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INTRODUCTION . Successful completion of Army helicopter mis-
sions in future battle scenarios may well depend upon survival of the

>— structure after battle damage. Survivability of a helicopter will de—
O...~ pend signif icantly uoon the structure ’s ability to retain structural
~~~ integrity. The principle purpose of this study is to develop a struc-

tural concept which assures a high de~ree of confidence in the integ—
L.~J 

rity of a structure that has received~combat damage. This study has

• been pursued because the Army needs to meet and provide a solution to

~~ 
the ever escalating high explosive anti—aircraft threat to the heli—
copter tail boom .~~

The highly lethal 23mm high explosive projectile represents an
v~ ~~~
., existing widely deploy~&~threat to Army helicopters . The more lethal

30mm high explosive proje’~~ile appears on the horizon as the potential
future threat. Because of ~~4s potentially severe 30mm threat and the
possible inadequacy of presen€N~emimonocoque designs to survive hits
by the 30mm , the present study ~~~ initiated to develop a structural
challenge to the 3oinni and to impro~~ upon the present designs.

The tail boom of a helicopter (for  example , the present AR—i and
UH-1 models) presents a significant amount of vulnerable area, and due
to the flight loads of the tail rotor and elevators , the tail boom is
constantly in some stressed condition. The semimonocoque tail boom con-
struction configuration consists of skins, longeron s, str ingers , and
bulkheads. Four longerons provide the main bending support for the
tail boom. Shear loads are carried by the skin structure which is
locally supported against buckling by the stringers. Presently the
seinimonocoque structure is configured to the minimum weight design .
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Ballistics tests using the 23mm high explosive against the minimum
weight semimonocoque tail boom design have demonstrated its lack of
damage tolerance.(l) Structural modifications have been shown to in-
crease the damage tolerance of the structure but the amount 01’ damage
is predictably a function of confined volume and detonation distance
to the surface.(l) Clearly the larger 30mm projectile reduces the
survivability of the entire semimonocoque tail boom structure.

The solution for a structural challenge in this study took the
form of a search for a highly redundant tail boom structure . A highly
redundant structure is a structure that starts with a compact unit
structure. The compact unit structure is interconnected within itself
by comparatively small, relative to the entire structure , but stiff
structural elements. The entire structure is then built up by a rep-
licat ion of t he unit structure, scaling as desired or necesdtated .
The main reason for a high degree of redundancy is to build—in damage
tolerance by attempting to keep damage strictly localized.

A possible engineering solution that can easily be made highly
redundant is the truss type structure. Use of modern technology and
standard elements can make a truss both practical and economical . Be-
cause of its pot ential to fulfill such characteristics , the truss type
structure was selected for this study 1 in place of the semimonocoque
structure. This study not only utilizes the truss concept but also
introduces the concept of complete imbedded substructures . Complete
inibedded substructures are easily generated within a truss structure
that has a base figure equivalent to a quadralateral by including the
interior diagonals in a simple open truss structure . The intent is to
develop a truss type tail boom with complete substructures that is
highly redundant so that it can absorb massive damage and yet still
I~4ld the aerodynamic loads of flight. The truss tail boom can reduce
vulnerability while lowering the weight of the tail boom. The observ-
able surface area drops significantly reducing visibility and radar
echo. A bonus would be the possibility of mounting a recoilless rifle
on the helicopter because the openness of the truss allows the passage
of back blast.

The development was performed throughout by computer modeling.
