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DISCLAIMERS

The findings in this report are not to be construed as an official

Department of the Army position unless so designated by other authorized
documents.

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the
sald drawings, specifications, or other data is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission, to

mznufacture, use, or sell any patented invention that may in any way be
related thereto.

Trade names cited in this report do not constitute an official endorse-
ment or approval of che use of such commercial hardware or software.

DISPOSITION INSTRUCTION

Destroy this report when no longer needed.

Do not return it to the
originator.
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This report was prepared by the Kaman Aerospace Corporation under
the terms of Contract DAAJ02-72-C-0057.

The information contained in this report is a result of research conducted
to extend the basic understanding of advsnced design concepts and composite
materials and their application to aircraft fuselage primary structures.

This effort is ore of two parallel studies to investigate advanced
structural concepts for helicopter fuselages. The associated study
program, under the same title, was conducted by The Boeing Company.
Vertol Division, under the terms of Contract DAAJO2-72-C-0056.

Numerous design approaches, material selections, and fabrication techniques
were investigated for the AH-1G Cobra helicopter tail section. A quanti-
tative method (math model) for ranking the proposed design concepts was
developed. Although each individual concept pussesses specific areas

of advantages and disadvantages, it was determined that a monocoque/
sandwich structure was the preferred design concept.

The report has been reviewed by the Eustis Directorate, U.S. Army Air
Mobility Research and Development Laboratory and is considered to be
technically sound. It {s published for the exchange of information
and the stimulation of future research.

The technical monitor for this program was Mr. L. Thomas Mazza,
Technology Applications Division,
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SUMMARY

The objective of this program is to prepare and evaluate
several design concepts for the application of fiber-
reinforced composite materials tc fuselage structures. The
concepts are evaluated on the basis of cost effectiveness and

performance when specifically applied to the aft fuselage of
the Army AH-1G helicopter.

It is concluded from these studies that when compared to the
existing metal structure, the preferred new concepts provide

life-cycle cost savings, weight savings, increased safety,
reliability, and maintainability.

The preferred concepts are identified herein as boom~fin
concept 3, elevator concept 4, and cover concept 3.
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FOREWORD

This design study of advanced concepts for fuselage struc-
tures was performed under Contract DAAJ02-72-C-0057, Task
1F162208A17001 from the Eustis Directorate, U. S. Army Air
Mobility Research and Development Laboratory, Fort Eustis,
Virginia, and was under the general technical cognizance of
Mr. Thomas Mazza of the Technology Applications Division.

The authors acknowledge important contributions made to this
program by Messrs. Herbert Guay, Dr. John Hsu, Durwood Lathrop,
Andrew Mank, Harold Showaltexr, Peter Sevenoff, Frank Starses,
and William Whiteside, all of the Kaman Aerospace staff.
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LIST OF SYMBOLS

Symbols are listed in four categories. The categories are
E preseated in the order of their appearance in the text.

MATERIAL SYMBOLS

E E Glass
D E. I. DuPont PRD-49
G graphile

PVC polyvinyl chloride
R300 rigid, closed-cell, expanded PVC foam at 3 1b/cu ft

1 R400 rigid, closed-cell, expanded PVC foam at 4 1lb/cu ft
. {R300 and R400 are B. F. Goodrich designations)

S S Glass
T thickness, in.
U uniaxial

120 woven fabric, 120 ccyle
181 woven fabric, 181 style

913 woven fabric, 913 style
{913 is a Ferro Corporztion designation for a zero
twist fabric of a twill weave with 53.7% of the fibers
in the warp direction)

LAMINATE CODE SYMBOLS

In this report, a laminate code is used to describe a specific
laminate uniquely. The code is very similar to that described
in Reference 1 for description of orientation. Herein, the
code is extended to the description of material, style, angle,
and thickness. The elements of the code used in this report
are listed below.

A Each lamina is denoted by a symbol, A, B, C, etc.,
denoting its material, style, angle, or thickness.

A/B Individual adjacent laminae are separated by a slash,

i€ their materials, styles, anglces, ox ihlcknesses are

different.
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(A/B) The laminae are listed in sequence from one laminate

face to the other, with parentheses indicating the
beginning and end of the code.

e e R T R

(AN) Adjacent laminae of the same material, style, angle,
or thickness are denoted by a numerical subscript.

(A/B)g A subscript S indicates a symmetric laminate. Only
one-half of the laminate is shown.

STRUCTURAL ANALYSIS SYMBOLS

11,22,12 The properties of the individual lamina are
described with reference to a local orthogonal
axis system identified by the numbers 1 and 2.
In general, the l-axis is chosen colinear with
the reinforcement. The subscript 11 denotes a
property along the l-axis. The subscript 22
denotes a property along the 2-axis. The sub-
script 12 denotes a property (such as shear or
Poisson's ratio) along beth the 1 and 2 axes.

XX, YV, XY The properties of the lotal laminate are des-
cribed with reference to a local orthogonal
axis system identifizd by the letters x and y.
These axes lie in the plane of the laminate.
In general, the x-axis is chosen to be nearly
rarallel to the central axis of the structure.
the use of the subscripts is similar to that
described for 11, 22, 12.

X,Y,2 The stiffnesses of the total cross-section and
the loads upon a cross-section are described
with reference to a local orthogonal axis system
identified by the letters X, Y, and Z. 1In
general, the local X axis l.es along the axis
of the structure, be it boom or fin. The local
Y lies perpendicular to the midplane of the air-
craft and is positive to tbhe left. When used
alone, X, Y, and Z denote coordinate positions.
When used in a subscript, ¥, Y, or 2 dsnotes a
quantity along or about the axis.

AST area of stringer, in.2

c compression, used in superscripts
E modulus ef elasticity, ksi

F allowable limit stress, ksi

£ stress, ksi

——
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M

)
E G shear modulus, ksi
! I bending stiffness/basic E, in.?
J torsional stiffness/basic G, in,4
? N allowable limit load intensity, kips/in.
F n load intensity, kips/in.
S shear, used in superscripts
T thickness, in.
t tension, used in superscripts
TF factor used to calculate contribution of cover in bend-
ing analyses
U principal Poisson'cs ratio, strain along 2~axis/strain

along l-axis for load apglied along l-axis

COST MCDEL SyMBOLS

C attrition costs per aircraft life cycle

Cas cost of air shipping tail section from CONUS

Cc cost of shipping container
Cgr cost of special ground support equipment required
Co acquisition cost for one tail section
Cic total tail section costs per airxcraft life cycle
CM average cost of material per repair
CMD depot level labor rate
CMH oirganizational/intermediate~level labor rate
Cus shipping cost of material per repair as a fraction of
material cost
Cps shipping preparation cost
Cap depot-level repair costs
1
Cro organizational/intermediate~level repair costs :
Cg initial spares cost per aircraft lifs cycle 2

Xvi
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Cgqe container surface shipping cost

Csp depot-level scrap costs

R e T s

Cso orgarizational/intermediate-level scrap costs
Csg tail section surface shipping cost to CONUS
Cepng total operating costs per aircraft life cycle
Cro total initial costs per aircraft life cycle
Cu cost adjustment for weight
Dgp average material and equipment costs per tail section
repaired at depot level
Dy dollar value per pound of structural weight
Krp fraction of damaged sections repaired at depot level
KRI fraction of damaged sections repaired at intermediate
level
i Kro fraction of damaged sections repaired at organizational
: level
Kgp fraction of demaged sections scrapped at depot level
3 Kso fraction of damaged sections scrapped at organizational/
intermediate level
Kopg total fraction of damaged sections scrapped
L aircraft life cycle, flight hours
My MMH to inspect and determine damage
M- same as M
< 1
Mgy MMH to inspect and determine damage, remove and re-
place tail section, requisition and obtain replacement
My MMH to receive and inspect at depot
MS MMH at depot level to receive, inspect, and dispose of
scrap
MMH maintenance man-hours

