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EUSTIS DIRECTORATE POSITION STATEMENT

This report documents the research , development , and testing efforts involved in designing ,fabricating, structural testing, and flight testing of a primary fuselage structure for a heli-copter using advanced composite materials. The selected component was the tailboom
and vertical fin for the AH- 1G Cobra helicopter. The tailboom design is a semimonocoqueconstruction using a sandwich wall construction.

The research and development program established that helicopter primary fuselage
structures can be eff icientiy fabricated from advanced composite materials.

The report has been reviewed by the Eustis Directorate , U. S. Army Air Mobility Researchand Development Laboratory (AVSCOM) and is considered to be technically sound. It ispublished for the exchange of information and the stimulation of future deve lopment.

The technical monitor for this program was Mr. T. L. Mazza , Structures Technical Area ,Technology Applications Division.
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cisc LA I ME R s

The fi ndings in this report are not to be construed as an off ic ial  Department of the Army position unless so
designated by other authorized documents.

When Government drawings , spec if ications , or other data are used for arty purpose other th in in connect ion
with a definitel y related Government procurement operation , the United States Government ther e by incurs no
res po nsibi l i ty nor any obli gation whatsoever; and the fact that the Government may have formulated , furnished ,
Or i ii any way supp lied the said drawings , spac if icat ion s , or other data is not to be rogarth : by implicat ion or
otherwi s e as in any manner licensing the holder or any other Person or corpor at ion , or co riaeyl ng any ri ghts or
permiss ion , to ma nufacture , use , or se ll any patented invent ion tha t may in any way be ri~i ted thereto.

Ti eli~ ri ,irrie~ ci ic il i i  his r poi ito rii~)I Co ns t i t u t e  ilfl Of f i c i a l  endo rs itrs ie,r t  or upprov~ l of t h e  use of such
commerc ial ha rdware or sof twj re .

DISPOSITI ON INSTRUCT IONS

Destroy i n s  report when no longer n inilril. Do not return it to the originator.
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T h o r n el  300 g r a p h i t e  f i l a men t s  w i t h  an epoxy r e s in , o l d  t f l e  sa nd w i c h  c ore
is Nomex h o n e y c o mb .  The w e t - f i l a men t - w i n d i ng  tec Il tque w a s  used  in the
f ab r i ca t i on  of the  ma jor  components .

T h i n  r e se a r c h  and development  p r o g r a m  e s t a b l i s h e d  t h a t  p r i m a r y  he l i cop te r
components  could be e f f i c i e n t l y f a b r i c a t e d  f r o m  compos i te  m a t e r i a l s .  The
r e s u l t i n g  s t r u c t u r e  would have a hi g her  fa t i gue  s t r e n g t h  and a lower l i fe -
cycle cost than the meta l  s t r u c t u r e , and it would have  an improved  ba l l i s t i c
tolerance.

N

4..

U n c l a s s i f i e d  —_______________
S E C U R i T Y  C L A S S I F I C  A T I O N  OF Til lS  PADEtW1,e, ,  Oct. FnI~~~~ dI

____



- -
~~~~~~ --~

PREFACE

This f ina l  r epor t  d e s c r i b e s  the desi gn , fabrica ti on , s t r u c t u r a l  tes t ing ,  and
flig ht t e s t i n g  of a compos ite aft f u se l age  tail section for  the AH- 1G Cobra
he l i cop te r .  The p r o p r a n ;  was conduc ted  u n d e r  Contract  DAAJOZ-73-C-00 79
be tween  the Eus t i s  D i rec to ra t e , U . S. A r m y  Air Mobili ty Resea rch  and
Development  Labora t o r y  ( USAAMRDL), For t Eus t i s , Virginia , and Hug hes
Hel icop te r s  ( I I H ) ,  Culve r City, Cal i fornia . The p rogram was under  the
technical  cognizance of Mr.  Thomas Mazza of the Technology Applications
Division , AMRDL and technical  supervis ion of Mr . Herb Lund of Hug hes
Helicopters.

As a subcont rac tor  to HH , th e desi gn and fabr icat ion of the composite tail
boom was acco mplished at Fiber Science , Inc. (FSI). The s t ruc tu ra l  testing
was accomplished at HH facili t ies in Culver  City,  Cal i fornia , and the fli ght
test demonst ra t ions  were  conducted at HH Palomar Airport , Carlsbad ,
California .

The princi pal contr ibutors  to the desi gn , fabrication and testing of the com-
posite tail boom were  Herb  Lund , Advanced Desi gn Manager , and James
N eed ham , Design Specialist , of Hug hes Hel icopters ;  Dale Abildskov , Vice
President Eng inee r ing ,  Larr y Ashton , Vice President , and Sam Yao , Chief
Engineer , of Fiber Science.

kIl ~~~ El 

—‘~~~  

~~~~~~~~~~~~~ C~*~

u~

3 

-. ---- - --- - -~~‘ ~~~~~i- - ~~~~~~~~~ - - .- ,- .-



- . 
-~~~~~~~~~ “ ‘

‘IABLE OF CONTENTS

Page

P R E F A C E  3

LISI OF ILLUSTRATIONS 7

LIST OF TABLES 10

INTRODUCTION 11

DETAIL DESIGN iz

Desi g n D i s c u s s i o n  12
Str u c tura l  Des i gn Cr i t er i a  12
Mate r i a l s  Select ion 22
Ini t ia l  Desi gn Confi gura t i o n 2 5
Second Des i gn Confi gura t ion 30
F i nal Desi g n Confi gura tion  30
St r e s s  An al ysis  34

ORIGINAL FABRICATION METHODOLOGY 40

Filament  Wind ing  40
Ini t ia l  Boom Fabricat ion Concept 40
Init ial  Fabr ica t ion Problems 42
Init ial  Fin Spar Fabrication Concept 46
Initial Fabr icat ion Review 48
At tachment  Test  Tail Boom 48
Fabr icat ion Review 50

FINA L BOOM FABRICATION 51

New Fabr ica t ion  Concept 51
Fabr ica t ion  of the Structural  Test  Tail Boom 51
Fab r i ca t io n of the F i n Spar 55
Fabr ica t ion  of the Tail Boom 55
Fabr ica t ion of Flight Test Tail Boom and Vert ica l  Fin 61

S T R U C T U R A L  AND FLIGHT TESTS 67

D i s c u s s i o n 67
Test  Resu l t s  of Tool -Proof  (S pec imen A ) Tai l Boom 71
Test  Resu l t s  of the At tachment  Test  Tail Boom 73
Test  Resul ts  of the St ructura l  Test  Tail  Boom 74

S

I

J p cEIIr~ . PAGE ELA~EdI.NOT lILt€D 
- —

_ _  -- ,  ~~—~~~
----- ---- --&-~~~~~



r _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TABLE OF CONTENTS — Cont inued

- P~ ge

P r I l o f  I~o a d in - ~ of the P l i g ht Tes t  Tail Bourn ann
\‘ t ’r t i d a l  F in  Sp at ’  7 5
La~,era l  Con t ro l  Sy s t e m  Proof  I , n iad  80
F ’lj i , h t  D e m o n s t r a t i o n  80

REVIEW OF DESIG N O B J E C T I V E S  90

Genera l  90
W e i g ht 90
Costs  91

A D V A N C E D  TAIL BOOM DESIGN 94

Di s c u s s i o n  
Component  Redes i gn 94
Tai l Boom Cons t ruc t ion  Cost Es t imate  97

RECOMMENDATIONS 103

R E F E R E N C E S  104

APPENDIX A - SECTION PROPERTIES COMPUTER PROGRAM
‘SECPRO” 106

APPENDIX B - FOUR BOLT AND VERT ICAL FIN
ATTACHMENT TEST 111

APPENDIX C - S T R U C T U R A L  TEST AND EVALUATION 124

APPENDIX D - STRUCTURAL EVALUATION TEST 144

SYMBOLS 156

6 

—— —- - -‘ —-‘———-- - - - - -



—- ~~~~ ‘ - ,_- ..._IC F j T ’ - ~ -—---~~~~~c-- ‘ ,-———i~~~~~~~

LIS lI CF I I .  I . U S T R A T I ON S

I- i g u r e  I’aj ~e

1 Sec t i on  P r o p e r t i e s  for  l~.x i s t i n g  Boom  13

)t Ct  i o n  P r o p e r t i e s  for  F x i s t i n g  F in  14

3 Sj t ~n Co n v e n t i o n  1 5

-~ V e r t i c a l  F i n  C h or dw i s e  B e n d i n g  and T o r s i o n a l
M o m e n t s  16

V er t i c a l  Fin Sp a n w i s e  Shear  and Bend in g Mo m e n t  17

F i n - C h o r d  Load D i s t r i b u t i o n  19

7 Sy n c  r i r o n i -z e d  E l e vat o r  Limi t  L o a d s  Z 1

Tai l  D i t t i p er  L i m i t  Loads  

~ 1 G e o m e t r y  and S ta t ion  L o c a t i o n , Tai l  Boom and
V e r t i c a l  1:in 

10 C o m p u t e r  I r o g r a m  SECPRO’ N o m e n cl a t u r e  30

11 C o m p a r i s o n  of U l t i m a t e  C omp r e s s i v e  S t r es s  to
Al lowable  S t ress  - Outer Skin 35

1! C o m p a r i s o n  of U l t ima te  Co mp r e s s i v e  S t r e s s  to
Al lowable  St r e s s  - Inne r  Skin 36

13 No ta t i ons  for  Sandwich Composite  37

14 Geodes ic  Pa th  4 1

1 5 Forward  A t t a c h m e n t  Ft t t ing  43

16 Composi te  Tail Boom Forward  A t t a c h m e n t
A s s e m b l y 44

1 7 Composi te  Tail Boom Fin Spar to Boom Assembl y 45

1 8 Composi te  Tail Boom Assembl y 47

19 M a n u f a c t u r i n g  P rocess  for  the Compos i te  Tail Boom . .  52

20 Fo rming  in the Mold 53

21 Final Fin Spar Confi gura t io n 56

Z2 Typ i ca l Re in fo rcemen t Doil y 57

23 Tai l R otor  Gearbox Mount i n g B r a c k e t  59

7

_ _  -— - - -~~~~~~~~~~— — ~~~~~~~~~~~~~~~~~ _-~~~~~~~~~~ _ _



I!—’ ———.—- ‘  —‘- - —-‘--------.-..
~~‘

-, -——-- ------ ----— 0’~

i . I .S i ( h -  1 i . i US ’i I (A T 1O -~S — ( o l t i n - I i - d

Fin .- \ f t  ~ ‘r uu  t u r e  •\ 51 t l I h l \ ’  • l i

l - ’ l i ~~~ t H o t  F a i l  ~~ ,-  m i  • 
(-2

5t r 1 i e t i i ~’a l  • \ s s t - n i h ! v  of t u e  T a i l  U n o n i  C o b ra  A l l —  1G. . . . ( - 3

~ i l  Boom :‘t s s i t i - b l y an d  l r 1 S t ~ l l l a t i n f l  —

( i l i p a r i s o n  of [a l l  Bonn  I , a t i - r a l  R e n d i n g  M o m e n t s

f o r  ( o n d i G u n  ~. .  1~ d i - g r m ’ s  Va- ’; , R e c o v er y  . . . . 68 
—

~~
_ u ( ‘ ; - n , u i ’ i s o n  of a l l  Loom Vi r t U a l  B e n d i ng  M o I i ( f l l S

(~~
-.~~~

- )  f o r  C o n d i 1~~u n  \ , o 1 5  d i ’g r e i -’s Y a -~ , d - c n v e r y  . . . .

iL  ( t i ~~ a r i s o n  of J a i l  Lo~~i~~ T o r q u e  ( M x)  f o r
( o n d i t i o n  \ , ‘ 1 5  c 1, - ~~r t - i ’ s Y x ~’ , R e c o ~ -e r y  7(1

31  St t - i i ’ a l  1es~ T a i l  Boom F’a t ig i e  L o a d i n g  

3.~ i : ’ o c i f  l o u r h m  o r  I- 1j - ~ht  ~~est  T a i l  Boom 71

(~~~i i t i u u H s o n  ~ \‘i - i - t i c a l  l e n d i n u  S t i f f n e s s  of A R - i C

~~ i i
’ 1( ’ - : 1 ’ e t O  ( onmos~ t e  St r i c t i r e  77

( ni u - . s n  of l , a t i ’  m l  B e n d i n g  St i f f n e s s  AH- 1 C
- ~~i m -  i ( omp os i i S t ru c t u r e  78

( o t t  m i r i a n l il of T o r s i o n a l  S t i f f ne s s  of A l l — i C
;‘ r - I c ’ - I i ’ r -  ~ (‘on p 05111 - S tr i c t u r e  

3 ’ (~~ i r i ~ p i s i t i -  l a i l  S i - u  t o n  in  Fli~~Lit 81

37 .- \om~~, i  - d  I a i l  B ourn  D e s ig n  95

3-~ U - i  1r i ~~ g F’ t~~ t C i ~~’ E s t i i n - ’ e~ - Comp o~~it e  T a i l  Boom 102

C o p  I c r  1 r i u r a n~ 
- S l - C P R O  N n ’ i en c l a t u r e  106

SI Y t i O O  E l e n  en t s BS 1 ~ Z . 33 107

I _ I  I l o t  I c i d  and  I ) i - I l r c t j o n  L o c a t i o n s  and  Tes t  R e s u l t s ,
1 a l l  l iooi i i  .Spe c i i i  en ‘ A 117

B - 2  I n a d  S t a t i o n s  and  In s t ru m e n t a t i o n , Ta i l  Boom
Spl’CIIOI’f l  ‘ 1~ 118

i i ~~3 Tes t  S i - t ip T a i l  Room Spec imen  A 119

U- -I 1 - a i l t r i ’  T a i l  P.0001 Sp ec im e n  A 120

8

- - -—-- —-~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-— --- ---

~~

—---- —- 



Pu— 
- ‘---‘- - - -

‘
----‘---- --- ---—- ____ - --—-‘

--- 

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—- -—--.- 
•_‘

__

_ i  

--— - —-- -- ‘

I
LISJ - l -  1 1 . !  US l RA ’l IONS — ( o ’ : t j n ued

5 i ‘- a t  S i t  l i i , J a i l  Room S1ic~ i i i i ~ ii I  12 1

U - ,  Spar  i-4i i l i m e , h i  tt ht  S i d e  12 2

L o o n  1- a c H u e , d i~~~1 I i  Side  123

C - i  u- ’: if l e s t  S i - i  ip  of A l l -  I C  ~t a sj c  l i - s i  J a i l  Loom
( ( o n h i -at ir  u t j o f l  I i )  .51 m - t u t u r a l  1 i - s t s  . , ,. , , . . , , 137

C — 2  V i i - - .. of T e s t  Set u p  of Al-I — I C  l a s i c  l os t  J a i l  Room
( C o n f i g u r a t i o n  II)  S t r u c t u r al  T e s t s  138

C’ — I Sche i  at  U i ( -  p r o  sen t a t i o n  of Load  ~ - ~nt l o c a t i o n s
an d  l .oad  Di i’ - c t i o n  f o r  th e ,-\1 - t —  1C B a s i c  l i - s t  Ta i l
floo~~ u i-It r i c t u r a l  1 &’st s  1 3 t

C — 4  S u l e r na t i c  R d - nc’ r s - I : t a t l o n  of D e f l e c t i o n  an d
- ‘ c e l u ’ i ’ o t l l e t - ’r L o c a t i  ns f o r  A H — l ( -  B a s i c  J e s t
J a i l  lion ’ — S t ru c t i r a l  Tu - s I s 140

( ‘ — 5  S c h i ’n i - a t j c  R i - p i ’ & - s e n t a t i on of  S t r a i n  G a g e  L o c a t i o n s
or  t -  A U — I C  I - a s i c  Tes t  Tail Boom S t r u c t u r a l
l i s t s  141

C — u  V c- .’; n ’ B o t h  ( .~~L — [ n c h  Diame er  Ho le s  142

Sc . 0  a t c S i - p r  s e n t a t io n  of L o c a t i o n  of 0. 50 - Inch
D i a n - m - t i -  i’ H o l *- s and  L o c a t i o n  of Path Steel Ball
1 r a v el e r  14 3

i t — i  VU - c of Tes t  S i - t o p  of A F T — i c  I l i g ht  ‘I i s t  Tail  Boom

~ t a t l c  Pr oof  l e s t 151

V i e . v  of ‘los t  S i - I  Op of A l l — I C  i - l i ght Tes t  Tai l  Boom
o a t I c  P roof  l i - s t  152

1) —  3 Sch e t  a t  ft R e p r c - s e n t a t i o n  of Load Point  Loca t ions
and  l oad D i r e c t i o n  fo r  the  Al -I - I C  F’li ght Tes t  Tail
Boom S t r u c t u r a l  Test  153

D-4  Sche n i a t c R ep r e sen t a t i o n  of D e f l e c t i o n  and
Ac c e l e r o met e r  or a t ions  for  the A U - i C  Fli ght
Test  Tail  Boom S t r u c t u r a l  Test  I o4

D- 5 S c } i r ’m u i c -  R e p r e s en t a t i o n  of S t ra in  Gage Loca t ions
f o r  t he  A H - 1 C  F l i g h t  Tes t  Tail Boom S t r u c t u r a l  T a t . .  155

()



1,15 i OF ’  T A I l L I ’~S

Lag e

I , u i . j t  l i d s  f i r  i 0 i   18

I \ ? i u c i i~~~~f lt Bol t  I .o ac ls  — u S  41 . 32 20

3 ( 1 : a t~~~ i t i - \ I a t , - r - , a l  S c i i ~~ :i a ry  24

-I R . - s~ n I’ r o n e r tv  S - n in a  r y  25

I h r - I  3 CC ( i r~~ph i t i / S t a n d a r d  E p o xy  l’ r o p e r t U - s  2 u ’

F h o r ~ i i ’ I  I C C  G r a n } i l e / R i - \ l o d a l  F po x y  P r o p e r t i i ’ s  27

7 ( A i i ~ . 1 a r i 5 i n of : omo s i t e  \ b du l i  C a l c u l a t e d  a n d  T e s t e d  . . .  28

o ~~~n c l . i c h  Coi’ i - l r o p e r t i i - s  29

C aL  ula. ’ e d f a i l  Boom S e c ti o n  l’ r o p i ’r t i e s  31

10 I a l l  B o o n  I n s i d e  S k i n  32

1 1  f a i l  Boon O u t s i d ~ - S k i n  33

12 \ l . - a s u r € ’ cI F l i g h t  S t r a i n  and  Load F a c t o r  Data

1 3 Su n i i ~ a r  y of () i se r v i - d  Ski n T e mp e  ra t  ‘i r e  s 87

14 Ci lc C a r i s o n  of G e a rb o x  A c c e l e r a t i o n s  88

5 T a i l  S e c t i o n  ‘.\ i - i g h t  C on l p a r l  son 92

u r i d i i c t i o n  U n i t  Cost  I l st i r n a t e  - A d v a n c e d  Desi gn 98

17 A d v a n c e d  D e s i g n  - U n i t  P r o d u c t i o n  Cos t  E s t i m a t e
C a l c i l a t i o n  T ab l e  99

18 I n i t i a l  F a b r i c a t i o n  Cost  100

A - i  Inpu t  Data  - Tail Boom BS 122 . 33 108

A -2  O u t p u t  Data  - T a i l  Boo n BS 122 33 109

B - i  Tes t  L o a d i n g  C o n d i t i o n s , Ta i l  Boom Sp e c i m e n  “ B ’  115

B -2  Tes t  R e s u l t s  at  100 P e r c e n t  L im i t  Load , T a i l  Boom 1B° . .  116

C - i  T e st  P r o g r an -  S u m m a ry ,  A H - l C  Bas i c  Tes t  Tail  Boom . . .  132

C- 2  N i a x i n c u t i  A pp l i ed  Loads , D e f l e c t i o n s  and S t r a i n s  133

C - 3  A pp l i e d  Tes t  Loads , A H - 1G  Bas ic  Tes t  Tai l  Boom 135

C- 4  F a t i g u e ’  Test  S u m m a r y ,  AH- 1G Bas i c  Tes t  Ta i l  Boom 13u

D-1  M a x i m u m  A pp l i e d  l oads , D e f le c t i o n s  and S t r a i n s  150