The aerodynamics loads can be simulated and a damage criterion estab-
lished very easily by this technique . A damage criterion should re-
flect a maximum amoun t of damage that can be sustained by the struc-
ture. The design objective is to retain structural integrity after
imposition of the damage criterion.

Damage to a truss structure would not be in term s of confined vol—
uzne or surface distance as it is in the semimonocoque structure , but•1
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damage would be In terms of loss of a member(s) or a loss ot’ a joint .
Not counting a completely destructive blast , the most catastrophic
single event that could occur to a truss structure would h~ the h~—
struct ion of a joint . The loss ot’ a joint in a truss structure can i~
considered as massive damage because the loss ot ’ many members assemb l-
ed at. the jo i n t  is associated with loss of t }i~ j o i n t . The demand that,
the truss sustain loss of a s ingle jo in t  and st i l l  retain s t ructural
in tegr i ty  (not have other members buckle or f a i l)  under f l ight  loads
Is considered maximum survivability for the purpose ot’ thli study .
Thus, loss of a joint is the damage criterion employed in this study .

Static and dynamic analysis of two truss design concept.s were
performed by the NASTRAN (NASA STRuctural ANalysis~ program . ~ne of
these truss concepts is a simple open truss desthn. The other model
incorporates the concept of complete substructures . ~ht ’ sem n t l o ~’cqii t ’
tail boom of AH—l helicopter series is used as the basis for it re—
plac~ nent truss ta i l  boom model. The AH—l series helicopter presents
a logical choice to develop a truss structure ta i l  boom to replace a
seinimonocoque structure. This helicopter has been in the Army ’s ar—
senal for a vhlle and will continue in service for a number ot’ years .

PROCEDURES . The longerons are the 1ongitudinit 1
~ elements

which constitute the basic configuration to be employed In the truss
structure model development . The baa -i c overall dimensions come from
the AH—1G helicopter reported in reference (

~~ ( s ee ’ Figure i). Longe—
ron pattern at the larger (or base t end has been s e lC ct e ’~l to conform
to the bolt pattern of the AH—1G model at the tail boom — math t’use —
lage manufacturing break line. The aerodynamic l oading conditions
were obtained from Bell Helicopt er Company. (~~) Common design para-
meters and formulas are listed in Table 1~. Consideration ol’ cos t. and
logistics leads the I loal design concept, to have all st r u c t u r a l  t russ
members wi th  the same cross sectional dimensions . There’ is less cost
involved buying large quantit.Ies of  s t ructural  elements all t h e ’ same’
S i Z e ’ than small quan t i t i es  of various sizes . rrhe st  andar l t i f t e (, ~
struc tural element c r ’ ~~ . Sle’m (1 1/2 in )  c ut s  ide ’ dltuiiet er and .1 “)~‘r
(1/16 in) thickness was chosen for this st udy lu’cause ct ’ i t  hi ~‘)~~ ‘

inertia over ro ls o t’ the same cross see t. tonal ‘~re’i

I n i t i a l  model goal was n high degree’ re ’ l t i t i i a t i cy  . ~‘h e goal was
achieved by o r ien t ing  ou t s ide  liagonals  at  }~~~° ~i t i c l t ’s , wh ich ~~~~~
ed a large number or ’ joints (l~)4 ) w i t h i n  the dimensional  l eunds  ci’
Figure 1. Though truly highly redun Innt and Itunage’ tolerant , t h e
geometric conf igura t ion  is not.  a low weight le’slgn . To obtain i~ g e ’~~
metric configurat ion conducive to a low wel ght  desi wit i t c u t  i c i  t i c
geometry opt imizat ion analysis , t h i s  st  u i y  u t  1 1 1 ~‘. u i  on l y  t h e’ ‘ ‘h i t
locations described in  reference ( T ’I . Thus , bo th mode ls of t h i s
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~173.5 N

H I 221.5 ”

258.0 ” ..

~-23.9~-1I 10.6 ”

7 ’ E ~24.75 ’ Liii ~~~~~~~~~~

_ I T T
~ ~— 10.4 ’

~‘-23.5~
-
~

BA SE OF END OF
TAILBOOM T~~ L3OCM

Figure 1. C eouietry of Helicopter Tsil 3oom .
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TABLE 1.
Common Design Parameters and Formulas

Material : Aluminum Alloy

Modulus of Elasticity : E = 7. x 10
10 n/m2(lO.5 x psi)

