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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.
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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
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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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to rest without bottoming against the floor. The load
levels shown represent the mean effective load during
crushing of the seat chassis. The deep cockpit belly
structure of the CH-47 would probably shift the "stroke
required"” curve to the left, showing a more favorable
seat performance for a 40 ft/sec. sink-rate crash.

The adjustment provided by the subject seat 3ystem is a
compromise with that called for in Reference 2A. This
system gives 40 percent more fore and aft adjustment
and 16 percent less vertical adjustment than specified.
The adjustment path is an arc struck from a 9.5-inch
radius.

The armored seat panel of the seat bucket assembly is
face bonded to a pedestal which consists of a :olid
block of Trussgrid honeycomb material. This Licck has
glass cloth epoxy facings to which the hinges of the
diagonal blocks are attached. The lower hinges of the
diagonal blocks are attached to a base plate. The
hinges and the base plate are bolted to the floor struc-
ture at approximately 3%-inch intervals. This arrange-
ment adequately disperses the tie-down loads into the
structure.

The introduction of an automatic seat-mounted inertia
reel and strap at the top of the seat back was adopted
to restrain the seat and occupant iu forward and side
crash accelerations. The strap end was attached to the
bulkhead behind the seat center line. It approximated

a parallel link system with the seat adjustment screw
jack to keep the seat in the upright position during all
specified crash accelerations, as shown in Figure 13.

CRASH WORTHINESS CRITERIA

The design goal was for vertical (headward) loads to be
attenuated to 20 g + 5 g continuously maintained in the
pelvic region through crushable blocks and through a
crushable pedestal attached directly to the seat-pan ar-
mor.
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FIGURE 13 SIDE CRASH DIAGRAM
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The adjustable blocks are arranged to vary the load limiting
action to adjust to man weights from 135.9 pounds to 199.7
pounds. This is automatically obtained when the occupant
adjusts the seat for his optinum height and reach. This
system assumes that the S5th percentile man at 135.9 pounds
will adjust his seat to the highest position, and that the
95th percentile man at 199.7 pounds will adjust to the
lowest position. Also, it assumes that those men who fall
between this range will have a height and weight proportional
to their percentile. This system does not make allowance
for the extremes such as a 5 percentile height man weighing
199.7 pounds or a 95th percentile height man weighing

135.9 pounds. Therefore, the seat occupant must consider
his weight when making a seat adjustment to obtain optimum
vertical crash protection. Since this may not always be
done, a non-optimum load limit may sometimes occur.

The longitudinal and lateral design loads of 25 g for

0,20 second and 45 g for 0.10 second are accomaodated by
allowing the crushable seat pedestal and adjustable blocks
to deform. This allows the restraining members to act in
tension. In a forward crash, restraint is accomplished by
distributing the loads in three locations:

1. At the seat top-center, by a strap which is attached
to the bulkhead behind the seat. The strap acts
through an inertia-sensitive reel on the back of the
seat.

2. At the back of the seat, at the intersection of the
bucket and pun by tension on the adjustable screw
jack. The jack is attached to the seat base at the
floor bulkhead intersectio.

3. At the adjustable blocks, by partial crushing of the
combined pedestal and support structure. This pro-
vides some attenuation at the load onset, and it pro-
vides position retention thereafter.
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Tne side load retention assumes that a considerable de-
formation of the comnbined crushable base will take place
before the main restraint members (strap and screw jack)
take up the load. This is shown in Pigure 13. The amount
of travel to either side will vary from 5 to 8 inches, de-
pending on the initial seat adjustment.

FIELD REPLACEMENT OF ARMORED PANELS

Replacement of the left- and right-hand armor panels and
the back panel can be made by removing the cushions and
removing the screws which attach the panels to the frame.
It is intended that the production armored panels and
frames will be made interchangeable by close tolerance
control of all the mating parts.

Replacement of the seat-pan armored panel is considered
impractical due to (1) integration with the seat
pedestal required by the high crash criteria, and (2) bal-
listic damage to the seat-pan panel can occur only when a
round has passed through the seat base. This will prob-
ably cause sufficient damaje to impair the seat adjustment
function and crash protection. Therefore, damage to the
seat base would require complete replacement of the seat.
Complete replacement of the torso protector and shoulder
armor is recommended after ballistic damage. Undamaged
hardware can be retained for subsequent reassembly in

new units.
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APPENDIX T

SUGGESTED STRUCTURAL CHANGES IRED FIT
PILOT/COPILOT SEAT INTO THE CH-47A COCKPIT

DESCRIPTION OF RE ION

The seat base (SK13558) is bolted directly to the floor
and bulkhead at Sta. 95 by 36 X-inch diameter bolts; 16
of these bolts attach the toggle block piano hinges to
the floor. The upper restraint strap is attached to
Sta. 95 on the seat centerline (BL 22.0 pilot and BL
23.0 copilot) with 4 %-inch diameter bolts.

SUGGESTED STRUCTURAL CHANGES

Efforts have been made in this seat design to pick up a
maximum of existing structure. The middle and rear
crushable block hinges and the seat base frame will pick
up on existing structural locations. The forward crush-
able block hinges will, however, require additional
structural support. These forward hinges will take
approximately 33% of the vertical crash loads and about
60% of the maneuver loads.

1. Porward Hinge Support (Sta. 59.5 Approx.)

Redesign the control support assembly 114Cl1102 and
1103, leaving all bellcranks and bearings in their
present locations to allow the seat support beams
11451108 to be extended forward of the frame at
Sta. 70.62 (11451402) to approx. Sta. 59.5. Add
two box beams at approx. 3.0 inches on sither side
of the pitch roll control centerline ai.u close with
a transverse beam at Sta. 59.5 to coincide with and
include the forward pitch roll control bearing. Add
the bolt pattern showa on SK13558, using floating
anchor nuts in place of the present panel
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fasteners. It is thought that the present concept
of a removable control assembly can still be re-
tained by making it "Tee" shaped. Some compromise
may be necessary with the collective pitch thrust
control mount. The removable floor panel would have
to be reduced to span between Sta. 59.5 and Sta.
51.75.

Middle Hinge Support (Sta. 70.62)

This hinge 1is designed to pick up on frame Sta.
70.62 (114S1402): substitute floating anchor nuts
to sult SK13558 for the present panel fasteners.

Rear Hinge Support (Sta. 77.35)

Add a beam between the seat support beams 11451102
at approx. Sta. 77.35; add floating anchor nuts to
sult SK13558.

Seat Support Beams (EL 11.93 & 32.07 Pi1lot and
BL 10.93 & 31.07 Copilot)

Redesign the seat support beams 114S1108 to suit
SK13558 by replacing existing fasteners with float-
ing anchor nuts. Add diagonal support members to
suit the last eight bolt holes on the seat base
SK13558 between the seat support beam and the lower
frame 11451403 floor support angle at Sta. 95.0.

Reinforcement at WL 1 .0 & Sta. 95.0 on Seat Center-
lines

This reinforcement could take the form of a "Tee"
extrucion on the back face of the bulkhead and an
angle extrusion under the floor support angle. The
width and taper of these members are to be determined
by the best load dispersal path into the adjacent
structure.
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6. Reinforcement of Bulkhead at Sta. 95 at WL 16.1 on

Seat Centerlines

This could take the form of a local spreader plate
backed up by a vertical channel placed between the
structure at WL 17 and WL 13.

REFERENCE DRAWINGS USED IN THIS STUDY

114C1100
114C1102

114C1103

Controls Cockpit 11481101
Support Assy. Pilot 11481108

Support Assy. Co- 11451401
pilot
11451402
11451403

11481551
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APPENDIX Il

ESTIMATED WEIGHT BREAKDOWN PER SEAT

Armor
Seat Bucket 7.41 ft2 @ 10 1lb/ft? = 74.10
Torso Panel 2.3 ft2 @ 10 1lb/ft? = 23.00
Shoulder Panel 1.2 ft2 @ 10 1b/ft2 = 12.00
Total 109.10
Seat cChassis
Baze = 5.83
Adjustment Blocks = 11.50
Pedestal = 8.00
Frame = 5.26
Screw Jack = 3.30
Torso Protector Support and Harness = 2.75
Lock

Total 36.64
Standard Hardware
Lap Belt 5.68
Inertia Reel (Harness) & 1.75
Inertia Reel (Seat Frame) = 1.75
Hand Crank = .70
Flexible Drive = .40
Ineir1tia Release Handle = 1.50
Shoulder Harnesrc = 1.18

Total 12.96
Assembled Seat Total 158.70
System Weight 317.40
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APPENDIX III

LIST OF APPROVED ENGINEERING DRAWINGS USED FOR
THE MANUFACTURE OF SEAT HARDWARE

Drawing Number Title
SK13025 Inboard Profile Pilot/Copilot
Armored Crash Seats
SK13026 Seat Cushions
SK13027 Assembly of Pilot/Copilot Seat
SK13028 Armored Seat Bucket Assembly
SK13029 (1 & 2) Seat Details
SK13030 Seat Prame
*SK13031 Pedestal Assembly
*SK13032 (1 & 2) Adjustment Block Details
SK13033 S.C.D. Adjustment Screw Jack
SK13034 Side Panel Assembly
SK13035 Armored Torso Protector Assembly
*SK12036 Seat Base Assembly
SK13037 S.C.D. Torso Protector Support and
Harness Lock
SK13038 Shoulder Harness Assembly
SK13148 Annored Panels, Side and Torso
Protector

*The following drawings were used in place of those indicated to
simp’ify manufacture:

SK13039 Pedestal Assembly
SK13040 Seat Adjustment Blocks
SK13558 Seat Base
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APPENDIX IV

LOADS AND STRESS REPORT

This report is a kinematic, loads and stress analysis of
the Armor Protection Pilot/Copilot Seat for the CH-47A
He.icopter With Crash-Safety Features.