10

_ _ _ _  - --



- -
~~~~~~~ -~‘-LII~- - -~~

--
~ ‘-~~~ - - -

I N I _R U 1 ) [ C 1  1~ )L

A C O n i p u ~~i i e  11(11 0 & ’ C t j o i i  I i i ’  t i ’  A l l — I C  Cu i ,r a  i l e l i cu p t e r  w a s  d e s i g i i eu , f a n r i —

c i t e d  ~u i a i  t e~~t e O  b y l I i i g ! l ea  l I I ,i l l L U i u t e r S  ( L I I I )  an c i  F~~ ,i r -~ c 1 e i 1 c : e , l I i c ) r j J ) r , u t i - c l
(P S I ) , l i e  t a i l  1,00111 s t r u c t u r e  is a ~ ( . r f l l n i 0n O C o (~ i i i  c o t i t i g u r a t i o i i  U s in g  a

sari c f w i u . i  ~v a l I  c oi 1 s ti ’~~~ t i o i i .  ‘I h e  ( t i l l e r  a n d  , i i t e r  s~-- i i i s  a re  I a o r i c a t ed  of

l i t - r a i l 300 g r a p h i t e  f i 1 a z r i i u t ~~ w i t h  ~ ii ~‘ p o .~v r e s i n , and t h e  saie1~~ic h c u re  i s

N orn e x i- ~ n i ’y c o r n i ) . ‘T he ’ w i - t — f i l a i u u ’ i i t — ’~v i n c 1 i i i g  t e c h r i n~ u -  w a s  u s e d  i i i  t i e

t~ t h r L c a t L u n  at  t i l  t t t ’  ITI I j ) r  ci~ n t p O i a ’ n t s .

Lie A l l — I C  con~ po a i 1e  t a i l  s r O t i o f l  \ e a s  r e q u i r u - d  to m e et  t i e  e x i s t in g  m i - t a [

t 0 i l  n j n u  s t r u c t u r a l  d - s i gu and  s t i f f ne s s  c r i t e r i a .  It w a s  to be i n t e r c h a n g e —
a~)lc ~v i t n  t i l e  exi~~t i n g  m e t a l  t a i l  000111 , i n c l u d in g  L I I  i -  in ~~t a1la tion  of all  t i j e

u p er a t i o n a l  r i ar d w a r t ’ . Dc - , i g l i  o b j e c t i ve s  ‘a u - r u  t o  r e d u c e  the  l i f e — c y c l e  c ost s ,

t o  i i i  i i t i i i i  t a r  t i  p a r t  a c o u n t , and  to  iu ’a or  t h i -  ove r a i l  \‘;i~ig it  of t h e  e x i s t i n g
-~t r uc t~~r e .

:\ t - t o  r ou c  ii ~~t r u c t i r  I t o  ~ t i i i g  of t h e  hn a l  corn p 0 0 1 ( 1 ’  t O . 1 000111 conf i g u ra t i o n

‘a as r e q u i  r u ’cI  to at  r u c t u r a i l y u o 0 t a n t  i S t e  1-is - t a i l  bourn p r i or  to t h e  f l i g h t
d i - r i on o t r a t i on . T i c  ~t r u c t u r a 1  t o o t s  ind i C t - h :

1. S t a t i c  t i - s t  i nc  to  t h e  m a x i m u m  he - si gn u r n  i t  Loads .

I . S t at i c  t e s t i n g  to t h e  u l t i t i t  at e  Lu r t u .  c r i t i c a l  L o a d in g  c o n d i t i on .

3 . F a t ig ue  t e s t i n g .

4 . ~ c ’ h - c ti -e st a t i c  t o o t i n g .

a .  S i m ul at e d  f o r w a r d  a t t a ch  bol t  f a i l u r e
o. S i m u l a t e d  b a l l i s t i c  dam age
c.  On e - p o u n d  ball  i m p a c t .

T h e ’  c o m p o s i t e  t a i l  se c t i on  su c c e s s f u l l y c o m p le ted  al l  t O e  s t r u c t ur a l  t e a t s

~v i t n  the  r u o c i l t s  of t he  f a t i gu e  t e s t s  i n d i c a t i n g  e s s en t i al l y an i n fin i t e  s e r v i c e

l i f e .

Th e  f i n a l  ph a s e  of t h e  p r o g ram  w a s  a f l i g ht  d e m o n s t r a t io n  w i t h  the  com p o s it e
t a i l  boom i n s ta l l e d  on a n  A l l — I C  h e l i c o p t e r .  The f l i g ht to ~t e n v e lope

i n c l u d e d  t~~e f o l l o wi ng :

• A i r sp e e d s  to 190 k n o t s

• N t a x i m u m  h e l i c o p t e r  cg load f a c t o r s  of 3 . 4  g .

M a n e u v e r s  i n c l u d in g  t u r n s , p u l l — u p s .  p u s i l - o v e r o , power  t r a n s i t ion s ,
and c o n t r o l  r ov e  r sa i s  at a i rop e e d l a to 171 k n o t s .
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l i e  A l l — l U  c u ’ i i p o a i t - t a i l  000n-I W it S ‘ l e s i g i t i d t o  l i i  e x i s t i n g  m e t a l  t o i l  bouni
(i ~~’~~~i g i 1 a n ti  — t i ! n ~~~~~s c r i t e r i a , u s i n g  t i e  \‘~ e ’ t — f i l a : i t e nt — ”~~L t i ’ i L 1 l g  p r o c o s s  f o r
t~~u r i c  - t t i  a l l  t ’ t e  1110)01’  U i l t p O f l u ’ f l l o .  1hi~ C ) i i t C J S i t - t a i l  boon-i w a s  to hr
a r  c f t a a g i - a 1t’  W : t t i  t L i i ’  i - x i  o t H i g  r~~it ~~1 t a i l  boom , i i : lu d i i t g  the  i n s t a l l a t i o n
,: a l t  i ip t ’r u ~~ L o a ’J l ia r d w ai ’ - (t . in , d r i \ e  sh i f t , c o o r s , sy n c  ‘ l r \ - a t o r , g e a r —
tuNe ’ a , - - o t i t r u l ~~, e le c t r o n i c  e q i : i p r t t u n t , e t e ) ,  w i t h  - i .  q u l ; i I ~~ a c c e s s i b i l i ty .
1 t e  t a t i  0 - t u t u  t h u  v e r t i ca l  f i m i  0oa r  ‘ a e r u i  dci , i g u i i - d  as a s a i a l w i c h — ” - a l l  C O l t —

.~t r u ~cL i o r. w i th  t h e  f a c e 0  f i i : t : u t e n t — v , o u n d .  The  l o c a t i o n .0 of all  a ccess  doors
and  J a n i lo  On I r a ;  e x i o t i u u g  t a i l  boom ‘a u - r e  i n c o r i , u r c t i - i l  in t he  c o l i up o s i t e  t a i l
n o u i t i  . 1 h e  do o r s  w e r e  h r  s ign e d  to be i - n i i a t r u c t u r a l .  U i  u t a i l  boom con-
st r i c t  100 ‘.‘. ~~ s u ch  t h a t  l i t  n u mo er  U i)~t er n a l  p a r t s  ( f ram u- a , b u i K i r o r !  -~~,

s t t f f u t t ’ r o , e t c .  ) w e re  t u t u  i~ i t i t i y c - cJ . t h e  o u t s i de  c o n t o ur  l ine s w e r e  r e q u i re d
t o be w i t  in  0 . 1  i n c h  of t i e  n - m e t a l  boom .

The d~~si~~i aj u r ’ ia c h  wa s  c o v er n e n  by the fo l lowinu!  c r i t e r i a  — — in o r d e r  of
i t i  ,‘) r t a r i c  e

1. L i f e - c y c l e  cos t

-I . M i n i m u m  p a r t  c o u n t

3 . ~~~~~~ s a v i n g

4 . F’l y a w ay  cos t

Si rru p l i c i ( v  in t o o l i n g  a n d  f a b r i c a t i o n  p r o c e d u r e

6. R e l i a b i l i ty  a u - I  m a i n t a i n al i i i t v

7 . S a f e ty  and s u r v i v a b i l i ty

S T R U C T U R A L  DESIGN C R I T E R I A

The t a i l  boom and v e r t i c a l  f i n  s t r u c t u r e s  ‘a cr e  d e s i g n e d  to mee t  the  fo l l o win ~st r u c t u r a l  d e s i g n  c r i t e r i a :

S t i f f n e s s

The bending and t o r s i o n a l  s t i f f n e s s  are  taken  f r o m  R e f e r c uce ’ 2 for  l I e  ~\ F - I - l C
meta l  t a i l  ou ’ir t i  and ve r t i c a l  f i n , and are  sho’a- n in Fi gu r e s  1. and 2 .
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A des i gn  ob jec t  of t h e ’ c o m p o s i t e  t a i l  boom was  tha t  it b et w i t h i n  ± 10 p e r c en t
of t h i . , ’ m e t a l  t a i l  boom s t i f f n e s s .

Loads

~l I i e ’ c omi p o s it e  t o i l  boom was  r e q u i r e d  to h a v e  the  s t r e n g t h  e q u i v a l e n t  to or
gr e t t t - r  t h o u  t h e  s t a n d a r d  A l l - i C  ta i l  boom. Fi g u r e s  3, 4 , and 5 and Tables
1 and I ( t aken  f r o m  R e f e r e n c e 1) show t h e  si gn c o n v e n t i on  and the  I x u a x i m u m
de si gn l i mi t  loads .  U n l e s s  o t h e r w i s e  noted,  the  u l t i m a t e  loads a re  I. S t i m e s
hat  of t h e’ l i m i t  loads .

The f i n  l i m i t  a i r  load di~~t r i b u t i on  wa~ d e r i v e d  f r o m  in fo r m at ion found in
R e f e r e n c e  1.

A v e r a ge  P r e s su r e  Loading = 0. 758 psi

The f i n - c h o r d  load d i s t r i b u t i o n , a s s u m i n g  t h e  c e n t e r  of p r e s s u r e  at 0 . 30
cho rd  and a t r i a n g u l a r  d i s t r i b u t i o n, i s  shown in Fig u r e  6.

up

Z M

FWD TAIL BOOM
REF. AXIS , BL. 0.0

S~ M
~ 

X

V 

MZ 

sv

Fi gure  3. Sign Conven t ion .
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T A B L E  1. LIMIT LOADS FOR BOOM

S S S M M M
l3ooni x y z x y z

Cond. Sta (ib) (ib) (ib) (in. — ib ) (in. — ib) (in. —ib )

41 .32 0 -2659 1450 -112734 -166459 591941

Ei r .50 0 -2726 1352 -113966 -140152 543727
U

80.44 0 -2726 1352 -113966 -111888 486743

~ 101. 38 0 -2957 1136 - 1119 1 6 - 83623 429759

± 122 .33 0 -2957 1136 - 111916 - 61516 386743

143 .28 0 -3027 476 -111326 - 37797 306485

164. 23 0 -3027 476 -111326 - 27825 243173

185 . 18 0 -2922 284 _ 11 3 1 (u l - 17953 17986 1

194.30 0 -2922 284 -11349 1 - 15283 1 52461

41.32 0 1668 1432 82993 -165305 -4018~ 7

59. 50 0 1744 1332 84246 -139322 -371648

80.44 0 1744 1332 84246 -111467 -335188

101.38 0 2001 1113 82001 - 83612 -288728

122.33 0 2001 1113 82001 - 60112 -256528

~ 143 .28 0 2093 487 81294 - 38633 -215436

~~~ 164 . 23 0 2093 487 812u14 - 28440 -171688

> 185 . 18 0 2002 290 83580 - 18247 -127900

194.30 0 2002 290 83580 - 15517 -109050

Loads are in the fuselag e plane and are at WL 63.09 and BL 0.

Loads include the effect of 100 lb ballast at Station 470 and WL 60.

18 
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TABLE 1. Continued

S S S M M M
l~oom x y z x y z

Cond. Sta ( l b  ) (11)) (lb ) (in. — ib) (in. — ib) (in. —ib)

41.32 0 0 -18 51 0 367038 0

~~

- Sn • 50 0 0 -1851 0 333388 0

80.44 0 0 -1851 0 294628 0

‘-
~ 101. 38 0 0 -18 51 0 255868 0
F
~ 122 .33 0 0 -1851 0 217089 0

143.28 0 0 -1851 0 178311 0

E 164. 23 0 0 — 1851 0 139532 0

185 .18 0 0 -1851 0 100754 0

1~t4.30 0 0 -1851 0 83873 0

Loads are in the fuselage plane and are at WL 76. 81 and BL 0.

Loads include the effect of 100 lb ballast at Station 470 and WL 60.

2.0 -

.667

I 

_ _ _ _ _ _ _ _ _ _ _

Figure 6. Fin-Chord Load Distribution.
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~~~ 
is the  - x i i  I In 8 t r u m  t I ’; u n s y m m e t r i c a l  hen  cl ing a r i c  iS 0 p o s i t i-~ ci-

t en  s ion.

Al l  loads  a r e  l imi t  e x c e p t  c o nr i t i o n  5, w h i c h  is i l t ir n a t e .

N )  3)~~i t d i tj 0 ~

1 \ \ , Ya” ,- + 15° , I - ,vcl , CU , I 5 Q Q  lb 
~~ 22.88 HI \ -\ . \~~~~~‘; - 1 5 ° , f v ~~, CU , ‘~~~D0 lb ~~ ~~~——-11.44

3 K I , o ’ 00 l i 3  Ia - n d i n g / ’ i r c  L i i ’  f ’-e d

- 1 NI \ , R- ’~ er~- - Energy, To ! ‘loa n 10 2

I t  r i d r i g  12.18
5 X I V , Tai l  down l and ing  - R e s e r v e  ~~

1- n e r g y  I 24.37
6 VI,  J u m n  TO f w d  CC 6600 lb

7 II , 6600 Lb - $y n o  p u l l  ou t,  kvd CG 4
8 IV , 6600 Ib , R o I l i n g  P0, R T , fwd

~/ L.F.
F r o m  R e f e r e n i c e  1.
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T h e  s y nc l i r u i u i z u t c i  e l u - ’ ,u t t u r  l i r u t i t  l oad s  t ;o  i - I t  f r u r r u  R i - I c - r e i t c e  I a re -  show n in

E- Lgu re 7. IN lUs factor for t i e  u l t i r i t a t u -  Load is  2 . 2 5 , (R efc i’ -n c e  1); t h i s
inc L n i ~- s  a st~u .tic f a t i g u e  f a c t o r  of 1. 5 .

::F~9:: _
SECTION A-A

V L = 708 lb H L = 196 lb

V R = 1370 lb H R = 489 lb

F i gu re  7 . Sy n c hr o n i z e d  E l e v a t o r  L i m i t  1, a d s .

The ta i l  b u mp e r  l i m i l i t  l o ads  a r e  s h o w n  in Fi g ur e  8.

I 
p 1 p2

CONDITION (Ib) (Ib)
L I M I T  667 1184
RESE RVE
E N E R G Y  667 1672

P2~ ,uu 35.

BS 227

Figure 8. Tai l  B u m p er  L i m i t  L o a d s .
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T e m p e r a t u r e

l i i i ’  t e r r i p t - r a t u re  r a ng e - u n d e r  m a x i m u m  load is fr o m  _ 6 5 0 to +120° F. The

u p p e r  surface’ of the oft fuselage between stations 41. 32 and 81. 00 is desi gned

to w i t h s t ~c r ~d a maximum temperature of 300° F under a reduced loading con-

d i t i - j ~~t . Pce temperatur e r a n ge -  under no load is  from -65° to +165° F.

The ba5ic g e o t r i e t r y  and station locations for the  t a i l  boom and v e r t i c a l  f i n

a r e  s h own  i i i  Fi gu r e  9.

\ L - \ T E R LA L S  SE L E C T I ON

lot r o u l u c t i o n

The p u r p ose  of t h i s  p L~~~su of t h e  p rog ram wa s  to  se lec t  the  m a t e r i a ls  to oe

u se d  in t h e  co n s t r u c t i o n  of the  t a i l  boom and f in . In it ia l l y~ the  f i b e r
m at er i a l s  c o n s i d e r e d  w e r e  g Las~~, Kevlar  49,  and g r a p hi te . P re l i mi n a r y

analy s i s  i n d i cat e d  tha t  to m e e t  the  ta i l  boom and f in  s t if f n e s s  c r i t e r i a  wi th

g lass  or Kevla r  49 f i b e r s  would  i ncu r  a l a rge  w e i g ht p e n a l t y .  The st i f f n e s s

c r i t e r i a  d i c t a t e d  tha t  t he  t a i l  boom be of ~andwich-wa1l  c on s t r u c t i o n, f a b r i -

ca t ed  u s i n g  ~c ct - f i l a m en t - w o u n d ,  g r a p h i t e/ e p o x y  skins ,  and a l o w - d e n s i t y

core .  An a d d i t i o n a l  c r i t e r i o n  was  tha t  as much  of the  s tr u c t u r e  be made of
c o m p o s i te  mat r i a l s  as p r a c t i c a l .

G r a p h i t e !  E poxy

The c h a r a c t e r i s t i cs  and c o s t s  of the  cand ida t e  m a t e r i a l s  are  shown in Table 3.

F i l a m e n t - w o u n d  t u b u la r  t e s t  sp e c i m e n s  w e r e  f a b r i c a t e d  us ing  Thorne l  300 ,

M odmore  II , and M o d m o r e  III i m p r e gn a t e d  w i t h  a good hig h - s t r e n g th  ( s t a n d a r d )  -
epoxy r e s i n  s y s t em  ( A P C0 24 34 /A P C0 23 4 7 ,  7. 5 p h r )  and a new e x p e r i m en t a l
B i— m o d a l  r e s i n  s y s t e m  (A P C OZ 3 -9 7 - 2/ A P C0 2 3 4 7 , 5. 75 p h r ) .  The M -a d m o r e

m a t e r i als  w e r e  found  to he v e r y  d i f f i c u l t  to handle in the w e t - f i l a m e n t -w i n d i n g

process , and the  dec i s ion  w a s  made to use  the Thorne l  300 gr a p h i t e , pri-

ma r i ly because  of i t s  be t t e r  handl ing c h a r a c t e r i s t i c s .

Both s t anda rd  epoxy and Bi-Modal  r e sin  sy s te m s  w e r e  f o un d  to be compa t ib l e
w i t h  the  ~v e t- f i 1a m e n t - win d i n g  p r o c e s s  and y ielded c o m p o s i te s  having  accept-

able mechan ica l  p r o p e r ti e s .  The s t anda rd  epoxy r e s in  sy s t em w a s  se lected
for  th i s  p r o g r a m  because  of the accum ulated e xp ”r i e r l c c  in u s i n g  the  r e s in

s y s t e m .  A d i s a d v a n t a g e  of t he  B i -Modal  r e s in  s y s t e m  w a s  t h e  n e c e ss i t y  to
s to re  the  c o m p o si t e  at low t e m p e r a t u r e  (below 0 ° F) and i t s  l imi ted  shelf li fe .  

--
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(
~ j -L\ 1 ’1 - I I f  1 ’~ \L’~ I - J ? I 1 ~~J ,  SIJ 3~~U J 1 R Y

I -i ( i t  - s t y  F -

— —— 
h$ lio (H i t , ; ~~~~ ~~i)  i - ~~~ 1 I ’ ) ( r ui n i t

i t . r~ r i : ) ’ -  t i -  -

ii r :  ,-~ 
t : i ( ,  I ) ,  ii . 31 3 ) , )  30 -  ( jOt ) I. I

I) , a , 3 4 )  - 3 ,  - - 15( 1 , ( j O  . .4

. L ’ - i ’ i i’ l  ~~i1~~ 2 I I S t O )) 57 , ) .4~~3 , 0IJ it 1 ) 3 )

i u’ r i- ~~1 7~~S .4 7~ 3), - I i  ~ -13. 0 345 , 31 ( 1 ( 1 t ,  3 - 1  3

11 ,- r e  3 ’ s
c c -i - - 1 S~ 3 0 . 0  3 ’~ j , 1 ) ! ! ) )

- I- 
- 75  I - ‘ 3 4 - , 1) 5(3) , 0110 3

I t .  . - t 1),  - 3 1 . 55 , 5 : 2 ) ) , ( i I ) I i

( i i  or I - 3 - u - s  ( i r O n ( 
j : - r i - u f i l  (- 4 . - I  1) 3 ,  ‘ i l P) 2N ‘1 23~ ( JO t )
f - - i -~~W 3  ~~~~ - i t  1 , - 1 5!) 4 - , !.) 3 3 0 , (JO ’)
F r ’ oil  i - I  3 , 3)) 3 , ( )  30!) , 0 (11)

1- r i i : u l  4 - i  0 , 15 50 313 . 0  150 , 3 ) 03 ) 11. 2

F r : I~~I 5-  T 76 I) - :3 611 3 ~~, II) 01)1) 0. -
~

10, r i o  u I  i- - 1  - ‘ i i  I I  - ~0. -,  5 - , 5 -3 . 4 ! ) , 1)0 0 - , 72

I ‘ i r t a f i l  - b 4 55 I) , ’ 60 3~~, ’) 3 5 1 ) , 1 ) 1 ( 1 )  1.~~ -I 

t O u r t i _ _ c .
‘- ‘ - - ( to r t- ,’ I 0 3) 72 5- ’ . 0 t o  10)
3 - I - - t o r i ’ II -31) ii , I l )  1 1-0 4 2 , ) - 1 ( 1 3  1 1 0 )  5

\ I - ’ c in ’,ri: UI Ii . 1 ,  3 1 , 3 ( 5 1)  000 5

( 1  ~~~~~ 
( ‘o r -  - ‘

c - I , , - -  G Y - 7 0  73 41 . 3) 7 ( 113 77 . 0 .351 ) , 00!) ‘

- i ’ s :

( 3 3 )  hanri lj ni c h a ra t  1 , - r u s t i c s

2 . P r o h i b i t i v e  C o s t

3 .  Poor  h a n d l i n L  c h a r a c t e r i s i i c s

_ A v a j labIe on l y in s n u t u l )  n t : a i t t u t l , S

1 ) i f f i c ’ H i  to ci sc  in wer  ‘ L u  r i m ,- p r o c e s s  at F’SI

ci . N u t  s , i i i . , ! , l e  or  ) i l a ’ : u - u , i  w i n d i o ~ u s i n m 3  p r e s e n t  I-Ho t E qu i p n : i - n t

~ C it  wide  (~~~ ‘ o n 1~’) _
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i lie f l 0 u  3 , t i t : c . u l  -1’ p i ’ r t I ’ S  of t h u  S t ; t i t u ~~t u i’ e and I i i - - ’ . ~ u i  ‘ p u ’.:\’ I ’ ’ S i i S  a r u ’
n i n  I m l i I ~ .

U :\ 13 1,Id -1 . ll I-~~ L’, 1 l 1 u l ’ l -  R I ’ i St ,‘iI ~~lA1~~~

l t r , ; - r i v ,S t , , r u H o z ’ , i 3 7 - ~~~~~~ -71’

ps _ i U .  -i 7o 0 . 3 8

~~~~ I !)~ p s i  - 1 . 00  H l i U I )

c, in / b . .  0 .  02 ~ !) I).

3 . 0 4 1 2  U .~~H I 2

~:~A 1’Co 2 4 3~~/ \ I ~ LO 23 4 7 7 . 5  p hr  ( i - S( 5 - 1 1 8  E L )
O fl-17 ~~~l \ 1 J r ~~~1) 

_ _ _

ia:~l~ - s _  5 ant I  o how t : e -  ~- a l c I o l 3  1 - u  c,,:I 1 osite p r u p e r t t’ - s  ob t a i n e r !  by c c : n —

~- 1 t c - r  ~ r ~~r n i  ‘ i1e~~er e i , c e  7)  fo r ± 0  \ V O 1 I I V I  l O r T i t i i , t ) e S  tf Ih o rn e l  3 0 0 / e p o xy .
7 p r e~~e r i t ~~ ~t c o r r i p a r i s u r l  of t O t ’ c o i e - t l a t u - r  omt d t h e  I ’  ,t ed  vol 335 -

c om p o s i t e  u r I u c l u l i  u s i l i g  ‘i h o r t t c : l  300 g r - t p h it i :  ~u j t F i  o ( u , i : c ! a r d  u~ po~1y a u r !  \ V i t i :
f i i — : u i - o I o I  e p o x y .  1 3,: t e - t  sp e c i m e ns  w - r u  33. ~ t — f i i 0 ~~I , - : . t — w u u n d  t ub l o r
s p e c i n l en s .  l I l t ’  f i b e r  ‘3 ) l u u r ) , - w a s  50 pe r C e n t .

l’xu n clv, ic C -~ , -

Ui ~ m a t i n a l5  s e t e - o L - d  as c a ; i d i d u t e s  f o r  t h -  s a e r I ~v i c h c u r ’ -  w e re  pol y rn - t I t —
ac — y l im i d  (I ‘1st 1) r i 33 id i o -~m u n , p o [c , -~ - in y 1ci : l o r i d i -  (1’  ‘H i~ ) ri g id f oam and 1~ 1, 1 1
l O / O \ — 3 / l b — 3 . 0 N o r i u ’- x  : l u : Im - \ ’ c o m i , . ‘T he r - p c r ) i e s  of t h e  c a r i c i i d o t , - 5an u —
t v i c - i  cor e  m a t e r i a l s  a r c  s ’IOV, fl in  i O I 3 i r u  ~~ .

IN I i i \L  D H ~~lGN C ON F I G U R ,u \ T I ON

‘T h e  b n 3 u t c - r l o l s  u sed  in  t he  c o n s t r u c t i o n  of P ie  i n i t i a l  t a i l  boom des i gn w e re
- . - , r i ’- l  300 g r l r p b i t e  f i b~ - r o , APCO 2 -13 4/ 2 3  4 7 , 7. 5 ph r  ( s t a n d a r d )  ep o\ y  r e s i n ,

ar i d  I ’MI  r i g i d  foam core .  G las s  (0- 1014) roving s and E l-Glass  f a b r i c  \ \ er e
u s e d  to r e in f o r c e  t h e  f r a m e s  and b u l k h e a d - , t h e  v e r t i c a l  f i n  a f t  a i r f oi l , ~e r i d
t h e  f i t t i n g s  h i - c a u s e  of t h e i r  hi g h e r  s t r e n g t h  and [o~ e r co~~L .

1 0 -  t a i l  b o o i i m  v, Os d es i gn e d  as a s a n d w i c h — w a l l  c o n s t r u c t i o n  w i t h  t h e  f a c es
f i i u u i u ’ n t — w u i i i t d  and t h e ’ c- re m a t e r i a l  conf ig u ra t ed  b y a t h e r m a l  d e f o rn i i n g
p r o c e s s .  The n a sic  f ib e r  w i n d i ng  p a t t e r n s  for the tail boom w e r e  ± a (2 5 to
35 d i g  r u n - b )  combined  ‘~e i t o  0 d e g r e e  long i t ud ina l  f i b e r s  called lo ng u s .  Local
r’’as r i ’ pu i r i n g  s t r e r i g t o  and/or stiffness iii t h e  ci rcum fu-~’u’n tial direction

were r i  aforced with n on c on t i n u o u s  30—de gree circular windings.
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1 A BL E  5 . I I I O R N E L  300 GR A I 1- I I T E / S T A N I ) .A R I )  EPOXY P R O P E R T I E S

Al p ha ( du g )  i - X  ( p s i )  IdY ( p s i )  GXY (ps i )  U X Y  U X Y

0 . 00 1. 7 2 3 f L  07 8 . 7 7 5 1 L 05 ~~~. O~~51’ ‘0 5  0 . 2 850 0 . 0 14 5
1 . 0 0  1. 7 ,.12E+07 8. 7 7 6 E - f 0 5  5 . 143E ~~05 0 . 2 0 0 3  0. 0 1 4 8
~~~. 00 1. 7 1 8 E d -~07 ~~ . 7 7° F  10 5  5 . 2 86 1- . - t O S  0 . 3063 0.01 ~6

3 . 00 1. 7 1 2 E~-0 7 S. 7 8 - I F : - 0 5  5 . 5 23F ~~ 05 0 . 3 3 2 7  0. 0 1 7 1
4 . 0 0  1. 70 316 0 7 13. 7 ” l  I - H - O S  5 . 853 11 105 o . 3(. ’~2 0. 0191
5 . 0 0  1. 6 0 1 E ÷ 0 7  H .  ~o oE - - OS  6 . 2 7 5 1 1+ 0 5  0 . 4 ]  ~6- 0. 0216
6 . 00 1. 67 6E + 0 7  8 . 8 1 1 l - 1 1 0 5  6 . 78 61 -b fOS 0 .4 7 1 3  0 . 0248
7 . 0 0  1 . 6 4 8 F ~~ 07 8. 8 2 5 E - i O S  7 . 3 8 S F  - 0 5  0. 5357 0. 0285
8 . 0 0  1. 636E 3 -07  8 . 3 - l i E - - O S  8 . 0 6 - 8 1 : 05 0 . 6 0 78  0. 032’)

‘ . 00 1. 6 10 E + 0 7  ~~~. 3~6 o L ’  - - 05 8 . 83 1 E + 0 5  0 . 6 8 6 8  0 . 0 3 7 8
10 . 0 0  1. 5 K 1 E + 0 7  8. $8211 - ’OS  ~~~. 6 7 1 5 1 - 0 5  0 . 7 7 1 3  0. 0433
11 . 00 1 . 3-l7 16~ - 07 8. ’ u 0 6 E 4 0 5  1 . 05 -i F - - O h  0 . 8 6 0 1  0 . 0 4 0 5
12 .  00 1. 5 0 9 E - f f 0 7  8. . 3 5 J-1~ 05 1 . 1 5711 - ’ oh 0 . 9 5 1 5  0. 0563
13 .0 0  1. 16-811-0 7  8 . 9 67 I 1 0 ( 5  1 . 2 6 1 E - 0 6  1 . 0 44 0  0. 06 38
1 4 . 0 0  1. 1-2216 - 07 o . 00311- - 05 1. 3 72 E + 0 6  1. 1357 0 . 0 7 1 9
1 ~~ . 00 1. 372E -’- 07 9. 0-4 3E -~- 05 1. -1 - 8 6 }6~~06 1 . 2 2 4 8  0 . 0807
16 . 00 1 .3 1 F1 - ’07 ‘ u~ 03 0 F -i- 05 1 . 605F1 - ’O b  1. 300 5  0. 0 ’)OZ
17 . 0 0  1. 2 8 3E + 0 7  0~ 140E - - 05 1. 733 1’1~ oh 1 . 33 8 2  0. 1004