. Xvii
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MTBD tail section mean time between damage, hr j

‘ NA number of tail sections lost to attrition per life cycle
E
i
f ND number of damaged tail cections per aircraft life cycle
3
4 TRO mean field repair time, including time to remove and
] replace 1.3% of damaced tail sections
Wg weight of existing tail section minus weight of new
concept
Y aircraft life cycle, yr




: INTRODUCTION

Aluminum sheet is today the bargain among aircraft materials.
It costs roughly 50 cents per pound. However, a conventional
aft fuselage made from this aluminum sheet costs about $35 per
pound, even for good designs in quantity production. The
material is inexpensive, but its fabrication and assembly are
dear. The reason lies in the concept itself, namely, the hand
assembly of many individual pieces using fasteners. The con-
cept also contributes to fature maintenance costs because of
fatigue cracking at or near thousands of fasteners.

e

3 Fibrcas ccmposite materials offer an opportunity to escape
these costs and in addition to get, pound-for-pound, a safer,
more reliable structure. The opportunity will be wasted, how-
ever, if old concepts are i1etained. To take full advantage of
the opportunity for low life-~cycle cost, and the designer must
use new design concepts that:

P e

1. Reduce the number of p~rts

2. Eliminate production operations
3. Simplify assembly

4. Improve field maintainability

These precepts were applied to develop new design concepts for
the aft fuselage of the AH-1G helicopter. The aft fuselage

] assembly is considered herein to consist of three components:
the boom-fin, the ewlevators, and the covers over the drive
shaft. Each of thaese components has a distinctly different
function and pres:nts a different problem for design. 1In this
report, four new concepts are presented for each of the three
components for a fotal of 12 new design concepts.* The presen-
tation includes estimates for production costs and weight for
each new concept. Productica costs and weight are also shown
fo. four aft fuselage assemblies. Each assembly consists of a
boom-fin concept combined with the lowest cost elevators and
lowest cost drive shaft covers if required.**

In addition, the total life-cycle costs are presented for each
of the four new concepts for aft fuselage assemblies and also
for the existing metal aft fuselage. The life-cycle costs for
the existing fuselage provide the baseline for comparisons of
the new concepis to conventional construction. The life-cycle
cost model includes all the significant costs incurred in the
support of a fleet of 1000 helicopters over a l0-year life
cycle. The principal categories of cost in the model are ini-
tial cost, opnrational cost, and attritional cost, ***

* Tables I, II, and III summarize the basic characteristics.
** Table XX summarizes production costs and weights.
**% Tables XXI and XXIII summarize life-cycle costs.




straints:
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The concepts were developed within the following design con-

Low life-cycle cost shall be a principal objective.
This objective guarantees that consideration is
given to low initial cost, high reliability, and
good repairability.

The new concepts shall provide improved safety.
This requires high tolerance to ballistics damage
in addition to adequate strength for design loads.

The weight of new concepts for the aft fuselage
assembly shall not exceed that of the existing
structure. In this program, the emphasis is upon
life-cycle cost rather than weight reduction per se.
The dollar value of weight reduction is accounted
for as one of many elements in & comprehensive model
for life-cycle cost.

The new concepts shall be dynamically compatible
with the aircraft. Adequate stiffness must be
provided to keep the natural frequencies well
positioned in relationship to the principal ex-
citing forces at main rotor harmonics.

The structure shall be constructed principally
from composite materials.

The new concepts shall be intexrchangeable with
the existing aft fuselage.

The existing tail rotor, gearboxes, and drive
shafts shall be used.
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DESCRIPTION

EXISTING STRUCTURE

Figure 1, from Reference 2, shows the structural skeletons for
the existing boom-fin and the elevator. 1In Reference 3, the
manufacturer provides the following structural desc.ciptions:

"The tail boom is of semimonocoque construction, com-
posed of 75ST6 aluminum skins, longerons and stringers.
The primary bending structure consists of four longerons,
on:z located in each of the four corners, and several
stringers spaced between longerons. Each longeron is a
built-up section consisting of one or more hats bonded
and riveted together to form one part. A standard "J"
section is used for the stringers on the sides and
bottom of the boom. Two 90° angles, equally spaced from
the vertical center line act as stringers on the upper
skin surface. These angles also support thr. tail rotor
drive shaft cover, which is a nonstructural fairing
extending the length of the boom.

The longerons and stringers are supported by frames
spaced at approximately 21.0 inches. Five of these bulk-
head frames are considered basic structure as they

either re-distribpute or introduce load. These bulkheads
are located at boom stations* 41.32, 59.50, 143.28,
206.0, 227.0.

The vertical fin is a sandwich construction cambered
airfoil having an aluminum core and 7075-T6 aluminum
skins. The internal structure consists of a front spar,
rear spar, trailing edge and several intermediate ribs.
These components are made of 7075-T6 and 2024-T4 aluminum
alloys. The leading edge of the vertical fin is a honey-
comb fiberglas door which hinges off of the front spar

to allow access to the tail rotor drive shaft. It
extends from the top of the boom to the 90° gear box.

The elevator is a swept airfoil of semimonccoque con-
struction made of 2024-T3 aluminum. The elevator is
actuated and supported by a 2024~T3 aluminum alloy spar.
The leading edge is made from .050 2024-T4 aluminum in
order to resist the imp ct of the shell casings and/or
ammunition clips ejected from the GAU-2B/A Minigun and
the XM-129 40 mm grenade launcher."”

* Abbreviated B.S. throughout this report
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The manufacturer also provides the following assembly
descriptions:

"The vertical fin is assembled (permanently) to the tail
boom between B.S. 206 and B.S. 227. Support for the
vertical fin is provided by the bulkheads at Boom stations
206 and 227. At B.S. 206 the forward spar of the vertical
fin assembles to the canted bulkhead. At B.S. 227 the

aft spar and trailir~ edge are assecmbled to the bulkhead
through fittings. Additional continuity is provided by
shear attachments between the fin panels and boom
structure.

The horizontal stabilizer is part of the cyclic control
system. As part of this system it helps to maintain the
proper helicopter attitude. To installi the stabilizer

the left and right hand spars are inserted into the
209-001-908 Horn Assembly at Boom Sta. 140.35. This ties
the elevator into the cyclic control system. The install-
ation is supported by brackets and fittings extending
between the B.S. 143.28 bulkhead and a partial frame at
B.S. 137.42.

The tail boom, vertical fin and horizontal stabilizer
(elevator) together form one installation which is readily
assembled to the forward fuselage at F.S. 299.57 by four
bolts. These bolts are installed from the feorward fuse-
lage into barrel nut fittings located at the end of each
longeron. Fuselage sta. 299.57 corresponds to boom sta.
41.32."

The drive train for the tail rotor is mounted on top of the
boom a. . in front of the forward spar of the fin. It includes
two intermediate supports at B.S. 80 and B.S. 143, a 429 gear-
box at the junction of the boom and the fin, and a 90° gearbox
at F.S. 0.

The forward end of the boom contains shelves of sandwich con-
struction for the support of electronic equipment. The elec-
tronic equipment can be reached from the forward fuselage and
through an access panel on the left side at B.S. 90. 7Two other
large access panels are located on the bottcam of the fuselage
at B.S. 133 and B.S. 174.