1

+ X (Pront

2.3

2.4

SIGN CONVENTION

+ 2 (up)

+ Y (Left)

DESIGN CRITERIA

Design Loads

Limit load: + 5g, vertical maneuver, static
load

Ultimate load with attenuation: 25g downward

Ultimate load without attenuation: 45g forward,
backward and sideward

The calculations must be done separately for the
Sth percentile man and 95th percentile man, in
order to determine the worst possible combination
of loads.

52



]

3 WEIGHTS

3.1 5th percentile man, 136 pounds (stripped).
3.2 50th percentile man, 166.5 pounds (stripped).
3.3 95th percentile man, 200 pounds (stripped).

3.4 In accordance with information received from USATREC(M
Contracting Officer's Representative, R. Fama, the
total weight of battle gear, including normal
clothing, flight suit, gloves, helmet, goggles,
pistol-holster-ammunition, but no parachute nor
survival kit - 5th percentile man, 15 pounds;
95th percentile man, 20 pounds.

3.5 Total weight, 5th percentile man, 151 pounds.
3.6 Total weight, 50th percentile man, 184 pounds.
3.7 Total weight, 95th percentile man, 220 pounds.
3.8 The application of total weight of the pilot

(copilot) to the structure of the seat is assumed
to be at the navel point of a sitting perscn.

FIGURE 14

3.9 For calculating maneuver loads, a reduced total
weight is assumed due to the distribution of part
of the weight (legs and boots) on the controls.
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3.14 The weight of the frontal armor plate is 26 pounds.

Reduced total weight, 5th percentile man, 130
pounds.

Reduced total weight, 95th percentile man, 200
pounds.

To calculate attenuation (dynamic) loads the same
reduced weight is applicable, since the legs and
feet react directly against the floor.

FIGURE 15

The weight of the seat

(movable part) is , ., . . . 83 pounds
To this must be added 75% of the

weight of the 3.3-pound screw jack, 2.5 pounds
The weight of the restraint

straps is . . . . . 6 % o o o o 2.5 pounds
The total seat welght is . . . . . 88 pounds
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5.3

LOAD DISTRIBUTION

The weight of the pilot has a high degree of
distribution; moreso, the chair itself. The
frontal armor plate acts in a vertical g case
as a pointed load; however, due to the Truss-
grid blocks, the weight of the frontal armor is
also a distributed load because of the high
rigidity of the chair.

Therefore, the use of the involved weights as
vectors is proper only if the structure of the
chair is regarded as a rigid body.

GEOMETRY

Figure 16 indicates all dimensional data necessa.y
for stress calculations pertaining to the geometry
of the seat. 1In addition, the positions of the
centers-of-gravity of the pilot, seat, and frontal
armor plate are shown. The middle position aof
adjustment of the seat is illustrated, correspond-
ing to that for a 50th percentile man.

The dimensions of every point of the seat in the
up position (corresponling to that for a 5th
percentile man) may be obtained through the
following translation formulas.

Xyp = Xmiddle *+ 2.00 inches.

Yup S Yiniddle
zup = zmiddle + 1.50 inches.

The dimensions of every point of the seat in the
down pcsition (corresponding to that for a 95th

percentile man) may be obtained through the foilow-
ing translation formulas:
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Xdown = Xpmiddle - 1.90 inches.

Ydown = Ymiddle
Zdown = zmiddle - 2.33 inches.
6 MOVEMENTS OF THE SEAT

61 Movement of the Seat, Due to Seat Adjustment -
Being rigidly fastened to the floor, the seat
together with the Trussgrid blocks form a
parallelogram. Thus motion of the seat in
plane X, Z could be only parallel to the orig-
inal seat position. This motion occurs when

| the pilot actuates the adjusting screw.

The restraint straps do not produce any appre-
ciable force on the seat, since reel rel=ase is
i at small acceleration.

] 6.2 Movement of the Seat at Maneuver g loads -

During flight, the seat, supporting the pilot, has

quite a different motion at g load down, due to

the fact that the flexibility of the screw jack
and Trussgrid blocks are not comparable. It will
be proper to disregard any change in the length
of the adjusting screw jack and to thus regard

it as completely rigid. On the other hand, the

rest-aint straps do not produce any ggpreciable

i load, since the g load could build icself up
slowly enough to permit a strap release. Due to
these conditions, the chair will only move along
the arc described by the motion of the screw jack
and will rotate only about the juncture of the
screw jack and seat.

6.3 At a sudden change in g loading (crash impact)
forward or down, the inertial reel will operate,
locking the straps and thus limiting the motion
of the chair to the motion of a member of a
parallelogram (see Figurel7). Due to the fact

PR T —
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that the restraining straps and adjusting screw
jack are parallel, the motion of the chair body

FIGURE 17

may be regarded as parallel to its original posi-
tion, within small deflection. Thus, initial
crushing loads on the Trussgrid blocks may be re-
garded as equal to one another, since the Trussgrid
blocks are identical and are similarly situated.
With any further downward motion, the chair is not
moving parallel to its original position, due to a
difference in the lengths of the restraint straps
and adjusting screw jack; but the Trussgrid blocks
are fully engaged and the difference in their
loading is irrelevant.

MANEUVER G LOADS

The Sth Percentile Man -

Man's weight (see Section 3.10) is 130 pounds, Wp,
Seat weight (see Section 3..3) is 88 pounds, Wg.
Frontal armor plate weight (see Section 3.14) is
26 pounds, wp.

Assumptions -

a. The base and seat are regarded as a rigid
body.

b. Trussgrid blocks act as a strut (until
crushing force is applied).
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7.

7.

U

7.

3

4

S

c. The force in the restraint straps is Tyg = O.

d. The screw jack is regarded us a perfectly
rigid body.
e. The seat is in the up position.

The Loads at Sg_(t_J‘g)_ -

Wn = 130 x5 = 650 poun-s

Wg = 88 x5 = 440 pounds
Wp = 26 x 5 = 130 pounds
Resulting Force -
R = Wy + Wg + Wp = 1220 pounds.
e Location of the Resultinqg Force -

650(20.2 + 2.00) + 440(15.44 + 2.00) +

130(18.53 + 2.0C) = Ry

X = 14420 + 7670 + 2760 . .92

1220
and
652(19.5 + 1.50) + 440(16.65 + 1.50) +
130(25.48 + 1.5) = Rz
and

Z = 13650 + 7550 + 3500 . 20.22
1220

The system is statically indeterminate. The
body of the seat acts as a rigid body: thus,
the translations of each point of the body are
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FIGURE 18

interdependent. This will be used to solve
the problem for reactions.

5 The actual scheme may be exchanged through
the intermediate scheme as follows (see Figure20).

FIGURE 19

7.8 Calculations -

Taking the sum of forces on X and Z,
27; 41220 + R} cos 30° + 2 =0
1x; - R] sin 30° + X =0

IMg: Ry 10.11 + 1220 x 6.64 = 0
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and
R} = -8.00 pounds.

The minus sicn indicates that the direction of
force R) was selected erroneously. 1In relation
to the seat body, R} is directed downward. 1In
strut (:) (Trussgrid block) on Figure20, this
will be tension.

Cos 30°

It

0.866

Sin 30°

0.500
and
+1220 - 800 x 0.866 + 2 =0

Z = -1220 + 692 = -528 pounds

FIGURE 21

and
-(-800) 0.5 + X =0
X = -400 pounds

Considering two struts (:) and (E) as a truss,
the resultant force may be determined.
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528

400

FIGURE 22

Resolving this force on struts @ and@ , 1t
is deteirmined that:

In strut @ , 1t is tension Py 620 pounds.

