load seat/man retention
strength (45 g) is feasible with a moderate weight
penalty. Some cockpit structure modification is re-
quired for this seat.

The articulated crushable toggle block seat chassis
can provide seat adjustment and ¢ nergy-absorbing
stroke from any initial adjustment height. ,




RECOMMENDATIONS

Detail design for structural modifications should be
made either as permanent structure Oor as k'ts to enable
the seat to be fitted into the CH-47A cockpit.

(Ref. Appendix B)

An immediate test and modification program should be
started for development of the crushable seat chassis.
This will permit refinement of the assumptions used

to predict the energy-absorbing behavior of the

design. A series of seat chassis should be fabricated
and tested with a "boiler plate” simulated armor seat
bucket. These seat chassis should be dynamically tested
by AvSER, Phoenix, or Aerospace Aero Equipment Laboratory,
Naval Air Material Center (ACEL-NAMC), Philadelphia,

with Vertol Division liaison.

A test program should be initiated to determine
whether a ventilated cushion will be necessary for
the torso area when this system is used in elevated
ambient temperatures.

The advantages of speeding up the seat adjustment by
motorizing the seat adjustment screw jack should be
investigated.



INTRODUCTION

Operatior. of Army aircraft in forward areas of a combat
environment has proven their need for protection from
enemy small-arms fire. To improve the survivability of
the crew under hazardous combat conditions, an armored
crash-protective pilot seat was designed and fabricated.
This was accomplished by Vertol Division of The Boe.ng
Company under USATRECOM Contract DA 44-177-AMC-94(T).

This report describes the approach to the study, design
and layout problems involved in using Goodyear Corpora-
tion hard-face ceramic armor in a pilot/copilot seat
with crash-safety features, shown in Figure 2.

DESIGN LAYOUT STUDY
METHOD OF APPROACH

This armcred pilot seat development is an eftort to inte-
grate the latest development in armored protection with
recent developments in seat design for crash protection
of the occupants.

ARMOR PLACEMENT

The primary aim of the placement of armor on the pilot
seat is to protect the pilot/copilot. This protection
is achieved by providing:

1. A seat bucket composed of four shaped armored panels
which attach by screws to a light aluminum-alloy
frame. The armor panels serve a dual purpose of
carrying seat structural loads. This permits replace-
ment of damaged panels in the field.

2. An armored torso protector which is keyed into the
forward edge of the seat bucket. The torso protec-
tor is height-adjustable for pilots of various sizes.
It is designed to give frontal protection and wraps



around the sides of the torso. Also, it is over-
lapped by the seat sides and back.

3. Adjustable side panels which are mounted to the up-
per edges of the seat back for shoulder protection.

4. Optional secondary armor placement to protect arms
and legs, as shown in Figure 3.

CRASH-SAFETY FEATURES

The seat 1s designed structurally to provide a high de-
gree of crash impact protection for the pilot. Design
crash load factors, with deformations permitted, are

45 g longitudinally and laterally for a .l-second pulse
and 25 g for a .2-second pulse. A special inertia reel
and strap carry c<rash loads from the seat top into the
cabin bulkhead, and a high-strength adjustment screw-
jack provides retention to the bulkheal/floor intersec-
tion,

Vertical crash loads are attenuated by a crushable sea1t
chassis containing structural elements of Trussgrid type
aluminum-alloy honeycomb. These structural elements act
as seat adjustment links. A minumum of 5% and a maximum
of 9% inches of vertical crushing is available at a nom-
inal acceleration level of 20 gq.

Torso restraint loads from the shoulder harness are fed
into the torso protector. This gives area support to
the bcdy during forward decelerations. During normal
flight the pilot may lean forward because the self-
locking inertia reel on the shoulder harness allows
forward motion unless 3 g is exceeded. The conventional
seat belt and shoulder harness system may be used normal-
ly when the torso protector is not used. The seat belt
is worn inside the torso protector and directly against
the thighs. A thin comfort pad (1 inch thick) mounts in
the seat bucket. This thin pad prevents "submarining"
under the seat belt. A thick seat pad would usually re-
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sult in a deep compression of the cushion, causing a
slack restraint system and permitting the undesirable
“submarining” under the seat belt. A quick-release
handle allows instant pop-out release of the shoulder
harness and torso protector. The top of the torso pro-
tector is capped by a thick styrofoam pad that protects
the face and chin. This pad has a thin (.010 inch)
fiberglass shell for handling serviceability. The seat
belt is released conventionally.

DETAIL DESIGN

SEAT ARMOR PROTECTION

Hard-face ceramic armor material and spall shield were
used by Goodyear Corporation on the seat side panels,
torso protector, and shoulder panels to minimize injury
from fragments.