00 1. 2 0 5 E + 0 7  (
. 1 ; 6 1 - - 0 5  1. 861 E--06 1 . 4 504  0. 1 1 1 4

10 . 0 0  1. 1441- : - - - 0 7 0. 2 6 0E + 0 5  I . 90216 06 1 . 5 2 1 7  0 . 1 2 3 1
2 0 . 0 0  1. 8 8 3 1 6- 0 7  9. 3 3 1 F -’- OS 2 . 1 2 6 T - - 0 6  1 . 5 7 4 1  0 . 1 3 5 6  -

2 1 . 0 0  1 . 8 1 IE - i - 0 7  o . 4 o ( _ u I ’ :~~o5 2 . 2 6 1 E + 06  1 . 6 1 6 0  0. 148 9
22 . 00 ~~~. 59 1 E - f 0 6  9. 4 ’7 E ~~05 2 . 397E+06  1 . 6 4 7 1  0. 1631
23 . 00 8. 3 8 1 1 1- 0 6  ~~~. 504 16+05  2 . 5 3 4E + 0 6  1 . 6 6 7 3  0. 1781
2 4 . 0 0  8. 38511 ‘06  9. 7 0 1 1 6+ 0 5  2 . 6 7 0 1 6+ 0 6  1 . 6 7 6 8  0. 1940
2 3 . 0 0  7. - 8 (y I - : - o 6  9 . $ 2 3 E + 0 5  2 .80 516-o - 06  1 . 6 7 62  0. 2 1 0 9
26 . 00 7. 2 5 - ~F 06 9. 9 57E+ 0 5  2 . 93 o J - ’ ’O b  1 . 6 6 6 2  0. 2287 -

2 7 . 0 0  6 . 7 2 8 E + 0 6  i . O l i E - o6 3 .8 7 0E - 4 0 6  1 .6 4 7 7  0. 2 - 175
28. 00 6 . 230E oh 1 . 02 7 1- 1 -0 6  3 . 1°H E + 0 6  1 . 6 2 1 7  0. 2673
2 9 . 0 0  5 . 763 16 - w6  1 . 0 4- 3 1 6 + 0 6  3. 323 E -4- 06 1. 58°0 0. 2882
30. 00 5 . 32 7 E + 0 6  1. 0 66 E + 0 6  3 . 4 4 3 1 6+ 0 6  1. 550~ 0. 3 1 0 2
3 1 . 00 4. “2216 - 06 1. 08-811+06 3. 5 59 E + 0 6  1. 5882 0 . 3 3 3 4
3 2 . 0 0  4. 5 17E - ’Oh 1. 113E+0 6  3 . 67 0 16+06 1 .4 6 1 8  0 .3 57 8
33 . 00 4. 203E 0h 1. 14 1E -) -06 3 . 774 16-1-06 1 . 4 1 2 6  0. 3 83 4
3 1 . 00 3 .887 11  ‘06  1. 17216+ 06 3 . $72 1 6 - Lu 1. 3 6 1 8  0. 4 1 0 3
3 5 . 0 0  3. 508 16+06 1. 206 16- 1-06 3. 064E - 06 1.32 (0 0 0. 4 186
11 .. 00 3 . 3  15E+ 0 6 1. 244 16+06 4 . 048E+06  1. 2 55 7  0 . 4 6 8 2
17 . 0 0  3. 0’)6E-1 -06 1.  2 86E- l-06 4 . 124E 4 0 6  1 . 2 0 2 2  0. 4 ( 3 3
38. 00 2 .87 - 8 1;  - 0 6  1 . 3 1 2 1 6 1 06 -4 . 1 o 2E + 0 6  1. 1-48 9 0. ~ 3 1$
3’~ 00 2 . $81 16 ‘oh 1 . 3 8 - 1 - 1-1 1 1)6 4 . 2 5 2 1 6 :  o( 1. 0°5 1  0. 56r ~$
40. 00 ~i . so,~i-: 1 ) 6  1. H u: ~o6 1. 303 1; 06 1 . 0 4 42  (3 . 6 0 1 4

Zn
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I A  1IL1I 5. ( l o n t i n u u ’ c l

~-\ l p ) ia  ( e R g )  IIX ( p s i )  l- ’t’ ( p s i )  G X Y  ( p s i )  U X Y  U X Y

4 1 . 3 ) 0  2 . 3 - 3 1 I1 ’ O ( :  1 , 5 851 - 1+0 6 4.  3 4 6 F ; - ~ 06 o . 9 9 3 3  0. 6385
42 . 00 2 . 1’( 3 } 1 ‘On  I .  57 6 E~~o 6 4. 37 ’ 16~~O6 0 . ~4 3 6  0. ( - 7 7 3
4 3 . 0 0  2 . Ot -IE +06  1 .  h - ~ 1- 11a06 4 . 4 0 2 1 , - o h  0 . 8054 0. 7 1 7 7

— 44. 00 1. ’ - l S E ’ L u  1.7 4 1 1- 1+06 4 . 1 - 1 7 1 1 - 0 6  0 .8 43 6  0 . 7 5 0 7
4~~. O 0  1. 8 38 1- 1+0 6 1 . 8 3 1 3 1 6 + 0 6  4 . - l2116 - ’- Oh 0 . 8 0 3 3  0 . 8033

l A 1 1 l . F .  6 . T I  I O R N E L  300 GRA P I - I IT E/  l l I - 1 s IO T ) A L  E l  ‘CXI P R O P E R O  ISIS

Al p i t a ( d c g )  EX (ps i )  ElY (ps i )  G X Y  (ps i )  U X Y  L X I

0. 00 1. 7 1 ’ I l  ‘07  7. ‘ 18 1 6- 0 5  4. 263 16- 05 0 . 2 850 0. 0 1 3 1
1. 00 1. 7 1 - 8 1 6 + 0 7  7. 9 1 8 1 6+ 0 5  4. 11 1 E+05  0 . 2° 10 0 . 0 1  3-4
1. 00 1. 7 14 E + O 7  7. t l l - E +0 5  4 . 4 3 6 1 6 + 0 5  0 . 30 0 0  0 . 0 1 4 1
3. 00 1. 70811 -107 7 . 22 11 - 105 4.  6 7 1 6 -i 0 5  0. 338°  ( 1 . 0 1 5 7
4. 00 1. 6 ° $E 4 0 7  7 . 9 2 5E + 0 5  5 . 033I6 -~05 0. 33 03  0. 0 1 7 7
5 . 00 1. 6 ’~h E + 0 7  7 . o301 1 -’o S  5 . 4 6 1 1 6- - O S  0 . 4 3 2 ”  0. 0204
6 . 0 0  1. 6 7 1 1 6+ 0 7  7 . °3511 -’05  5 . 0 8 0 1 6 - 0 ) 5  0. 4”60  0 . 023 (3
7 . 00 1. 6 5 2 1 6 -t 0 7  7 . “-4 216 +05  6. 588 1- 1+0 5 0 . 56 ’~0 0 . 0 2 7 4
H . 00 1. 6 2 ° E ’O T  7 . 050 16+0 5  7 . 2 - 82 1 6+ 0 5  0 . 6 3 ) 1 9 0. 0318
t:t . 00 1. 6 0 3 1 6+ 0 7  7 . L 0 5 9 1 6 i 0 5  8. 0 57 E + 0 5  0. 7405  0. 016~

10. 00 1. 57216 + 0 7  7 . 970 11+05 8. °1 I E - i O S  0. 83 6 5  0. 1)42 4
1 1 . 0 0  1. 5 3 6 1 6 - 1- 0 7  7 . 0 84 16+05  0~~ 83 °E + 0 5  Q~ 0 3 7 3  0. 0- 1- 3 7
12 . 0 0  1. -4 ’7E+0 7  7 . 0 0 9 E + Q 5  1 . 0 8 41 6+ 0 6  1 . Q 4 Q ( ;  0 . 0 5 3 6
13 . 00 1. 4 5 3 1 6+ 0 7  3-1 . 0 1 7 1 6+ 0 5  I .  I ° 0 I - - O6 1 . 1 4 - 3 5  0 . 0 6 3 2
1 4 . 0 0  1. 1- 0 - 1- 16+07 .o37 1- :+o 5 1 . 3 0 2 1 6+ 0 6  1 . !4’ O 0 . 0 7 15
1~~. 00 1. 33 111+07 8 . o6oE- i -05  1 .4 2 0 E + 0 6  1 . 3 4 1 1  0 . 0 $ 0 - ’
1 6 . 0 0  1 . 2 0 5 1 6+ 0 7  8 . 1) 87 16+05 1. 3- - 1- 2E - t06  1. 4437  0. 0’~0 1
17 . 0 0  1. 23 616-t 0 7  8 . 1 1~’E + O 5  1. 6 6 ’E -’06 I . ‘3 O °  0. l O u h
1 - 3 . 0 0  1 . 1 7 - 4 16- 1-07 8 . 1 53 F + 0 5  1 . 7 16+06 1 . e - 0 $ o  0 . 1 1 1 7
1 . 0 0  1. 110 1- 1+07 8. I O I E + 0 5  1. ‘- ; 3 2 E + 0 6  1. ( 7 1 2 0~~ 12 3 7
20. 00 1. 04516+07 8 . 2 3 8 1 6 + 0 5  2 . 06816+06 1 . 7 3 1 7  0 . 1 36 3
2 1 . 0 0  9. 8 0 4 1 6 +0 6  8. 2 °o16+05  2 . 2 1) 5 1 6+ 0 6  1 . 7748  0. 15 01
2 2 . 0 0  LI . 15916+06 -8 . 3-4 3 11+05 2 .34411 -’ 03- 1 . K0~~2 I ) . 1 n4 8
2 3 . 0 0  8. 5 1616+06 8. 4 l I E -i - O S ~i . 18216- ! Of ~ 1. 82 10  !) ~
2 3 . 0 ) )  7. ‘( 1211 + 06 8. - 1- $9 E + 0 5  2 . 6 2 1 E + 0 6  1. $2~~ 0. I n - H
2~~. 00 7 . 3 2 1 16+06 8 . 5 7 3 1 6+ 0 5  2. 758E +06 1 . 8 2 2 ”  3 . 2 1 1 1

. 0 0 6. 75°11 -’06 8. 6 6 $E + 0 5  H . 8’~ 1F.-f0 6 I .  8o~- 7  0 . 2 3 1 7
2~~. 00 6. 227 1-; -toh  8. 7 7 5 F + 0 5  3. 3) 2 7 1 6+ 0 6  1. 7 8 12  0 . 2 5 1 ( 3
28 . 00  5. 72 11 - ‘ 06 8. $ ‘ ( C E + O S  1 . 1 57E~~03- 1 . 7 4 7 7  0 . 2 7 1 4
2 ’’ . 00 5. 2 6 3 1 - 1 - 0 6  ~~~. 0 3216 -I- OS 3 . 2 8 4 5 : 1)6 1. 7 0 72  0 . 2 °2~
3 0 . 0 0  -3 . 81 511+06 ~~~. 103-116 -4 0 5  1 . 406 16+06  1 3 - 1 1 1  0 3 1 0
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N~~i t n u ’ x
I r op e  r ‘. I V  ( I - r a n  i H \ ‘ I S o a r ) )  I t o n i ’  ‘,n n O t

- 
‘ 

1 I / ~~~ 1 . 0 - 8 . 0 3 . 12 -  - - 1- 37  3 . 0

p s i  1 S I ) ) )  — ‘ I u 1 ) ) )  ‘ ‘ ‘ ‘ O  — 1 1 , 2 0 ) )  18 , 500

C - s _ i  130 0 — 4 5 0 0  3 8 5 0  — 33 ‘ . u 3000

F , r u s j  16:3 — 16-3 , 17)) — 4 1 2
i_ i

I- , os i  H - — 2 1 ( 1  12- 8 — . 4 ( 3  3 3 0
C d i

I - s _ i  1 1 0  — 1 I- ))  I i  — I ~ I 1 1 5
s_ u

I I I )  , I- I (, ) ‘7 — 13 0 ;:  33’ 3  — 3 7 1  400

E s t i n r a t e d

1 1 1 ) 1 1  1 0 / O X  - 3 / i n  -3. 0

All  d o o r  s w . -  re ’ dc ~i gn ed1 t - )  ,e r i o n s t r u c t u r l i  I , a nd th e  o p e n i n g s  ~ cr c  r e i n —
f o r e i’d ny r ep l a c i n g  t n s a n d w i c h —  w a l l  co i- i - n a t , -  n a t  v, i t O  a corn h i n a t  ion of
g r a p h i t e  f i b e r s  and g l a ss  f a b r i c :  (Fi g u r e  2 . 4 ) .  Thu  f o r ’,’- ; t  i’d a t t a c h m e nt  f i t t i n g s
wc ’ r i -  di ’ si g ne t !  a r o u nd  a m a n u f a c t u r i n g  p r o c e s s  of ~v i n d i r r g  th e  c o n i c a l  s h e l l s
t h a t  t r ’ -  C O i i f i g e i r l t t i ’d in  a rn — 1d w h i l e  in  t l t , -  u n c e i n i - ci  c o nd i t i on . T h e s e  c o n —
fi~~er r a t e d ,  wound  f i t t i n g s r’ .-p ta ced the  s _ ; t i t d w i c } r —~’ , a u l l  co n - m a t e r i a l  loca l l y
and w ’ r , -  b ond ed  to  t he  inne r a rid ee u t e ’r  f a c t ’ s  over  a lar ~~e ar ea .

The ~ ‘ - r t  i ca l  f i n  c o n s i s t  of a fi l a i r  u - i t — w o u n d ,  5 an d w i c h — w a  U s j u n  r and a tarn i —

n a t ed  g l ass  f a b r i c  t r a i l in g  a i r f o i l .  The sp a r  is  d e s i gn e d  to c a r r y  t h u  ma jo r
p o r t i o n  of t h e  f in  loads  and v . 1-- i s  p e r ma n e n t l y a t t a c h e d  t o  t h e ’ a f t  f u s & - l i c  e . -l he
spar bonds directl y t o  t he  f o r w a r d  and l i f t  b u l k h e a d5 , \ v 4 i i c I~ , t r t -  bonded  to
ij o t h  1)- ic in ne r  a r i d  t h e  outer f ! ic - s of t h e -  t a i l  uu orn  s a n d w i c h  ~‘- a L l.

A c ‘rn 4 C i t e ’ r p rog  ra m w a s  etc ve lop ed  to caR: u l at e  t h e  Lu i i  b o U r n  b e n d i n g  and
torsional stiffncsses for sandwich wall c on f i g u r a t i o n s ,  l i e  p r t ’g r ; e m n  ‘, e i i s
deve loped  by F i b e r  Sc i e i i c  u ’ , Inc. (FSI) and i s _  ci-i t i t L t ’ d  ‘‘SECPRO . ‘ The
prog ran -, nom. ’ tic lature is s_h own in F i gu r - lo , and  a t y p i c a l  p r u g  r a n t  r u n  is
i n c l u d e d  as  A p p en d i x  A .
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Fig ure 10. Computer Program SECPRO” Nomenclature.

SECOND DESIG N CONFIGURATION

The f a b r i c a t i o n  of the  i n i t i a l  t a i l  boom desi gn conf ig u ra t i o n  was u n s u c c e s s f u l,
t h u s  a second desi gn conf ig u r a t io n  was  r equ i r ed .  The basic f ab r i ca t i on
problem was in wet-filament-winding the tail boom skins to a nongeodesic

p 1- it t . The fabrication problems are described in detail under the section on
Fabrication.

Redesign of the tail  boom skins was com p leted using combinations of geodesic
winding patterns. The new design has nonsymrnetrical faces and requires
three differen t winding patterns, w h e r e  as th e old desi gn had symmetrical
insid e and outs ide  ski ns and only one helical winding pattern. Al so, the  nre\v
desi gn eliminates the use of prewound hand-layup, long itudinal fibers and
reinforcement in the attachment area. The details of the winding patterns and
the method of construction are described in the Attachment Test Tail Boom

sect i 00.

FINAL DESIGN CONFIGURATION

Fabrication problems still existed with t h e  second d e s i g n , t h u s  a third desi gn
configur~it ion was required. New skin winding p a t t e rn s  w e ’r e ’ e s t a b l i s h e d
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for t he  tail boom and f i n  spar  to mi-c t the stiffness and strength criteria.
The final desi g n co nf i guration i s  d e s c r i b e d in d e t a i l  in the Fabrication of t i n e ’
Structural Te st Tail Boom sec t ion .

The c r o ss -  sectional propert ies of t h e  tail boom w er e  calculated for Boom
Stations (BS) 41. 32 , 59. 45 , 80. 41, 101. 38, 105. 00 , 122. 33, 143 .2 8 , 164. 23 ,
185. H, 194. 43, and 2 2 7 .  00 b y th e  computer and ar e  given in Table 9.
Tahl~’ 10 show s the  w i n d i ng  a ng le s, sk in  thickness, and compo si t e proper t ies
for the inne r sk in , and Table II pre sents similar information fo r  the  o u t e r
ski ii .

The f i n  spar  f i n a l  desi gn conf i g u ra t i o n  was  a s a n d w i c h - w a l l  c o n s t r u c t i on  con-
s i s t i n g  of T h o r n e l  300 g r a p h i t e  f i l a m e n t s  and epoxy r e s i n  sk ins , u n i d i r e c t i o n a l
g r a p h i t e  f i lj e r s  ( longos)  in t h e  f o u r  c o r n e r s ,  and a 0. 5 0 - i n c h - t h i c k  N om e x
h o n e y c o m b  core.  A c r o s s  sec t ion  of t he  f i n  spa r c o n s t r u c t i o n  i5  s h o wn  l a t e r
in t he  r e p o r t  in Fi g u r e  21 .

T A B L E  0 , C A L C U L A T E D  TAIL BOOM SECTION P R O PER T I E S

Boom EA ElY Eli. (316
S ta t ion  1 o 6 lb 1o~ tb - in , 2 I 0 l b - i n , 2 10

(1 
‘b-r n.

41 . 32 7 0 . 5  1 1 .9 2  8 . 4 3  3 . 6 6

59. 4 5  6 8 . 9  1 0 . 3 7  7 . 19 3 . 5 8

50 .4 5  6 6 . 8  10 . 0 4  6 . 9 6  3 . 4 9

80 . 44 6 1 . 8  7 . 78 5 . 5] 3. 1 5

101 . 3 8  57. 5 6 . 0 8  4 . 3 1  2 .92

105 . 0  56. 9 5 .89  4. 17 2 . 80

105 .0 51.3 5.24 3.71 1.22

12 2 . 3 3  4 9 . 5  4 . 3 0  3~~Q 5 1 . 1 5

143 . 28 4 6 . 1  3. 25 2 . 3 1 1 . 0 7

164 . 23 42 .0  2 . 3 3  1 . 6 6  O . u 6 5

185 . 1 8 3 ’ u , 3 1 . 6 5 1  1. 185 0. 7° 1

1~~4.43 37.7 1. 388 0.996 0.724

22 7 . 0  2 9 . 4  0 . 6 0 2  0 . 4 3~ o~

31
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The f o l l o w i n g  c o m p o n e n t s  r e m ai n  e s s e n t i a l ly un c h a n g e d  f r o m  the or i g ina l
design concept:

1. F o r w a r d  a t t a c h m e n t  f i t t i n g s

2 .  A c c e s s  h o l e s  and s t a b i l i z e r  s u p p o r t  a r ea  r e i n f o r c e m e n t s

3. Doors

4. F r a m e s  and b u l k h e a d s

5. Vertical f in  a f t  a i r f o i l  s ec t ion

6. A t t a c h m e n t  of f in  sp ar  to t a i l  boom w i t h  f o r w a r d  and af t  can t
b u l k h e a d s

ST RE SS A NA YS1S

The tail  boom sandwich -wa l l  c o n s t r u c t i o n  was anal yzed  fo r  combined bending
and shea r  loading . The a l lowable  co m p r e s s i o n  and shea r  s t r e s s e s  w e r e
e s s e n t i a ll y equal  — t h e  shear s t ress  was approximate ly 20 pe rcen t  of the
c o m p r e s s i o n  s t r e s s .  The i n t e r a c t i on  f o r m u l a  fo r  a panel  loaded in compres-
sion and shea r  was Rc - Rs 2 1. T h e r e f o r e ,  the sandwich c o m p r e s s i o n
st r e s s  r e s u l t i n g  f r o m  the  boom bending m o m e n t s  was the critical design
parameter. The tail boom outer skin ultimate compression stresses and
allowable comp res sion s t r esse s are plotted versus boom stations in Figure  11;
the in ner ski n ul t ima te com p r e s sion s t r e s s e s  and allowable s t r e s s e s  are
plotted versus the  boom s t a t i ons  in Figure 12. The minimum marg in of
s a f e t y  is at BS 122 and is 0.29 (see page 29).

A computer p r o g r a m  ( R e f e r e n c e  7) was  developed to determine the allowable
com p r ess i o n  and  shear  b u c k l i ng  s t r e s s e s  for  va r iou s com bin a t io ns of ski ns
and c o r e s .  The c o mp u t er  p r ogr a m  was  based  on the equa t ions  g iven in
R e f e r e n c e  4. Fi g u r e  13 show s the n o t a t i o n s  for  a sandwich  compos i t e .

34

b—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-



— - -~~ -. --- s.— ” ‘~~~~ -~~~~~~~~~~~ 3LI ‘~~~~~~~~~~~~“'‘ ~~~~~ 
_
~~~‘C ~~~~~~~~~~~~~~~~ ‘

—

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

~~~~~~~~~~~~~~ 
H ’  

0

: : : ‘ . : :  : : : , ‘ : : ‘ ‘ . : ‘o ~. ~~
- 

~~~~~~~~~~~~• •
~~~ c,5 ’ - 

~~~~~~ 
- - “ - ‘ ‘ ‘ ‘, ‘  o~~- ’ - -

— -.-- .---‘- w - ‘~~~~~~~ 
— ‘ ‘  w ~~~~~~~~~~~~~~~ 

‘— —  -

~~~~ ‘ ‘ ‘ ‘ ‘ ~~~~ - - (  I ‘ ‘ ‘ i ’ ’ U)
I-. - ’ ’ ’ ’ -  ~~~~ - - ‘  _ f I ‘ i ’ ’

U ) - - ’ ’  . . - 
~~~~~~~~~~ 

i i ’ , .  - , . . . , u . ~~~~~~~. . -
- i - i  ‘ ‘ ‘  ‘ • ‘ ‘~~~~~ ‘ C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .i,A

- .  - ~~~~ ‘ ‘~~~~~ ‘ 5~~ ~~~~ ‘ ‘ =4 I -‘---4- -~~’ ‘—‘ -‘—~~- -.--- .— (I)

,0

L L~~~o ’ ’ ’ —~~ L~
_

~_- ‘ ‘ ‘
~~~~~~~~~~~~~~~~~~~~ . :  ‘ :

- : : : :  ~ : : :  : : :  - - :  : : : ,~~~ : ‘ :  .9
\: 

~~~~~~~~~

‘ 
\ / - -

_ _ __ _ _ _  

~~+ ~~~z±
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* ~~~‘ ‘ ~~~ -C--~~~ -~ 
f i , J  , ‘ ‘ i  i i ,

:: :~~~:~~
‘
~ ~~~~~~ _ _ _  L~~

4 
t ’  ,:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

114-1 ~~~~~~~~~~~~ ~~~~~~~~~~+ 
•i ~

[ 
I

-  : : : : : : : : : ; : :
- - 

_ 1 L I !

I - t - - - - ’ - - - - ’ ’ ’ -
, -+~~~ 4 3  , .

H 

~r LL !SN— SS3H1 S~~H : : : ~ ~i i~~~iI t ~~~~~ t~~t t  1” r”r ’r ’rr:T ~~ r~ 
‘ ‘ : - 

I ~~~

35

-

~

- -

~

-- -- -~~- - - -~~~~~~~ -_ _ _



-— 
~~~~~~~~~~~~~~~~~~~ - - ____  

~•‘C ’~~ 
- — ‘~~~‘.T ‘ -

~~~ 1 
‘ 

1~~~
t i ~ 

I

,

‘ - 1 ’  ‘

0’  --
‘ I l  -~~~~~~~~- -*- -- - —~~~~-,-LI--.- - - -~ --~~-.- . 4 . --

4 ~~~- , ‘ - - - , ‘ - ‘ - ‘ - - - , , ,
~~~~~ - - , ,  

~ ‘ h- - - -
LH a)

- i  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 4 4 ‘ l  , 1 ’ f ’
t ‘ ‘ ‘ ‘ ‘~~ — 1 ,

~~~~~~~~
- ‘ ,- - - ‘ ‘ . j  , _ _., ,- ‘ - C- - -l - r

- , - I ~~ , ‘ -

‘ - - ‘ ‘ ‘ I  ~~~~~~~~~~~ i - I’ , ‘ I l ’ ’  ~~~~~~~~~~~~~ • - 4  - 4 I

- I- ‘ ‘ ‘ - ‘ ‘ ~~~
‘ - - ‘I-~~~~~’ ’ ’  4 -i l - , ’ ’  U) 

- ‘I ’  j ’ ’ - - ’ - I Q’  ‘ Cl) 
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I t ’ - ’ ’ t ’ ’ ’ ’ ‘ ‘ ‘

I ’ . ’ ’ ’  - ‘ ‘ - ‘ F ’  - - - j . . - -  ~~ ‘ ,   u~~’ ~~~‘~~~‘ -
~~~~~~~~

- ‘  ‘ ‘ ‘ ‘ - ‘ i ~~ 
-~~ - - h -  I.