A landing skid is located at the aft end of the boom. It is
attached to the bulkheads at B.S. 206 and B.S. 227. A pair of
small access panels is provided for the installation of the

skid.
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BOOM~-FIN CONCEPTS

General

In this report, a design concept is defined as a single
combination of:

1. structural configuration
2. fabrication process

The boom-fin concepts presented herein differ in structural con-
figuration rather than in fabrication process. The configura-
tions for the boom include four external contours and two inter-
nal arrangements. Each variation seeks to achieve greater struc-
tural efficiency through improved geometrical effectiveness.

For all contours, a side silhouette view of the boom-£in would
be unchanged. A plan view, however, would show less taper in
the boom for contours 2, 3, and 4. The greatest difference
would be seen at B.S. 194. Aft of this station all contours
fair in gradually to produce a conventional, streamlined boat
tail. Figure 2 shows cross sections at B.S. 194 for each
contour.

Contour 3 and 4

Contour 2

Contour 1
(Existing)

Figure 2. Contours at B.S. 194,

Only one fabricaticn process is used for all boom-fin concepts
because no other process was found to compete with it on a
cost-plus—-quality basis. Essentially, it is a method for a
large single-phase bondment. Details of the fabrication plan
are described in the discussions for boom-fin concept 1.




It is noted that the definition of a design concept excludes
the materials of construction. Thus, it would be possible to
consider a single design concept executed in several alterna-~
tive materials and to make comparative cost evaluations. The
scope of this study, however, did not permit such evaluations
to be made. Instead, only one combination of materials is
shown for each concept. These combinations do provide the
required strength and stiffness characteristics. In general,
the prime material candidate for all concepts is glass-filament
reinforced epoxy. Glass deserves first consideration because
of its low cost, high strength, ease of fabrication, and ease
of lightning protection. However, graphite and PRD-49 are
used for boom-fin concept 1 to achieve the required stiffness
and low weight using the existing contour. Details of the
type and placement of materials are presented in the dis-
cussion which follows for each concept.

Table I summarizes the basic characteristics of the four new
concepts and the existing structure which is numbered 0.

TABLE 1. BOOM-FIN CONCEPTS, BASIC CHARACTERISTICS

Position of Principal
No. | Drive Shaft | Contour Type Material
0 External Existing  Stiffened Sheet Aluminum
1 External Existing Sandwich PPD-49, Graphite
2 External New No. 2 Sandwich S Glass
3 Internal New No. 3 Sandwich S Glass
4 Internal New No. 4* Corrugated S Glass

*The outer envelope of the corrugations is coincident
with Contour 3.

Boom~Fin 1

Figure 3 shows the structural configuration for boom-fin
concepts 1 and 2. The principal element is a thin sandwich
shell that forms the boom and gradually changes shape to be-
come the fin. Several internal frames, bulkheads, and a rib
distribute concentrated loads to the shell and also contribute
to its stability. When comvleted by the attachment of the fin
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spars and the support panel for the 420 gearbox, the shell it-
self becomes a single cell tube chat supports all moments,
shears, and torques without the aid of stringers or longerons.
The tail rotor drive shaft and gearboxes, not shown in Figure
3, are lccated on top of the shell and are enclosed by covers
shown in phantom in Fignre 3.

An important feature of the concept is its fabrication using
a method developed prior to the present study by Mr. Frank
Clark at Kaman Aerospace. The method produces with only one
cure cycle a finished high-quality shell at low cost using low-
cost tooling. Raw materials are placed in a female mold; a
finished product emerges. The finished shell is a sandwich
with filament reinforcement and a foam core of PVC. The use
of a heat-formable foam is a source of large savings of cost.
The core can be purchased in flat sheets and then preformed

to any shape after preheating it to 220° F for 10 minutes.

The core also accommodates itself to steps in the thickness of
facings by yielding at the cure temperature. Upon cooling,
the mechanical strength of the core returns. Through such
procedures, the expensive steps of carving of cores and pre-
curing of facings can be eliminated.

Tooling appropriate for the AH-1G boom-fin is shown in Figure 4.
The following bond sequence can be used:

1. Preform foam core segments.

2. Position preimpregnated composites for the outer
face into the left-hand and right-hand female molds.

3. Position inserts such as attachment angles and local
facing reinforcements.

4. DPosition the four fittings at B.S. 41.3.
5. Position the PVC core and local core reinforcements.

6. Position preimpregnated composites for the inner
face into the left-hand and right-hand female molds.

7. Position attachment angles for frames.
8. Place inner mandrel into right-hand mold.

9. Rotate right-hand mold and inner mandrel to place
them into left-hand mold.

10. Position splices and splice inserts.
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Boom-Fin Primarv Structure

1 Shell

3 Frames

2 Bulkheads

1 Rib

2 Spars

1 Support Panel at 42° Gearbox
5 Access Panels
15 Total Parts

Drive Shaft Covers ii},/’ -

Elevatox
Support

Bottom Access
Panel

Frame 2

Side Access Panel Electronics

Frame 1

Boom-Fin Shell

Figure 3. Structural Configurations for
Boom-Fin Concepts 1 and 2.
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Fin Rib

Fin Spar, Lower
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/
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UPPER SPLICE LAYED UP

SPLICE INSERT
__AFTER L. H. & R. H. ARE JOINED

L. H. BOND TOOL "
H. BOND TOOL

T R.
L. H. PRE-~BOND :
H. PRE~BOND

LOWER SPLICE FOAM ADHESIVE
LAYED UP IN
L. H. ASSEMBLY

~ BONDED ASSY

PEEL PLY
BLEEDER CLOTH

SEALER

BOND SURFACE

BAG

VACUUM
PORT
=20

l >

‘ -

e b

BAG SUPPORT
MANDREL SUPPORT

MANDREL END PLATE
REMOVABLE

INSERT L. H. BOND
TOOL USED DURING
LAY~-UP OF SPLICE

mummwn 22E0

Figure 4. Bond Tooling for Boom-Fin.
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PLICE LAYED UP
F. H. & R. H. ARE JOINED

R. H. BOND TOOL

PRE-BOND
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REMOVABLE
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INNER
MANDREL

CARRIAGE TO
TRANSPORT BOND
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AUTO CLAVE
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ECCENTRIC SUPPORT FOR 4NN <
BOND TOOL, ALLOWS THE \\::?\ =
BOND TO ROTATE INTO VERTICAL

POSITION & JOIN OPPOSITE HAND Y

BOND TOOL OVER THE INNER MANDREL
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SHEAR TIE MANDRELS




11. Seal and pressure test.

ki)

12. Cure in autoclave.

[ Figure 5 shows a cross section through the boom and indicates
3 construction typical throughout the length of the boom. Each
face of the sandwich is a balanced laminate. The inner and
outer surfaces of each face are woven plies of PRD-49 style
cloth oriented at 45° to the boom axis. Between the plies of ]
PRD-49, uniaxial graphite is located at 0° to the axis of the

boom. Typically, the core is PVC R-400 rigid foam .25 inch
thick.

7

/ ' Symbols are defined on page xiv.
Orientation is in degrees from

|
(:) boom axis.
\

\\®§\h1

Face Region  Material Style Angle (deg) T IT ,
Outer 1 D/G/D 181/U/181 45/0/45 .011/.0065/.011  .0285 ?
2 D/G/D 181/U/181 45/0/45 .011/.0130/.011 .0350 I
Inner 1 D/G/D 181/U/181 45/0/45 .011/.0065/.011 .0285
2 D/G/D 181/U/181 45/0/45 .011/.0130/.011 .0350

Figure 5. Materials for Boom in Boom-Fin Concept 1.

Preceding page blank .
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Such construction provides a structure with the following
characteristics:

1.