EVOLUTION OF SEAT CONFIGURATION

Maximum ballistic protection to the torso area of the
seat occupant was achieved by an armored seat bucket and
torso protector. The first approach to this pro..lem was
an attempt to take a conventional seat and apply the
armor as an "add-on kit", Early effort to do thie showed
that there was a large weight penalty for this approach.
In addition, there were control interference and seat
strength problems.

The masking effectiveness of the CH-47A helicopter equip-
ment and structure around the pilct was evaluated with

the help of the Ballistics Research Laboratories personnel
at Aberdeen Proving Ground, Maryland. The following
opinions were formulated:

1. The electronics gear behind the copilot provides

effective maski.g, permitting a slight reduction
of copilot seat-back armor.

11



2. The controls behind the pilot are not dense enough
to justify pilot-back armor reduction.

3. The under-floor controls and structure for both
pilct and copilot c uld only be counted upon to
give some ballistic tipping.

It became obvious that only varying amounts of tipping
could be expected from the aircraft structure, but that
the main protection would have to be accomplished bLy
armor placement. Much effort was expended in an endeavor
to achieve the maximum protection for a given area of
armor. It was found necessdary to place armor as close

as possible to the torso for maximum efficiency.

Early layouts proposed the use of curved tiles mounted
on curved backing, similar to those produced by Goodyear,
shown in Figure 4a. This material had approximately

7 inches of radius on the inner face of the backing
material. Two tiles 5.8 inches long having an arc

of 5.8 inches each were used to accomplish a 90-degree
bend for joints between adjacent flat panels. This con-
cept was develcped into a "wraparound" seat buvcket and

a matching "wraparound" torso protector. The latter

was to be constructed from four curved tiles which would
make up 180 degrees of arc. This arrangement would
cover the torso from left arm to right arm horizontally,
and from seat to chin vertically.

This arrangement gave greater efficiency than previous'y
explored arrangements. The net saving in area for a
curved corner from a square corner was 20 percent between
adjacent flat panels. This concept was abandoned when
the cost to manufacture was determined to be prohibitive.

Further investigation revealed that the same general con-
figuration could be achieved by using flat bevel-edged
tiles, shown in Figure 4b, mounted on kinked backing.
Where a curved tile was used previously, it was replaced
by a flat bevel-edged tile. The resultant effect was

12
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to place a chord across each previously used 45-degree
curved tile. Thus, two bevel-edged tiles would now pro-
duce a 90 degree bend between adjacent flat panels. A
further saving in area of approximately 2 percent per
corner was made with this concept.

A series of tiles, similarly beveled on kinked backing,
were assembled to make up a torso protector. This
achieved commonality in basic tile shapes, minimizing
manufacturing costs. The height of the torso protector

was designed to a maximum for a man in the 5th percentile.

The "wraparound" chest contour was made a minimum for a
man in the 95th percentile. These concepts were adopted
to reduce cost because a mock-up study indicated that,

ultimately, a s3eries of torso protectors would be neces-

sary to fit the man in the 5th, 50th and 95th percentiles.

It was possible that three sizes would accomplish

the torso protection task. A crewman would then select
his torso protector in the same manner that he now se-
lects his flying helmet.

A mock-up seat bucket and torso protector were fabrica-
ted to check the armor panel geometry for complete torso
coverage, as shown in Figure 5. The original mock-up
was evaluated by Vertol Division of The Boeing Company
and by TRECOM.

As a result of the evaluation, the area of side armor
was ircreased by raising the side panels until they were
under the arms of the man in the 5th percentile. Orig-
inally, the mock-up was fitted with fixed shoulder armor.
This was increased in size and made adjustable to the
shoulder height of the occupants. Subsequent mock-up
modifications indicated that complete overlapping
armor elements was possible for 100 percent side protec-
tion of the torso, shown in Figures 6a, ©b, 6c, and 6&d.

17

o



FIGURE 5. INITIAL SEAT MOCK-JP IN CH-47A HELICOPTER



FIGURE 6a. SEAT MOCK-UP - FRONT VIEW
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FIGURE 6b. SEAT MOCK-UP - BACK VIEW
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FIGURE 6c. SEAT MOCK-UP - PLAN VIEW
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URE 6d. SEAT MOCK-UP - SIDE VIEW



INTEGRATION OF ARMOR MATERIAL AS SEAT STRUCTURE

A lightweight seat frame was developed which could lLe
placed on the inside of the armor panels. Structural
integrity was obtained by placing a stabilizing flange
between adjacent armored paneis; this flange protruded

to the outside, providing attachment to the extevnal

seat support structure. This system produced the minimum
number of panels — back, seat, left side, and right side,

Fasteningy of the armor to the frame was accomplished by
placing standard screw inserts into the backing material,
thus keeping all securing items on the insid2 of the

seat bucket. The seat cushion, which was designed to
cove. the inside of the frame, prevented the screw heads
from causing discomfort to the seat occupant. This con-
cept gave a high degree of structural iategrity, parti-
cularly for side and rearward crashes.