-~~~ 
~~~~~~~~~~~ 

- - - b  - - • - -   

4 i.... - + - , ,- ,  - , - 4 - ’- — -, -, - ‘ — ‘---3 C -

- - - i  CI~ - r b  ‘ — 4 u J - ,  I’  - ‘
~~~~~

‘ ‘ 
~~~‘ -  - I , , ,  - i - i - 

-$ w 0

- ‘  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2

- 
H 

- LI

- ; 4- - - ,- ‘ -  - - - - ~- ~ 2 ~“- -  L±~L LHt :H~~:~~~- ’ t : -
~~

‘ : 3 - 4 * ; - a)
. 4  . . , . . , . . , , ,. , , , ,. . . . 4 , 4 4  .~~~~4 , I . . . i  - - - + 4 ’  —

.

- : : : : : i : : : : :~~’. :  : H ; : : : :  : : : :  : ~r :’ : : : r~ ; ~ ‘- :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ‘ - t < a) 
. - -  ‘ ‘- - ‘ - ‘ H ’ - -  - ‘ - t  ‘

I 
I.— 

~- I - ~~
— : : : : , : : : , : : : - : - S - - : ~ E

_______ _____ _____ _____ - _
~~- _L

~
_

~~~~0t  - 0
0 ’ ’ ’ ’ ’ ’  ‘ - ‘ - 0 0 

! _ 

~~~~~~~~‘ ‘ ‘ ‘  ~‘- -~- - - f~~-~~ - 
I ’

I 
-

— - f ’ - - t  - -
~~~

-
~ 

- . ~- - T - - . ~~~- -~ I
- : : : : : : : : 14 H : :  : : : : H : : : ;  - : - : - - - :

, ! . . 4

~ 

- 0 .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H
- - i  ~- t -4 - - -6 / 4 -, , . ,  1 

~~~- I -
‘ ‘~~~~~~~~ - 3 4 ‘ — ‘ - — - - 4 - • -

. ‘ ~~~~~~~~ ‘ ‘ ‘ ~~~~ i~ t~ ~~~~~~~~
‘
~~~~~~~~

‘ 
~~~~~~

‘ -  
: : : L : .  

H

~~~~~ b H ~~ ~~~~~~~~~~~~
‘ ‘  

~::~ :,~~. . :  :: :: :~-: ~
-: ~ t ~: : :  : - : - : : : : : :

I 

~~~~ 

~~~~~~~~~ 

_ _  

I
. ..J S - - 

-_______ _______ 

I 
4-t~~~~.

- _i. I H -

~~~ 

1f l~~~~~~~~~~~ ~~~~~~~~~~~~

: : H . - : ~~~~ -ss~~~j,s 1



,
—----~~~‘——---,-‘- ‘.— - - ‘ ‘

, _  
~~~~~~~~~~~~~~ -..~~

., .-_,,,,. -- .
~~~~~~~

-‘.- —--—- ‘ - - - —
~~~~~~~

—.—-— --- - -

O U T E R  S K I N  ,,~~~

,

r i  I
CORE~~~) t~ h

~~~~~~~ - - -- - -- - --  _ _

__ L _
INNERSKIN — “v

l ” H ; r -  13. N o t a t i o n s  fo r  San h w i c h  C n n ~ n o s i te .

1 o u -  c o m p u t e r  in p u t  d a t a  f i r  Boom -~ t 4 - t t i O n  l22 . 33 is  ( r e f e r to  T a o i e - s -
~4 , 10,

11 , .-\ — I and ~\ _ 2  f o r  Ta ale s 3 an i d  10, t t and t - 
- -

I ‘)  — 1

Outer S ’Io in - J h ’:3 n’ne l  300 ( 2 r , u p n n t e ! 1  u o x v

t 1 
0 . 0 3 2 ( )  ( N Y  1 . 3 1  f. ’~~~

E N 1 = l 0 .~~2 E --06  U N Y  0. 212

12 5 , 12 l’ 06 U Y X  = 0 . 100

I n n e r  Sk in  - T h o r n e l  ~00 Gr -  p h o t e  / E pox v

t 2 = 0 . 0 3 3 0  ( N Y  2 . 07 1 - 4

12 8 . 73 F O b  U N Y  = 0 .34 - s

EY 2 ~ ‘ 5 . 04 E+06 C Y N  = 0 . 2 0 0

37
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C o r e  - N u n n i ’ ’. H on ey c o m b  ( E I R H  I 0 / O X - 3 /  l b  - 3 . 0 )

0 , GC - - l O O t )

E s t j n t ~~t t u ’d pa n n i ’ I  s i - / u ’  i s  18 i n c h e s  b y 44 i n c h e s .

The r i  s u l t i n i g  o t  I l ow a b l e  , n n i  p r i - ~ ~ iO f l  and s h ear  bu c k l i n g  5t r en g t h s  a re :

— 1 1 1 0 0  P S i  F = 2 9 5 0 0  p s i

= 2~~2 O 0  P~~’ 
F s2 = 2 7 7 0 0  p s i

The  c r i t ca l  1 a 0 i n~ c o n c l i t i i , n  is ( u t n d i t i o n  V , ~~ 5 d eg r e e s  Ya -~’~- , R e c in - e r y

K ,on li t I - n .\ ) .  The l i m i t  s he a r  I n~~ds and r n - I n )  ( ‘ nt s  a t  BS 1 22 . 33 that  pro-

C h I l e’ t~~; u ’  c r i t i c a l  • ‘ l u - m e n t  st r es s  a r e :

= I I I  ~ I h  u 2 0 5 7 ( 1 2 . 4 7 - . 24 5 k 3 . O - u _~~7 . 5) 137 , 000 in. -lh

= 184 , 743 in . -1 1)
z -

S ~~P 1 1 3 h  11)
z

The r e s u 1t i n -1~ s t r e s s e s  f-n ’ the u u t .e r s i- in at /. 0 a re :

(\1  ) (1 ) ( E X  ) - - 6
z o I i - ’47-1 3 x 1 0 . 4 1 5  x l u . ~~2 x 10

1
c 1 (E lY , ) 3. 047 ~ ~~~~~~~~~~~~~~~

= 14 303 psi

(M ) (GKO) P (EIZO)

f _ _ _ _ _ _ _  
z

~ 1 2 ( AOC) (G K ) t 1 
2 (Z 1

) (E I Z) t 1

—4
1 3 7 0 4 ) 0  (0 .  4~$ x 10 ) - 1 1 3 6  ( 1 . 795 x 10 

______

2 4 1 ) ( 1 T H x 1 0~~) 0 . 032 2 (2 5 . °5) (3 . 047 x i~
’5
~5 0 . 0 3 2

= 2280 psi

The computation fo r  the  u l t i m a t e  m ar g in of s a fe ty  is:

R
c = = 

14303 x l . 5 
LI 0.690
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and,  irn ilo r l y ,  fu r  t n  u ’  ; ;ne r ski a ,

f 1080-I ps i  l im i t

f = 3080 ps I  l ir 3 u t

1 0-~u-l ~ I . S - - -R — — 0. J D J
c 2 ) 2 0 0

R = ‘~~~~~~ j-~ 
12 0. 167

2
Nis  = ‘- ——

~~~~~~~~~~~~~~~~~~
---

~~~~~~~~~~~~~~
— — 1 — _____

0 . 5 5 5  ‘ ~~(j ~~555 + 4 (0.~~67) 2
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ORIG CO ,-\ i  - ;!~ I C A  l I O N  hi 101 1 I000LOG Y

FI1 , .-\NI E N i  ~ i N l) 1 \( 1

The t a i l  bc -ann anti f in  spar  w I ; r I -  d’ - s i gn e d as a s a n 1 i l ~\ - i e~~2 — - - - ~- l l  c o t .  t r u c t i e ’ ;-

ii i t O  ih~ ’ f a c e s  f i t o t m n o -  n u t  w o un d .  i - i , ’  c las ~i c o u l  h e l i c a l  i - n  n d cr s  were u s e d .
H e l i c a l  ii i t u d  rs U a 5 i c a l l y ii m o d  a i0- i i i -a l  p O u t  t u r n  a l u f l L ’  a cy l i n d r i c a l  r r u a n n c l r t - ! .
The ;u C u i ; O L t u u - 5  look Li k e  a L a t i n -  i-, t t l n  a t r a v e r s i n g  e a r r i n g - - , up~~; n w h i ch  ~s
ITi0 01t e( L a pa~ — off h e ad  t a - u t  ca n  c l l s p C o J . 1 2 ( -  l’u \ L l i g  st r a n t t i s  III t u e  f o r m  ul a
l a n u of f i l a -  t o  - - - . t s. TO, r o i l  l igs  a re  s u p p l ied f r a u n  spools , t e n s ion e d  e v t ’n l y ,
4 -t ilCi ~ a t ~r~~t - . w o t h  4-i r e s i n  I r w i n  a smal l  b a t h .  ‘l’hey a re  fed a n t — i  t h e  m an dr e i ,

r 3t ~:n - s  ni  a u -s it i \ ’ e  r i - l a t i u n s h i p  t — i  t~~e t r a i - i -r s i ug speed uf t 0 oc- c a r r ia g e .  
-‘

10 A ; - 1 — l C ;  t a i l  h u o n i  t a p e r s  i r o n n u  t o ; e  f u r ~- - a rd  a 0 t o ~c’ 4 u n n - n t  to t h u  ill ar~ ~
qti i r :~~ t I l u l ’ i i i  u d i n g  i i  u a n d  F e l  to Lie C o n n i c  a I sh ap e d .  To f i l a m e n t  wind  coi ’ a con i ca l

~ - aped  nr -u a n o r i r e l , p a s i c a l ly  r C - i C ~U i r e  s th e  he l i c a l  pa th  of t h e  f i l a m en t  hand tu  be

g e o d e s i c .  Th e  g i ’ u d u - s i c  p a t h  i5  t h e  ~~I 1 i i ’ t , - st i i - l i c a l  p a t h  f r o m  t o e  l~~r ,,: - i - nd

to  t d ~~ sm al l  en v!  of t r o t ’ n n - - n ’I r e L  a n a l , u - v o n ;  Li  f r i c t i o n  WI-re z e r o , t 4 1 u -  band
ivoulcl  - t li p u n d u  - r 4 en i un  l o a d s .  ‘I he  geodes ic  pat  lu r e q u i r e s  t h e  h el ix
Li ng Ic to inn  r a  se Os von  p r I g  r u  ~ s f r o n i  t h e  m a n dr i ll s l ar c  u~ end to t h e  sma l l
end ( sec  F i g u r e  1-1) .  l f n e  c - l a n g e  in  o - - l i x  a n i g l -  a f f e c t s  both t h e  st iu fn c  s~ a nd
I d e  st r - n g t i i  p r a p c - r t i e  s of I ~ , L  C a l  u pa t r i t C ,  and  t h e  p r o p e r t i e s  r e d u c e  as thc
4-ne li :~ ang Ii ’ m ci’ -a se s . 0 i n d i n o g  on a geodes i c  p a t h  would  r c d u c  e t h e  a b i l n t v  L u
o p t i m i z e  t h e  I HI  boon~ s k i n s .

.5caL-  m od e l s  r e p r e s e n t i n g  t h e  m a n d r e l  conf ig u r a ti o n  of t i i t - ta i l  boom ‘i-crc
c o nst  m et e d  to  t h - t e  r o n u i n e  t o e  a m o u n t  af d e v i a t i o n  rum t h e  g e o d e s i c  pa th  t O u t
cou al d  be a ccomp l i s h e d  w i t h o u t  i n c u r r in g  sli ppage of the  f i l a m e n t s .  It was
c l e t i - r m i n e d  ~v t h e  t e s t s  t h a t  4-i w i n d i n g  p a t t e r n  w i t h  a c on 5 t a n t  or n eg a t i v e

O C x  ang le u p  to 1 d u - g r u -e  p e r  $ i n c h e s  of l e ; o - c t : i  would  not sli p.

IN ITIA L BOON-i F.~~B R l C A 0 [o N  C O h C I O P i

~~~~~~~~~ t h -  i nn -r  and o a t i ’r sk in ~ 
,u~ t h e  i n i t i a l  boom skin  l ; u r n c ;~ t n - u n ;  h ad  t I n ’

same w i n d i n g  p a t t i -  r n  s , and ii-~ r e  i n n a d e  of T hor n e l  300 r o t  i o n )  e f i l am i ‘ of  s,
w i t h  FSCS— 118 i~ ’f e pox y  ru ~~i . ‘t h -  s k i n  w i n d in g  p a t t e r n s  de \  n - t e d  f r o m  t h ~

code sic p , t h and c o I n  5i s t e d  of o n n u  h e l i c a l  l a y e r , i i i )  0 t II- ic 1i (wrap)  • Jn lu-

be ~ng  ±35 dog r u n s i t  f l u ’  f o r\ ’  u l  end (BS 41. 32 )  and r e d u c i n g  to  ±2 5 dog r - e  s
- t  BS 12 . 3 2  a n d  r i ’ m o u i n i n e  C O f l : — t , , u u t  to f i n e  end of t he  boom . ~‘\ ply of u n i —
di r o t  o nal  (0 d e g r u -c ’) f i b er s  ivas  a d d e d  Ia r n t ’u - t  o v e r o u l  I s t i f f n es s  and
s t r e n g t h  r u - q u i r e m n e n t s ;  a l s - - , in  s e l o c t i - d  a r e a s ,  hoop ( ‘ 4 a _ d u - g r o i ’) f i b t ’r o ~’
‘‘‘~‘r e i n c i ud ’  a.  0

-10
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GEODES !C PATH

BASIC EQUATION a~ = sin ’1 [(.~ ) sin a
oj

Fi g u r e  14 .  G c -c u d e s i c  P a t h .

Th e  C o l e l h i c k i n c ’ s S  ~i , t s i:’ s t , t p l i s h c o d  Ott . 0. i ,2~ i n ch  t h . c  ;- . I n i t i a l l y , P V C
( R i g i c  e l i  100)  v- as  s e ] u - c t - ’d ‘ I F  t h e  f oa m  C on - . Du d- to  ;u m a t u - r i o j i  sh a r t a -2 e

t h e  p i a s t i c  ~n d~~~t r v , t h e  PV C fc u m  F o C i - I v - ’d was  p o ur  in q u a l i t y  a’i c x —
c e c~CC~(1 - - - e (l~ ’015’ l t O ’. r u - i 1 u ; i r c - - n ; ; u ’ n o t  S i) V ap p r ox i m at e l y 3 p - - r ce n t .  St idi - s  v. cr c

n ; i o u r l i . ’ of v ar i o u s  s t r - ; c t u u r i ~ f t - a v i s , ant i  P h i l  ( R o h a c e l l  t \ - - p i -  51) w - u s  se t  
tu  r e p l a c e  th e  PV(  f o a r n i .  ‘T h e  ; 0 0 0 c l f l  a d i - o u t a g e  was  t o n — PMI de mn s i i \  of 3. H
DO ) i! l ( l S t ) , O’ c u b i c  f i i u u~ v e r s u s  -1 . 0 f o r  t h e  PVC f o ar r n .  Th e  o t t n - r  a c i v a r o t a g e
i v u s  t h e  m r i t i  c a l  ~ I u - v u t c - d  t e n n ~ p cr atu r e of 383° F for  th e  Pb--il i- er sus 180- F
I- r t b e  pv c; .

The f ab r i c a t i o n  sequ en C e wa s  to w i n d  t o -  ou te r  skin  and place  in a f u - m a i c -  m u l t i
c o n f igu r e d  to I r e  o u ts id e  c o n t o u r  of C - - A H — 1G  tai l  boom .  The s k in i  w a s  p r e s —
5O r i Z ~ -d by ci r ;ci ’~’ i n g  a v a c u u m  b e t w e e n  an inner  va c u u m  bag and t h e  i v o l d .
Th e  s k i n  v;aS c u r ed  it  an d uo - i -at  c d  I t - n o p c ’ r u I  ar c  afldi r em a i n e d  in t h e  m o l d .
T h e  san d w i c h  fo nii C ~r -  and f , r v , - a r d  - o t t , u c ’ o r n n c ’ n t  H i t  m u g s  w e r e  t h e n  p o sit i o ned

ag~~ n st  th c  t e r  skin . T b ’  j i t n o - ” sk in  was  ii owlet U s i n g  t i ’ Sa nte W i n d i n g

p t t e r ; o s  as t i o e  o u t e r  skin . t V i .o ~ , -  ~t i l 1  w i - I  ( c mc u re d ) ,  t iu’ i n ner  sk in  w a s
in s ’ r t u ’ d  in to  t h e  t a i l  boom I t t a i t i  ~t , id  po s i t i o n e d  a g a in s t  t~ -~~ f- n u n  C o l e

f i t t i n g  s . T u e  i n ; ; , -  r s k i n u  was  p r t ’ s su r i zc d  w i t h  a v a c u l i n n o  , u n d c n n  r ed  ,u t  t h e
501 m b  t i :m p u - r ~u t u r u -  i -s t he  u a u t u ’ i ’  s k i l l .

I I
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The ‘ , u t o r i c ’ u t i o n  u n i l  - a t  f u r  t h - - f- o r  t u r w , u r d  i t t n h f l u u t i t  f i t t i n g s  ( ( 0 0  ~~i s t e i  of

i i i  a l ; t n i f l u f l ~ a i l O V  f l i u t i l  i f l S i ’ r t  t l i , t t  1 ) 1  O n n u e S  i sh u n t  sun t i o t o  of t I e  n ; u t n o d r u - )

- - r o t , u u v e r  w h i c h  i s  w o u n d  S — g t u s s  f i b e r s  00 ( 1 i ’ p u u x v .  H o e  m -t a l  i n s u ’r t  h a s  a

s h u t ‘‘ b - t t i t ’ t o ~~p ’’ sh~i p i ’  — — a l l u ’ C k u ’ d — d ’ ’ ~~ n i  S I C  t i O f l  f l u ’ t i o e  u - l i d 1 . D u r i n g  t I n -

iv inn!  i n n  - - p -  r - m l  i - n o , t i m e I u ,md ‘ i f  f i t o ’  r s is v.- i , n ~~nd ( t own  in to  h i s  i n ‘ck (O L C t o  t in) ”
C u ’  ~o t t ; d  t r a v e r s e s  f r n n n  en d  t u  u - i ; - )  t n  th ~ n n u n n r i r i - 1 .  The  f i h u - r s  b u i l d u p  ;u n d

u v u ’: ’lo Ip  in C i s  r c ’ e i u - n ;  in - u n 0 0 0 u m n n u i - r  t h u  f o r m s  a t h i c k  r i n g  end t I 1t conn p l u - t e l y

c l O t  F i l l S  t h e  m e t - u i  i n s e r t  and p r o v i d e s  a met  h an i c a l  i t t o i t h m e n t  of t h e  f i h i - - r s

t O  t i l e i n s e r t .  Two c on lp le t e  e n d  f i t t i n g s  a r c ’  w o u n d  at one t i n l u u -  on a double

con i c al f l l a f l d r u - l . The m a n dr e l  i s  s e p a r a t ed  0t t h e  m i d d l e  to  c r eat e  t h e  two

f in  j o g s :  each  f i t t i n g  is f o u r i t o e d  to f i t  u n tO  f a r e  I c ,  t boc ’  s andwich  c o n st r u c t i o n  of

t h e  t u i  I boon o and i s  Cu r e d  u t  e l evated  t i  mp e r at u r  es und u-i .  p r e s s u r e .  S ke t c h e s

sio n’: ag t I ~ e C Of l  st r i n c t i o n  ( l u - t a i l s  of t l ~ e I ,  n’v,-a rd  a t t a c hm e n t  f i t t i n g  a r e  i l l u s —

t r , c t u -d i n  F i g u r e s  1~ arid 16.

C o n n u ’c t i n g  the  v e r t i c a l  f i n  spar to the  t a i l  boom c o n s i s t e d  of b o n d i n g  both

C- e f o riv a r d  ou n d  t h e  a f t  s u r f a c es  of t h e  spar  to L i i i ’  ful l  can ted  boom bulk-

h e a d s  ( s e e  F igu r e  17). The bulkhead s l oca t ed  f o r e  anti aft of the  fin spar

a re  a r u - ur -d compos i te  (g lass  f a b r i c / e p ox y )  and a r e  molded to f i t  the  i n —

s i d u ’  cont  or  cof  t h e  bo o 01)0 . The f a b r ic a t i o n  s e q u e n c e  is to  i n s t a l l  the  f o r w a rd

cant  b u lk h e a d  f r o m  l i i i ’  f r o n t  end of til e boom and bond it to til e i nne r  skin of

the  boom. The  f o r w a r d  f a c e  of the  f in  spar  is  t hen  bonded to t i le  bu lkhead

w i t h  t h e  aid of d eco c l a m p i ng  f a s t e n e r s . P recured  glass  f a b r i c / e p o x y  ang les

a re  t h e n  used  to t i e  t h u  s i des  of spar  to the  i n s i d e  of til e boom. The af t  ( t w o

p i u ’c e )  c an t e d  b u l k h e ad  is t h e n  i n s t a l l ed  f r o m  the  aft  end of the  boom and bond-

ed t o  t h e  a f t  face  of the  spar and the  i nne r  skin of the  boom.

INITI - \ L  F.-\ ISRI CATION P R O B L E MS

The f i r s t  s t r u c t u r e  f a b r i c a t e d  was  the  outer  t a i l  boom sk in .  The skin w a s

o v e r  the  di e si gn we ig ilt by a p p r o x i n o at e b y 30 p c ’rcen t  due  to an added p l y of 113

f a b r i c  app l ied  over i t s  s u r f a c e  anti i t s  r e s i n  r i c h  condi t ion . N o n u n if o rn l
o v e r a g e  was  n o t i c e a b l e  b e c au s e  of rov ing  sli p p a g e , and some skin  \v r i l lk l i f l g

occurred near t h e  f o r wa r d  end t i l a t  u t S  c , u m n s e d  by t o o  l a r g e  a sk in  p er in l et er

\ void oil  t h e  top ,  n i -a r  t h e  aft end , - - C C  o n r r  ‘d duc’ to  art uncut  hoop p ly ivh ic l l

Ii n u t e d  t h e  h e l i c  ab l ayer  f r o m  st  r i - I  c h i n i  g . The out s ide  su r f a ce  of t he  par t
v, as v u - r i ’  s m oo fh  and t h e  ‘‘ve t’ i l l  C 011(1 i t i on  w a s  c-on s i i ] u ’ r  ed to be 0u d i -q m m i t  u’ fo r

t h e  a t t a c h m e n t  t i - s t  ta i l  boom s i n ce  til e p r i n i o u r v  t u - s t  w a s  fo r  t h e  f i u n i i - ir d

it t  , i ch  f i t t i n g s  and f in  s p a r / b o o m  at t a c h m e n t .

The t v o , t u - r i a b  se l e c t ed  for  til e s a n d w i c h  c o r u ’  w a s  PMI f o a m .  Til e f a b r ic a t i o n

s e q u e n c e  was  to h o - ‘ i t  f o rm  til e fia - u I l l  t o - t h e  I , u i i  boom SI) ~i p u ’ and 1)011(1 it t , ti i u ’

prev ious ly c u r e d  o u t  ‘r s k i n .  PMI foam p r o v u - d  to be d i f f i c u l t  t u u  f o rn l  t o  t i l t ’

t a i l  boom c o n C u r , n u r t i c u m i  a n y  in t h e  c i  t i e r  a r ea s .  \ c o f l l p r o n l l i s u

~i p p r o u c h o  was  t a k e n  by u t s i i i i ~ P h i l  f u ) W i  i f l  t h e  m o r e  t i ~~t ou r  c’ , u s  inn 1 N n n o u ’x
i lonevcomb in t h u  t i~~i t  C - o r i l e r S .
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‘ T u e t a i l  boom sk in s  w e r e  r e de s i g m m c ’ d  b e c a use  of t he  fabrication problems

t ha t  ex i st ed  in f a b r i c a t in g  t h e  o u t e r  sk in .  The de tai l s  of the  rede si gn w e r e

d e s c r ib e d  in t h i  Second Dc si gn Conf igu r a t i on  s e c t i o n .  The inne r  skin w a s

f i l a m e n t  ivound to the  new co n f i gu r a t i o n  w i t h o u t  f a b r i ca t i o n  p r o bl e m s .  The

t a i l  boom f a b r i ca t i o n  sequence  w a s  t h en  to r emove  t h e  skin  in tac t  f rom th e ’

w i n d i n g  ma n d r e l  and i n s e r t  it in the  boom mold a g ai n s t  t he  sandwich  core .

l ) i f f i c ut t y  w a s  e x p er i e n c e d  in p o s i t i o n in g  the  skin  a g a i n s t  the  core .  A

vacuum bag was  then  i n s t a l l ed  a g a i nst  the  inner  sk in  and a t t a ched  at the  ends

to the  boom mold.  A p a r t i a l  vacuum was  p r o d u c e d  be tween  the bag and mold

w h i c h  p r e sse d  the inne r skirt ai2~a i n st  the h o n e y c o m b .  Dur ing  the  c u r i n g

op er at i o n . ti -n e vacuum was  los t  a l lowing  the  inne r skin  to separa te  f rom the

sandwich  core , c r ea t i ng  un b on d e d  a r ea s .  H o w e v e r ,  it w a s  decided to con ’-

t i n u e  wi t l i  the  i n5t a l la t io n  of t he  f o r w a r d  a t t a c h m e n t  f i t t in g s , the  f in  spar ,

and the bu l k h e a d s  to d e t e r mi n e  if a d d i ti o n a l  m a n u fa c t u r in g  prob lems  ex i s t ed .