Fijure

High survivability. The structure is highly redun-
dant because its primary load paths are distributed
nearly uniformly around its perimeter. A single bul-=
let cannot cause disproportionate damage by striking
a concentrated longeron. Typical damage from a bal-
listic strike will be quite local. Figure 6 shows a
test panel that received a broadside hit from a .30-
06 rifle bullet at approximately 20 feet. The bullet
was tumbled by six .25-inch plywood baffles. The test
specimen is a flat sandwich with two-ply, E glass
style 181 facings on a PVC R-400 rigid foam core .25
inch thick.

Entrance Exit

6. “ypical Damage From a Tumbled .30-06 Rifle Bullet,

Good repairabiiity. Again as a consequence of the
nearly uniform distribution of load paths, the load
intensitv per running inch of perimeter is very low.
For cxample, at limit load, at the most critical
location, the highest direct load, ny, in each face
is less than 600 pounds per inch. Repair in such a
low ctrees field is easily accompliched by simnle

_______ pl iched
lap joints.

ey




3. Good low-velocity impact resistance. The poor low-
velocity impact toughness of graphite is overcome by
the extensive mix with PRD-49, which has very good
impact properties. The faces are by volume more
than two-thirds PRD-49.

4. Low weight. Stiffness requirements are a very signif-
icant factor in the design of the boom. The use of
graphite provides the required stiffness with low
weight.

The attachment of the boom to the forward fuselage is a criti-
cal area for strength, alignment, and maintainability. This
attachment is accomplished with four aluminum fittings that
are bonded into the shell and actually become a portion of the
shell that is partially wrapped around the line of action of
the bolt. Figure 7 shows an isolated view of a typical fit-
ting. Figure 8 shows the final relationships between the boom,
fitting, and frame at B.S. 41.3. Forged aluminum fittings are
used to provide adequate strength. The fittings are subject
to multiaxial stresses and require the interlaminate shear
capabilities of a metal for efficient design. Precise align-
ment and mating to the forward fuselage is assured by final
machining and drilling of the contact faces af*ex final cure
and assembly of the interior structure. Good aiatainability
is assured by the fact that the bolt nuts are directly access-
ible and visible from the exterior of the boom.

r——Flange for Attachment
to Closing Frame

Composite

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

£~ Aluminum Fitting
(Forging)

el

el
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The fitting concept shown in Figure 7 provides several advan-
tages. These include:

1. The elimination of mechanical fasteners. The
aluminum fitting is bonded to the composite
material to make a preassembly for insertion into
the female mold for the boom fin.

2. The opportunity to use higher pressure for the
bond between the fitting and the composite.

3. The opportunity to inspect critically the fitting
assembly before its use in the boom-fin bondment.

4. The opportunity to retain bolt preload with a high
degree of reliability. Bolt loosening is unlikely
because little wear is possible in the stackup
of clamped parts due to broad areas of contact and
because a conventional nut with a large nylon self-
locking ring is specified for one-time usage.

5. The opportunity for easy ii. =2ction in the field.
A torque stripe painted be :en the nut and the
fitting allows easy detection of rotation of the
nut and possible loosening of the connection.

6. Low weight, low cost, and simplicity.

Figure 8 also shows the attachment of the frame at B.S. 41.30.
The frame is riveted directly to the flange on the fitting and
indirectly to the shell through four angles. The use of me-
chanical fasteners in this area is very desirable because they
are highly loaded and a high-quality secondary bond would be
difficult to achieve. The frame also serves as a terminal
board for electrical connectors and a support for the forward
end of the electronics shelf. The electronics shelf itself is
a simple sandwich supported by and attached to the frames by
only four bolts. The shelf is restrained in the fore-and-aft
direction by two angle struts that connect it to the shell at
B.S. 41.3.

Figure 9 shows a cross section through the fin and details for
the attachment of the front cover, the spar and access panels.
When the front cover is opened, the drive shaft and the control
cables are exposed, Two large, removable panels in the spar
provide access to the interior of the fin. These panels
facilitate repair of extensive ballistics damage to the fin

and also permit periodic inspections of the interior facings.
Figure 10 indicates the materials of construction for the fin.




3 4 p—

*SUOT3093 UTJ

‘6 2anbtyg

¥-¥ UOT308S

M./ -7 -t &.‘mr -y

e e o S

-t

r

&

VT

O
Teds Jo q=aM ..\\ ©

—

Q

LN
sld

2 NN
U e R v DN siniosd SR o DU st SISO DA S

e

I2ueg SS900Y

g-g UOT309S




ISR et ML U B U8

-

b2 = T T TR TR ST SRR RSAR TR R m TR e e e o TR e T s TR R e r=m R e

Region 1t at Fin Station 5.
1b at Fin Station 50.

*T\~\\ PVC, R400, T=.375 in.
\@“. /—Pvc, R300

Symbols are defined on page xiv.
Orientation is in degrees from boom axis.

Face Region Material Style Angle (deq) T LT
Outer 1t (D/D) g (181/181) g (0/45) g (.011/.011) g .044
1b (D/D/G)S (181/181/U) g (0/45/0)g (.011/.011/.026)g .096
2 D/M 181/181 0/45 .011/.011 .022
3 E/E 181/181 0/45 .009/.009 .018
4 (E/E)g (181/181) 4 (0/45) g (.009/.009)g .036
5 Aluminum .050 .050
Inmmer 1t (b/D)g (181/181)¢ (0/45)g (.011/.011) ¢ .044
1b (b/D/G)g (181/181/0) 3 (0/45/0)g  (.011/.011/.013)4.070
2 D/D 181/181 0/45 .011/.011 .022
Figure 10. Materials for Fin in Boom~-Fin “oncept 1.
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Boom-Fin 2

Boom-Fin 2 differs from boom-fin 1 only in contour and ma-
terials. The new contour has already been described and shown
in Figure 2. It is considerably more efficient. For example,
at B.S. 194, an equal weight of material uniformly distriputed
on contour 2 produces a 38% increase in tors.onal stiffness
and a 76% increase in lateral bending stiffness over that for
contour 1. The improvement is less at all other stations, and
zero at B.S. 41.30 where the contours 1 and 2 are identical.
The stability is also improved by the increased curvature of
the shell. The improved efficiency of contour 2 permits an
all-glass boom-fin having the stiffness of existing metal
structure with less weight. Figure 11 shows the coastruction
that is typical throughout the length of the boom. Figure 12
shows the materials for the fin.

Symbols are defined on page xiv.
Orientation is in degrees from
boom axis

Core is PVC R400, T=.25 inch.

B.L.=0
el

Face Region Material Style Angle (deg) T LT
Outer 1 S/S/s  913/uU/913 45/0/45 .010/.030/.010 .050
Inner 1 S/s/S  913/U/913 45/0/45 .010/.010/.010 .030

Figure 11. Materials for Boom in Boom-Fin Concept 2.
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Region 1t at Fin Station 5.
d— 1b at Fin Station 50.
Pl
| \@\ R400, T=3/8 in.
~

)
A
i

-~

Symbols are defined on page xiv.
Orientation is in degrees from boom axis

Face Region lMaterial Style Angle (deg) T zm ;
% Outer 1t (s/8)g  (913/913)g (0/45) 5 (.010/.010)g  .040 '

b (5/5/8)g (913/913,U)g (0/45/0)g  (.010/.010/.040)g .120

2 S/s 913/913 0/45 .010/.010 .020
3 E/E 181/181 0/45 .009/.009 .018
4 (E/E)s (181/181) 5 (0/45) g (.009/.009)g .036
5 Aluminum

Inner 1t (s/8) s (913/913) g (0/45) g (.010/.010) g .040
1b (S/5/S) s (913/913/U) g (0/45/0)g  (.010/.010/.020)g .080
2 s/s 913/913 0/45 .010/.010 .020

Figure 12. Materials for Fin in Boom-Fin Concepts 2, 3 and 4.
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Boom-Fin 3

Figure 13 shows the structural configuration for boom-£fin
concepts 3 and 4. In these concepts, the fin is identical to
that for concept 2. The boom, however, is changed appreciably.
The boom is fabricated as an open shell with a 1l2-inch-wide gap
at its top, running along its entire length. This gap is clos-
ed by a system of removable structural panels. The drive shaft
is located within the contour of the boom. The bearings for
the drive shaft are supported directly by the two intermediate
frames. Hinged doors are provided at these locations for
access to the drive shaft bearings and couplings for daily in-
spections. The control system can also be inspected through
these doors. Figure 14 shows additional details for the covers.