In strut (B ., it is tension Ps 163 pounds.
The struts () . (@ and (@ are identical bodies.
The imaginary strut @ is longer (12.8 to 9.5
inches) but accepted to have the same physical pro-
perties as the struts @ ' @ and @ . Thus,
each strut wiil elongate, according to the force
applied to this strut.

R]1

(D

FIGURE 23
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Inasmuch as strut (:) (the screw jack) 1is accepted
as perfectly rigid, only the translations of the
Trussgrid blocks need be considered. Since strut
@ 15 nearly perpendicular to struts @ , @
and (@ . the translation of the bottom frame of
the seat along the strut line 1s considered. The
body 1s regarded as rigid, so these translations
do determine the motion of the whole body.

Translation at strut () 1s selected as unit trans-
lation.

4

L
S S S

FIGURE 24

Translation of strut C) at common line a-a 1s

less than that at point C) . The equivalent force
(actually, a translation having the numerical

value of the force) at the common line :is:

)

Peq = 12.8 x 163 = 121 pounds

thus,

a@® = 1L . @D = o0.151 4@

800

Accepting a @ as 100 per cent,

a 0.49
a CD 1

I
|
o
o
(o))
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Now, the 4maginary strut () is exchanged with
struts @ and @ in such a manner that the

RimA_4

Imagliaary Strut

FIGURE 25

sum of all three components of forces P;, P)
and P3 will be the same as the sum of component

R1 cosad + RiM cos a thus,

Cosg (P] + 0.49 P] - 0.C6 P]) = Cos a (R} + R)pm)

and
1.43 P} = 300 + 163 = 963

963 _
Py = 22 = 674 unds
1" Ta3 po

and tension forces in
struts C) and ()

P, = 0.49 x 674 = 331 pounds

l compression
~40.5 pounds force in

strut ()

This method is an approximation. It regards the
seat as a rigid body which does not have its own
local deflections. The method is more accurate
however, than to assume flexibilities in the com-
plicated and very rigid body.

~d
&
I

P3 = -0.06 x 6
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T™e Loads -59 (Down), 5th Percentile Man -

The outside forces remain the same in numerical
value but are directed downward in this case.
Inasmuck as no ordinates along the I axis were
used in calculating forces acting on the Truss-
grid blocks, the same procedure is followed

and the results are of same numerical value
although of different sign. Thus, the total
loads (for both sides) in the Trussgrid blocks
are:

Py = -674 pounds

compression loads
P, = =331 pounds
Py = +40.5 pounds tension loads

FIGURE 26

The 95th Percentile Man -

Man's weight (see Section 3.10), 200 pounds, Wp.
Seat weight (see Section 3.13), 68 pounds, Ws.
Frontal armor plate weight (see Section 3.14),
26 pounds, Wp.

Asgsumptions - The assumptions of Section 7.2

above remain valid for the case of the 95th
percentile man except that assumption (e)
changes as follows:

2. Seat is in down position.
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7.12 The Loads + 59 ‘UE! -

Wm = 200 x5 = 1000 pounds

Wg = 88 x5 = 440 pounds
Wp = 26 x5 = 130 pounds

7.13 Resultant Force -

R = Wp + Wg + W, = 1570 pounds

7.14 The Location of the Resulting Force (see Fiquiel6)

1000(20.2 - 1.90) + 440(15.44 - 1.90) +

130(18.53 - 1.90) = Ry

18,300 + 5,950 + 2,160
X - a2 ol L = .82
1,570 16.8

and

1000(19.5 - 2.33) + 440(16.65 - 2.33) +
130(25.48 - 2.33) = R,

17,170 + 6,300 + 2,010
z = =L 2 ' = 16.87
1,570 =

7.15 The system is statically indeterminent. The same
method is employed here as was used in Section 7.6:

dil

_ ///////ﬁ

FIGURE 27
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D274

7.16

7.17

and

The actual scheme 1s readily solved cthrough the
intermediate scheme (see Figure 29).

IMAGINARY
STRUT

FIGURE 28

Calculations -
Taking the sum of forces on X and 2

a= 90 - 27 = 63°
pWA + 1570 + R, cos 63° + 2 = 0
3 X * Ry sin 63° + X = 0
2M4 + R1:3.63 + 1570 x 7.02 = O
and
Ry = -3034 pounds

The minus sign 1indicates that t*. originally selected
direction was 1incorrect. In relation to the seat
body, the force R} 1s directed downward. On strut

<D (Trucsgrid block), this force 1s a tension.

Cos 63° = (.4540

Sin 63° = 0.8910

+ 1570 - 3034 x 0.4540 + 2 = O
Z = =1570 + 1376 = 194 pounds
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l6.Rd

-5 % Wp = 1570 1b

S

N ——

+5g % Wy = 1570 lb

9.8
11.7 = 1.90) —

FIGURE 29
69



In relation to the seat body, the direction of
the force Z is incorrectly selected (minus sign).
Therefore, it will be directed downward. Then

on the Trussgrid blocks @ and @ it will be

X
Z
X 2
FIGURE 30

directed in the opposite manner.

On the X axis,
-(-3034)-0.8910 + X = O
X = -2700 pounds.
Considering the two struts (:) and (:) as a truss,

the resultant force may be determined. Resolving
this resultant force (2705 pounds) on strut (:) and

2705

194

27CO

FIGURE 31
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C),it is found that:

In strut (4), it is tension, P4 = 1585 pounds.
In strut (5), it is compression, Ps = 1600 pounds.

The actual motion of the chair body is not as
obviout here as it is in case described in Section
7.8; however, si.ce all translations can be assumed
to be linear, the body will have a common center of
rotation (the body of the chair is rigid). Further,
it 1s known that the transitions of points 1, 2 and
3 (upper ends of struts (:),(:) and ) will be in
the direction of the struts for small movements such
as deflections within the elasticity limit. Thus a
chart of the relative motions of points 1, 2 and 3
may be constructed.

FIGURE 32

R; and R)y are oppositely directed. By exchanging
Rjp With forces P, and P3, it can be seen that Pj
18 much less than R;j, because Pj acts on a larger
arm. Thus the rotation point of the chair body is
accepted further to the right of the center in
order to retain the original condition of equili-
brium.

32 Rl-Rim=Pl+P2-P3
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and
LMo, R1°3.47 + Rjp-0 = P1-3.47 + Pr-0.18 +

P3-3.11
(}lMo2 is point 4 in Figure 29).

Introducing x,

P P -
2 X and =3 _ 6.58 - x
Py x - 3.29 Pi X
and
X 6.58 - x
|4 2 — p = P-
2 x - 3.29 F1 3 X 1
and
Ry = -3034
Rim = +1600
Ry Rim = -1434 pounds (the sign is unimportant).
X 6.58 - x
= + -—
s Py (1 X - 3.29 X )
and
4 X
. = 3.47 + —————— 0.18 +
1.053 x 10 Py ( —r

EROBISNE 3011)
X

A grapho-analytical method is used as follows:
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E Pl
=
(s 4
1 Ry = 3034 1b. o
E N Py 4
'y 03
% 0,
0.1
-‘—————3.29-———*4 0 a
Rirw = 1600 1
3.47 ‘ 4
- 6.58 Pj

FIGURE 33

The R; and R;, forces are exchanged through Py,
P2 and P3. The first solution is that P} =
Ry - Rjm. Remaining forces must cancel one
another, «s far as

Py +P) + Py = Rl'Rim

This cancellation may be performed graphically
with reference to Figure 33 above. A line is
drawn through the middle of the half span (point
0,).

Then,
) _ R Rim 3034 - 1600
P2 = P3 = 3 - 3
478 pounds.
This satisfies the first condition¥2Z = 0. Taking

half of the moments around point 03, it is seen that

1434 x 3.47 + 478 x 0.18 + 478 x 3.11 = 6550 1b
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which is too small to satisfy the condition
M = R1'3.47.

6550 < 3034 x 3.47
6550 < 10,5)J0

The difference, 10,500 - 6,500 = 3,944.

Now, rotating line a -ap, the moment is increased,
introducing A which 1s found to be

M1-M2 = 3944

- R
then,
Pl = 1434 + A
P, = 478
Py = -(478 +A)
thus
Py = 2034 pounds ; tension in struts
P, = 478 pounds 2
P; = 1078 pounds } compressyon B

Inasmuch as these values of P,, P2 and Py satisfy
both equations, the Pl' P, ané Py are true forces
of the system.