Density p: p = 2.7 x lO~ kg/m3(O.l lbs/in3) (li )

Margin of Safety : stress limit /
of Individual Member M.S. = . — 1.

applied stress

Stress Limits per member

Compressive CSL = .8 * or
Tens ile TSL =

cr

Euler Column Buckling (6)
Pcr

ci’ CSA

(‘ross Sectional Area of Thbe: CSA = .,r(r2 — r~ )

Compressive Critical Load with Hipged Ends (6)

per 
____

2
1 where 1 = length of member

study have 28 joints and 72 degrees of freedom , Model 1 is an open
truss framework containing 1114 members (see Figure 2). Model 2 is a
substructured truss framework by the inclusion of the interior dia—
gorials generating a total of 138 members (see Figure 3). The chosen
standard structural tube element makes Model 1 weigh approx imately
140.8 kg (90 ibs), and Model 2 weigh approximately 52.2 kg (:15 lbs).

Static an d dynamic analyses were perf ormed on both models by
NASTRAN.(8) NASTRAN is a large, comprehens ive , general purpose,
finite element, displacement method computer program . Design and
analysis of’ all forms of’ airframes have been carried on by NASA , aero-
space industries and other government agenc ies for a number of years
by use of NASTRAN .

The loading that corresponds to the maximum. 130 kt. level fliptht
condition(3) was applied to each complete model and Its subsequent
damage cases. The application of the 130 knot level flight load was

I
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Figure 2. Computer Drawing Figure 3. Computer Drawing
of’ Model 1. of’ Model 2.
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simulated using NASTRAN rigid format 14, Static Analysis with Differ—
ential Stiffness outputting displacements, stresses and margins of
safety. More accurate design operating stresses are calculated for
analysis of buckling failure to individual members by this method(9)
over NASTRAN rigid format 1, Static Analysis.

Buckling failure determined by margin of safety for each individ-
ual element is calculated in NASTRAN according to the relations given
in Table 1. Buckling due to compressive stress occurs before failure
of an element due to tension. An additional 20% safety factor is in-
cluded for compressive stress limits. A margin of’ safety less than

• zero indicates failure. A margin of safety between zero and one
indicates structural integrity and is acceptable. Margin of safety
greater than one is preferred for the purposes of this study.

The complete models were analyzed first with the 130 knot flight
loads applied. Then the imposition of the damage criterion was simu—
lated by removing a joint and all elements connecting that joint. A
vert ical station in front , middle, and rear of the models were chosen
to have their joints deleted one at a time and then the damaged struc-
ture was reanalyzed with the same applied flight loads . A total of
twelve damaged cases were simulated.

Real istically , port ions of membe~’s that enter a joint may remain
affixed to the truss structure after loss of a joint. The effects of
these members (or portions thereof) remaining are considered minor ,
and. therefore are neglected in this study .

RESULTS . Maximum deflect ion constraint due to tail rotor
drivoshaft couplings (10) is 8.13cm (3 .2 i n ) .  Table 2 shows maximum
displacements of the truss models with and without damage imposed .
These displacements lie comfortably within this maximum deflection
constraint . The complete semimonocoque tail boom structure weighs ‘ -

approximately 90.72 kg (200 lbs)(3) and its deflections due to the
130 knot level flight load are 1.37cm (.539in ) in y direction and
.37cm (.1146 in) in the z direct ion.(lO) The complete truss models
which weigh about half the semimonocoque tail, boom weight, show as in-
dicated by Table 2, a stiffness 12% greater in the y direction and
146% less in the z direction. Considering the weight difference the
truss modeTh stiffness is reasonably competitive. Table 2 shows a
maximum increase in the y direction displacement of .82cm more than
the undamaged case occurring in the case where joint 5 is deleted. It
shows a maximum increase in the direction displacement of .803cm
more than the undamaged case occurring in the case where joint 7 is
deleted.