Favorable characteristics of concept 3 include:

1. Low weight. Concept 3 uses the entire available
envelope with corresponding increase in structural
2fficieacy. At B.S. 194, an equal weight of material,
uniforimly distributed on contour 3, increases torsion-
al, vertical, and lateral stiffnesses by 68%, 50%, and
71%, respectively,over that for contour 1.

2. Excellent access to the interior of the boom.
3. Elimination of secondary covers for drive shaft.
4. Elimination of two bottom access panels.

The principal disadvantage is the requirement for removal of
structural panels to replace drive train :components. Figure
15 shows typical construction throughout the length of the
boom.

ggom-Fin 4

Boom-Fin 4 has the same structural layout as boom-fin 3.
However, it uses single-walled construction over major portions
of the boom. Stability is provided by longitudinal corruga-
tions without the use of stringers or longerons. The corruga-
tions are tapered bcth in depth and in width over the length of
the boom. At the forward end, B.S. 41.30, the convolutions
provide a natural transition to the attachment fittings.
Sandwich construction is used at selected locations, such as
the top covers, the edge of the opening for the covers, the
areas around the side access panel, and the areas around the
attachment of the elevators. Figure 16 shows construction

at a typical section through the boom. The fin is identical

to that described for boom—fin Z.




Fairing -«\\/// :
Boom-Fin Primary Structure ///

Shell

Drive Shaft

Frames '/
Bulkheads Cover
Rib ;
Spars

Support Panel at 42° Gearbox

Access Panels /// ///

I7 Total Parts

NN N W

7,

To» Access Panel Typ.

Inspection Doors

(Nonstructural) 42!

Drive Shaft
Support Bearings )

Elevator
Support

Frame 2

Side Access Panel Electronics {

Boom-Fin Shell Frame 1

Figure 13. Structural Configurations for
Boom-Fin Concepts 3 and 4.
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Symbols are defined on page xiv

Orientation is in degrees from

boom axis.

Core 1s PV7 R400, T=.25 inch.

Face Region Material Style Angle (degq)
Outer 1 E/S/S 120/G/913 45/0/45

2 E/S/S 120/U/913 45/0/45

3 E/S/S 120/0/913 45/0/45
Inner 1 E/S/E 120,/U/120 45/0/45

2 E/S/E 120/U/120 45/0/45

3 E/S/E 120/0/120 45/0/45

Figure 15.

T
.004/.010/.010
.004/.030/.010
.004/.020/.010
.004/.010/.004
.004/.030/.004

.004/.020/.004

T
.024
.044
.034
.018
.038

.028

Materiales for Boom in Boom-Fin Concept 3.
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Symbols are defined on page Xiv,
Orientation is in degrees from
boom axis.

Core is PVC R400, T=.25 inch.

Face Region Material Style Angle (deg) T T

Outer 1 E/S/S  120/U/913 45/0/45 .004/.010/.010 .024
2 S/S/S  913/U/913 45/0/45  .010/.040/.010  .060
3 S/s/S  913/U/913 45/0/45 .010/.050/.010 .070
4 (S/S/S)S (913/913/U)g  (45/0/0)g  (.010/.010/.005) s .050

Inner 1 E/S/E  120/U/120 45/0/45 .004/.010/.004 .018
2 s/s/s  913/U/913 45/0/45 .010/.010/.010 .030

Figure 16. Materials for Boom in Boom-Fin Concept 4.
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ELEVATOR CONCEPTS

General

The four elevator concepts presented herein differ both in
structural configuration and fabrication process. The sequen-
tial numbering of the concepts is also the historical order of
their development, and it will be found that each concept
evolves from its predecessor. The last is the simplest, and
cost analysis also shows it to be cleacly the best. Table II
summarizes the characteristics of each concept.

TABLE II. ELEVATOR CONCEPTS, BASIC CHARACTERISTICS

Principal Materials
No. Bending Element Facing Type

Spar Facings
0 _ Internal tubular spar Stiffened sheet Aluminum Aluminum

1 Internal tubular spar Shell & sandwich Aluminum E-Glass
2 Internal tubular spar Shell & sandwich  Aluminum E-Glass
3 External faces Shell & sandwich E-Glass E-Glass

4 BExternal faces Sandwich E-Glass E-Glass

Elevator 1

Concept 1, shown in Figure 17, contains an aluminum tubular
spar and attachment fittings similar to 'hose in the existing
structure. This spar tube is the main s.:ructural element that
supports the bending moments and transfers them by socket
action to a cross tube located in the boom. Two aluminum ribs,
bonded to the tube, support the outer envelope, which consists
of a leading-edge "C" and a trailing-edge arrow, both made
from glass fabric. The leading edge is a symmetric laminate
with a total thickness of six plies. The trailing-edge arrow
is a sandwich with two-ply facings over a core of PVC R-300
rigid foam. The extreme trailing edge of the arrow also con-

tains an aluminum strip 2 in. x .032 in. to provide resistance
to handling impacts.
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Plan View Elevator Primary Structure

Spar Tube

Attachment Fitting, Bonded
Tube

Ribs

Leading-Edge "C"
Trailing-Edge Arrow

Tip Cap

Clip Angles

Total Parts

il

2 T

WO EHERFHFND

Leading
Edge
Spar Tube

Clip Angle

Tip Cap

Channel Insert — £ Trailing-Edge Arrow

Figure 17. Structural Configuration
for Elevator Concept 1.

The following lay-ups are used:

Item Material Style Angle (deg) T
L. E. "C" (S/E/E)S (913/181/181)S (0/0/45)S .06
T. E. Arrow E/E 181/181 0/45 .02
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INTENSIFIER

LEADING-EDGE BOND FIXTURE

’ /

BOND TOOL

FIBERGLASS FACE SHEET

L. AL SHEET METAL

SPAR RIGID FOAM

Figure 18. Bond Fixtures for Elevator Concept 1.
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Elevator 2

Concept 2 is similar to concept 1 in layout and materials. It
differs principally in that the outer envelope is made in a one-
phase bondment as shown in Figures 19 and 20. This method pro-
duces a D-shaped leading edge of all-fiberglass construction.

Plan View Elevator Primary Structure

Spar Tube

Attachment Fitting, Bonded to
Tube

Ribs

Envelope

Tip Cap

Clip Angles

Total Parts

N el

Spar Tube

U}/,_Clip Angle

Envelope

Tip Cap

Figure 19. Structural Configuration for Elevator Concept 2.
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Elevator 3

In concept 3, the aluminum tubular spar is eliminated. 1In its
place a fiberglass spar is used. For most of its length, the
spar has a channel shape. At its root end, however, it changes
to become circular. A hard-coated, thin-walled, .06-inch
aluminum tube is bonded over the spar to provide wear-resistant
bearing surfaces for socket action with the cross-tube within
the boom.