The loads -5g(Down), 95th Percentile Man - By

analogy with Section 7.9,

Phin= -2034 pounds } _ _
compression 1in

P, = -478 pounds struts (1) and

P3 = +1078 pounds } tension 1in strut C?
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.19 The loads given in 7.8, 7.9, 7.17, 7.18 are total

loads on Trussgrid blocks and, since the blocks
are used in pairs, the load per block is half of
the given values for P;, P2 and Pj.

Front FIGURE 34
View

/

.20 The comparison between 5th percentile man loading

and 95th percentile man loading indicates that the
latter case is much more severe, not as much due
to the heavier weight of the man (200 pounds as
opposed to 136 pounds) as to the less favorable
force distribution in the system.

CRASH IMPACT LOADS

General Considerations

Case as described in Section 2.2 above, 25g,

load downward, attenuation due to destruction

of the Trussgrid blocks. Previous analyses
indicated that the pair of front blocks carry

the largest load. Thus the destruction of the
Trussgrid blocks starts with the front blocks.
Evidently, just as the crash load occurs, the
loads on the front blocks exceed the crushing
loads and the front block gives away, thus
causing the chiir to rotate arornd the screw

jack attachment point, its pivot point, or

both. 1In any case, the top of the chair moves
violently away from the restraint straps

anchor points, thus immediately engaging the
inertial reels which will lock the restraint
straps (see Section 6.3). This circumstance
changes entirely the motion of the chair. The
chair becomes part of a 4-link mechanism and moves
so as to remain parallel to its original position
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until the difference in radii of rotation of the
restrai. - straps and adjusting screw jack intro-
duces slant to the back of the chair.

The initial crushing loads must be determined, in
order to design the Trussgrid blocks accordingly.
Calculations will be performed for both the 5th

and 95th percentile men, in order to prevent de-

sign of the Trussgrid blocks to too great a strength.

The 5th percentile Man - The weights remain the

same as those shown in Section 7.1.

The lLoads at -25G ‘Down) -

Wnp = 130 x 25 = 3250 pounds

Wg = 88 x 25 = 2200 pounds

Wp = 26 x 25 = 650 pounds
Resultiny Force -

WR = Wp + Wg + W, = 6100 pounds

The location of the resulting force is the same as
that indicated in 7.5.

Assumptions - The assumptions of Section 7.2 above
remain valid except for assumption c. As indicated
in Sectiocns 8, 6.2 and 6.3 above, the condition of
load distribution changes entirely in the instant
just prior to deformation and after the front Truss-
grid blocks begin to deform. Therefore, four cases
must be considered:

l. The instant just prior to attenuatior

2. The instant just after attenuation has
started
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3. The instant just prior to total engage-
ment of the Trussgrid blocks with adjacent surfaces.

4. The last stage of attenuation.

In the first case, ¢he assumption c of S8ection 7.2
is valid; the restraint st.aps exercise no appre-
ciable load on the seat. In the second, third and
fourth cases, the assumption ¢ is invalid, and
these cases will be investigated separately.

8.6 The Condition Just Prior to Attenuation (see F! e
35) - Following the principle of proportionality of
loads and reactions within limit of proportionality,
using the method of calculation shown in Sections
7.6, 7.7, 7.8 and 7.9, loads distribution for the
Trussgrid block are determined.

compression
load

P, = 674 x5 = -3370 pounds }

P = 331 x5 = <-1650 pounds

P; = +40.5 x 5 = +200 pounds } tension load

8.7 The Condition After Attenuation has Started (The
Trussgrid Blocks Started to be Deformed) - The

locked restraint straps, adjusting screw jack,
structure of the aircraft and seat itself form a
4-member mechanism. Inasmuch as at the beginning

17




FIGURE 35
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of the motion down, only motion parallel to the
original seat position is possible, the Trussgrid
blocks will be loaded evenly; thus the position

L/
30° e0°
FIGURE 37

and direction of the reaction is known. This
will be true, assuming that the elongations of
the restraint straps are neglibible in comparison
with the deflections of the Trussgrid blocxs.

IX = o0,

-6100 + Rres cos 30 + P4 cos 51.1 - P6

cos 55.7° = 0 (1)

0 - Rpeg s8in 30 + P4 sin 51.1 - Pg sin

55.7° = 0 (2)

ZM4 - or

-6100:6.56 + Rpeg 4.08 + Pg 24.72 = 0  (3)
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From eg. (1),

Rres cos 30 = 6100 - P4, cos 51.1 +

P6 cos 55.7, and

6100 p, Cos 51.1

R == _
s cos 30 4 cos 30
p, Cos 595:17 (4)
cos 30

From eq. (2),

“Rras sin 30 = +Pg sin 55.7 - P4 sin
51.1, or
s1in 51.) sin 55.7
R = 4Py —= - P, — (5)
res sin 30 6 sin 30

From eqg. (3)

-Rpeg 4.08 = 40,000 - Pg 24.72
40,000 24.72
R = e - 6
res 4.08 6 74.08 (6)
Then
_ 0.628 0.5638
R = 7030 - P + P A )
res 4 0.866 6 0.866
Rres = 7030 - 0.725 P4 + 0.651 P (7)
and,
0.778 0.82¢
R = +P - P <
res 4 5.50 6 0.50
Rpes = 1.56 Py - 1.652 P, (8)
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and,

R = 9,800 - P

= 6.06 (9)

6
Combining eqs (7) and (8),
7030 - 0.725 P4 + 0.651 Pg = 1.56 P4 - 1.652 Pg

P6(0.651 + 1.652) = P4(l.56 + 0.725) - 7030

Pg 2.303 = P, 2.285 - 7030

- p, 2.285 _ 7030
4
2.303  2.303

Pg

Pg 0.993 P4 - 3050 (10)
Combining eqgs (7) and (9),
7030 - 0.725 Py + 0.651 P6 = 9,800 - P6 6.06

P (0.651 + 6.06) = 9,800 - 7,030 + 0.725 Py

Pg = 27706T72i725 P4 413 + 0.108 P, (11)
Compering eqgs (10) and (11),

0.993 P4 - 3050 = 413 + 0.108 P,

P4(0.993 - 0.108) = 413 + 3050

P, = 3?2;5 = 3920 pounds (12)

P, = 0.993 x 3920 - 3050 = 850 pounds (13)
And from eg. (10),

Rres = 9,800 - 6.06 x 850 = 4650 pounds (14)
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After the original tilt forward, the chair will
assume a parallel motion, being restrained by the
locked restraint straps. The translations of
point 1, 2 ana 3 will thus become identical, con-
sequently, causing identical forces. Therefore,
the resulting force Ryng = 4650 pounds will be
evenly distributed between 3 blocks along the chair
side. This redistribution of the resulting force
will be very rapoid and irrevocable. Should the
load in the restraint straps lessen, due to the
reaction of the Trussgrid blocks, the immediate
redistribution of the crushing load on the front
blocks will follow, causing forward tilt of the
chair, immediate engagement of the locks of the
restraint straps, and return to parallel motion
agiin. The load on one block (acting actually

on a pair of blocks)will then be

= 1550 pounds

/7//7/ 77777

This load is less than the design lcad for the
case of maneuver loads with a 95th percentile man
occupying the chair. According to section 7.17,
the load which the Trussgrid blocks must be able
to withstand without deforming is almost 2000
pounds.
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This is, however only a seeming inconsistency. At
impact, a 3000-pound transient load is exerted on

the front Trussgrid blocks. This load will begin

to crush the front blocks inasmuch as the blocks

will be designed to withstand a load of approximately
2000 pounds. In the next moment, the restraint straps
will be engaged and will pull the chair backwards,
shiftinog the load onto the middle and rear Trussgrid
blocks. Inasmuch as the front blocks already received
deformation, it would be proper to divide the full
load onto 2 blocks (middle and rear).

Then,

P> + P3 = 4650 pounds, or
P, = 2325 pounds

This 2325 pounds represents that load under which the
Trussgrid block must begin to collapse. Thus, the load
limitation for the design of the Trussgrid blocks is
established.