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Members In tension have been found t o  have mar~~ :~s of sa f e ty
greater t han 1.0 . Compressive mnr~ ins of  safety wi~1er 1.0 b occur
due to  imposi t ion csf t h e  damage c r i t e r ion .  (Table ~ is a key for
Tables ~~ , ~ and 6) . O i n c e  changes in margins of  safety only occur
locally, only the damage c r ite r ’Lon in the neighborhood of the 1c’int in
question Is presented . Tables ~~~~ ~~~, ~ind ~ show the ‘ ‘ressi’.’e mar-
gins of safety and change In load path due to imposition of the damage
criterion.

The compressive margins of safety (\i.S. ’
~ shown in Tables ~~~, c ,

and 6 indicate load path redlstribut.ic’ns due t o  the  damage cases . The
comparison made between model 1 and model 2 shows the interior dia~o-
nals of model 2 to be working by taking on tensile and compressive
loads. rhoti~ h no members of model 1 or model 2 :‘a iled • Table ex-
t racts four cases from Table 14 and ~ where M . 5 .  is under 1.0 for  moLtel
1 and two cases for model 2 . Table also shows t ha t  substructured
model 2 consis tent ly has M. ~~. greater where ueeded than the open truss
model 1. Also , to be noted in Table is a 2’~ loading condi t ion  :‘oi’

two cases ~ut of the four where the M.0. is less than 1.0 for model 1
and comparative M .~3 . over 1.0 for the suhst :-uctured model 2 .

Table ~ shows the max imum and minimum pres ented areas and t he i r
appropriat e orientat ions . The semimonocoque structure presents a con-
tinuous surface whereas t he  truss models t ’resent non—continuous ~ur—
face areas. For the maximum model 1 has a ~~~ reduction and model 2
has a 33~ reduction in presented area compared t o  semimonocoque . Corn—
pariscr5 cs:’ the minimum preser.ted areas show : model 1 has a ~~~ reduc-
t ion , and model 2 has a 7~~ reduct ion.  Thes e  reductions show a clear
reduction In vis~ b l l it y  of the truss tail boom relative to the semi—
monoco~iue ty~e tal2 boom .

TABLE ~ Key for Tables h~ ~~, and 6

I . D. interior diagonal ; 0. D. = outside 5i ia~ona I

T . H. = transverse horizontal ; T .V. = t ransve rse vert. ic:tl

T. D.  transverse diagonal ; Long. longeron

j—j  Jo t n t — t o — ,~o j u t  conne c t  icr:

D = deleted member ; T member in tension

— = Nonexistant member; Blank space = compressive
Margin of’ Safety greater than 10.0

0 
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TABLE — . Compressive Margins of Safety Under 10.0 Pue to 130 knot
Flight Load on Forward Vertical Sta with l00’~ Loading

DAMAGE NONE Joint 5 Jo int  S Joint 7 Joint 3
MODEL 1 2 1 2 1 2 1 2 1 2
M~~~ ER J—J No#

Long. i-~ 7 T D D T T T T T T
2—6 8 T T P P 2.0 2 .3

ft 3— 7 9 3.6 3.6 l.L4 1.3 1~.1 14 .1 D D ~~~ 2 .2
~-8 10 T T T T T T D D
l— r 11 3.o 3•~ 10. D D 2.8 2 .2  7.1
2-~ 12 T T D D T T T T T T

“ i~-8 l~ 7 T 2 T T T T T D P
D P 5.7 7.~ T 7 L6 3. 0

1~ 7 7 T T T 7 0 P 7 7
U 3—8 ir 2.0 2.2 2.8 2. 1 2.3 2.3 .36 .71 0 0

2— ’ 17 2.0 2.2 1.5 1.3 1.2 l.!~ D P 1.5 1.2
3-6 18 7 T T T D P 7 T T 2

1.0. l— ’ 1Q — T — I’ — — P — 2
2— 8 20 — — T — — 3.2 —
3—5 21 — — P — T — — $ .7
14—6 22 — 2 — — P - P — P

T .V.  ~~~~ 23 P D~ P D
T.H.  ~-8 214 P D P 0
T .V. 7-3 2c T T T P T T P 0 P 0’
P .M .  6— 7 26 T 7 T T D P P P T P
T.D .  5— 7 27 T P 0’ T T P P

6—8 28 ~.0 3.5 0’ 0’ 2 7 P 0’
Long. 5-9 20 T T 0’ 0’ T T T T P T

6_b 30 T T T 2 P 0’ T
“ 7—11 31 14~~ 1 4 i~ 18  18  1~~ 2 2  0’ P

3—12 32 T T T 2 .~ 3.1 P P
0.D .  5—10 33 8.5 7.)  P 0’ l .o  2. t~ T 6 . 0 ~~~~

6—9 314 T P 7 7 0’ 0’ T T T
5-12 35 T T P 0 T T T T T 7

8—9 36 6 .0 5. 7 3.~ 
c •5 5 .7 2 .2  1. 0 0’ 0’

8—li 3” T T ~~ 
~ ‘ ~‘ 2 T “

~ 
p

7— 12 38 1.7 1.9 1 .3  1.1 1.2 1.1 0’ P .81 1.2
6— 11 39 2 .3  2 . 3  3.1 2.6  P P ~~ .70 2 . r 2. 1
7—10 140 T T 7 7 7 T P 0’ 7 7

.P.  ~— ii 141 — T — P — ~ .1 — 7 — P
5— 12 142 — — 7 — P — 3.0 —

‘~0 L 3 — — — T — P —
8—10 1414 — T — — 7 — 2 — P

0
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2ABLE 5. C omrr ~’s s iv e ~-~a r~ us of  a fet  y ~n4te r  10 .0 The t o  130 kn ot
F l i g h t  Lead on M i d d l e  Vt ’r t  ic a l  C t  a w i t h  l20~ Load in g

N one Joint  1$ Jo bu t 1:4 Joint 15 J o in t  it’
MODEL 1 2 1 2 1 ~ 1 2 1 2
~~~~~~~ J—J No .