The outer envelope itself is the load path for bending moments.
Figure 21 shows that the outer envelope and the tip cap are
made as a single unit. The outer envelope is both bonded and
riveted to the spar. The outer envelope can be divided into
three general regions: the leading edge forward of the spar,
the middle region aft of “he spar, and a trailing-edge arrow.
Lay~-ups for these regions are listed below.

Region Material Style Angle (deg) T
Fwd. of Spar (Eq)g (1814)g (0/0/45/45)g .08
Aft of Spar (Eq)g (1819)g (0/45) g .04
T. E. Arrow E/E 181/181 0/45 .02

The envelope also contains plies of uniaxial E-Glass oriented
sparwise at the location of the spar. On the average the
uniaxial cap is .04" x 4.0". The trailiny edge is a sandwich
similar to that used in concepts 1 and 2, including the
aluminum strip for handling impacts.
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E — PRESSURE BAG
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| BOND TOOL i
; BOND TOOL (HINGED) ]
; REMOVABLE NOSE HALF 3
! TO ALLOW LAY-UP
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BAG
REMOVABLE ;
BOND TOOL SEGMENT i
Figure 20. Bond Fixtures for Elevator Concept 2.
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Figure 20. Bond Fixtures for Elevator Concept 2,
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Elevator Primary Structure

Spar

Sleeve

Attachment Fitting
Rib Segments
Envelope

Total Parts

Plan View

QN

el

Rib Segment
Attachment
Fitting

et

Envelope

Figure 2. Structural Tonfiguration for Elevator Concept 3.
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Elevator 4

Figures 22 and 23 show the structural configuration and the
bond fixture for concept 4. In this concept the entire outer
surface, tip cap, end rib, interior spars and interior rigid
foam are laid up and cured in one step. A single-~piece
aluminum forging is then fastened to the elevator to complete
the assembly. This concept has several advantages, which in-
clude: 1low cost, low weight, extremely low parts count, and
excellent strength, reliability, aerodynamics, salvageability
and repairability.

Plan View

Elevator Primary Structure

1 End Fitting

E:H_ 1 Envelope

2 Total Parts

Envelope

End
Fitting

Figure 22. Structural Configuration for Elevator Concept 4.
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Figure 23. Bond Fixtures for Elevator Concept 4. SPARS
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Structurally, the principal element is a box beam formed by the
two channel-shaped spars and the outer envelope. Stainless
steel doubler plates are interleaved into the lay-up to assist
in the transfer of the loads at the attachment to the end fit-
ting. The end fitting itself is a single-piece aluminum forg-
ing that interfaces properly with the existing cross tube in
the bhoom.

L Typical lay-uos for the envelope are shown below:

Region Material Style Angle (degq) IT

E Fwd. of Box E4 1814 (0/45) g .04
Over Box * Eg (1812/02)5 (0/45/0/0) g .08

Aft. of Box E/E 181/181 0/45 .02

* Average values, more uniaxial at root, less at tip

COVER CONCEPTS

Table III summarizes the principal characteristics of four
concepts presented for covers to enclose the drive shaft over
the boom. Concept 3 is the best of the group, with an out-
standingly low life-cycle cost and good durability.

TABLE IIXI. COVER CONCEPTS, BASIC CHARACTERISTICS

Principal Materials

No. Hinge Cover Type
Hinge | Cover
0 1 side, Continuous Chem-Milled Sheet Aluminum Aluminum
1 1 side, Discrete Sandwich Aluminum E-Glass
2 1 5ide, Continuous Reinforced Sheet Polyalamer* "
3 1 side, Continuous Formed Sheet " Polyalamer*
14 2 sides, Continuous Formed Sheet " "

[ rPropylene-ethylene type crystalline copolymer

Preceding page blank
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Cover 1

Figure 24 shows cover concept 1. Like the boom, it is a sand-
wich shell made in a single-phase bondment. Typical lay-ups
are:

Item Material Style Angle (deq) IT
Outer face E/E 181/120 0/45 .014
Inner face E 181 0 .010

The core is R400 with a thickness of .25 inch. The core
extends over the central regions. At the ends, single-wall
construction is used to simplify the mechanical attachment of
the hinges and the quarter turn fasteners. The lower long-
itudinal edges are also single wall to facilitate fabrication
and trimming. The perimeter is locally reinforced with addi-
tional plies of cloth and a small aluminum sheet at the
fastener holes.

E GLASS FACES,
PVC CORE SANDWICH

EXTRUDED ALUMINUM QUARTER TURN FASTENER
HINGE

Figure 24. Cover Concept 1.

One feature of this design is the attachment of each cover to
the hinge by only two fasteners per cover. This provides
economy in assembly and replacement, and also aliows con-
vienent removal of the cover for obstruction-free maintenance
of the drive train. Another feature ig the short length of the
hinges. Each hinge is attached with only two fasteners to the
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shell of the boom. The hinges can also be very durable with
permanently entrapped hinge pins.

Cover 2

Concept 2, shown in Figure 25, is conventional. It is very
similar in concept to the existing metal cover. However, it
should be superior to the existing cover because of better
impact resistance. Its only new feature is the use of a plastic
hinge; polypropylene and polyalcomer are leading candidates

for the hinge.

STIFFENING ARCH
E GLASS COMPOSITE, T = .080 IN.

PLASTIC HINGE E GLASS COMPOSITE
RTP STOPPER T = .030 IN.
STAINLESS STEEL, T = .010 IN.

Figure 25. Cover Concept 2.

Cover 3

Figure 26 shows cover concept 3. This cover is vacuum molded
in one piece from a .l0-inch-thick sheet of polyalomer or
polypropylene. It features extremely low cost and excellent
tolerance to impact and mishandling. One concern is failure
of the hinge, loss of the cover, and damage to the tail rotor.
Such behavior is precluded by the presence of a small steel
strap, called a rip stopper. It is a standby load path that
comes into play only if the hinge begins to iail. The rip
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stopper restrains the cover and prevents the progressive
failure of the hinge.

STIFFENING ARCH

INTEGRAL HINGE

RIP STOPPER POLYALOMER OR
STAINLESS STEEL, .010 IN. POLYPROPYLENE

Figure 26. Cover Concept 3.

Cover 4

Concept 4, shown in Figure 27, uses the same fabrication pro-
cess as concept 3. It differs only in configuration. Hirges
are provided on both sides, permitting service from either side
of the aircraft. This is a m..xed blessing, however. It
increases serviceability, but it also increases the likelihood
of forgetting to secure both sides of the cover. 1In addition,
the presence of the hinge precludes carrying the stiffening
arch to the base, and thus concept 4 has less lateral resis-
tance than concept 3. On the whole, concept 3 is the better
design.
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STIFFENING ARCH

7~ INTEGRAL HINGE
TYPICAL BOTH SIDES

RIP STOPPER POLYALOMER OR
STAINLESS STEEL, .010 IN. POLYPROPYLENE
TYPICAL BOTH SIDES

Figure 27. Cover Concept 4.
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DESIGN CRITERIA

S1GN CONVENTIONS

In this report, two local coordinate systems, shown in Figure
28, are used to define the loadings on the boom-fin. 1In each
system, a consistent left-hand sign convention is used for co-
ordinates, forces, and moments. The local X~directions lie in
the midplane of the aircraft and along the axis of the boom
and along the forward spar of the fin. The positive sense for
the X-directions has an aft component. The Y-direction lies
perpendicular to the midplane of the aircraft and is positive
to the left; the Z-direction is orthogonal to X and Y with
left-hand sense. Forces and moments are pos.t.ive when their
vectors lie in the direction of the positive sense of the
coordinate axes. In all tables of internal loads, the stated

loads are those acting upon the forward segment, as shown in
Figure 28.