Design load for Trussqrid Block (One Side Only) -

Limit load - 1000 pounds
Ultimate load - 1050 to 1100 pounds
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load)

Stress (or

8.8

The properties of honeycomb structures

in general are quite sultable to satisfylng
rigid strength requirements of shock absorbing
elements. The honeycomb structures, including
Trussgrid, being structures whose strengths are
based upon local buckling stcength, have an
increased strength prior to a first collapse

of the local web somewhere 1in the structure.
The typical stress-strain diagram for honey-
comb materials 1s shown below:

Strain (deflection)
FIGURE 40

The Condition Just Prior to Total Engagement of
the Trurnsgrid Blocks - The next condition to be
investigated 1s the position of the chair just
prior to total engagement of the Trussgrid blocks.
The vertical travel of the chair 1s 4 inches, and
this position 1s shown in Figure 41. The Trussgrid
blocks are largely deformed. The direction of the
resultant force from the Trussqgrid blocks on the
chair 1s unknown. However, by definition, the
forces shall act through the pivot points of the
blocks. It 1s reasonable to assume that the
resultant of each block sti1ll goes through these
points. The downward travel of the chair is
nearly parallel to the original position of the
chair. The maximum deviation from parallel travel
1s about 0.< inch for 4 inches of total travel or
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FIGURE 41
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about 5 percent; this deviation may be 1gnored.

It is proper to assume that the reactions of each
block are approximately equal. The forces acting
on the chair from the Trussgrid block may thus be
exchanged with one resultant force. Such a system
of forces can readily be solved as rollows:

Assuming ¥z = 0

-6100 + Rpeg cos 28 + P4 cos 67.3 + Pg cos 88.4 ( 0
1)

Assuming XX = 0

O - Rpeg sin 2¢ + P4 sin 67.3 - P¢ sin 88.4 = 0
(2)

Assuming 2M4 =0

-6100 x 6.24 + Rre 4.36 + P, 23.88 = 0

s 6 (3)

From eq. (1)

Rreg COs 28 = 6100 - P4 ccs 67.3 - P6 cos 88.4

and
R _ 6100 _p £os 67,3 _p cos 88,4
res " cos 28 4 cos 28 6 cos 28 (4)

From eq. (2)

'Rres sin 28 = + P6 sin 88.4 - P4 sin 67.3
and
Roag = +P sin 67,3 sin 88.4
4 sin 28 6 sin 28 (5)
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From eq. (3)

R x 4.36 = 38100 - Pg 23.88

res
38100 23,88
R LSO AR °) - (6)
res 4 3g 6 4.36
Then,
R. . = 8100 0,386 0,028
res = ,8829 Pa 0.883 ~Pe 0.883
and,
Rreg = 6920 - P, 0.437 - Pg 0.0317 (7)
and,
R e + p 922225 0,999
res 4 0.4695 6 0.4695
Rreg = + 1.965 Py - 2.126 P, (8)
and,
Rres = 8730 - 5.48 P, (9)
Combining egs. (7) and (8),
6920 - 0.437 P, - 0.0317 P, = 1.965 P, - 2.126 Pe
+P¢ (2.126 - 0.0317) = P, (1.965 + ©.437) - 6920
Pg 2.094 = 2.4 P, - 6920
2,4 _ 6920
p ___p ——lmte -
6 4 2.1 2.1
and,
Pg = 1.14 P, - 3290 (10)
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8.9

Combining eqs. (7) and (9),
10920 - 0.437 P4 - 0.0317 P6 = 8730 - 5.48 P6
Pg (5.48 - 0.0317) = 8730 - 6920 + 0.437 P,

5.45 P = 1810 + 0.437 P4

and,

6 = %%%% + §f§§194 = 332 + 0.0803 P, (11)
Comparing eqs. (10) and (11),

1.14 P4 - 3290 = 332 + 0.0803P4

P, (1.14 - 0.0803) = 332 + 3290

P, = 2822 - 3420 pounds (12)

1.06

P, = 1.14 x 3420 - 3290 = 610 pounds (13)
And from eq. (9),

R = 8730 - 5.48 x 610 = 5390 pounds (14)

res

Loads are less at the beginning of attenuation, as
expected.

The Last Stage of Attenu.tion - The ultimate down
position of the chair is determined by the collapsing
properties of the Trussgrid blocks and the honeycomb
base of the chair, which in the last stage of impact
is crushed. Accepting data derived from tests of
Trussgrid that indicate 85 percent collapsibility,
the position of the chair is determined, as indicated
in Figure 42,
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8.10 The movement of the chair completely down is
possible due to the slotted hole at the anchor
bracket of the restraint straps. This vertical
slot, of course, alters the direction of reactions
Pe (the component of Pc on axis Z will be 0).

The reaction of the Trussgrid blocks and hoaneycomb
base of the chair will take a more or less vertical
direction, and taus will produce very small (if any)
moment with g force, and consequently very small
forces in the restraint straps and adjusting screw
jack.

8.11 The total travel during impact for the case of the
5th percentile man is

§ = 10 inches

8.12 If the resultant reaction force produces negative
moment (see Figure 42), the restraint straps will
immediately develop a tension force and will re-
tain the chair in somewhat of a deflected positiorn
from that illustrated in Figure 42,

8.13 If the resultant force produces a positive moment
(see Figure 42), the restraint strap will slacken
momentarily, and will then tighten as the seat top
nears the bulkhead. The strap then provides a
restraining force to stabilize the seat.

8.14 The load on the Trussgrid blocks is equal to the
full g load downward, and numerically is

W, = 6100 pounds.

8.15 The force in the adjusting screw jack in the last
moment of impact is approaching zero (from the
inertial forces). However, there could be a
significant addition to the varying inertial
forces, due to shear of the whole Trussgrid block
system. The magnitude of shear resistance during
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crushing is not known and requires additional
experimental investigation.

The 95th Percentile Map - The weights remain the

same as those shown in section 7.10.

The Loads at -23 (Down) -

Wn = 200 x 25 = 5000 pounds

W, = 88 x 25

]

2200 pounds

W, = 26 x 25

650 pounds
R i F e -

= + W =
Wp = wm + Ws 5 7850
The location of the resulting force is the same as
that indicated in section 7.14.

Agsumptions - The assumptions of section 7.2 above
remain valid except for assumption c. As discussed
in section 8.5, four cases must be considered, since
the condition of load distribution changes. For the
instant prior to attenuation, assumption ¢ is valid;
for the other cases, the assumption is invalid and
reasoning as discussed in sections 8.7, 8.8 and 8.9
must be employed.

The Copdition Just Prior to ;;gngagign - Through
analogy with section 8.6, loads P, » and P,

(see section 7.18) may be multlplled %y 5 to yleld
loads cdue to inertia in the case of 25 g down forces
for the 95th percentile mar.

P, = 2034 x 5 = 10650 pounds
P, = 478 x 5 = 2400 pounds
P3 = -1078 x 5 = -5400 pounds
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Evidently, the Trussqgrid blocks start to collapse
immediately, since they are not designed to with-
stand such a heavy load.

8.22 The Copditiop Aftrer Attenuation Has Started - As

was shown in section 8.7, the restraint straps are
immediately engaged (see Figure 30). The resultant
force from the side of the Trussgrid blocks is
applied at the middle of the blocks, and due to the
geometry, passes very close to the adjusting screw
jack pivot point. In order to simplify calculation,
the Rpog i1s assumed to pass exactly through point 4.
This simplification permits Pg to be readily deter-
mined.

7850 x 6.88 = Pg x 27.04

P - 24.000
27.04

272 =0

H

2009 pounds

-7850 - Pg cos 78.7 + 2 = 0
Z = 7850 + 2000 0.1959 = 8242 pounds
XX =0
0 - Pg sin 78.7 + X =0
X = 42000 0.9810 = 1962 pounds
In relation to the chair body, Z is upward and X

1s toward the left (both systems positive). The
trusses (:) and (:) are loaded oppositely.
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8.23

FIGURE 44

Resolving on the struts,

9200 pounds, compression 1in strut . resultant =
6200 pounds, compression or for each pair of
blocks,

in strut (E) (adjusting screw jackzg)resultant =

Py = P2 = Py = §2§Q'= 2070 pounds

In comparison with section 8.7 (5th percentile man),
the average load is greater here. The considerations
discussed in section 8.7 for selection of design loads
for Trussgrid blocks therefore remain unaltered.

Corndition Just Prior to Total Engagement of *he
Trussqgrid Blocks - Due to the geometry of the chair
at adjustment for the 95th percentile man, this
condition 1is verv similar to that discussed above
for the 5th percenti.e man. There is no necessity,
therefore, to analyze this case separately (see
section 8.8).

The Last Stage of Attenuation - By analogy to sections
8.9 and 8.10, the chair assumes the position illustra-

ted in Figure 45.

94



i, i il o ik
R = R

Figure 45

95



.25

.26

T

.28

.1

The total travel during 1impact for the case of
the 95th percentile man is

5 = 7.2 1inches

The considerations expressed in Section 8.13 for
the case of 5th percentile man ar~ valid in the
case of the 95th percentile man.

The load on the Trussgrid blocks 1s equal to
full g load downward, and numerically 1s

W, = 7850 pounds

The considerations expressed 1n Section 8.15 are
valid for the case of the 95th percentile man.