Long. 0_ l $~~~ l 7 7 0’ 0’ 7 T T 7 7 T
10—1 14 -2 7 7 7 P D 0’ S .1 7 • S ‘2 T
11~~1-~ ‘ 3  6 .2  o . . ’ ~.0 3 .0 ‘0 T D P b . c 1. 0
12—it ’ ~14 m~ $. c s .~ 6.1 0’

0 .0 .  0— 114 ~5 ~.0 ~ .r 2. c 3.~ 0’ 0’ 2.0 2 .2  T 5 . 14
“ 10—13 ~1 T T P P 7 -T T T 7 7
“ O— ~~t’ ~T 2 T P T T 7 7 2 P 0’

::—i ~ ~8 3.~ ~~ P P 3 .8 3 . 0  0 . 14 .7 .c’2 .1
l~’— F ’  ~~) 7 2 T 7 7 7 0’ 0’ 7 T
11—Ic’ t’O 1.~ l.~ 1.~ 1.2 1.3 1.2 .2~ .c5 0’ 0’
~~~~~~~~~~~ ~‘1 2.3 2.3 2.2 1.7 1.2 1.7 0’ 0’ 1.2 1.0
11— 114 t ’2 T ‘2 7 ‘2 0’ 0’ 2 2 7 ‘2

— 2 — 2 — — 0’ —
10—it ’ rI — — P — ~.2 — P
11—13 to~ — — P T — — 2.0

“ l~~~114 r’o — P — — 0’ — P — T
7. V . 13— 114 e’~ P
TJi . i~ — 1c’ c’$ p p :  -r -o
-r.v . 1~ —i 6 00 2 7 2 7 2 0’ 0’ 0’ 0’
‘J~. 114—15 70 T 7 T T 0’ 0’ 0’ 0’

7 .0 .  1 $—1~ ~‘1 
p p p p 1’

2.0’. 114—it ‘‘ 0’ 0’ 7 ‘
~~ 0’ ‘2

,~on g. 13—l~ 73 2 T 0’ 0’ 2 7 7
114—18 714 T 2 7 T 0’ 0’ 7 2 2 0’

“ i~ — i ° ‘‘c 0 .5  0~~0 14 .5 14 .o 14 . ~~~. 0’
“ iS— 2o Th 2 2 c .~) ~~$ 2 . ’ 3.1 0’ 0’

0 . 0 ’ .  13—1 8 “
~~ c • 14 

~~~~~~ 
p p i .~ 2. 0 7 ..’ 3 .2 2 . 8r$ 7 0’ T T 0’ 0’ 0’ 2 7 7

13—20 7-) 0’ 7 P 0’ T 7 ‘2 7 7 ‘7
ic’—17 $2 14 .~3 3. -) 2.1 2.0 ~~~ ~.0 2 . 2  1. 0 0’ 0’

$1 7 T 7 1’ p T 2 0’ 0’ 0’
— 20 $2 2.~ 2.~ 2.3 1.8 2.: 1.~ P 0’ .$ 1 .2

14_ 10 $3 $.~~ 3. 14 3 .3  2 . 8  o o .8: i.~ ~~~ 4 .1
814 2 7 2 T T T P P T 2

1.0’. 13—1-) 8~ — — 0’ — s o-) — — 7
— — 2 — 0’ — 14 .2 —

l~~— 17 *‘ — 2 — T — T — 0’ — 
-
.

$8 — 2 — — T — P — P

0 
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TABLE 6. Compressive Margins of Safety Under 10., ) Due to 13(1 knot
Flight Load on End Vertical Sta with 100% Loading

DAMAGE None j oint 21 Joint 22 Joint 23 Joint 214
MODEL 1 2 1 2 1 2 1 2 1 2
!~~~V1BER J-J Not
Long . 17-21 95 T T P D T T T T T T

18—22 96 T T T T D P T T
19—23 97 5. 14 5 .6 T T D D 3~ 2 3~ T
20—2 14 98 7.8 9.1 6.6 6.8 P D

0 .D.  1,7—22 99 6.5 6 ,5 2~ 6 14~ i D D 3.6 3.2 9.1
“ 13—21 100 T T P P T T T T T T

17-214 101 T T T T T T T T D D
20—21 102 5.1 14 .9 0’ D 5 .0 14 .1 6.5 6 .5  1.14 2 .0
20—2 3 103 T T T T T T P P T T
19—214 1014 2.9 2.9 2.9 2.14 3.0 2. 14 1.1 1.5 D D
18—23 105 14.2 14.3 L~.l 3.1 2 .3  3.3 D P 2 .5  2 .2
19—22 106 T T T T D P T T T T