MECHANICAL AND KINEMATIC ENERGY ABSORPTION STUDIES

Figure 7 shows a design using tube and die load limiters
combined with seat-adjust kinematics that would approxi-
mate the requirements shown in MS33575 (Dimensions, Basic,
Cockpit, Helicopter). This sketch shows spring-loaded
counterweight struts used to compensate for the seat and
armor weight based on a parallel link system.

This system could have been made dynamically optimum only
for one seat position and for the weight of one man.
Raising or lowering the seat from its mid-position would
have had an adverse effect on the dynamic loading induced
on the seat occupant in a vertical c¢rash. Adjusted to
the high position, the seat occupant would experience
approximately twice the g loads felt at the mid-position.

Initially, it was decided to use the existing seat rail
locations in this study. It was determined that some
additional seat restraint would be necessary to prevent
forward pitching of the seat and occupant. Figure 8
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shows the attempt to overcome the undesirable features
found in the study shown in Figure 7. This study fol-
lowed the same general concept but included a self-
compensating linkage to adjust vertical attenuated crash
load levels in a favorable sense based on the probability
that the smaller man will tend to adjust his seat up and
forward. Also, it added a tie strap on the bulkhead be-
hind the seat to reduce forward pitching. The studies
shown in Figures 7 and 8 used a deep, crushable, energy-
absorbing cushion on the seat pan to provide part of the
energy absorption stroke. However, the seat pan caused
a severe interference problem with the pitch/roll con-
trol. Both studies necessitated a detrimental cutaway
in the seat pan armor and a tunnel to cover the control
mount for maximum seat stroke. 1t was assumed that the
side loads would be taken out through large pads which
were in contact with the side armor panels. These in
turn would pass the loads into the support structure
mounted on the cockpit floor. Efforts were then made to
reduce the seat width so that it would attach to exist-
ing mounting rails. This design was found to be im-
practical due to the complex load paths with resulting
excessive welight.

Attempts were then made to incorporate some of the de-
sirable features shown in Figures 7 and 8 by using an
"A" frame mounted seat. This design is shown in Figure
9. An effort to approximate a parallel link system was
made using a link with an arc tangential to the rear 1leg
of a floor-mounted "A" frame. The fcrward leg of the
"A" frame contained a tube anu die load limiter:; the
rear leg supported the seat adjustment frame. Counter-
balance was achieved by tension springs. The upper 1link
and the adjustment tube on the "A" frame prnvided an
approximation tc a parallel link system minimizing the
seat-back tilt during seat adjustment. The seat-back
link attached to the bulkhead at the seat center because
of the gangway between the pilot and copilot stations.
This design presented the difficult problem of making
seat attachment to the armored back panel. Armored
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facets were introduced at the corners of the seat pan and
back to reduce the overall seat width. This made it
possible to mount the seat back links to the side facets
just under the pilot's armpits. This concept had great-
er advantages than previous concepts. Attempts were made
to show that this concept was compatible to all the min-
imum design parameters.

The dynamic analysis showed this concept to be unstable

in the forward and side 45 g crash cases. Also, it showed
that a large 1load would be introduced into the upper
forward restraint strap. The vertical crash analysis
indicated that the load limiters were sensitive to for-
ward accelerations. The armor shape shown in Figure 9
used sloping facets at the corners of the panels, which
led to the final adoption of the close-fitting seat bucket
described in the "Armor Placement" section.

Previous seat support studies had one weakness in common,
namely, that of concentration of the retention loads. 1In
attempting to overcome this prob.em, the use of Trussgrid
honeycomb support structures was investigated, as shown
in Figures a andlOb. Early investigations showed that
it was difficult to make scat adjustments with this type
of support.

The design adopted used three diagconally loaded blocks
that formed a parallel link system driven by a control
floor-mounted screw jack. Figure 1l shows the predicted
load-limiting behavior of this concept for seat occupants of
various sizes with the seat at various adjustment posi-
tions. The basic load-stroke curve is shown in Figure 12
and is derived from AVSER crash test data for the H-25
and H-21A helicopters. This curve expresses seat verti-
cal energy requirements in excess of fuselage crushing
energy absorption. The superimposed points represent pre-
dicted crash behavior of the armored seat with various
weights of men with the seat adjusted to all possible ex-
tremes. The points fall on,or to the right of, che curves,
which indicates that the man/seat mass would be brought
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