The f i n  spar  w a s  a du m m y  spar  f ab r i c a t ed  f r o m  pol y ur e t h a n e  foam s t r en g t h -

cned w i t h  a i m  epoxy ge l  coat . The f a b r ic a t i o n  c on c e p t s  fo r  ins t al l ing  th e  for-

w a r d  f i t t i n g s and f i n  spar  u - or e  s u c c e ss f ul , w i th  onl y minor  p rob lems  exist-

ing due main l y to the  i rr e g u l a r  su r f a c e  of the inner  skin.  The comp lete ta i l

boon) w a S  r r n u v e d  to Hug h e s  Hel icop t e r s  fa c i l i t y  and used to a ss u r e  i ts

c: ) n l n p a t i b i l i t y  w i t h  the  s t r u c t ur e  t e s t  f ix t u r e .

IM ’FIAL FIN SPAR F A B R I CA T I O N  CONCEPT

1 - m e  i n i t i a l  spa r  c o n f i g u ra t i o n  se lec ted  f o r  f a b r i c a ti o n  has  an approx ima te

I r op e u s o i d a l  c r o ss  se c t i o n .  The skin  con s ist s  of t h r e e  w ra p s  of ±30-deg ree

o r ie m t m t e d  ~~r o , p i tc  f i b e r s  (Tho rnel  300) ,  w i th  the  th i c k n e s s  vary ing f r o m

0. i~~ 1 j ;a ’h t ° u ck  ~u t  F in S ta t ion  70 to 0. 065 inch th ick  at Fin Stat ion 5 .08 .

Fo u r  c o r o i u ’r  an g l e s  c o m pOs ed  of u n i di r e c t i on a l  g ra p hi te  f i b e r s  w e r e  added

to m e u - t  u ) v e r 4 - t l l  st r c ’ ; o g t h  and t i f f n i e - s s  r e qu i r e m en t s .  The c or n e r  g ra p hi te

t 1n i c k n c ’ s -s v a r i e s  f r o m  0 .0 16 inch t h i c k  at F in  Stat ion 5 . 0 6  to 0. 134 inch t h ic k

at Fin S t a t io n  70.  The skin  w i t h  added c o r n e r  f i b e r s  was cu red  in a f e m a l e

mol d u t  u ’ l , ’v a t c d  t u ’ n n n p u ’  r o u t u r e  and pre s su r e .  A ri g id foam (pol y s t y r e n e )  an ~’h

an i n n e r  h u n t ’ ~ f h - g l a s s  f i b e r s  w e r e  added to the inside of the skin to c r e a t e

a : u ; o d ~ i d a  C O f l s t  r u c t i O l b  t h e  f i b e r s  w e r e  ±45 degree s  and 0.0 10 inch t h i c k .

l O u ,  p u r p o s e  of t h u  f oam and i n n e r  t u b e  was to s tab i l ize  the  spar skin and

c o rn er  o u m m g l t ’ s f o r  co m p re s s i on  and shea r  loads, t h e r e b y obtaining t h e  maxi-

m u m  s t r ’n l g th  of t he  g r a p h i t e  f i b e r s .  The spar  was t h e n  to be wrapped  cir-

cu m f e r i ’ n m t i o u l l y w it h  one p ly of g l ass  f ib e r .  The p u r po s e  of t he  w r a p  was  to

p r e v en t  pee l ing  of the  c o rn e r  u n i d r e c ti o l ia l  g r a p hi te  f i b e r s  and to improve  t h e

b on i d in g  t o  h u u t ’  f i n  sk ins  and tai I boom bu lkheads .  The f i n  spar  c o n s t ru c t i o n

is i l l u s t r a t e d  in Fi g u r e  18; a lso shown in the  f i g u re  a re  add i tiona l de ta il s  of

t h e  ta i l  boom c on s t r u c t i o n .
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[N H  C\ 1,  F , \ I - ; lU C ,-\ T luN  R F ~Vi L’2i\

~i i ; e  f i r s t  g r a p h i t e  o u t s i d e  s k i n  w a s  \ i u u m m m ( i  and c u r e d  u s i ng  ‘,- aeu u i n m m  p r e ssu r ’- .

I ° oe  m m n i d i i ’ c - c t  m a n u a l  c l o u H i - r  w a s  w o u n d  a n n  a 5 — f u - k — d i ; , ! i m i - t i o r  d r u m ; and i-: hile
i t  ~y , 5  ~t ; Il in t i ; u -  u n u c u r - -h  (u -c t )  c o n d i t ion , it  u -a s  t r a n s i e n n ’ i - d  to t h e  ou t s i d e
sk i l l  ~ inch i ng  m a n d r e l .  b a t h  ends  of t o y  u m o i d r u - e t i o n i a l  n ; u o i t en i a l  ii ( ‘r e  tic - d
W I t  0 0 0) )  v,’ i u u - i s . ‘fI n e  ,a s I c  h e l i c a l  l a y u - r  \ V k S  t h e n  v:ountl  o ver  l a  en t i r e
m o u n c i r e l .  D i f f i c u l ty  u -as  e x p e r c i - n c e d  i i i  u i m m d i n g  t h e  g r n p u o m t c  b a ; m d s  0 m m  2 -1 0 0 0 —

g u - ade  s I C  h e l i c a l  p a t - ! .  S l ip p a g c ’  of h e l i ca l  i n  ; d i n g  o c c u r r e d  at a p p r u - a o ; . a t i - l y
t 0 ie n n i d — i ’ - n g m h  of t h e  m a ; m c l n ’ - l  at t i o o -  st - n’ I of th e  ~~ ~— d e g  r u - u -  W i l O i i l u g  a n g le.
a l o p o o u g u - of t h 0  hoop  w i n d  an d  t i - u , i - ; i r e c ti o n al  d ou h i e r s  \ V e r u o  a l so  e x p e n i —

e r i C  en , h u~~ u - ’o u ~- r , to a m u c h  l e s se n  deg r i o t - . - S t I R :  0 t h u  ri: u -a s  m o o  r u - a  son to
m a i n t a i m i  t o u t  t i _ _ i l  u o o n u , i t  w a s  c t i o c i d o c l  to s t a t i c  t u -  ~ t t h u  boom to f a i l u r e  b y
t h e  m e t h o d  au sc n i a~- c i  in — \ p p c - n d i x  o - . Even w i t h  t h e  g r o s s  st r u c t u r a l  d e f e c t —
inc  [‘0- , m m og s k i  mm w ri  oh-J o s an_ I c ! o i - er l a ps  am_ I d larg  - - um ub ond i ’d  a r c - a s  of sk in  t o
c o r e  1 k _ I c’ t a i l  000nTO s u — h a i o u c d  m ax i m ur r m  d e s i g n  l i o t o i t  load a n m d  \ V c n l t  to 7 p e r —
Ce nt ov~’ r t ° -nc ’ l i m i t  load u h u m i  f a i l u r e  Occur  r d .  The s t n c m c t  u r a l  p u t t ’  n t i n l  of
t h e  bas ic  do si g n  a p p r o a c h  u s in g  ad v a n c ed  c o mp o s it ’-  s w a s  e s t i o h L i s h c d .

‘The  f i o u _ s p - o r  5 i n  w as  t i l ~- o : o ~ ’ ; o t - i o c m n d  t o  h o e  t ’ c ’qu ir ed  ± 3 0 — d e g r e e  h e l ix  w i t o
no p r o b l e m s .  It u-a5 t h e n  p laced  in a f i ’m n l e  mold to t h e  p r o p e r  c r o s s  s e c t i o n
ari d c u r e d .  \~ lien L~oc sk in  u - a s  r emc,vc -d f rom t h e  mold,  a wr ink l e  u-as f o u n d
on the  l e f t — h a n - n d  s u r fa c 0 , ex t e n d i n g  a lmos t  t h e  f u l l  l eng th  of the  s p a r .  It u as
d e c i d e d  t o  r u -p a i r  it w i t h  f i o e r g las5  f a b r i c  and c o n t i n u e  u -it))  t he  spar
ía b r i c a t i c )  Ii .

Pol y s t y  r u - o n -  f o am wa 5  o r ig in a l l y sc ’lec ted  to st a b l i z e  t h e  spa r  sk in s .  Th e ’
f a b r i c a t i on s eq u en c e w a s  to  p o u r  e x p a n d a b l e  beads  of s t y r c n c - b et w e e n  t u e

s k i n  and t t o e  i n n e r  S-g lass  t o o t - . The r e s u l t  of the  f o a m i n g  ex p o -n im e n t  \\ as
u n 5 a t i s f u -  t o r y .  Pol y u r e t h a n e  foam was  sc l c ’y t o d  as a s u b s t i t u t e  \\ i th  a
s t a g u ’  f o a m i n g  p r o c e s s  being emp loyed.  F a b r i c a t i o n -n  p r o b l e m s  s t i l l  e x i s t e d
as the  foam va r i ed  in d e n s i t y  and w a s  g e n e r a l ly o v e r w e ig h t .

A T T A C ) [ \ I E N I  TEST TAIL BOOM

The t a i l  boom skins  were  redes i gned u s i n g  c o m b i n a t i o n s  of g e o d e s i c  \v inc l ino 2

p a t t e r n s  b e c a u s e  of the band sli ppage  p r o b l e m s  e n c o u n t e r e d  in f a b r i c a t i n g
the  i n i t i a l  boom skin . The r e v i s e d  d e s i gn i n c l u d e  s n o m _ I s y n n n _ I _ I c ’ t n i c a l  bit 1 0 —

w i c h  f a c e s  arid t h r e e  d i f f e r e n t  windi ng p a t t e r n s .  Ti-n e p r e v i o us  con cu ’p t  had
s y m m e t r i c a l  ins ide  and o u t s i d e  s ki n s  w i t h  onl y onm c ’  m u - l i c a l  i v i n ; d i n m g  p o t t t u - rn .

A l s o , t I n ’  n - v i s e d  des i gn c ’l i rninatc ’d I he use  of p r c ’w ou n i l ,  bane! l a y — u p ,
long i t u d i n a l  f i b e r s  and added  r e i n f o r c e me n t  in -i t h e ’  f o r w -u  ro  o u t  Oa -h r l _ I c f l t  ~~~~~~

18
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I ‘it t , t ~i ) n ~i c , u t  L u l l  s e e d m e m m c i ’  f o r  t he  ,~ t t ~~m u i I n o n u - f l t  t e s t  t a i l  , 0 0 m m l  i s  o c , t l i m o t - d  bc- lou :

O u t e r  Skin:  ‘I i i , - t i c  s t e n o  of t I n e  o , t j t e r  sk in  of C m i -  s u ’ c - n i d  ho- n m o  c o n  s i s t e ’ d
of  o - o  I 1c M l~u y c ’ r ± 7- I/~ d - g r e e o  s at Sta t i o n  -11 . 32 , goode  sic p a t h ,

fu .,ll lu ’ o o ~~t - : ;  u m n i ’  h e l i c a l  l u y u - r  ± - -1h d !e - k r i ’ i ’ S  at  t O t l an  - 11 . 32 W i t - i  g eodes ic
p a t i o  to Ot ,,t i-no a . I ) , o m i t ’  ~: i r c u r m n f u ’ r ~ - n m t i a l  p ly ,  f u l l  I u ’ o o 4 t k o ;  and o n e  c - xt r a

c i r c um f e r - - o l  m a t  p l y f z ’ o o m m  S t at i o n  4 1. 32 to ~~~~. - 15 and f rom S t a t i o n  57. 0
t a  ~7 . 0.

l h i  n m m a n e r i o i l was  Th o r ne l  3u0  g r a p h i t e  r a c m o o g s  i m p r e g n a t e d  w i t h
A P C O  2 13 4 / 2 3 7 - I  hi poxy  r e s i n . The  sk in - n  w a s  p la c e - I  in t h o u -  t a i l  boom
f e m o t  I - n-mId and cured in t ° o - - sam - o m n o u m i n e  r as  t i c  i n i t i a l  u oorrm - , , m t e  r
5 m o o

Cor e :  l - I R I - - l l O / O X — 3 / i t , — 3 . 0  ( N o n m m ex  I i o m i e y c o m o )  w a s  u s e d  as the
c-ar e  m a t c ~m’ m o u l  L - i r o n o ~~I ouc m t t h e  & ‘ n l t i r e - b o - j m m n  s t r u c t u r u ’ . Bond in g  of the ’
h u - o e \ - c o m n b  c a r u -  t o  t o e  o u t e r  skin  w a s  Cii s i e r  t i t a n  foam a e c a use  of its
f l , ’xi  b i l i t  ~

- , an -nd e l m  o m a t ed  I h u _’ a t t a c h m e n t  of f o a m  to h o n c -y c o m  o.
l o n e  h n o i -y c o r n b p a n e l  w a s  t r i m,nm co d to t h e  s i z e  of t h e  f l a t  p a t t e r n  and
bon ded !  t o g e t h e r  to  f o r m  a C u m o ~.’ w i t h  3M 22 Ic s t r u c t u r a l  a d h e s i v e .  A
r — ) u n u l  t i - n o p c ’ r~~t u r e  se t  r e s i n  sy s t e m  — AP CO 2 4 3 4 / 2 3 4 0  mi xed  w i t h
( h o u b — O —  Sil ( t i o i c k c - n u ng  ag en t )  — was app lied to h b oe i m _ I s i d l e  of t o _ I c  o u t e r

5 k i m o  by a p aint  r o l l e r .  The h o n e y c o m b  core  u -a s  coi led up a r o u n d  a
m e t a l  pipe am -nd i n s e r t e d  in to  t h _ I e ’  o c u t - r s k i n . The h i on eyco mn b car e  w a s
then  u n c o i l e d  amid 1j u s i t i o o i e d  i n s ide  the  ou te r  skin . A vacuum hag was
u s e d  to p r e s s u r i z e  t h e  h o m o ey c o m b  ag a in s t  the o u t e r  skin in t h e  fe m ale
t o m o l d .  I O u  a s s e m b ly w a s  c u r e d  at room t e m p e r a t u r e  f o r  6 h o u r s  and
at 200 ° F f ar  1 h o u r s .  The i n s t a l l a t i on  of the  h on e y c o m b  core  w a s  v er y
5u c c e s s f ut .

Im u n e r  Skin:  T h i n  des i gn of t he  i m _ I 1 o ~’r skin of t h e  second  boom c o n s i s t e d
of one h e l i c a l  l a y e r  ±18  d e g r e e s  at S t a t i on  41 .  32 , g e o d e s i c  p a t h , fu l l
l e n g t h , and one c i r c u m f e r e n t i a l  p ly f r o m  Stat ion 41. 32 to 59. -45 and
f r o m  Sta t ion  -1 7 . 0  to 61.0.  T~oe m a t e r i a l  ‘c-as Thornel  300 g r a p h i t e

roving i m p r e g n a ted  w i t h  APCO 2 4 3 - 1/ 2 3 4 7  r e s i n . The i n n e r  sk in , u j Ib
i t s  a s s o c i a t e d  b l eede r  p l ies , v a c u u m  bag, ASB b ladder , e t c . ,  was
in l s e r t e d  in to  the  ta i l  boom a p p r o x i m a t e Ly t h r e e - f o u r th s  of i t s  fu l l
le n g t h , in a h o r i z o n - n t a l  p o s i t i o n .  The a s s e m b ly was  t h e n  r a i s e d  vc ’r t i —

call y.  The in n e r  skin w a s  sli pped in to  p o s i t i o n -n  ~v ) n i l c  a v i b ra t i o n  f o r ce
was  app lied to the  boom f e m al -  mold.  The a s s e m b ly was  c u r u - d  f o r
-1 h o u r s  at 130 ° F, 2 h o u r s  at 180° F, an -id 2 h o u r s  at 200 0 F.

~ 0
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FAI3RICA ’I ION R E V I E W

‘h u e  a t t a c h m e n t  t e s t  t a iL  boom was  f a b r i ca t e d  as p r e v i o u s ly d e s c r i b e d .  A

de ta i l ed  in s p e c t i o n  was  p e r f o r m e d  on the  comp leted t a i l  boom. Two s t ruc-

t u r a l  d e f i c i e n ci e s  w e r e  o b s e r v e d .

I. ‘Pie s k i m i s  b r id ged in the  co r n e r s ,  r e s u l t i n g  in unbonded  a r e a s  b e t w e en

the  sk ins  and th e  h o n e y c o m b  core.

2 .  The g r a p h i t e  f i l a m e n t  r ov in gs  did n-not c o m p r e s s  s u f f i c i e n t ly to f o r m  a

u n i f o r m  bandwid th  in the  a rea  w h e r e  the  he l i x  (wrap)  ang le was  less than  10

d e g r ee s .  T h i s  r e s u l t e d  in gaps  b e tw e e n  ad jacen t  bands .

The f a b r i c a t i o n  t e c h ni que of we t  f i l a m e n t  winding  the  skin  onto a cy l indr ica l

or conica l  m an d r e l  and t h e n  i n s e r t in g  it in to  a female  mold to be de fo rmed

and c u r e d  to the  r e q u i r e d  con tour  will  r e su l t  in one of the fo l lowing  cond i t i ons :

• Br id g ing am -nd f r e e  f o r m i n g  of t he  c o r n e r s  if t he
f i l a m e n t - w o un d  p e r i m e t er  is too small .

or

• W r i n k l i ng  or ove r l apping of the sk in  if the  p e r i m e t e r
i s too Large.

It is undesirable structurall y for skin wrinkles to exist. The w ri n k l e s  wi l l

cause a loss of s t r en g t h  and s t i f f n e s s  in the  compos i t e  m a t e r i a l .  The br id g-

ing in ~he c o r n e r s  w i l l  not a f f e c t  the  s t r u c t u r a l  p r o pe r t i e s  of the  c om p o s i t e .

The b r idged  c o r n e r s  wi l l  not have the  g lossy  mold f i n i s h  p roduced  w h e r e  the

c o m p o s i t e  con tac t  the mold, but u-il l  have an accep t ab l y smooth  s u r f a c e .

The d e v i a t i o n  f r o m  the  mold c o n t o u r  can be ma in t a ined  to an acceptable  l imi t .

Wet  f i l ament  w ind ing  c o n s i s t s  of s evera l  r o v ing s ,  w e t t e d  w i t h  r e s i n , t ha t

wind  onto the  m a n d r e L  at the  same t ime .  A t ens ion  f o r c e  is app lied to the

rovi ng s as they  wind  on the  ma n d r e l .  It is  n e c e s s a r y  tha t  the  m a n d r e l  e x e r t

a f o r c e  agains t  t he  rovi ng s to spread the  roving s to f o r m  an even band of

f i l a m e n t s .  The smal ler  the  he l ix  ang Le , t he  lower the  f o r c e  tha t  is ex e r t e d

by the  m a n d r e l  agains t  the  rovi ngs.  For the  ta i l  boom sk ins , it w a s  clct c ’ r-

m i n t e d  tb - na t  the  helix ang le was  r e q u i r e d  to n’ equal  to or g r e a t e r  t h a n  10

CO g r e e s.
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F I N A h . .  BOOM F A B R I C A T I O N

N E W  FABRICAT ION CONCEPI

A lieu oeandwich fabrication concept was developed that cons i s ted  of wet  f i l a -
nlent cvinding the i n n e r  skin-n, addi ng the  h o n ey c om b  co r e ,  and wet f i l a me n t
w i nd i n g  t h e  outer skin . This concept had two possible problems:

I. Wet filament cvinding over an open honeycomb core could
po ssibl y cause the honeycomb celLs to filL with excess resin .

2 .  T r a nsf e r r i ng  t h e  w e t - w o u nd ,  conica l  shaped , sandwich
s t r u c t u r e  to the  f ema le  mold fo r  shap ing and c u r i ng  to a
f i n a l  c o n t o u r  could c a u se  a hand l ing  p rob lem .

Fiber  Science , Inc. ,  w a s  in p r o d u c t i o n  of a wa t e r  tank c o n s t r u ct e d  of sand-
ic- ich  wa lLs  fo r  the  c o m m e r c i al  a i r l i n e s .  The w at e r  tanks w e r e  cons t ruc ted
of g lass  f i l a m e n t  wound sk in s  and PVC foam core .

To t e s t  out  the  new fa b r i c a t i o n  concept  and hope fu l l y solve the  i m m e d i a t e
p rob lems , a w a t e r  tank was const ructed  us ing  the  same g lass  f i l a m e n t
wound  s k i n s  but  u s i ng  Nomex h o n ey c o m b  core.  The ends  of the  t ank  w e r e
r u o r n o v u o d  and the  c e n t e r  sec t ion  was  p laced in the  t a i l  boom female  mold in
t h e  a rea  of t h e  mold  w h e r e  t h e  p e r i me t e r  of t he  tank mos t  c lose l y f i t  t he
p e r i mc - t u - r  of the 000m C o n t o u r .

The  r e s u l t  of t i l e  i e W  f a b r i c a t i o n  concep t  was ve ry  s u c ce s s f u l  and b i t t e r
than  a n t i c ip a t e d .  The sk ins  w e r e  smoo th -n  and u n i f o r m ly bonded to tb - n e  h o m o c y  -
comb core  w i t h  a smoo th  f i l e t  of r e s i n .  T h e r e  were  no honeycom b cel l s
f i l l ed  or cc -c- n p a r t i a l l y f i l l ed  w i t h  r e s i n .  Ti-ne c o r n e r s , w h e r e  t b ~e tank
s t r u c t u r e  did not  f i t  t h e  mold, f r e e  f o r m e d  to p roduce  a smooth , s t r u c t u ra l l y
accep tab le  s a n d w i c h  s t r u c t u re .

FABRJ CA ’J  ION OF T U E  S T R U C T U R A L  TEST TAIL BOOM

H o t ’  t e c h n i q u e  f o r  f a b r i c a t i ng  the  s t r u c t u r a L  t e s t  t a i l  boom is d r a m a t i c a l ly
c h an g e d  f r o n n n  t o - n c ’  i n i t i a l  f a b r i c at i o n  concep t s  and is  o u t l i n e d  below and shown
pa t -  - r i a l l y in Fi g u r e s  l i  and 20.

1. T b -  in si d e  s k i n  w~e s  w e t — f i l a m e n t — w o u n d  over  t i -n e  con ica l  m a n i d r e l .
‘1h 1’ m a n -n d  n i  w a s  st  i f f u O l m d ’ d i  to p r o v i d e  b c ’ t t u ’  r t o l e r a n c e  c ont r o l .

2 . .  The ’ 0. i o2 5 - i n c h - t h i c k  N o m e x  h o n ey c o m b  COrc ’  W a s  then )  f o r med
a c e r t h~~ o u t  s i d l e ’  su r f ac e  of the  i n s i d e  ski n . The core  cc-as bonded
Oil t in ’  e ’ d I m 4 u ’  s w i t h  I—I a rd m a n  e p o x y  aclh e  sivc ’  so H o t t  :1 could n - not mo~ci-
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3. The -alit s i d e  sk in  cc-as c v e t — f i l a r n n e n t — w o u n d  oc- c - r  t i m e  N u j n r m c n x  honey-
comb c o r e ’  to o b t a i n  t i l e  o u t e r  s k i n  wind ing s and t i u i c k n e s s  and t o
cu n m ~ p le t u ’ t I e  sa m i d c v i c h  c o ns t r u c t i o n  of th c ’  t a i l  00011 1 .

- 1. 1 o e en -nd d o n m m e s  w e r e  r e m o v e d  and the  e n t i r u -  a s s emb l y cc -as p laced

in -n t he  m a s t e r  f e m a l e  n o m o l d .  The i nn e r  m a n d r el  cc-as m o v e d  onL y the

a m o un t  n e c e s s a r y  to  c l o s e  t h e  mold .

5. T i m e  inner  s~: o n , c o r e ,  an -nd o tm ’u - - r  5k in  w e re  t h e f l  vacuum bagged  to
t h e  f e m ale m old as a u m n i t ,  p r e  s s c m r i z - - d , and c u r u ~’u at an e l e v a t e d

t efll per a t O o  r - - .