FUSELAGE STATION

Figure 28. Coordinates for Boom and Fin Loads.

LIMIT LOADS

According to Reference 3, the critical des'gn conditions for
the boom are: condition Vb, yaw + 15° recover; condition Vb,
yaw - 15° recover; and condition XIV, tail-down landing. In
the present study, these conditions are identified as cases
.12, .13, and .15, respectively. The critical design cond-
itions for the fin are cases .12 and .13 only. Tables IV and
V summarize the limit loads for the boom and fin.
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TABLE 1IV. LIMIT LOADS FOR BOOM

BOOM Fy Fy Fz My

Case Sta. (kips) (kips) | (kips)|(in.-kips)|(in.-kips)|(in.-kips)

.12 41.32 -0.09 ~2.66 -1.45 75.91 -166.46 -597.78

59.50 -0.08 -2.73 -1.35 80.12 -140.15 -549.73

80.44 -0.08 -2.73 -1.35 83.64 -11.89 -492.86
] 101.38 -0.07 -2.96 -1.13 85.12 -83.62 -435.86
122.33 -0.07 -2.96 -1.13 81.60 -61.52 -=492.73
143.28 -0.03 -3.03 -0.47 92.16 -37.80 -312.78
164.23 -0.03 -3.03 -0.47 96.07 -27.82 -249.59
185.18 -0.02 ~2.92 -0.28 102.15 -17.95 -186.54
194.30 -0.02 -2.92 -0.28 103.84 -15.28 -159.19

.13 41.32 -0.09 1.67 -1.43 -57.98 -165.30 406.26

59.50 ~0.08 1.74 -1.32 -61.10 -189.32 376.14
1 80.44 -0.08 1.74 -1.33 -63.35 -111.47 339.75
101.38 ~-0.07 2.00 -1.11 -63.99 -83.61 293.24
122.33 -0.07 2.00 -1.11 -65.98 -60.11 261.11
143.28 -0.03 2.09 -0.49 -67.81 -38.63 220.05
164.23 -0.03 2.09 -0.49 -70.52 -28.44 176.39
185.18 -0.02 2.00 -0.29 -75.51 ~-18.25 132.82
3 194.30 -0.02 2.00 -0.29 -76.67 =~15.52 114.01

.15 41.32 0.11 0.0 1.85 0.0 367.04 0.0
59.50 0.11 0.0 1.85 0.0 333.39 0.0

80.44 0.11 0.0 1.85 0.9 294.63 0.0

101.38 0.11 0.0 1.85 0.0 255.87 0.0
122.33 0.11 0.0 1.85 0.0 217.09 0.0
143.28 0.11 0.0 1.85 0.0 178.31 0.0
164.23 0.11 0.0 1.85 0.0 139.53 0.0
185.18 0.11 0.0 1.85 0.0 100.75 0.0

0.0 1.85 0.0 83.87 0.0

194.30 0.11

Notes:

1. For cases .12 and .13, the points of application of
the loads lie at aircraft B.L. = 0 and W.L. = 63.09.

2. For case .15, the points of application of the loads
lie at aircraft B.L. = 0 and W.L. = 76.31.

3. The above loads were calculated from load data pre-
sented in Reference 3, pg. 4.003 by applying a rota-
tion of -3.55° about the Y-axis and appropriate sign
changes to transform the loads into the loc 1 (true)
axes for the boom.
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TABLE V. LIMIT LOADS FOR FIN

(kips) [(in.-kips){(in.-kips)(in.-kips)

.12 39.55 70.25 0 -3.21 12.26 -18.95 -164.2
60.00 49,80 14.22 -2.69 11.65 -18.95 -105.9
80.00 29,80 28.13 -2.18 10.91 -18.95 - 57.03
100.00 9.80 42.03 -1.69 10.42 -18.95 - 18.40
112.61 3.00 50.80 - .27 2.40 0 .18
]
.13 39.55 70.25 0 2.36 3.51 -18.95 129.”
60.00 49.80 14.22 2.06 2.96 -18.95 86..
80.00 29.80 28.13 1.75 3.39 -18.95 47.37
100.00 9.80 42.03 1.43 3.93 -18.95 14.85
112.61 3.00 50.80 .16 -.02 0 .02
Notes:
1. Spar stations have the same sense as the local X

direction.

Fin stations run down the spar. Their origin is at
the location of the tail rotor; see Figure 1.
Fin station = 109.8 - spar station.

Span stations are used in Reference 2. They are
related to aircraft waterline positions as follows:
Span station = W.L. - 67.5.

Fy and Fz are zero.

Points of application of load lie along the center
line of the forward spar.

The above loads were calculated from load data pre-
sented in Reference 3, pages 5.01 and 5.02 by applying
a rotation of ~44.05° about the Y-axis and appropriate
sign changes to transform the loads into the local
(true) axes for the fin.
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STIFFNESS
Stiffness criteria are required to achieve two objectives:

1. To avoid rescnances wWith main rotor harmonics,
particularly 1l/rev and 2/rev.

2. To assure that changes in the angle of attack of
the fin as a result of lateral loads are similar
to those that occur in the existing structure.

The first objective avoids excessive vibration levels. The
second objective avoids changes in the lateral control of the
aircraft. Such control changes may not be harmful, perhaps
even desirable, but their investigation would be beyond the
scope of this study and thus, to be safe, are avoided.

One approach to defining stiffness criteria would be to require
that the bending and torsional stiffness match the corresponding
unbuckled stiffnesses* of the existing structure at each sta-
tion along the boom and fin. This approach will lead to satis-
factory new designs if the total mass and its distribution are
similar to those of the existing structure. Such is the general
case because app:oximately one half of the total mass of the
assembly is composed of nonstructural items common to all de-
signs. The match-stiffness-everywhere approach is undesirable
as a rigid requirement, however, because it restricts design
freedom unnecessarily and, in some concepts, requires that the
structure be heavier and more costly than necessary.

An alternative, less restrictive, and still valid, approach can
achieve the stated objectives. The stiffness criteria can be
defined by deflection requirements. Consider the aft fuselage
to be cantilevered in normal position from a rigid wall. Then
the following three deflections must be satisfied:

1. The vertical deflection from a vertical load of 1
kip applied at the tail rotor 90° gearbox shall be
between 1002 and 120% of the corresponding deflec-
tion for the existing aft fuselage, calculated to
be 1.136 inches.

*Unbuckled stiffnesses for the existing structure were cal-
culated. They are presented and compared to stiffness of
the new concepts. See page 68 and Figures 35 and 39.
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; 2. The lateral deflection from a lateral load of 1 kip

z applied at the tail rotor 90° gearbox shall be be-

‘ “ween 90% and 100% of the corresponding deflection
for the existing aft fuselage, calculated to be
2.81 inches.

3. The change in angle of attack of the fin at the loca-
tion of the tail rotor 90° gearbox from a l-kip load
applied laterally at the 90° gearbox shall be between
80% and 120% of the corresponding change in angle of
attack for the existing aft fuselage, calculated to
be 1.062 degrees.

] The above deflection requirements are based upon the observa-

3 tion that the tail rotor, the ¢9” gearbox, and the fin to-
gether constitute 28% of the totzi mass of the aft fuselage.
This mass dominates the behavior because it is in the antinodal
position for the first two natural modes of vibration in both
the lateral and vertical directions. Thus, when the stiffness
for this important mass is maintained similar to that of the
existing structure, the frequencies cannot deviate signifi-
cantly.