ENERGY ABSORPTION DURING IMPACT

The deformation of the adjusting screw jack and
restraint straps has been neglected: therefore,
the strain energy absorbed by these members may
be neglected also. Thus, the total energy
absorption during attenuation may be attributed
to deformation of the Trussgrid blocks.

To consider the total energy absorption due to
vertical movement of the chair durina attenuation,
a rough approximation 1s required. The chair not
only moves vertically, but also follows a path of
motion determined by the adjusting screw jack.

In calculating the energy absorption along the
path of moticn, shear will bhe taken into account.
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Energy absorption 25 W_ As

To compute this sum, the change of resultant W.
versus the path of motion must be known.

Wgr

777 P T e A a7 777
FIGURF 45

Energy Absorbed in Impact, 5th Percentile Man in
Seat - The trajectory of motion 1s shown in
Figure 47. Figure 48 is a diagram of the change
in reaction force versus the deformation path.

The change of forces Pl, P2 and P3 versus the
deformation path is shown in Figure 48. From
this diagram, the total energy absorption by
the Trussgrid blocks and honeycomb structure

of the seat base may be calculated.
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Path, in. P P P

1 2 3
1 2200 2050 1600
2 2350 2350 2300
3 2180 2180 2150
4 1900 1900 1900
5 1860 1860 1860
6 2000 2000 2000
7 2070 2070 2070
8 2070 2070 2070
9 2070 2070 2070
10 2070 2070 2070
0.2 414 414 414
S E 21,184 21,034 20,504
ITotal 62,722 lb.- in.

Considering the entire system from the viewpoint
of the pilot during crash impact, the system must
provide a resisting force of not more than 6100
pounds upwards to cause 25 g load on the pilot.
The total energy absorbec by a vertical movement
only will then be

Et = 6100 x 10 = 61,000 1lb.-1in.
Z

The actual energy absorbed (see section 9.3) is
E = 63,000 1lb.-in.
total

The difference in this case is slight:

2_0.@__.32%
61000 :
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9.5

This percentage of difference must be kept as
small as possible, since each cubic inch of
Trussgrid structure could absorb a certain
amount of energy. The volume and loading
factor must be selected in such a2 manner that
the total energy absorption capability of the
system is not much greater than required.
Otherwise, the system could not be guaranteed
to produce a desired g load on the seat occu-
pant, nor could it be ensured that the g load
would remain constant during impact.

Calculation of the Average Sink Speed During
Impact, G Load Copstant - The total energy of
vertical motion,

B, = 61,000 = Wh + 1/2mv2

Therefore,

(61,000-Wh)2

2 _
Ve = W/g
Where

W = 244 pounds
32.3 ft/sec? or 386 in/sec?

: ; 10 inches (vertical travel)
Thus,

v2 - §§,§§g4: 2_x_ 386

vV = 18,500

V = 430 in. ‘sec.

vV = 35.8 ft./sec.
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9.6

9.7

9.8

9.9

Load Djagram - The load diagram in the case of the
Sth percentile man, is presented in Figure 4g.

Enexrgy Absorbed in Impact, 95th Percentile Man
ip _Seat - The trajectory of motion is shown in
Figure 50. Figure 51 is a diagram of the

change in reaction force versus the deformation
path.

The change of forces P,, P, and P, versus the
deformation path is shown in Figure 51. From
this diagram, the total energy absorption by

the Trussgrid blocks and honeycomb structure

of the seat base may be calculated.

The forces of P,, Pz and P3 change quite evidently
at the start of attenuation, but due to the fact
that the Trussgrid blocks will be totally sngaged
a moment later, the forces stabilize themselves

at an average value.

The actual energy absorbed differs from the
total energy absorbed by a vertical movement
more slightly than in the case of the 5th
percentile man (section 9.4), due to early
total engagement of Trussgrid blocks.

The actual energy absorbed by a vertical
movement is

B, = 7850 x 7.2 = 56,500 1b./in.
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9.10

9.11

10

Calculation of the Average Sink Speed During
Impact, G Load Copstant - The total energy of

vertical motion,

E, = 56,500 = Wh + 1/2mv2
z

Therefore,

v2 _ (56,500 - Wh)2

W/g

Where

W = 314 pounds

g = 32.3 ft./sec.2 or 386 in./sec.?

h = 7.2 inches (vertical trave.®
Thus,

v = [133,000

v

v

Load Djagram - The load diagram, in the case of
the 95th percentile man, is shown in Figure 52.

365 in./sec.

30.4 ft,./sec.

G_LOAD FORWARD

To determine the magnitude and direction of the
reactions or inertial load forward, the cases of the
5th percentile man and 95th percentile man will be
analyzed separately, due to the entirely different
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10.1

10.2

10.3

10.4

geometry that exists for each case.

the Sth Percentile Man ~ The weights differ in

this case from in section 8.1 and must be cal-
culated per section 3.5. A total weight must
be applied, since the weight of the seat
occupant's legs and boots will be assumed by
the chair structure at g load forward.

Man's weight (see section 3.5) is 151
pounds, Wm.

Seat weight (see section 3.13) is 88
pounds, W..

Frontal armor plate weight (see section
3.14) is 26 pounds, Wp.
Agsumotions - All assumptions stated in section

7.2 are valid except for assumption c, which
becomes:

c. The inertial reel engages the
restraint straps immediately
thus creating a force Pg.

The Loads at 45 G (Forward) -
W, = 151 x 45 = 6800 pounds
W. =88 » 45 = 3960 pounds
wp = 26 x 45 = 1170 pounds
Resulting Force -

n.nm-o-w.-o-w

p= 11,930 pounds
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10.5

10.6

Only the location of the resulting force axis
is required.

Ry = 6800(19.5 + 1.50) + 3960(16.65 + 1.50)+

1170(25.48 + 1.50)

- 443,000 + 71,800 + 31,600
A 11,930 20.62 inches

The system is statically determinate, since the
chair can only move parallel to its original
position, due to the immediate engugement of
the restraint straps. Due to

Pg

some translations at the Trusagrid blocks pivot
points, the same forces will be generated. Thus,
they can be exchanged by one strut in the middle.
Figure 20 can be used as a source of required
dimensional data.

The force P, (restraint strap force) is assumed
to act oppositely to R. Likewiss, the R g ©f the

Trussgrid blocks. Direction of the forco P in the
adjusting screw jack is not as obvious. mn force
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is accepted to act oppositely to R (the sign of
the result is significant here).

10.7 Calculations -

X =0
+ 11930 - Rres sin 30 - P4 sin 51.1 - P6 sin
55.7 = O (1)
3z=-0
0 + Rres cos 30 - P4 cos 51.1 - P6 cos 55.7 =0
(2)
-11930 x 9.15 + R X 3.9+ P_ 25.72 = 0 (3)
res 6
From eq. (1),
-R - - 11930 4 p sin 51,1 4 p s8in 35,7
res sin 30 4 sin 30 6 sin 30
R_ . =+11930_1,40,778_1, 0,826
ras 0.5 0.5 6 0.5
R og = 23860 - 1.56 P4 - 1.852 P6 (4)

From eq. (2},

R
res

I

P4 cos 51,1 + P6 cos 55,7

cos 30 cos 30

x
il

+ 0.725 P, + 0.651 P

res 4 6 (5)
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From eq. (3),

R x 3.9 = 11930 x 9.15 - P_ 25.62
res 6

R =+_31930 x 9,15 - 25,72 P
res 3.9 3.9 °
Rres = 28,000 - 6.62 P (6)

Combining eqs. (4) and (5),

0.725 P, + 0.657 P, = 23860 - 156 P, - 1.852 P

4 6 4 6
P, = 23860 - 2507 P, (7)

2285 2285
Combining eqs. (4) and (6),
28,000 - 6.62 Pg = 23860 - 1,56 P4 - 1.852 Pg

+ 1.56 P, = 23860 - 28000 + (6.62 - 1.852) P6

P, = 4,768 96 - 4140
V.56 1.56
P, = 3060 P, - 2654 (8)

Combining egs. (7) and (8),

10,480 - 1096 P

6 3060 P6 - 2654

(3060 + 1096) P 10480 + 2654

6
4.156 P6 = 13134
Pg = 13134 = 3160 pounds (9)
4.156

Py = 3.06 x 3160 - 2654

1

9660 - 2654 = 7000
(10)



10.8

10.9

The direction for P4, shown in Figure 53 is
selected correctly:; it represents tension in
the adjusting screw jack.
Rreg = 0.725 x 7000 + 0.651 x 3160 =
5070 + 2058

Rreg = 7128 pounds (11)

The Loads on the Trussqgrid Blocks - The total

force on the block is

Rreg = 7128
The load for one block (pair sidewise)

P, = Pp = P3 = 7128 = 2380 pounds
The Trussgrid blocks will begin to crush at the
start of impact. This crushing will continue
until the chair bottoms itself. Motion of the
chair will remain fairly parallel to the original
chair position, since the restraint strap and

adjusting screw jack will be engaged.