I .D.  17—23 107 — — — 10. — D — T
18—214 108 — — T — — 6.7 — P

“ 19—21 109 — T — 0’ — T — T — 6.1
20—22 110 — T - 9.6 — P - T — T

T .V. 21—22 111 D D P D
T.H.  21—2 14 112 D P - T T D D
T.V. 23—2 14 113 T T T T T T D P D D
T.H.  22—2 3 ii14 T T P D D D
T.D .  21—23 115 T P D P D T T
T.D. 22—214 116 T D D T T D P
Long . 21—25 117 T T D P T T T T

“ 22—26 118 T T T T D D T T T T
23—27 119 6.7 7.1 5.6 7. 14 P D
2 14—28 120 7 T 7.8 7 .3  3. 14 3.9 D D

0.D.  21—26 121 7 .3  7.2  D P 2.14 14 .o 14 .1 3.7
22—25 122 T T T T D P T T T T
21—28 123 T T D P T  T T T T T
2 14—2 5 1214 5.0 14 .8 2.9 14.0 6.0 3.7 2.9 2. 14 0’ D
2 14—2 7 125 T T T T T T T T P P
23—28 126 3.1 3.1 2 .9 2 .3  2.8 2 .3  D P 1.2 1.6
22—27 i2~ 14.2 14.14 14.3 3.7 D D 1.2 1.9 7 . 14 5.6
23—26 128 T T T T T T D P T T

I.D. 21—27’ 129 - — — 6.2 — - T
22—28 130 — 2 — T — D — 6.3 —

23—25 131 — — T — T — D — 8.0
214—26 132 — T — — T — T — P
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TABLE 7. Cases of Models 1 and 2 Where M. S~ Less Than 1.0

Case Where Pamage is — Joint 7

Loading Element # J—J Model 1 M . S .  M~de1 2 M .~S.

100% 16 3—8 .36 .71
39 6—11 .1414 .79

75% 16 3—8 .82 1.3
39 6—il .914 1. 14

Case Where Damage is — Joint 8

100% 38 7—12 .81 1.2

Case Where Damage is — Joint 15

100% 60 11—16 .2 14 .56
83 114_19 .82 1.3

75% 60 11—16 .66 1.1

Case Where Damage is - Joint 26

100% 58 12—13 .6~ 1.1
82 15—20 .87 1.2

TABLE 8. Observable Presented Area

Maximum Orientation Minimum Orientation
AH— 1G 58 ,655cm2 ( 145 146 in 2 )Side . 39 ,233cm 2 (3506 in 2 )Bottom
Semimonocoque

Truss 31,3514cm 2 (2 1430 in 2 )Obli que 7 ,838cm 2 ( 608 in 2 ) Side
Model 1

Truss 39, 019cm2 ( 30214 in 2 )Obli que 9 ,7514cm2 (755 in 2 )Side
Model 2

p 
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CONCLUSIONS . 2h~’ ‘ ‘i-~ -; ~~~.
- . - t L . ‘ mc~~ei.3 of th is stu dy

provide a reduction in wei~-h of - t : : ”  \~~m e ” l : . ’ - - -~ve r th e  present
semimonocoque tail boom str ’~~~~ ’.’ -- o ” ‘he  ~~~~~ . 7he t rus~ mod els  ‘:re
reasonably s t i ff  s tructures - ‘om~ ar ” i  - - h ’  :~ ~‘mincn ” c c o ue  ctructure .

Analyses of the hi~zhl y redu ndar.t ~~~~ mc :r ’l. l e r  the  aer~ —
dynamic loads of f l ight and w i t h  imp o si t i - ’u - f  ~ ma.~sive damage
criterion show:

o Substantial retention of ,3tiffness

o Change of load path that- is localized

o No failure of elements lue to tension or compression

o Retention of structural integrity

The substructured truss model has more supporting structural elements
to redistribute the load and consistently has marg ins of safety higher
than the non—substructured truss model. The substructuring concept
has vulnerability reduction b u i l t — i n .  The substructure concept
assures a higher degree of confidence in the truss concept to retain
structural integrity after imposition of the loss of a jo i nt . The
substructured truss model has at 1ea~t a 33~ reduction in presented
area compared to the semimonocoque structure.  The highly redundant
substructured truss t~rpe tail boom is a highly survivable s t ructure.

L 
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