Figures 29 and 30, from Reference 4, show the positions of the
natural frequencies of the existing aircraft in relationship
to the main rotor harmonics. From Figure 29, it is seen that
the first vertical mode lies between 1/rev and 2/rev, being
much closer to 2/rev, and that the second mode lies between
2/rev and 4/rev, being closer to 4/rev. Thus, it is apparent
that some reduction of stiffness in the vertical direction is
desirable and should be allowed. Accordingly the criteria
state that the allowable vertical dzflections are 100% to

120% of those in the existing structure. Figure 30 shows that
the first lateral mode lies almost midway between l/rev and
2/xev. The second mcde lies, unfortunately, in resonance with
4/rev. It is believed that the good position of the first
mode should not be disturbed, even if it allows the second
mode to be in resonance. Accordingly, the criteria state

that the allowable lateral deflections are 90% to 110% of
those in the existing structure.

WEIGHT ;

It is required that the new concepts weigh no more than the
existing aft fuselage. Figures 31 and 32 provide concise sum-
maries of the weight and balance of the existing aft fuselage.
Table VI further identifies the items of weight in the exist-
ing structure. These figures and tables were prepared from
data presented in Reference 5.
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TABLE VI. STRUCTURAL MASS ITEMS FOR EXISTING AFT FUSELAGE

Item Boom Fin Elevators
Bulkheads, frames, ribs 13.7 2.0 2.2
Cover 56.8 19.9 10.4
Fittings 2.6 1.0 0.8
Formers, stiffeners, angles 2.6 2.8 -
Lengerons 22.7 - -
Stringers 13.3 - -
Spars - 15.4 10.2
Doors and frames, access 6.0 4.0 -
Fairings and fillets 2.3 3.9 0.4
Exterior finish 2.5 0.7 -
Hardware, miscellaneous 3.1 1.2 1.0
Bumper, aux. tail gear 4.5 - -
Trailing—-edge strips - - 0.4
Supports - - 2.9

TOTAL WEIGHT, POUNDS = 130.1 50.9 28.3
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STRUCTURAL ANALYSIS

MATERIAL

Material analyses were made to determine elastic constants and
limit strengths for the specific laminates used in the design
concepts. Limit loads and limit strengths are used throughout
this report.

Composite theory as described in Reference 6 was used to
calculate the laminate properties from the properties of the
individual lamina. Table VII presents the input properties
for the individual lamina and the sources for the data. Table
VIII presents the calculated properties for the laminates.

It is believed that tests would show that the calculated
strengths are underestimated because the following conservative
assumptions are made in the failure theory.

1. Limit strength for each lamina is taken as .5x
strength. In effect, this provides an extra 33%
margin in ultimate strength over that normally
required by aircraft specifications.

2. Failure of the total laminate is assumed when any
individual lamina reaches its limiting strain. The
limiting strains can be found from the data in Table
VII by dividing the allowable limit stresses by the
corresponding elastic constant.

In general, no weight penalty is incurred by the use of these
conservative strengths because stiffness requirements, rather
than strength, control the selection of thicknesses.

Figure 33 shows a typical envelope of allowable stresses. For
the laminates used in this study, the allowable design space is
typically a rectangle or a near rectangle.

fxy for £y, = 0
Fy ,//——
s PR }?f t
C Fc . e L, 00 * ,.".. . F t
£xx o — A{i' ——2% £xx
i
Allowable Design Space
..fxy

Figure 33. Typical Envelope of
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TABLE VII. LAMINA PROPERTIES

Allowable Limit Stresses (ksi) Elastic Constants (ksi)

6.

properties.
asterisk.

Material,
Sl ) M B Ry Ell  Ex2 G ul2
E,120 -28.3 29.1 7-24.9 28.90 +6.95 3410. 3210. 570. .078
D,181 ~16.0 35.0 -14.0 34.80 +4.50 4700. 4200. 550. .10*
G, U -70.0 92.5 -15.0* 3.50 +5.00%* 21000. 1200 700.* .30%
s, U ~63.0 109.5 -12.5 2.38 +4.53 7100. 1740. 516. .25
S,913 -39.6 56.8 -39.6 56.80 +7.00% 4420. 4420. 700.* .10*
WNotes
1. Allowable limit stress = .5 x ultimate strength.

Properties for E-glass style 120 are based upon those
in Reference 7 for style 7781 at 260°F cure. E
E5, are the average of the initial values for tension
and compression. G is the secant modulus to .25 x

ultimate strength.

For PRD-49 style 181, see Reference 8.

and

For Graphite uniaxial style, see Reference 9, SP-236

T2.

For S-Glass uniaxial style, see Reference 10, 1002S.

For S-Glass 913 style, 3ee Reference 1l.

*Data reported in the literature is often incomplete.
such cases, estimates have been made for the missing
These estimates are identified by an

In

i,

.




TABLE VIII.

LAMINATE PROPERTIES

Allowable Limit

Allowable Limit

Elastic Constants

Location Ioads (kips/in.) Stresses (ksi) (Curvature=0) (ksi)
Concept Region c t c t
N, Ny Nyl Fxx Fx Fxy | Bx By G
Boam 1 1l -1.178 1.558 .6301} -20.67 27.33 11.05] 6204. 2254. 1725.
2 -2.092 2.766 .692|-29.89 39.51 9.89| 8970. 2152. 1535.
Boam 2 1l ~1.152 2.596 .888 | -14.40 32.45 11.10] 4693. 2228. 1263.
Boam 3 1 -.592 1.303 .429,; -14.10 31.02 10.21] 4438. 2071. 1164.
2 -1.824 -3.484 .610-22.24 42.49 9.84) 5753. 1938 848.
3 -1.179 2.382 .520-19.02 38.42 8.38] 5310. 1991. 955.
Boam 4 1l -.592 1.303 .429 | -14.10 31.02 10,21} 4438. 2971. 1i64.
2 -1.421 3.126 .932 ! ~15.79 34.73 10.36| 4967. 2190. 1180.
3 -1.456 2.918 .579| -20.8p0 41.69 8.27] 5743. 2053. 943.
4 -1.012 1.640 .520 -20.24 32.80 10.40; 4214. 3192. 1187.
Fin 1 1t -1.048 1.908 .736 | -11.9) 21.68 8.36]| 3498. 3270. 1290.
1b -6.488 8.572 1.104 | -39.08 51.64 6.65(11722. 2434. 1013.
2 -.524 .954 .368 | -11.91 21.68 8.36{ 3498. 3270. 1290.
3 -.403  .415 .231; =22.39 23.06 12.83! 2791. 2607. 1054.
4 -.806 .830 .462 -22.39 23.06 12.83} 2701. 2607. 1054.
Fin 2 1t -2.168 2.168 1.084 | =27.1C 27.10 13.551 3492, 2392, 1355.
1b ~5.668 8.880 1.496 ! -28.34 44.40 7.48! 5658. 2499. 851.
2 ~1.084 1.084 .542; -27.10 27.10 13.55; 3492. 3492. 1355.
3 -.403 .415 .231} -22.39 23.06 12.83; 2701. 2607. 1054.
4 -.806 .830- .462| -22.39 23.06 12.83] 2701. 2607. 1054.
Notes:

1. 8See Figures 5, 10, 11, 12,

descriptions.

15, and 16 for further

2. The properties for each region include both faces.

3. For boom concept 4, the properties shown above

correspond to the descriptions in Figure 16.

For the

stress and stiffness analysis, the thicknesses shown
in Figure 16 for regions 3 and 4 are multiplied by
1.228 to account for the developed length of the
corrugations.
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Table IX presents allowable limit strengths and stiffnesses for
core materials. The values shown are derived from the average
test values in the following manner:

1. The allowable limit strength = 4/9