4 1 _ I e ’ i n n e r  and! o u t e r  skin  c o n s t r i c t i on  conf i g u ra t i o n s u -cr c  r e m i c  s ig n e d  an -nd
- a r k - 5 c mn o m a r i z e d  beloc-. . TM- sa n d w i c h  m at er i a l  r c rn a i nl s  t 1 oe  sam e — I I i u r o o e - j

300 0r a p i o i t e  Clam t o ot s w i t h  ~\P C O  2-1 3 - 1/2 3- 1 7 ep ox y  m e sin  a n d  I I R E I  10/ OX -

3 / I c — 3 .  0 X n_ I l ex  h o n ey c o m u , 0 . ,2  5 i m oc h  t h i c k .

In :,  .--n k i n

I. T he  f i l am - o , t  u - i n d i n ig  ang le beg ins  w i t h  a \ v i n d i m g ~ n g l e  of ± 17
d e g r e e s  at Boom Sta t ion  (BS) 41. 32 , con t m n u e s  in -n a ge~xJe si C  p u t i u  —

to u s  o am -nd t h e n  c on t i n u e s  at a co n s t a n t  u c - i n d i n g  0 2 1 C m ’ of ± 30

deg i- t oes  to t h e  e m - n d .

2 . One c o m p lete  c i r c u m f e r en t i a l  p l y f o r  t b - n i :  f u l l  l e m i g t h  of t O~ boonl .

Ou t e r  Skin

1. The f i r s t  l ayer  he -g ins w i t h  a u- inding ang le of ± 3 5  d e g r e e s  at  BS
1. 32 w i t h  a geocl e sic pa th  t ha t  t e r m i n a t e s  at BS I S o  w i t h  a I— i n c h

sca l loped  ed ge .

2 .  The second l a y e r  5 tn r t s -,c- i t O  a w o  a i ng  d O lt :  of ± 12 de ’u r e ’c ’ s - it

BS - 1. 32 w i t b i  a ge odc ’  sic p a t m i  t h r o u g h o u t  t i n e  f u l l  l e m u g t  h i  -af t h e ’  bua - a n n o .

3.  The o u t e r  sk in  is f O o l  sb -ned ~ — i t l o  one c o m p lete c i r c u m fe r e n t i a l  p l y
for tin - f u l l  L e n g t h  of t h e  boom .

The 5t r u c tu r a l  t e s t  t a i l  boom c o n s i s t e d  of t h e  t a i l  boon) st ~ u c t u r i -  c c - i t O  he l i n i

sp a r  i n s t a l l e d,  r e i n f o r c e d  acc e s s  h o l e s , am-n c! th~’ f o i i a c v in g  l oad ing  s t r i c t i n - e ’ :

I. Tail r o t o r  gea rbox  m o un t in ,g b r a co e t  at F in  St~~l ion -n  :~ 0 - ~ .

Z . A s i m u l a t e d  s t r u c t in r a l  load in ig  p o i n i t  at a p p r u” i m n n o - t t c ’ l y the  m i n i —
sec t ion  of t i m e  f in  spa r .
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3. F i n  spa n’ t o  boorn e a t t m c O i n m n c o i t  s t n a m c t o m r i - .

-1 .  I - u I  r o t o r  - i n c - c -  , - n o g 1 ~ - g c a tr o o x  s u m a p o r t  s l m a o c t U r - - .

5. 1 o i l  sk id  su p p o r t  ~t r u c t u r c .

- . hi lt: at  or s U p m u o )  i 1  st r cn c  t u m  r c

F A I - R I C A 1 I O N  OF 1 l i E  FIN S P A R

-l o n e  t i o i —  s par  c o o i s t r o o c t i O n  w a s  r o d u - s i g o m e d  m t t - r  t O t ’  f a u r u c i u t i n g  1 ) r u u : e ’ c o o m r i -  1-i n-

t h i t ’  t a i l  ooom p m a c - c c! to be SUC Cc  ~ sf n o l .  The  r e d e  si g n  w a s  a sandy,  ich  c o n —
St r u n c t i c - o l  c o m o s i  s t i n g  of T in o r n c l  300 gr a p h i t e  f i l a m n u - l o t  and c-poxy r u  5in s~, i o m

c n o o i d i r c t m - j o c m l g r o p b m o t e  f i b e r s  adchco d in -n t O - - f o u r  c o r o o c ’ r s , and a 0 .  S O — i n c h —

t h n  i ck  N o m o o e x  h o n e y c o n o b  c o r e .  ‘l ine i n m l e - r  s k u m o  c on s l  ~t ed  u~f O l t e  - l a y e r  of

n m o : u t c n i a m l  c c - it h  t M  cc- im l C l i ng  a n g le  ± 1 3  d e g re e s  am -n c ! 0 0 0 e -  c i r c u m f e rc ’ o i t o - - t  
~~~

Tin e ou t e r  s k i m - n  c o n s i  s l ed  af tu- o Lay i ’  r s  at n m o a t c :  r i aL  cc - i t  h i  t - s cc i i m d i  m o g  000 cli-
±- 15 c b c - g r e c ’s and  omie  c i r c i o n l m f u - n u : i o t i i ’ -l p l y .  R c - f c - r  to Fi g u re  2 1.

T i m e  nn ’t iooc!  of f a b r i c a t i o n-n  cc-as to  cc i nc  t h e  i n n e r sk im -n  an-nd f o r m  t b ~~i’  N om n co x

ho n e y c a r o o b  c o re  o - - -r  t h e : u n i t  s ide of t i l t :  i n n e r  sk i n - i ; p lace f o u r  c - a r m o e r

i i i  t h e  g r u u c - e s  b O a t  c u t - r u -  p r u - v ~a cn s ly cut  im i  t h e  h o n ey c o m o  c o n - ;  and th e n  w i m i c i

t ° oc ’ O u t e r  s k i n  o v e r  the  h o o o c ’y c o x r o n .  T h e  WOUOICI a s s c - n i b l y ,  in l c lu d i : i C  t I m e
n r o a n C n i , cc - a5 d e f o r o o m e d  j i m  t i l t’ so a r  n-n o A h .  ‘Tacks \c- u ’ r e :  p 1a eu ~ u i - . - n o ac h  c’nc

c-f t h e  l o o i g o s  b ) , - f , r c  cc - i , d n n g  t i -ne  o u t u ’r  s k in . ‘,f b i i ~ t a C t - i -, V. cl- c u s e d  as am-n
a l i g m o n o u e r t  i nd ex  t o  p o si t i on  t i - m e  o s s ef l o , i \  I l l  t h e  sp~~r n lOld .  I t l e  i ns i d e  c-i I t i t ’

m r n a ’ m O r - - l  cc-as p r e s s c o n o z ’ ’ !  to  30 p~ aud cured  a t  c ’ I e c - t u : o  t e - r o , ; e n ’ a t u r c .

F A B R I C A T I O N  OF A t E l  A l L  i300M

F ar v , a r d  B u l k h e ad

lIe f - ,  no a rd ~ u lk i -nead  i s  a sit n : r i w t c h i  c o n s L r u c t i o n  u s i n g  3 / I c —  i n c u o  — t  Mc K
PV C  f o a m  as l I m e  c o re .  amoi l  181 f i b c ’ r gl a s s  f ;i b , n i e  as t h e ’ s tu n f a c e s .
A d d i t i o n a l  c o p  p lies  of 143 f i h e - r g  Ia 5 a m e -  a dd e d  to  f o r m  ti -nc ’ i n n n : r  bu i l i c  —

c a d  cap.

The  f c e r c c n t r c b  b u l k h e a d  is t r i m m m i o n t : d  t o  f i t  t I l e  l a o - c - F  s h i n  mo ld  l in e  an a l
r n - - t o - t i i m i s ’r t s  of t h e  a t t :m c h m e n i t  f i t t i n g s .  A luo ~ i i o i~: p l a te s  - n e  o u t l u i e c i

at each O u t  t a c ° o m o o c  nt  f i t t i n g  to cli st r i  H i t  t - s i n t ’a n~ load5 to I m e  on l~~:o - ad .
The  b u l k i n c a u l  i s  bonded to t h e  t a i l  boonl i n i m l c r  a rid - a n t  e r skins c c - i t O

p lies of 181 f i b e r g l a s s  and A PC O  2 - 4 5 0 / 2  340 o u t h h o e s i v e ’ .
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(NOMINAL )
AS D E F O R M E D   -

.106 CONSTANT - -
(TYP ) (REF) -~

NOTES:

Inner sk in consists of one helical layer at a = ‘45 and one circumferential ply.

Core is Nomex honeycomb (HRH 10/OX-3/16-3 .0)

Corner angles are unidirectional grap hite fibers. (longos )

Outer skin consists of two helical layers at a - 45 and one circumferential ply.

Skins and longo material is Thornel 300 graphite and epoxy resin. Fiber volume
is 50 percent.

Fi~~tn r e 2 1 . F i n a l  Fin Spar (‘ c-il l n c - n o  r a t i o n,

-
~ I) 

~~~~~~~ - -. -—
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~~. 3t~ t : - i l i 1 o e - r l ( c : i i ~~o r c ; c i i i e ’ n m t

l i e  u l u o r  and st - i b i  l o , - e ’n  i.~ - i i ~f~,i~c e ’ n n u e ’ n l t s  c o n s i st  ‘f c o m m t u m l n a m s I ~ h o o p —

w i n d i n g  I - o > r O : e ’ l  300 ~~n m p ° i i t e ’ r -~~v i 0 m g S  c - n i  a n i m ; u m m d r c L  s o u p e - e l  to fit t ’ o~

0 0 ) - l u ng ‘ 0  t o e  ( l o o r  at the st b i l i z e ’r  m m d  a r e  called  d c - i L i e ’ s.  1 h i m s  con—

5t r m c r i o n i  r e s u lt s in  a C - : t i o o n m o u s  g r o u p b m i t c  r i n g  - m ~ f r , u n i m e  t h a t  r e - m o e —

f - i n c u s I - m i - c u t ou t  in  t b ~ e ’ c - a - u l m i  s l u o d i a  i c i i  W o e l l .  -~c ’ c ’  Fi g u m n e  22 .

O n e  0 :  Fl  c-f a s se ’ n n m l i L t o m ,g t u e  u - m u l e s  c o o m s i s t s  of t r u n t m m o o i n g  nack t i m e ’

i 0 0 0 m t - r sk in  an d b n o m o t ’ y c - i m m o b  t o  a c c e pt t ° oe ‘ 1 - , i l i c ’ s. T\c o d o i l i c  s a r e

f - r i c o t e ’d f - m r  eac t m op e - n i m o o g  a nd  ar c  i~ m s t i l C ’ i ~ ‘-. i t o  t h r e e p l i e s  a! l s l

O o n e  re  i _ m s  5 ) i t ’ t - \  - t h e  iOu t i e  ~~ . I me  o c ~ra1l t h i c kn e s s  of t h m u  doi l ie s

a’ o t i  Cl  m u n u ’ r g l as s i s  t -qu a l  t o  t h o u  t h i ck n e s s  c-I t i e -  N c - m i x  u a o m c : y c o o n t h i

c o n -  p i o u s  I - m e  i n n e r  sk i : - .  -l he  h i c - f l i ’y c ~~u n i m t )  , u i ’ - ,und  t h e  c u t o u t  i s  ~~le -~m : m e c l

a nd f i l l e r !  cc - i t O a s~ n it a c t i c  f a o m i r u  C c - m i s t  5t i n g  ~i a t m m x u t r O p i c  mo  - t - o r e  of

A I CU 2 4 3 - l / 2 3 - l 0 / g l- - s s  n m i cr o b ~i L L a a m m s  tua p r o c  ude t o n i - - n m  t r a n s i t  i c - i :

f r - i n  t o e  d o t i l t e s  t o  t i m e  h m u o m e ’ y c o m b . T h r ei -  p li es  ai Cl f i o c r _  1us~ a r c

a d o o e ’ - l  t b n ~~t c t - ’, e n  t he  O - o o O - - s  and i - a t -nd oc c m  t o o c  L i m ie r  and o u t - n  t i c - o h m

s k i n o s .  The  o p en in g  n - - i  d u r c e u i o t m O t u s  c a u : n o u n n u  b~~g g c ’c1  a i o h  aLloy . t i m  t i

c - - i  at  n a - a n o n  t e - m : l p c r a t c m r t -

T H O R N E L  300 / EPOXY

HOOP WINDS (DOILY )

O UTSI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I N S I D E  S K I N  NOMEX HONEYCOMB

F igu r e .12 . Tc’p ical  R e i n f o r c em e n t  Do i l - - .

Fi mi Spar  to Boom A t t a c h m e n t

T h e  f i n  s pu r  t o ,  boom a t t a c h o m n t ’nt r e m a i n s  t - s sen t i a L L y the s a n n o c  as

p r o  - t a u s l y de Sc; n i b e d .  f l i t :  s par  ex t e n d s  f ro m  the locc e - r  in n e r  skin

of the boom th r o u g h the  up p e - r  b oonn s an d w i c h  stnincture. The spar

is s a n d w ich e d  b a - t w e u ’ o o  a n i d  bonde d  to t O t )  boom c i  n i t  bu lk l i ea l - s .  The



- -  ~~~~~~~~~~~~~~~~~~ - --_ _

O t u o i n m  s a n o u l c u - i c h  st r u c t u n t ’  i s  r e i n f o r c ed  cv i t h  grap hi te doilies , s i m i l a r
t o e  t o - - door c u t o c m t s ,  i i i  t 1 n e -  4m n e - a  \ c h m e ’ r e -  i t  i s  p i e r c e d  b y t t i e ’  sp a r .  [h e re ’
c c - u - n e  c - o m t y  ml air m a n u f a c t u m  no mg c h a n g e s  f r o m  t h e  i n i t i a l  f ao :i c a t i on
c o n c e p t . ~~e ’ e ’  F i g u re  l i .

N e - a r c - a i x  , A t t i i i h : o : u m t  S t r u c t u i r e s

‘ U t m n e ’ n~ m m !  n - t a r  g e a rb o x  m o u n t in g  b r a c k e t  i s  c o m p o s e d  of f o u r  p iecc: s ,
cc- o i c h  a re h e ’  sc r ibed below and shocc- n in  Fi gu r e  23.

b - p l y 181 f i b e r g lass  f a b r i c  shoe
a. L O - p ly 181 f i b e r g lass  f a b r i c  cc-cO
c.  6 - p ly 181 f i b e r g lass  f a b r i c  ang le
d. 7 / 8 - i n c h - t h i c k  A lu m i n u m  p lati- .

The u p p e r  cmii! of t Ot ’  f i n  spar (FS 5. 08) is t r i m m e d  w h e r e  n e c e s s a r y
to accep t  th e  m o u n t i n g  b r a c k e t  c o m p o n e n t s.  Tin e shoe , w e b , ang le
arid p l a te  a re  b o n d e d  t o g e t h e r  and to t i -n e f i n  spar  s t r u c t u r e  cc R h o  APCO
. i -150/ 23 - -!O/ C a b_ O_ S i l  t h i x o t r op ic a d h e s i v e.  Am -n ali gning f i x t u r e  is
used  to a s s u r e  p r op e r  p o s i t i o n i ng  of t i-n e gea rbox  m o c n i l t i o o e  b r acke t .

The t a i l  r o t o r  d r i v e  ang le g e a r b o x  is m o u n t ed  cc- ith f o u r  1/ 4 - i n c h -
c l i o m n n e t e o r bo l t s  on -n t i -nc  u p p e r  boom s t r u c t u r e  f o r c c -a r d  of t h o u -  i n t e r st ’c t i on
of t h e  f i n  s p a r .  The bas ic  boom s t r u c t u r e  is  r e i nfo r c e d  i n s i d e  t I m e
boom b y addi ng p a r t i a l  b u l k h e a d s  at t he  f o r w a r d  and aft  ends of the
g e a r b o x  m o u n t i n g  a r ea . Ti-n c o u t s id e  skin -n is r c ’in fo rccd  b y add ing a
0 . 0 6 0 - i n c h - t h i c k  6 0 6l -T6  a luminium p late,  am -n c! t i -ne  h o n ey c o m b  co re -  i s
locall y f i l l ed  w i t h  s y n t h e t i c  foam in t h e  area s u r r o u n d i ng  each bol t .

V e r t i c a l  Fin Af t  S t r u c t u r e

The f i n  a f t  s k i n s  a r e  a s a n d w i c h  c o n s t r u c t i o n-n  c o n s i s t i ng  of on-n c p ly of
181, f i t m t - r g la s s  fabric for both then in side arid o u t s i d e  sk in s  and a 3/ 8 -
i n c h - th i c k  N o m e x  h o n ey c o m b  core . TI-n e  r e s i n  s y s t i - m i m  is  A1’CO . 14 34/
3240.  Thic ’  m e t h o d  of f a b r i c a t i o n  is hand  L ay -u p  in -n a fe m ale nn ol d  t h a t
is  shaped  to t i n t ’  a i r f o i l  c o n t o u r .  Set: Fi g u r e  2-1 .

Tt ie fi rm r i b s  a r c  f a b r i c a t e d  b y hand l ay - u p s  of p h ’ s  of 181 f i b er a l a s s
fab r i c  and AP CO 2 4 3 4/ 2 3 4 0  r e ’ s i m o .  T h i n :  a r e ’  f iv c ’  r i b s  r e q u i r e d  o u t

Fi~l ~‘t a t i o n i s 5. 08 , 8 .17,  18.5 , 30. 5 and -12 . -19 and two b r a c k e t s .  .\
t r a i l i n g — e d g e  s t r i p is f a b r i cat e d  f r o m  u m l i d l i r c c t i o n ’n 1 ‘l b o r n e ’  I 3t °O
g rap hi te  f i b e r s  an ld l A l ’CO 243 - 1/ 2 3-1 7 r u - s i m m . l I n e ’ st  n i p is I n ’ L - o o l c u l a r
s l n o u p i ’d c c i t h  t h e  ar c-a i o u : C u ’  s sa r y  to p r o v i d e  t } o e ~ rcc 1ui r e ’d  f i n  chorclcc— is~’
s t i f fn i  u ’s  S.

58
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I I i ’  f i n i  r i o , s , a r  c l - o u t s ,  an -nd  t r o i l  h u g  -.ed g e s t r i ps arc;  bonded  to ti-me  l e f t —
ooc - i d s k i n o , w h i c h  in - n t u r i n  is  bonded to t h e -  s pa r .  The control  pulL y

o , r o u c k e t  s are’ I a t : o u t e ’d on and bond ed to the structure: s. The ri g h t — h a n d
s k i m m  is t t i c ’ i m  bonded to the assembly.

r u b  ~ y s t e n o

l i m e ’  s t a n o d u n d  A l l - I N  s y n c h r o n i ze d  e Lev a t o r  an -nd a t t a c h m e n t  h a r d w a r e
cc c r c ;  u sed.  ‘lO t ’  scope  of t h i s  p r o g r a m  did not i n c l u d e  desi gn ing  and
f - i n i c a t i n i g  a n w  e l i c i t o r  f r o m  advanced  c o m p o s i t e  ma te r i a l .

f i n e  c o n o t r o l  s y s t e ’ n o -  t o  t i -n e t a i l  r o t o r  b lades  is  e s s e n t i a l ly A H —  10 h a r d —
cc- a r e ’; 00 cc cc -c r, it cc - oi s  n n c c c ’ s s o m r y  to n c ’n o u t e  t h e  cable s y s t e m .  The
com i t  r ob  c ab l e s  o u r e  r o r m t e d  t h r ou g h t O t  c en t e r  of t h o u  f i n  spar fo r  t h e
p r e  se n -nt  i nn :t ~u l  A l l — I C  t a i l  boom. For t i o i -  c ompos i t e ;  t a i l  boom, it was
n e c e s s a r y  to  r o u t e . ’ t he  c o n t r o l  c ah i t ’  s to  t i n t ’  a f t  s i d e  of t h e  f i n  s p a r .

Th is  n i - s c i L t e d  in -n s l i - u h i t l y b o n g u - r  cont ro l  c a b l e s .  It cvas r eq ui r e d ,
i, e c a us u  of t h e  scope of the  p r o g r am , to ci sc  s tan d a r d  A F I — 1 G  p u l l e y s ,
:, r a c k e - t s , ha rc l cv an t  , e tc .  The boom and f i m m  s t r u c t u r e  r e q u i r e d  a d d i —
t o a n iL m o c l i f i c a t i o m i  to  a c c e p t  t h e  c o n t r o l  s y s t c n m m  b r a c k e t r y .  This
r i  s uI t e d  in a cc-ei g ht pena l ty ,  in - n n -not b u ; i n i g  able  to op t imize  the  tail
r o t o r  c o n t r o l  s y s t e m .

i’~-\ l 3 l U C AT I O N  OF F LI G H T  TEST I A I L  BOOM A N D  \‘0 i’~R TI C A L  FIN

The f o a r i c a t i o n  of t o e  flh~~i ot t e s t  t a i l  boom amid f i n  spar  was  i d e n t i c a l  to t h at
of t h o e -  s t r u c t u r a l  t c ’st  t a i l  boom. In a d d i t i o m m , t i -n e foh loci- ing i tem s were  added
to make t h e  ta i l  boom fli g b m t c c - o r t h y :

S he l ve s  t o n  r a d i o  an d  e l e c t r i c a l  com p o n e n t s

.1 . A t t a c h i n g  s t r i c t u r e  fo r  d r i c - t ’ s h a f t  a c - e n s

I. D con s uo c l  o e t t u c h m e o o t s  f a n  a l l  a c ce s S  b ob ’ s

-I ,  I n s t o u l l a t i o n  of AH -  IC syn c  e l e v a t o r

5. I n s t a l l a t i o n  of t a i l  r o t o r  b lade -  c o n t r o l  s y — t - ’m i n c l u d i n g
s u p p o r t i n c o  — t r l i c t u r e s

I n s t a l t o t O  i on of dr i c - e  s , - s t i ’m c o m p o nen t s

7 .  Camn ip l et e  v e r t i c a l  f i n  s t r u c t u r e

S . Ta i l  s t i n g  and  su p p o r t  s t r o m c t i n r e

T h e  f a b r i c a t e d  f l i g h t  t e s t  t a i l  s u m - t i c - u i  i s  sh o wn  in F o o n r t ’ 2 5 , an d  t h e  d e s n n l
- I o t a  i t s  are s h o w n  in Fu g or e s  2 t  and  27 -

u, I

-~~~ -  -—---_ -
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~
- J R L C i  L I ~~A l ,  A N D  F LIGHT TESTS

DI SCUS SI ON

Tb - - - - - t o o  d u s e d  to o t  n o m c t u r a l l v  t e o  st t h e  ~\ i  — 1 0  co m p o s ih -  t a i l  t i c - o m n i  w a s  to

I t  om c  ho t i e  boom to  a t e s t  f i n t u r e  b y t 1 m e  f m - n - - - . an d  f ou r  a t t a c t i n o m  c lo t  in t t i n g  s and

t-: u app  ~v t i e  loads  to h u e  f i  m m sp ; n ami d  0 0 0 m m .  The i n m a g n i t u d e  ni the  laa t s ao.d

t In :  toe o t ’ o i o  of t O e  L o a d i n g  p o i :m t s w e r e  t o  m i m ~- m t c h i  t Oe  dc s i g n o  c mj n d i t i o m o  sl-o e a r s

and :o a l o O t -  i s  as  c lo s el y as o o s s i i i t e o  u s i ng  a n o o i n i m a l  nur m m lj t - r  of I c -a d  app l~ —

c a t i o m m  p-a n i ts .  Th~ t h r e e  c n i t  L - al d c 5 i gn  c o n d i t i o n s  ar - :  C a o m - n  V , -f i n

d - o g r e e o s \‘ac-. - n t - c o - i - n y  ( C o ni d i t i o n  A),  C - j o i - h .  V , — 1 5 d e g r e e - s  ‘i ’ c ’ — re cu 1’er
(C0  d i t i  o n i  

~~~ ) ai,~ l (,~u i n .  ~ ~~~~~ Thu I ) m /  - - Landing  (Coo u l i t i u o i  C).

O O L U I ’ - S  2 - ~ , 2 ) ,  n o d  30 5hi u cv  t Ot  co m p a r i s o n  i , c - t c - ,- e oe :n  t O e  boom t e st  u i O L r l g

rn - a n n - n u t s  ~ n o c I  t - n qu i s an d  the  d es i gn Li m i t  n o l - : u ! o o -  I s  f o r  t o o -  m u 5 t  c r o t i c ~-i l

de sig n c o m a l i t  t o o ’ (Con d. V, s 1 5 deg ri . u s  Yaw , R u - c o v c ’r y ) .  Thou  c o ml o n n i  s c - I l

~j f t e  st t o  d e s i g n  f l i - ) u I I e m 1 t S  is  s i m i l a r  fo r  the  o th e r c o n d i t i on s  I c’ S t t i I .  Aot

1 :  os y  r-n n n c t r i c a l  load cvas app lied at t 0 o t -  s ync  e l e va tor  a t t o o c  on - -  at  f i t t l n L t  s

(i- i S 1-1 0 . 3) 10 r e d u c e  t h e  t e s t  t o r q u e  to m o r e  c losel y ap p r a 5 . i n o -~ t -  t h e  ‘ic 51 / 0

t - m ’ c u e ;  h o - e we- : .  o’ . i -h o e  de l ta  t o n i I c - c  cc-as app lied t o  iflc r ccse  t h ~ u - o o o  t i ar a

n- ~ su i t  n oc in a C O f l s e r v ° 0  i vt -  t e s t .

-.-\~~ p a r t  of th is o t r - ) g r a o o o . it \ c -as  r e q u i r e d  to  f a t i g ue  t i - s t  t h e ’  c o m p os it -  t a i l

h o o t r m  t ro d  to e s u i n r o a t e  i t s  f o i t i g ut  biI~’ . Ih i s  n e c e s so t a t e d  the  e s t a b l i s - i t r m e o o t

of a t e st f a t i g u e  1-m u s p e c t n u m r i  am -m d the  f n e c 1u e n m c y  of f a t i gue  d a m an i n g  Ic - c - CO

c y c l e o  s. T h r o n e  cc-crc  110 r e p  n - t s  a v a i L a b l e  t h a t  cont ~~~n m e a s u r e d  5 t~ - :~d y a m i d

c y c l i c  loads imposed  on t h e  — \ I l — 1 G  ta i l  boom . Ib o i re  cc-cr c  n e i i t o c  r e s t i n a o : e t c d

d e si g o m  f a t i g u e  1-a i d s  o o o i ~ u n i o a s n n c - ri loads f r o m  fli g ht s t ra i n  tt : st  p r o g  n c - n o  S.

T hou  onL y f i n n / t a i l  boom loads  a v a i L -  j t o  c c — c r c  t h e  m- - o o ’nmum dc -s i g n  I t i n m i t  l oads

1-j r Se vt  n c - I  c r i t i c a l  f l i g h t  c o n d i t i o n s  pre s c o o t e d  in 1< c i e r e o o c e  11 ( i-/i - - nn a b

Des i gn Loads f o r  i - h o c  ,- \ I  I —  1G T a c t i c a l  1 l c li co~/ e r ) .  T hc sc  a r c  t h e  — t r u c t o , r a l

e n veL o p e  des i gn loads and! a re  0 cc - e r  t a p - c L-d to o c c u r  in se r v i c -  .

ar e  also d e f in e d  as once iii th e  h eb i c - p t - - n l i f e t in o r ’ loads.  - t

I~~ e cc- u o i g ° o e st  ( I c - s i g n  b l o c - i t  b a d  c o n d i t i o o o s  ( C o n o d .  V ± I S  t - g n e t ’ s ~O , c \ V — i ~ r-

cc - -~u : r y )  n c c t m r i n l g  - c - u  Poe t a i l  i c - c - o n  cc- c - r e  se l e c t e d  to  c o s t  i b l i sh  t h o u t i - s t f a t i g u e
l o1c d — p t ’c t  r i n m n o

~~~~ c o m i d i t i o o o s  s e l e c t e d  in c l u d e d  t I l e  fol iucv in g  p o r a o m et er s :

I. C r i t i c a l  h e l i c o p t e r  gr u s s  cc t i g ht e)500 p o u n d s )

Z . M a x i m u m  dive -  spee d  ~222 k m n o t s )

1 ) 1

. 0000... - t I ~~ x~A ’ t. - LA }— I I C T  :‘TL oh 
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3. C r it i c a l  b i e l m t o o p t e r  w u ’ n g ho t  cg (f o r w a r d )

4.  1~ du g  n e c’ s yaw ( r i g ht and  l e f t )

S . l l m s t t t m m t ; m O u e - O U S  n e ’c o c - c r y .