The 95th Percentile Man - According to the consid-

erations expressed in section 10.1,

Man's weight (see section 3.5)

Seat weight (see section 3.13) 88 pounds,Wg.

Frontal armor plate weight (see section 3.14)
26 paunds, Wp-

112
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10.10

10.11

10.12

10,13

10.14

Assumptions - The assumptions stated in section
10.2 apply here.

a G_(Forward) -
Wp = 220 x 45 = 9900 pounds
Wg = 88 x 45 = 3960 pounds
wp = 26 x 45 = 1170 pcunds.
Regylting Force -
R = Wp +Wg +Wp = 15,030 pounds

Only the Z coordinate of the resulting €orce is
required.

Ry = 9900(19.5 - 2.33) + 3960(16.65 - 2.33) +
1170(25.48 - 2.33)

z = 4 t T x = 16.83 inches

The system is statically determinate as far as the
considerations expressed in section 10.6 are valid.

Pg

FIGURE 53
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10.15

Figure 53 may be used to illustrate the system,

with the exception that the ordinate of the resul-
ting force R is now 16.82 inches. The direction of
tne fcices is considered to be similar to that ex-
pressed in section 10.6., Additional dimensional data
are derived from Figure 16. The resultant force,
Rreg, according to section 8.22 goes through the
middle strut (f)

Calculations - The above simplification permits
direct calculation of force Pg.

M, = 0

- 15,030 x 9.16 + Pg x 27.04 = 0

P = 138,000 _

6 27.04 5100 pounds
and

x = 0

+ 15,030 - Pg sin 78.7 - X = 0
IX = 15,030 - 5100 x 0.981 = 10,030 pounds

and
¥z - 0
O - Pg cos 76.7 -2 =0
Z = -5100 x 0.1959 = -1000 pounds

The sign was incorrectly selected for Z; actually
the force Z2 is upward

- X
+X

FIGURE 54
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10.16

11

On struts (:) and (:) . the forces will oppose
one another. Resolving the resultant = Z + X on

struts @ and P

in stcut(:) (adjusting screw jack), P4 =
4000 pound tension

in strut (2) , Rpeg = 7500 pounds

The load on one Trusegrid block (pair sidewise)
is

Py =P, = P3 = l.g.Q.Q = 2500 pounds
The blocks are crushed at the instant the impact
force 45 g forward applies, but just after motion
forward, the g force abruptly diminishes, and the
blocks are not completely crushed.

45 G LOAD SIDEWISE (see Figure 55)

Considering the motions of the chair under load
sidewise, within proportional limits, the adjusting
screw jack and restraint strap do not contribute
appreciably to the resisting forces. Therefore,
the Trussgrid blocks are the only bodier which
act to retain the structural integrity of the
entire structure in case of side loading. The
reactions which could occur in the adjusting
screw jack and restraint straps, occur only
urder the condition that the Trussgrid blocks
will be partly or completely sheared under this

load.

The Trussgrid blocks' fiberglass skin, being
epoxy glued to the honeycomb, greatly increases
the rigidity of the blocks in side loading. It
is necessary to determine those conditions which
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11.1

11.2

11.3

will permit the Trussgrid blocks to retain the
structural integrity of the entire chair., In
the following sections, the loads fcor the cases
of the 5th percentile man and 95th percentile
man are analyzed and compared.

The 5th Percentile Map - The weights included

in section 10.1 are accepted here.

Assumptions -

a. The base and seat are regarded as a rigid
body.

b. The Trussgrid blocks ceact to the side load
as a rigid structure, with the skin reacting
according to the Wagnerian stressed skin
principle.

c. The forces on the restraint straps are neg-
lected within the small deformation of the
Trussgrid blocks.

d. The forces acting on the adjusting screw
jack are neglected within small deformation
of the Trussgrid blocks.

e. The seat is in the up position.

The Loads at #45 G (Sidewige' -

W, = 151 x 45 = 6800 pounds

Wg = 88 x 45 = 3960 pounds

Wp = 26 x 45 = 1170 pounds
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11.4  Resulting Force -
R = wul 4+ w. + wp = 11,930 pounds
11.5  The Location of the Regulting Force -
Axis X:

6800(20.2 + 2.00) + 3960(15.44 + 2.00) + 1170

(18.53 + 2.00) = Ry

x - 151,000 + 69,000 + 24,060 _ ,,.
11,930 2058

Axis Z:

11.6 Prom Figure 20, it is seen that the inertial side
force comes very close to the hinge line of the
central pair of Trussgrid blocks. For simplicity
of calculation, the side force is assumed to be
applied exactly at the hinge line of the central
blocks (see Figure 56).

WR = 11, 930 Lb

12,50

"> 1 |

— o — —




Resolving the side force on the hinge plane of
the '‘russgrid blocks, it is seen that the shear
force, S, acting parallel to floor is

S = 11930 pounds

Moment M = 11930 x 12.50 = 149,000 1b./in., which
produces forces N on the blocks.

N = l{gagﬂﬂ- = 12,200 pounds

A reasonable assumption is that within the elastic
deformation of the Trussgrid blocks, the forces

N and S do not interfere. (The Trussgrid blocks
resistance to normal forces N do not change
appreciably due to shear and vice versa.) Thus
the shear force, S, is equal in all six Trussgrid
blocks.

Then,
S -.S_zmsl%o nds
l 6 6 e
And

N, = 32:2, 0 = 4070 pounds

The compression force T in the block (see Figure 57)
N
1

FIGURE 57




will be

_ N _ 4070
cos 30 0.866

4600 pounds.

The Trussgrid blocks will be unable to withstand
so great a force in compression, since they are
designed for an 1000-pound compression force
only. Calculation indicates however that the
Trussgrid block in tension could withstand such
a load. This circumstance will determine the
behavior of the chair an instant after the side
impact. The chair will immediately crush the
blocks on the side at which the impact force is
directed, and while leaning toward that side

and engaging the restraint strap will create a
force Pg in the strap. The adjusting screw jack

FIGURE 58
will probably be engaged in this 3-dimensicnal
motion, further complicating the situation.
However, examining the front-view drawing in
Figure 56, it may be concluded that the chair
will rotate around a pcint very close to the
anchor point of the adjusting screw jack. Thus,
it is a logical assumption to ignore the effect
of the adjusting screw jack.
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The force P, is transferred the distance b to
line a-a. gor the first approximation the effect

of the moment Pg x b on the structure is neglected.
Considering the chair as a rigid body, Figure 59
is derived.

Pg Sina
\ ¥ P
(f—-d_ Inertal ShH ¢ _.-*
Force .
A
W Motion
_31_1.930/ \
R fe |
T a—
12.5
\ —
— S
-
- R
+Z
12.2
+ X

FIGURE 59

It is assumed that the blocks crushed on the side
of compression will create a constant force acting
upon the chair upward and equal to the crushing
strength on the three Trussgrid blocks.

T

or 1100 pounds per one block (Section 8.9)

R = 3Tcr = 3300 pounds
The behavior of the chair will be as follows: 1In

the first moment of impact, the chair will immedi-
ately crush three blocks on one side, but due to
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its leaning toward the same side, the restraint
strap will be engaged and will pull the chair
backwards, compressing the blocks on the other
side of the chair. Since the crushing force on
the blocks is known, the shear stress and com-
ponent of the restraint strap force P¢ may be
determined.

zx = 0
11930 - Pg sina -SsS =0
M, =0
+P¢ sina 16.8 - R 6.1 -~ S 12.5 = 0
S = 11930 - Pg sina
S = Pg sina 16.8 - 3300 6.1
12.5
and,
11930 - Pg sina = 1.4 Pg sina - 1600
1.4 Pg sina + Pg sina = 11930 - 1600
Pg sina = 10330 = 4300 pounds
2.4
and,
S = 11930 - 4300 = 7630

The area of these blocks are 6x4x3 = 72 square inches.
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According to test data published by General Grid
Corp., Army Chemical Center, Maryland, the shear
strenath of the Trussgrid structure is approxi-
mately 130 psi for a density used in the case of
the subject Trussgrid blocks (3.2 pounds per cubic
foot;. This shear strength will be reinforced by
the fiberglass plate facing. The exact strength
of the Trussgrid blocks designed for the armor
seat can be determined only by test. Therefore,
the following calculations of shear strength serve
only as an approximation.