-Si x ty  p er c ’ n o t  of t I l e ’  se de s i gn Loads  c c - c o n e  s e l e c t e d  as th i ’  te : st f a t i g u e  load
‘~pe ’c t ru m . 1 h i t -  t a i l  boom m o m e n ts  a r e  show n in F i g u r e  31. It Was  a s s u n n m c d
t h a t  l i t ’ se f a t u  i~ ‘ i t -  l oads  cc o c n l d  oc c u r  on t i e  A L l — i C  mc  l i c op t c r  in Sc r c lce  at
i i  m ’ d t e ’  u t  t o r t e- p t -n  f l i g ht  h o u r .  a l i m s  f r e q u e n cy  cc-as d e r i v e d  f r - m u a corn —

i c - r n  s m ) f l  if t h e  t a i l  a- mourn  Loads  f o r  o t h e r  m m m a x i m u m  de si gn lim it load c o n d i —
io ns t~m g e ’ t h i e ’ r w i t h  a r t ’ c - i e o w  of t ° i e -  f l i g ht c o n d i t i o n s  f low n to  e s t a b l i s h  f a t i gue ’

l i - ~- 1,  - u f  u i b n e  r s t r o o t a t r a l  cor rnp onent s ( R e f e r e n c e  13) .

r r : s  F B, l - I S [ J ;I S OF [001,- PROOF (SPl - CIM1-~N A) [A l l .  F OU N t

I h~’ t o o l —  c- r - c - m t  t a i l  boom ( S p e c i m e n  A) had not  been o r i g ina l l  t ’ s c U d - i l  e d  to
- t e d  a n a b  w as  i n c l u d e d i fl  L e - c o s t  n r c - g r a m  to o b t a i n  g e n e r a l  s t r e - n o i ! t h

and s t i i : u e - s s  n n f o r m - c i  ion . As o o r u ’ v n o u s l y de s c r i be d  in t h i s  r e p o r t  u t o d e r
1” a ° , r o -  -e ’ j O f l , I I -  tail boo m load n u n b e - r 0 1 0 .-m and g r o s s  d i s c rep a n t  s t r o o c t i n r a l- m e
The  boom f a m l e d  at a r c - s u l t a m l t  oa t ’ n d ing  mo m e n t  of 31)3  X 183. 5 S8c ,300
m m i c b i - p o u n d ~ or - -\ lv - NI 1 - 5o’i O , 300 X . 707 = 414 , 600 i n c h - p o u n d s at t h e  Ic-i  -
w a r d  - t t t a c - o m o o e n i t  b o l t s .  l i i i  f o l low i ng s imp l i f i e d  m e t h o d  of ana l y s i s  is u se d
to c o m p u t e  bolt  loads f o r  compa  n i l -mg P ie  app l ied t e s t  load imo g  to tb -me n i a x i r n um
de sign  1mm it Ioc -d.  U s i ng  t h e  bolt n o m e n c l a t u re -  and g e o m e t r y  of Ta alt-
t h i -  e q u a t i o n s  f o r  t h o u  m o u l t  ax ia l  loads  -ire

P , — -0 . 0.L05 M v  - 0 . 0,119 N I 7

P 5 = 0. 0~105 M y - 0. 0~ 19

1
7 

0. 02 05  NIc r  -e 0 . 0-t l~ M 7

P
10 

-0.0205 M y 0.0~~l -0 M
~

T h o u  cmt- nd ing  m o m e n t s  fo r  des i gn  C o n d i t i o n  V , + 15 d e g r e e s  Yacv , R e c ov e ry
ar t ’  M y —1 66 , 500 i n c h — p o u n d s  and Ni , = 5 ) 1 , 900 i n c h — p o t n n d s .  T o ,  n e 5 e n l t i n g
t c ’ 5 t  and des i gn  c o n d i t i o n  axial  bolt loads  a r e

71
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Bolt C o n d i t i o n  V I-

1 , -0 5 , 1 0

1t ~ — 1 ( 3 5 0  — 1 7 5 7 0

15 db ) 550

P
10 

1( 3 5 0  1 7 5 7 0

P t - c -  t o o l — p r o o f  t a i l  bourn o e u s t a i n i c d  a 7 — p e - r c e o m t  h i g h e r  l - a a i m i m m g  t h a n m  t h e  m oon —
rn d o u n o  d e 5 i g n  l i m i t  c - o o m u h i t i o m m .  R e f e r to A j i p e - o m d i ~ B for  o m ’ i d i t i m o m o a l  t e s t  i c - f o r —
m a t i  -a .

TES~I l~ i- dS [’LP a OF TI - l id  A P I _A C F 1 N I E N T  l ES T  j A I L  I300Pt

l i e  a t t ac  h o m m n c ’ n t  t e  st t a i l  uoom w a s  f u r  5t  loaded to  t 0 oc l i m i t  toad s of Co ood i  t t o n s
n , B, and C . T h e re  c c - e r a  m oo  f a i l u r e s  or in d i c a t i o n s  of y i e t d u o o c .  1 t u  boom
\ c a s  t o n - n  cyc l ic  l o a d e d  t - m b oO pe r  c t - l m t  of t h e  l i m i t  I- , tm s of Co n d i t i o n s  ~-\ and B .
A t o t a l  of 5000 c y c l es  of 0 e - n t i c a l  load (1° ,) cc -P h  d500  c y c l e s  of lat ~~ra 1 load
(P y )  w e n - app lied to t o o t  boom s j a e c i m e : n l .  Some ou t s i d e  sk i n  ( m o t o r  d e l a m o o i o o a —
t i o m o ~ occu n r -d c - m m  t h e  c o mp r e s s i on  ide of t I n -  boom d u r i m o g  t h e  f i r s t  l a W

~‘~~~
) c y c l es .  Howt’ vt - r , n -mo a d d i t i o n a l  d e l a mm n a t i o ns  or i n c r e as e  Di  i - - o n -

o r i g ina l  he l a m i n a t i o n s  cc e0-r e  no ted .

0t  si gn Load Condi t ion  A was  se l e c t ed  fo r  t h e  f a i l u r e  m e 5 t ,  a l o e load w a s
app lied in the  same  m a n m l - - r  and s eq u e n c e  a,s t h a t  f o r  t i c  Un it  p r o o f  I-c-ad t e s t .

H o wev e r ,  a f a i l u r e  of tb - me:  f i n  spar  c o r n e r  longo  f iu e r s  o c c :o r r c u i  a t  t o t e  l i m i t
load a f t e r  th e  load cc-as held f o r  a p p r u x m u i o : m t c l y m i n u t e  - . The f a i l u r e  cc - a s
c o m p r e s s i v e  i n st a b i l i t y  f a i l u r e  of t O t .  c o r n e r I o o m g i t u d i m o a l  g n i m p o o u t e -  f i o e n s .  It
w a s  s u bs e q u e n t l y d e t e r m in e d  tha t  a c i r c u m n u -m l i - r e n i t i a l  c c - r i p  c-f t O e  spar  had
h m e e n  in adc - u ’n ten t l y o m i t t e d ,  and t h i s  c - o m i s s i o n  - o a d  c aused  t o o c  p r e m atu re
spar f a i l i o r c .

The sp i n  cc-as r e p  i n  r i d  oy cc-rapp i ng  and  b o n i d i o u g  f i b e r g la~~5 f a b n i c  a r u o o o m t !  t h i c
damoc ,~e-d a r ea .  T e s t i ng  cc as t h e n  r e s um e d  to f a i l u re ,  cvh ich  o c c u r r ed  at  150
p e r c e n t  of Poe l imi t  load as a c o m p r e s s i o n  f a i l u r e  of t h e  r i g ht and b o t t - c - n o
side s of the  000m out side t h e  a t t a c h m e n t  t e s t  a rc~o s.  T i n e  a t t a c h m e mo t  t e s t
a r e a s  c o n o s m  s ted of the  f u t i r  f o r c c- a r d  b ol t  fF4 i n g s  am nd b - , o u o o  s u p p o r t i m i o ,i s t ruc-
t u r e  and th o u  f in  spar  to boom a t t a c h me n t  a r e a .  Th~ - s t r t - u m g th  of t h o u  a tt a c h -
rn- - n t  t e s t  a r e a s  was  in e x c e s s  of t he  ‘It ’ s i g n  u l t in - i a t - :  I c - a d : 10cc-eve- n , t h o u
ac tua l  s t r c n o g t h u  of t I-n ’ a t ta c ° o r n i - n t s cc - as  m o o t  e s t a bl i s } i t - d .  ii t - f t ’  n Lu A p p c n ~~ix
B fo r  a d l dj t i O na l  i n f o r ma t i o n , i n c l u d i n g  p h o t o g r a p hs and  m e a s u n r e o d ~ t n o - i - o s

and de fl u c t i o n s.
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TP* T R E S I ’L T S  OF T i l E  S T R U ( ’ T U R A L  TE S 1 T A I L  BOON-I

~4T ,\TI C  ~[ E STS

The design  I i o o m i t  loads of C on d i t i o n s  -N , B and (I c c -c - r i -  app l ied to t h e  s t r  - m e —

t o o ~ m l  t e s t  t a l l  boom . Dc l u - c t  i c - n m , 1- a id , and s t r a i n  gagc’ r u t - d i n g  s w e r e  r c —

- en d e d  t m  - t . c c -c  I:  t e s t  condition. E~~c b o  desi gn load condi t ion  was e t , u o  p l c - t e d

,s o u c e s s f u i i l v , cml no d o m o o o t g e  cc-a s  noted d u r i n g  the  subsequen t  i n sp u ’c t i t o n s .

F A T I G U E  TId S S

F l oe  t e t i O n e t es t  loads c v u r t -  t I - en app lied to the  ta i l  boom by m ean -m s of t h e

c l o s e d — l o o p  s e rv om e c h a n i s m  s ’ : s t i - o : o . TI - mu- lat - r - m l  loads , P ,j ,  P~~2 iund

‘ c - c - r e  app lied it a cy c l i c  r . t u -  c- f 1. 5 c p s ;  and the  ve r t i c a l  loan s , P , 
~~
,

P ,~ and 
~~z3 ’  cc - cr c ’ app lied at a c y c l i c  i’ , t t e  of 3 cps . TI m e symo c e l eva tor

l a ’b s (P~ ~, and 
~~z2 ) cc-cr e pr m - - - r  0 1 1 0 1  an o ed in a ‘m i l k i n g  n -nac h im o e ’’ m a n n e r . The

P71 load cvas app lied d u r in g t he  f i r s t  h a l f  cv ~ le c-f t h .e l a t e r a l  load s an -m ci the

l d  load P or ing  ti -m e s eco n d  h a l f  c c - d c of t h e ’  1 m t t ove l l oads .  a~hv- nn agn itudu-

if t h e  f m t l g ~ie loads ‘.- :ere (Ph p e r c e n t  of t h e  two l o i g b o e s t  cie si gn l imit  load c o n —

° it t -  c - S . A f t e r  ti -me comp letion of 2 1-7 , 310 cy c l e s  of l a t e ra l  loads , f at i gue

t e s t i ng  w a s  t e r m i n a t e d. :\ ( F o i l  i n s p e c t i o n  of t h e  t i - s t  boom revea led  no

d a m a g e  - m r ch an ~e in s t i f f n e ss.

SE I . F ,C TIV F  STATIC TESTS

T h e  s i o o - n l o t eh ° m m h t  f a il u r e  s ta t ic  t e s t  c o n s i s t ed  of l o o s e n i n g  t h e  upper  l e ft —

hand ot t  - m chment  bolt and app ly ing load s tha t  would p roduce  a t ens ion  re-

ac t ion  at t b o c  loosened bolt . From R e f e r e n c e  1, it was  P e t c - r m n i n e d  t ha t  the

n :n xj r n u u n  i o l t  i i i  - t i - c -  load t i sed  in s t r u n c t u r o m i  s u b s t a n t i at i o n  of t h e  me t al  A l l — 1 G

t : m i l  boom wOe S e q m n ; t i  to 17 , 511 X 1. 5 = 26 , 270 pounds . Ti-m i ’  l imi t  Ic -oni s and

morn ’uo t s c - f  C c - n - i i t i o n  -‘c , w h e n  app lied to ti -m e t io r  t -u —bol t  con f i g u rat i o n , r e su l t

in - i  m a x i m um  c m e n o o p r e s s i v e  load equal  to (1( 6 , 5 0 0/ 2 4 . 36)  + ( 50 , 104 0 / 2 2 . 88)

32 , 700  p o un d s .  Th e  t e s t  loads for  th u  s i n - m u l = i t m -P bolt f a i l u r e  t es t  cver t -

t I  en as ( 2 6 , 27 0/ 32 , 7 1 ) 0 )  - m m  80 p e r c en t  of Conch t ion  -‘c d u s i g u m  linni t  loads .

A f t e r  corn p l i -t i on  of t i - m e  t~ - s t , an i n s p e c t i o n  of t i - me t a i l  b ,oorn r eveal ed  no

damn ze .

The s imu l - -te’ cl  bullet  hole  damage  s tat i c  t i ’s t  c o n s i s t ed  of d r i l l ing  two l1 ~ 5 0 —
- — I I  - o t  i - i - e r  ho les  t h r o u g h th e  side and t h r o u g h t l ’ c ’ top of the  t a i l  boom at

a - U — - I c -i r e -  a n g l e ’ c’,’ i t l -  t e c - - r t i c ; e l  ax i s .  The I -moles  cc - cr c ’  l o ca te d  in a u - m a r t- a

of h i g h  t e n s i l e  s t r es s , t h e  - - a p t ’r left—hand corner of the  boom above ti -me s ide

: oc c t - s s  hole ( S e ’ F i - i n r e  C — i  A ppendix  C) .  The  s tat ic  loads of Condit ion -\

\‘:c ’rc app lied , and  no d e u t o a g e  or i n c r e a s e  in c i ; e u o o , a g  e of t u e  ho les  w oe s  n c - t e d .
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The  t o m  m d  Sc l e c t i c  e s t a t i c  t e s t  con Si s t ed  of -l  r op p i n g  a I — p o u n d  st e e l  u a l l  on i

t i e -  t i l l oc - o r m o  from i - l i e ’ he’ ig i m t  of o U - c t .  Onl y a v e r y  sli g ht m a r K  w a s  n o t e d
n m  t ‘ m e ’  i m pa c t  a r ea , but  no i n d e n t a ti o n  or da rnagu  to  the  t a i l  boom cc-as n m u t e d .

B e c o m t m s e ’ u I  t h e  lack of d ar n o e g c  to  t h e  ta i l  b o o m u i , s t a t i c  t eo  ~ t loads w e r e  nm- i t

ap p li i C l .

RenOi r to A p p en d i x  C for a ui dit iona l informat ion  inc lud ing  p hoto gr ap hs and
n u n e a s u r e d  s t r a i ns  and clt ’f l ec t ion s .

P ROOF LOADING OF ‘I N E  FLIGHT TE ST TAIL BOOM
A N D  V E R T I C A L  l- l -\ aj -°AR

The o b j c c t i  c-i’ s of pn iamf loading t h e  f l i g ht  t e s t  t a i l  boom wer e :

• To a s s i s t  in  i - h o e  e s t a b l i s h m e n t  of t h e  s t r u c t u r a l  i n t e g r i t y  of
t h e  f l i g ht  t a i l  boom.

• To c a l i b r a t e  t b o t o  s t r a i n  g a g e s  for  known app lied loads and
m o m e n t s

l e s t  loads ce -u r e  a p p l i e d  to  t h e  f l i g ht t e s t  tail  boom and f i n  spa r  at f i v e  load
p o i n t s .  The  t e s t  loads w e r e  to p r o d u c e  as c losely as p o ss i b l e  the  l imi t
loads and m o m e n t s  of C o n d i t i o n s  A , B and C . TI-m e t e s t  boom bending
m o m e n t s and t o r q u e s  a r e  g iven in Fi g ur e  32 ,  Each load cond i t ion  was  com-
p l e t e - i l  s u c c e ssf u l l y .  and no damage  w a s  noted  d u r i n g  the  s u b s e q u e n t  inspec-
t i o n s .  For m o r e  de ta i led  i n f o r m a t i o n  on the results of proof loadi ng of th e
f l i g ht  t e s t  t a i l  boom, see A ppend ix  D.

A p r i m a r y  he si gn  r e q u i r e m e n t  for  the  c o m p o s i t e  ta i l  boom w a s  to m a i n t a i n
the same l a t e r a l , v e r t i c a l  an -m d t o r s i o n a l  s t i f f n es s e s  of t he  A I I - 1G  ta i l  boom
s t r u c t u r e .  As  p r e v i o u s ly s ta t ed ,  g r a p h i t e  (Thorn -m e l  300)  f ib e r s  cc-crc u s e d
to mee t  t h i s  desi gn r c q u i r c rn t - m o t .  The t a i l  boom s t r u c t u n c  f a b r i c a t e d  fo r
f l i g ht  i - c o s t i n g  p roved to be 12 p e r c e n t  s t i f f e r  l a t e r a l l y, 14 p e r c e n t  s t i f f e r
ve r t i ca l l y and 33 p e r c en t  s t i f f e r  t o r s i o n a l ly t I t a n  t i - m e  A l l — I G  m e t a l  tai l 0 0 0 m n i

~ t r uc t u r e ’ . —

The c u r v e s  p r e s e n t e d  in Fi gure ’ s 33 , 34 , and 35 show the c o m p a r i s on  of
sti f f n e ’ s s  for t h e  c o m p o s i t e  s t r u c t u r e  to t h e  e x i s t i n g  m e t a l  s t r u n c t e n r e .  Th-
s t i f f n e s s  c u r v e s  fo r  the c o m p o s i t e ’  5 t r u c t u r e  , m n e - ba sed on t h e  cu n r v e  s h a p e s
de r ived  f ror r n t h e  c r o s s —  s e c t i o n a l  p r o p e r t i e s  c o m p m n t e r  p r o - g n o m n m n  (A ppt -mi di x
A) and a rc  a d j u s t e d  to p r o d u c e ’  t o m e  - k - f l e ’ c t i o m s r e c o rc l e ’d dur in a ,t  t I ’e  p roof

loading of the  f l i g ht test t a i l  boom (.-\ pp enci i x D) ,
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L A ’r E R A L  C O N T R O L  SY sr  1’~M PROOF LOAD

1 h n e ~ ob j e c t i v e ’ of t i - m i s  t e s t  cc-as to e s t a b l i s h  the  s t r u c t u r a l  i n t e g r i t y  of t io e
lat c r c - I  ( t a i l  r o t o r )  c o n t r o l  s y s t e m .  It was  n e c e s s a r y  to r e r o u t e  a p o r t i o n  of
th e  c o n t r o l  s y s t e m  to make  the  s y s t e m  c o m p a t i b l e  w i t h  the  c o m p o s i t e  v e r t i c a l
f i n s c - n

I d e  spec imen  f o r  t h i s  t e s t  c o n s i s t e d  of the t a i l  ro to r  con t ro l  sy s t em  of t he
A H - I G  Cobra  c o m p o s i t e  t a i l  boom f l i g ht t e s t  veh ic l e  f r o m  t h e  p ilot ’ s peda ls
t h r o u g h t h e  e n t i r e  c , - n m t n o l  sy s t e m , excluding the  two ta i l  ro to r  b lades  and
p i t ch  l inks .  The t e s t  load was  app lied at the  p ilot ’ s ta i l  ro tor  con t ro l  pc -daIs
am -m d r e a c t e d  at t he  ta i l  ro to r  p i t c h - l i n k  c r o s s b e a m .  A m a x i m u m  load of 2 2 5
pounds  w a s  app lied to each pedal .  A load of a p p r o x i ma t e l y 160 pound s w a s
app lied to each  pedal d u r i n g  i t s  f u l l  o p e r a t i o n a l  t r a v e l .  The r e s u l t s of t h i s
proof  and o p e ra t i o n  t e s t  r evea led  t h a t  t h e  ta i l  r o to r  cont ro l  s y s t e m  s u s t a i n e d
no structural damage, excessive d e f l e c t i o n s, or i n t e r f e r e n c e  of moving
par t s du r ing t h e  t e s t  ( R e f e r en c e  14).

F LIGHT D E M O N S T R A T I O N

GE N  ERAL

T u e  composite AI-1— IG tail section was successfull y t e s t  f lown  d u r i ng  t h e  t u n i c -
period from October to late- December , 1975. The AH-1G helicopter in

f l i g ht w i t h  the composite tail section installed is shown in Figu re 36. l I m e ’
f l i g h t  demonstration envelope ime - : luded t I m e  f o l l o w i n g;

1 . IGE N l a n i ’ u m c - e r s  ( b l o c - c r , t u r n s , o r w a r d -  s i d e w a r d —  r a r w a r d  f l i g h t
and control reversals )

2. Forv,-ard la’vel Flight (sp e-c- r I ,~ to 1 0  knots)

3 . \ I an e m m c - e r s  (turns , pull— ups , pu- - h — oc~ ’ r -- ar-m ci control re versals to
speeds of 171 knots and a p e ’~ik cg load hictor of 3. -l2 g)

4. i’oo,-e ’r Transitions (simulated u-cc -er fsnlures c c - n t I~ power  rd -cc  c-c ’ rc-
and acceleration maneuvers )

8th
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T i m e ’  b a s i c  h u e ’l i i - o p t t -r  m o c r a m n u t & ’ r s  f o r  t h e -  d e n n o n s t  r a t i o n  f l i g h t s- ‘~- c - r ( ’ :

1 .  Takeof f  gr o s s cve ’i g L o t  - - 8100 pounds  m i n i m u m

2 . M iii c- i  = F u se la g e  S t a t i on  196

3. M a i n  R o t o r  S1c -’ud l00~~ 32 4  rp m

4 . D e n s i ty  A l t i t u d e ’  3000 h c - - t

5. Vm a x  - 1 1 )  k n o t s

N l a x i r m n m  cg G 3 . 0

IN. S’l R U N I I P N T A T I O N

The data a c q u i s i t i o n  s y s t e m  used  on t h e  c o m p o s i t e  AFI - IG t a i l  boom i ) r m ) g r a u n m

c o n s i s t t o e o l  p r i ma r i l y of a 5 0 - ch a n n e l  o s c i ll o g r a p h, cock p it d i s p lay c-I one
s t r a i n  gage  p a r a me t e r  am-m d t a i l  boom s u r f a c e  t e m p e r a t u r e - , n ece s s a r y  s ig n a l
c o n d i t i o n i n g,  and cock p it c o n t r o l s  fo r  t h e  s y s t e m .  Ih e  f o l l m i c c - i o i g  p a r c - m n - - t e n s

w e r e  r e c o rd e ci

1. M a i n o  Rotor  rpm

2 . A i r s p e e d

3. V e r t i c a l  a c c e l e r a t i o n  at the  cg

4 . V e r t i c a l  a c c e l e r a t i on  at ti -m e ta i l  r o to r  g e a r b o x

5.. L a t e r a l  a c c e l e r a t i o n  at t h e  ta i l  r o t o r  g e a r b o x

6. Pedal  p o s i ti o n  be fo re  ti -me SAS i n p u t

7. Peda l  pos i ti on  a f t e r  ti -m e SAS inpu t

8. Fin spar  s t r a i n, ri g ht  hand

9. Fin spar strain, le f t  ha nd

10. Tail boom s t r a i m n , u p p e r  l e f t  hand

1 1 .  Tail boom s t ra in , locver le f t  han d

12. . Tail boom strain, upper r i g h t  han -m d

13. Tail  boom s t r a i n , lower ri gh t  hand

1-1 . B r i d g e  v o l t a g e

15. Tail boom skin temperature (h and recorded only)
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I l i e  l o c a t i o n s  of i - l i e  i-,t r a in  g c - g t -  s on- i t h o u  t a i l  b o o n u e  an -m d t im e-  v e r t i c al  f i n  spar
a re  gi  c- cnn m n f-k g l i r e -  D — 5 of A p p e m n d i x  D. ~l’he o u tp u t  s t r a i n s  of  i - l i e  st r a in
gou ge ’ s f m , r  a p p l ied load s to t h e  f i n - i a n d  t c - i l  bo ur n  a r e  g i v e n  in Table D — I  of
~\ p i m e - n d i x  I ) .