Assuming that the fiberglass facing preserves its
fiat form by being glued to the Trussgrid core

FIGURE 60

(see Figure 60), the maximum shear strength of the
panel may be calculated.

The shear area is

A = 6 x 0.030 = 0.18 square inches.




hnssuming a shear strength of 20,000 psi for fiber-
glass laminate, the maximum load that can be

carried is
p = 20,000 x 0.18 = 3600 pounds.

For both sides of the Trussgrid blocks, the load
will be

P = 7000 pounds.
The Trussgrid itself is able to carry

6 x 3 x 130 = 2300 pounds

Therefore, the total maximum shear load that a Truss-
grid block can sustain is

S = 7000 + 2300 = 9300 pounds.

Therefore, the capacity of three blocks is approxi-
mately

S¢ = 25,000 pounds

(Reduction of the S¢ is due to unequal loading).
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11.7

The maximum shear force possible to occur is 11,930
pounds. Therefore, the blocks will not be sheared.
The longitudinal component of force Pg (Pg cos a)
will not affect the envisioned arrangement, since the
adjusting screw jack can absorb the compression load.

The moment of force Pg on the arm b (Figure 59)
will affect the scheme of forces very little due
to the Trussgrid block's large shear capacity.

At a = 30°,

Pg = .g}.g.Q = 8600 pounds

M = 8600 x 10 = 86,000 1b-in.

Ml = -M- = mo - 14, 300 lb-in.
6 6

The average radius is 15 inches. The shear force
on each block is

S, = J.ﬁ.Q.Q = 950 pounds

The shear capacity of one block is approximately 9000
pounds. The effect of moment Pg x b is insignificant.

The case with the 95th percentile man as occupant of
the seat at 459 side load does not change considerably
the loads on the elements of the structure, due to the
fact that the height of the chair base from the floor
has no significance on loads on the blocks. The angle
of the Trussgrid blocks to the floor line has no sig-
nificance either, since the blocks are nearly in a
condition of total engagement in the chairs position

of lowest adjustment.
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SUMMARY OF DESIGN LOADS ON TRUSSGRID

BLOCKS

Figures 61, 62, and 63 summarize the
the beginning of attenuation, at the
to total engagement of the Trussgrid
total engagement.

Block Intact

design loads at
instant prior
blocks, and at

Pyjm = 1000 pounds
Py1t = 1050 to 1100 pounds
Pjestr = 1760 pounds

Instant Before Total Engagement

Pdestr - 960 pounds

Total Engagement

FIGURE 63
126
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13

13.1

SELECTION OF TRUSSGRID BLOCK DATA

From sections 8.14 and 8.27, the following crushing
loads are noted:

For the 5th percentile man, 6100 pounds
For the 95th percentile man, 7850 pounds

It is evident that the selection of density of the
Trussgrid must be in accordance with the load
occupied by deceleration of the 5th percentile man.
If the crushing strength of the Trussgrid blocks

is selected according to loads generated by the 95th
percentile man, the blocks might not get crushed in
the case of the 5th pe centile man, causing unaccept-
able peaks in the g load.

The crushing load in the flat position is
P = 6100 pounds, per square inch of area

A = 18 x 6 x 2 = 216 square inches

p o= 2280 . 28 psi

FIGURE 64
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13.2 According tc data from General Grid Corporation,
accepting bare core data,

Density = 2.3 pounds per cubic foot
13.3 According to additional General Grid Corporation

specifications, the following Trussgrid core data
apply in the case of the subject chair:

Density = 2.3 1lb/cu.ft. - Aluminum Alloy
5052, H-39 cond.
Foil Thickness = 0.0015 inch; corrugation
height = 3/16 inch

Company designation is Trussgrid - 3/16 -
0.0015(5052) - 2.3

13.4 Stress Apa ) h ussqrid Bl - The fastening

of the hinge must ‘-be calculated for worst-case condi-
tions, tension force in the 45g case applied sidewise,

N
4{}/—

40°

0.150

FIGURE 65
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According to section 11,6,
N = 12,200 pounds on one side of the chair

The load on each block will be

N = lZ?ZQQ = 4070 pounds.

This load must be increased, due to the possibility
of uneven loading.

Thus,

Ny = 1.2 x 4070 = 5000 pounds

!

c o o O ]

Nl
1

FIGURE 66

Since there are 7 fastening points, the load per each
point is

]
P = E%— = 2%99 ¥ 700 pounds

From Figure 52, the force pulling the screw from the
fiberglass plate is

Py = P sin 40 = 700 x 0.643 = 450 pounds.
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The allowable load is cbtained from

1.5
where
PN = allowable load

t = 0.150 inch

Sg = allowable shear stress for fiber-
glass = 10,000 psi min.

1.5 = safety factor

d = outside diameter of screw thread

Py l—|'
| .150
b

|
|

- 2
FIGURE 67
Py = 10,000)( "™ 25 1 - 790 1b
55
Moso = 19—0 'l = .75
450

The calculation of bearing stresses in the aluminum
hinge,

Sect. a-a

I
//// - P

\ FIGURE 68
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14'1

14.2

S i A-A Ultimate Bea Analysis
From Figure 65,

PT = P cos 40 = 700 x 0.766

540 pounds.

The bearing area

A=2rx .060 =2 x .140 x .060
A .0168 square inch

where
r = .140 inch

Therefore,

P

_ fr _ 240 ;

fbr = K—'—'.0168' 20,000 psi

Fbru = 50,000 (MIL-HDBK-5 value reduced due to

Section A-A proximity to weld)

M,S, = 20,000 ) _ 56
32,000

STRESS CALCULATION OF THE SEAT BODY

Analyzing the loads on the seat body, the most severe
load case must be considered. The requirement for the
seat body will be then to remain intact during all
possible load cases and to not be injurious to the
occupant under any circumstances.

occupant

The Case of Maneuver Loads - It is obvious that the
loads generated by impact forces are much greater than
maneuver loads. Therefore, the stresses occuring during
flight g conditions need not be considered.

e Case of G (D L - The load from the
occupant is well distributed on the bucket of the seat
and is just as well distributed on the Trussgrid blocks.
Thus, the loads taken by the seat itself are negligible.
However, forces in the adjusting screw jack
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FIGURE 69

are quite high (compression = 9200 pounds in the
95th percentile man case). Therefore, it is necessary
to check the anchor point of the adjusting screw jack.

14.3 Calculations - Reference Boeing-Vertol drawings
SK13030 and SK13027.

r_t
- _ 313

FIGURE 70

P = 9200 1b
P

2
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Lug Apalysis
The limit design load Py

P, =1 atF
D 75 “bru

Fbru = 63,000 psi

Py = 375 x ,313 - 63,000 = 4910 pounds.
1.5

The load for two lugs

P = 2 x 4910 = 9820 pounds
Dtotal

M.s. = 2820 ; . o7
9200

Weldment in shear:
Shear area:

A, =1.3x2x0.2+0.7x2x0.2
= 0.8 square inch
P =i:3‘5' X Fs
P =1%5 0.8 x 19,000 = 10,000 pounds
where

Fs = 19,000 psi (weld allowable)
The total ultimate design load

2P = 20,000 pounds

M.S. = —‘Mzo "l = 1.15
9,200

Therefore, lugs have sufficient strength.
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To check the buckling stress for the gussets,
according tc Roark, Formulas for Stress and Strain,
Table XVI, Case C; the critical compressive stress,

s' - x _E___ £y 5 , g SV
1 - v2 b ~ So - Sv

t = 125

P = 2200
2
FIGURE 71
M = 0.5 x .9_2592 = 2300 lb-in.
Conservatively azsumé a = 1.5
a = 3X___3_ - 1.5 -a_ = é = .75
5x - 3X b 3
So = 5x 8, = 3x k =5
Mo - 5x)+(3x) 5 2¢ - 2x
2 3 3
X =] M.l
2
S, = SM% = 17,000 psi
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and ' =5,10.5 x 106, (125
1-.364 4

——y (-

=5x 12 x 106 x .00098 'sb ooo pei

59,000 psi 17,000 psi
i‘ [

The gussets are safe as far as buckling ie concerned.

For the bearing of th? frontal agmgv &, this
joint must wlthstand ‘the 259 load Of the frohtal
armor plate as well as the head and arms of the
seat occupant under crash condition. The failure
of this joint could be injuriQus to the occupant
due to the guill¢tine actiom-of.the edges of the
frontal plate. :
Assuming the weight of the head (w1th helmet), arms,
and part of the shoulders as 35 pounds, the total
weight is P = 26 + 31 = 61 pounds.

( ™

" load = P 