~t r a i n  and a c ce le r a t i o n  da t a  cc- i - r e .’ r e ad  to de .’t t ’  r m i m - m e  t h e  h i g he St s i n m g leo cyc l e
fo r  e ac h  ma n m c u c - c r  f low n . i h at  is , t i - me h i g h e s t  peak and locc-est va l l ey ,  not
n e c e s s a r i l y c o i n c i c l u n i t  in t i m e , c c - c - r e  r e ad .  These  s t r a i n s  and a c c e l e r a t i o n -m s
c c - c r c  t a b u l a t e d  alom g w i t h  c o n d i t i o n  i n f o r m a t i on  for each maneuver bloc- i .

P r i m a r y  i o m t e r i ’ st on t ° oe t a i l  r o t o r  g e a r b o x  a c ce l e r a t i o n s  w as  v i b r a t i o n  or
cyc l i c  a c c e l e o r o i tj o r i . For  i- m O m -  r e a son, ga in  on t i - m e - s e  a c c e l e r o met e rs  w a s  se - i -
locc- so as to p r o d u c e  a leg ible o s c i llog r a p hic t r a c e.  No a t t e mp t  cc-as made to
v e r i f y  t h e  t oxi t t t t a c c e l e r or y n e t e r  Or i e n t a t i o n  at t i -me t ime  z e r o s  cc-cr c  r e c o r d ed
(i . ~~, e lt c o p t er  a t t i t u d e  on ti -me s k i d s ) .  Small ang les d i f f e r e n c e s  wil l  a f f e c t

ti -m e z e roes .  Tile locc - gain  s i t t i n g  com p r o m i s e s  t h e  a b i l i ty  to ge t  a c c u r a t e
m e a n  c -a lu e s  w h ic h  t i r e  ch .- p e m d e ’ o m t  on z e r o c o s .  T h e r e f o r e , ti - me mean accelcra-
t i c - iS  at t h e  t a i l  ro to r  g e a r b o x  a re  not r ep o r t e d .

Re o v i e - cc -  of t h e  d a t a  i mi d i c a t e s  a p o s s i b l e  t e mp e r a t u r e  e f f e c t  (eng ine e x h a u s t!
dow ncvash)  On t h e -  t a i l  boom s t ra i n  g a g e s  d u r i n o g  hover  and locc- a i r s p e e d
opt - n a t  i c - i t . In th e  beg inn ing  of t i - me f l i g ht  t e s t  p r og r a m  w h e n, u n f o r t u n a t e ly ,
m o s t  of ti -me tocc - and slow f l y ing w a s  accompl ished ,  the  ta i l  boom s t r a in  g a g e s
w e r e  e x p o s e d .  The s -t r a i n  gag e s  w e r e -  le f t  exposed so t i -mat  t he i r  condi t iom i
could b e ’ m o n i t o r e d .  The gage- s  cc-crc  c o v e r ed  p r i o r  to Fli g ht  5. The impac t
of t h e  p o s s i b l e ’  t e m p e r a t u r e  e f f e c t  on ti -me data is to e r r o n e o u s ly o f f s e t  ti - m e
m e-an  c - t d m i u s .  Since t I n e  t e m p er a t u r e  chang e is r t - l a t i v el y slow compared  to
t h e  cyc l i c  da ta  re -a d  o cmt,  ti - m e cyc l i c  data  s h o u l d  not be affecteil. Onl y the
m e a n  c- a l u e - s  recorded b y ti -m e f in  spar  s t r a i n  gages  are  c o n s id e r e d  to be
a c c u r a t e  for Fli g h t  5 and subseque nt flig hts. These strain gages arc the
m o s t  i m p o r t a n -it g a g e s  for  d e t e r m i n i r m g ti -m e s e v e r i ty  of fli g ht loads  i mp o s e d  on
t i e  - c - -  n t i c s  I f in  and ta i l  boom d u r i ng  ti -m e f l i g ht  d e m o n st r a t i o n .

- a r ’ l \  i n  I oe t e s t  p m ’ m i g r a n n l . t e o o i p [ates were put on ti -me tai l b oom n t o  : o m O n I i t o r
s u r f a c e  t e mp e r a t u r e s  d u e  to  eng ine  e- x 1 m a u s t .  S u b s e q u e n t l y ,  i t  w a s  decide-c l  to
g i v e  t h e  c r e w  the cap abilit y to m o n i t o r  t a i l  b oonn s u r f a c e  t c n ip e r a t ur e s  in
f l i g ht .  Seven t h e r u n n o c o u p ies  w e r e  p laced on ti -m e t a i l  boom at t o t e  h o t t e s t
s p o t s  i n d i c a t e d  by i - f l u  temp lates. Ihese tennnperature s w e r e  rea d  out  b y ti - m e
c r c - c c -  in  f l i g m n t ,  u s i ng  a s e l e c t o r  s w i tch  and a s t a n d a r d  t e m p e r a t u r e  i n d i c a t o r .
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.‘\N A L Y S I S  OF F LIGh T TEST R E SU L T S

N l e ’c - s i o r e d  S t r a in  Data

‘Ihe m a x i m u m  f l i g ht loads on t h e  v e r t i c a l  f in  an -md t a i l  boom o c c u r r e d  d u r i n g
ti n e pc -h a l  r e c -er s a l  f l i g ht c o n d i t i o ni s . ‘l’able 12 g ive s ti -me m e a s u r e d  s t ra i n-m s and
load! f a c t o r s  fo r  t i - me peda l  r e v e r s a l  f l i g ht cond i t ion  t i - mat  cc-crc r eco rded  at
c - :m n i o u s  h e l i c o p t t -r  a i r s p e eds .  Also i n clu d e d  j u t  t he  Table a re  ti -m e s t r a i n s
f o r  the hi g h e s t  m e a s u r e d  h e l i c o p t e - r  cg load f a c t o r s .  The peak loading
o c c e n r r e ’d  f o r  a pe d al r e c - e-r s a l  a t  an a i r sp e e d  of 150 kno t s  am -m d c o o i v e r t s  to the
f o l l o w io i g  f in  spa r  b e n d i n m g  m o m n m  u n i t :

F r o m  A ppend ix  U , t he  app l ied  b e n d i n g  momen t  at the  f i n n  spar  s t r a i n  ga g e s

e q u a l s  100 , 200 i n c h - p o u n d s , r i - s u l t i m i g  in ti -m e l e f t - h a n d  s t r a in  gage m e a s u r i n g

a 5t r a i n  of 1-190 P’ i n c h e s  and i - h o e -  r i g h t - h a n d  gage  m e a s u r in g  a s t r a i n  of

l775 i ’~ i n c h e s .  The g o - g e  f a c t o r s  a r t - :

R / h 1  Fac tor  100, 2 . 0 0/ 14 9 0  67 . 2 in . -lb h~- und u e-s

LIFT Factor 100, 200/1775 56. o I i . - l b /p  u n I c i u e ’~

I lo c ’  rom e- a ,sured s t r a i n s fo r  t I e ’ pedal  r e v e r -~al at 1 30 k n o t s  are:

R / H  482 ± 241  or Max — 72 3 1 i n n c i c e ’s

1,! 11 ( 8 0  ± 312 o r M a x  ~~~°~~~‘ ~~ i n c h e s

w h i c h  r e s u l t s  in f in  s p a r  b e n d in g  r n c - r u o e u t s  o f :

R u T  72 3  ‘i 67 . 2 48 , 510 in . — l b

f / f l  0~~2 x 3e~, • 5 So , 060 i i i . — l b  - -

or mu s i ng  t h e  ac-i-  r a g e  m o r r m e - n t  ( to  a c c o u n t  f o r  p robab le  d n n s v m m e t  n e c - I  b e n d i n - i )
r e s u l t s in a b e n d i n g  m o m e n t  of 52. , 300 in . — l b  at t h e  s t r a i n  g a g e~s.

l i m e  m a x i m u m  d c - s i g n  l i m i t  b en d i ng  m om en t  at t h e  f i n  s p a r  -~o r ’a i u m  g a -ic -  I c e e ’a —

t i o n  ( R e f e r e n c e  F i g n u  re 1)- S in Ap p e n d i x  D) is :

N I x  — 1 1 3 , 500 in . - lb V1 0, — 101 , 000 i i . -lb

\l — 1 1 3 , S O O s i n  4 4 °  ‘~ ‘ — l O l t H ) 0  cos 4 4 0  3 — 1 5 1 , 30 0 j o . — l b
r

l I m e  m a x i m um load i nh p o -c -d on t h e  e - o m p o s i t e  t a i l  boom d e m r i u o g  t i n e  f l i g h t

d er u o n s t  r a t i o u i  p r o g r a m  w a — S ap pr o x in i o a t ’ I v  33 i u - r c e n ~t of t t n e -  m a x n m n n n n u  d e s i g n
l i m i t  load .
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l i n e -  n i o - t \ j r n l n n i l  m e a s u red  c~~e I i c  st  m e m o s  on t i n -  f i n  s D -e m w c - r . -  d u r i n g  a p - - I c - i
r - c - c - r s , d  f l i g h t  c on d i t i o n  at a l i t - I n c  e > n t e - r  - c m r s n . - c -  (I of c t )  k n o t s .  l b . -  n o s - a s u m r c - d
st r e ins  art-:

R,/II = — 2 2  ± 4 3  p i n c h es

L I l T  2 o 9  ± -407 i~C i n d i e s

and t i c - -  r e s o u l t i n g  f i n  sp a r  I m c - m o d i n - i  fl~- n u o , ’ u . t I are :

( P / I l )  ~~ ( — 2 . 3 3  ± 3 4 3 )  7 . 2 — 1 5 , 700 ± 2 3 , Q 5 0  m n .—l b

(1,/I -I) N-I ( 2 . - h  ± 407) 3 - . 5 15 , 200  ± 23 ,000 i : .  - l b

The maximum cyclic m o m e n t  is  a p p r o x i u -u o a t e ly 15 p e r c e n t  of t h e  m a x i m u m
c i t - s i gn l i m i t  m o m e n t .

S k i m i  T e mp e r a t u r e  Data -

The i n i t i a l  t a i l  boom t e m p e r a t u r e  rang e fo r  d e s i g n  cc-as -o5 ° to 120 0 F u n d er
m o l e x i m u m  load, cc- nj i t  a s e c t i o n  of th e  u p p e r  boom -ru s u r f a c e  f r o m  BS -4 -1 . 3  to
o-c l .  0 to  be d esi g n e d  f o r  a m u m a x i m u m  t e mp e r a t u r e  of 300° F u n d e r  a r e d u c e d
l o a d i n g  c o n d i t i o n .  T e o m o o p l a t es  \ V e r e  used  to m o n i t o r  the  t a i l  boom skin  ( t o u t —

p e o r i t o m r e s  at t o i c  ~ t a r t  of t h e  f l i g ht d e m o n s t r a t i o n  p r o g r a t m o . The t e mp la te
i n d i c a t e d  h oom sk in  t e m p t - r a t u r e s  to 260 ° F c l u r i m o g  t h e  f i r s t  g r o u n d  i ’ m i i O ~~ and
hover  f l i g h t s .  Seven t he r m o c o u ples w e r e  p laced  on t h e  t a i l  boom at th e  b o o t -
t e s t  s o m t s  i n di c a t e d  by t h e  t e t i m p la te s .  l i m e  p u r p os e s  of t he  t h e r m oc o u p les
w e r e -  to ob t ain  m o r e -  a c c u r o i t t - t e m p e r a t u r e  mea u l r t ’ o u m  emi t s  and to g iv e the
o n e - c c -  t h e  c a p a b i l i t y  to m o n i t or  the  t a i l  boom skin  t e m p e r a t u r e s  in f l i g h t .
I n i t i a l l y t o me t h e r m o c o up l e s  m e asu r e d  hi g h and e r r a t i c  tt - mp e r a t u re s , and it
w a s  conc luded  t h a t  t h e y  cc- i - re  m e a su r i n g  t h e  t e m p e r a t u r e  of the  ex h a u s t  gas
and not t he  boom s k i n  t e m p e r at u r e .  The t h e r m o c o u ples cc-cr c  coc - t o  r e d  and
t e m p e r a t u r e  r ead ing s s t a b i 1 i z~-d.  The  I n i g h e o s t  sk in  t e m p e -r a t u r e  o b s e r v e d
d u r i n g  the  f l i g h t  d e u n o m o s t r a t i o n i  i c - c- s  1 + 5 ° F at BS 43 d u r i ng  a left  t u r n  at 150
knots. A summary of t h e  h i g h e s t  and lucc-est  sk in  t e m p e r a tin r e s  (at e a c h
t ie ’  r ut- )eooup le location) obse rc— ed during t h e  f l i g ht c iem ou oo, t n ; t t i o u o  is g i v e - f l  in
Table 13.

86

- —

~~~~~~~~~~~~~~~
- r—~-~~ -~~~~~



- —-~ --~~~~~~~ - -
~~ 

- -—-- — --.--- - —
~_:~~~~~,~

-
~~~ -r- 

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

I ’A B L E  1 3 . SI N I N I A RY OF Ol3s F-~RV l - : D  S l-11~-4 r I - ~N 1 I’l- RATURES

- , M ax  MmI l o . ’  r m o c o up le ’ -
_______________ t e m p  t e m p

No . 1-IS ( °F )  Fl i g ht Cond i t i on  (°F)  Flig ht C o n d i t i o n

1 43 195 150 Kn 1-eft  Turn  74 Groun d Idle

2. 57 101 150 Kn L/R Turn 4 1 12.6 Rn Rt Turn

3 71 12 1- h o v e r —  b a i l  into W i n d  59 90 Rn Lt T u r n

4 86 183 H o v e r - T a i l  in to  W i n d  ~6 --

5 101 188 I- l o v e r - Tail in to  Wind  57 12f ’-~ Rn Rt Turn

12.1 1 4  20- Foot Hover 62 , 12.6 KN L / R  T u r n

7 1-4 ) 169 10 /2 0 - F o o t  Hover ( m U 90 Rn 1,t T u r n

N o t e :  The t h e r m o c o u ples  w e r e  loca ted  on the  u pp e r  s u r fa c e  of the  boom ,
approximatel y 7 i nches  f r o m  the  c e n t e r l i n e  on the  r i g ht h a n d  s i de

Tail Gearbox Cyclic Accelerations

The primary purpose of m ea s u r i n g  the  c y c l i c  a c c e l e r a t i o n s  at the  ta i l  ro to r
gea rbox  was  to obtain a d y n a m i c  co mp a r i so n  b e t cc - eoeon  Uie standard metal
A1-I-1G tail boom and c o m p o s i t e  t a i l  boom. The la te ra l  cyc l ic  a c c e l e r a t i o n s
ranged from ±2 to ±20 g ’s at th e gearbox for the conditions flown . The cyclic

a c c e l e r a t i o mo s  i n c r e a s e  w i t h  speed and w i t h  m a n e - m y e r s  at low s p e e d s .  There

cc-crc  e s s e u o t i a l l y  no d i f f e r e n c e s  in the  m a gn i t u d e s  of the cyc l ic  a c c e l e r a t i o n s
between t h e  c o m p o s i t e  tai l  boom and the metal tail boom . Table 14 g ive s ti -m e

compar i son  of m e a s u r e d  a c c e l e r a t i o n s  fo r  s eve ra l  f l i g ht c o n d i t i o n s .

Tb - - s t r u c t u r a l  desi gn c r i t e r i a  fo r  t h e  ve r t i ca l  f in  did not  i nd i ca t e  the  hi g h -
cyc l i c  a c c e l e r a t i on s  being imposed on the  upper  f in  s t r u c t u r e .  The c r i t e r ia
gave onl y low ae rodynamic  loads on the  f in  s t r u c tu r e  above the  g e a r b o x
a t t achmen t  and for  the  f in  t r a i l i ng  a i r f o i l  s t r u c t u r e .  The ve r t i ca l  f in  f a i r i ng
s t r u c t u r e  was not r e i n fo rced  at an ed ge lef t  by a c l e a r ance  cu tou t  of the
f~n ring skin . The high vibration environment resulted in  cracks developing

in the fin skin above the t ail rotor  gearbox at th i s  nom ireinforced edg e’ . Onl y
a minor re inforcement  in fin airfoil  s t ruc tu re  u- a s required to provide ade-

qua te  s t n e - u m g t h  f o r  the  hi g h v i b r a t o r y  e n v i r o n m e n t .  This s t r ’ n c t u r a l  ch an o g e-
has s u b s e q u e n t ly been made .
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P i l ot  k l i g ht E v a l in i t t i o n

A s  p a r t  of t i n -  f l i g h t  d en i o n s t  u’ m t i o n  p r o g r a m -r i , t h e  p i lo t  r n - o d e  a q u a l i t a t i v e
evaluatn,min of v~ b r ;e t i o n  l eve l s , s t a b i l i t y  and  c o t a r o l l a b il i ty  f o r  n o t ° t the AH—lG
st a n d a r d  c -i nS i g m i  i ’ : m t i o n  and t l o e  c or n p o s it t -  t a i l  boom conf i gu a r a t i on . T h e  0

p ilot ’ s cc a l i m a t i o m i  w a s  t h a t  no si g nif ic an -mt d i f f t  r e - m o o  e cx i  Ste - h  h e - t a - u i - n  the  t ’, , o
conf i g u r a t i o n s  m o  t h e s e  a r eas . The v i br a t i o n  l e v e l s  w er e  v er y  hi g h at
s p e e d s  of 150 k n o t s  am -m ci above fo r  b o t h  con fi g u r a t i o n ~~, m u i ~ t k i r m g  a compara t i c-e
i- c - c - l u s t  ion  v er y  d i f f i c u l t .  1 lie h i g h v i b r at i o n  leo ~,-’eol  i s  s u b s t a n t  i a t - - d  b y t m e ~
h i g h cy c l i c  a c c el er a t i o n s  r e c o r d e d  at t h e  t a i l  r o to r  gt -a r t a o x .
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R E \ o T i- W OF DE f - 3IGN O B J EC  I

C H N E R A L

\ p o ’ i r u o a r v  ( ) h j e - (  t i c e -  of t h e -  c m e r n p o s i h -  t m i l  h e m - m o o  p r O c I ’ - m f l o w a s  4- h e s i~~n and

u o - e u o c t f a e t u n e -  a c o u o o p m m s i t e -  t a i l  IKi m u n  t h i t  w o u l d  I m ev i-  a lower  l i f e _ c o , e l e o  c o St

t i c - n  t h e  pr -s~ ’ o t  A l l — I C  m et a l  t a i l  b m e e m m o m . Jov e i n i p o r L i m o t  p ar e u u m e - t e r s  in e s —

t abl i  s h i u o g  l i f e ’  — ‘ Y e  le ’- c o s t s  ar e  t l i  e i n i t i al  c o s t  and cc - e i gh t  . Tu e  St  cl~ pr ‘ —

g r d m n s  l t a d  h i t - en  p - i ’ t e r u o i e ’h by B o e i n g  V e r t o l  imi  K am an  on f u s e l a g e -  ~i d v , I u i c e - c l

s t r u m c t u r - m l  c n n c . ’pt s ( R e f . - r e n c e s  2. and 12 ).  B - m t l o  s t u d ie s  1 5 e - h  t h e ’  :\11 1G t o i l

h - c - t~ i S t i O t  u n c l e ’ 1  to  aPp ly  d e o s i g u o  c o n c e p t s .  The  s t u d i e s  i n d i c o t i - c i  t h ~ot a

s - m o o i — u o o u o m e c o q i i e  s a n d i v i c h i  st r oi t u r e -  cc- is t h e -  - p t i mu n i  d t - s i ~~ui e a t t i  e ’p t  and

s h o m n m h r h  p r o d u c e -  t c - j l  boom ct ’ i t i o  a l o o t e r  \c-~~i i - h t  c-nd in i t i a l  c e st , r e s u l t i n g  in

a I c c - e r  l i f t - — c y c l e  c o st . [ ‘h o c ’  r . - s o u l t s  c - f  t i  e s t u dy  p r o g r a m s  e ’st t b h i s h e d  t h e

b c- s i c  t m i l  b u i ono c o n s t r i c t i o n .  HF -I u s ed  the ’  cc-ct f i 1 0~~~- - o t  w i n d i ng  t t - c h ni qu e

for t ° e ’ f a b r i c a t io n  of  t h e  san c l o c - i c l °, i n n e r  and out -r  s k in s .  Th i s  m e t h o d  cc- u s

s e - i - c t  ed ovc-r  t :-: e~ m o r - ’ pr~ - v a l e ’ot  f o b r i c i t  ion t -chn i ques  of hand or tape lay —

up of : m r e - p r e - c  1 0 0 i t . ’ m ’ i - m l  b c - cause -  of the  t n m t c - n t i a l  c c s t  s av ings  iii r i - h o n  i n g  t h e

la b m -r  r e  c l i i i  r d  - B tb of t h e  ahoc-’e s t u d i e o  s e- ~ t :m UI ~ shed 4- oat  g r a p hi t e -  f i b e r s

s l o c e u i l d  ic u s e d  in t h e  ( c o m a - s i t e -  m a t e r i a l  to me c-t 4 - h o e  s t i f f n e s s e s  of t h e -  m e t a l

0\H IG t - c i i  boom .

T h e -  comp o s i t - - t a i l  boom n o e l  or c-xe ceded the-  s t r u c t u r al  de s i gn c r i t c-r i a .

T° e f i t i  g -m e s t r  c-n g tho - e f  t l o e -  p r i u o o o m  r o  st r u ct  or e cc-as cxc ep t ion a l l  v h i g hi , r e  —

s ui t i ng  in e s sen t ia l ly  an u n l i m it e d  ser v i c e  l i fe .  The  c o m po s i t e  t a i l  boom

s ti f f n e s s  es , I m t  e -r a l , v e r t i c a l  and t o r s io na l , c c - c -r i ’-  g re  at e r  th an t h e -  u i e -t ~i l

t a i l  boom , c’,’ h ich  w o u l d  a l low the u s e  of lowc- r cos t , l ow t -r  m odu lus  g r a —

p1- mi te  f ib e r s  or t h e  use  of leSS  - g r o e plo i t e  f ibc - r s  t i -m at c c - i - r e  u s e d .  The corn—

p o s i t . - t c - i l  booms  tha t  cc-c r c  f a b r ic a t e d  fo r  s t r o j c t c o r a l  t e s t i n g  and 4 - h o e  f l i g ht

d e m o n s t r a t i o n  h oe d a h i g l o t o r i n i t i a l  cost  and cc - e i gh t ; t he  r ea s o n s for  t i e

cc-e- i g ht  c-n d cos t  i n c r e as e s  a r e  d i s c u s se d  in d e t a i l  in the  s u b s eq o t ~~n t  para-

g r a p h s .

WEIGHT

\ d c - s i g n  ob j e -c t i v e o  cc-as to  f ab r i c a t e -  4 - b -  - t a i l  boom u s in g  s imp l i f ied  t o o l i m i g

mci f i b r i  c ; m t b u n  p r - c ess C S .  T h e -  s imp le st m e - th o d  of ~v c - 1  f i l a n o e - m - m t  cv inding  i s

t o  i mpr e g m i o t e  t e- d ry  gr a p h i t e  ro c - ings  ~c ’ith t h e  i ’pOxv m e  Sill by f i - c d i u i g  t h e -

r m v i n g s  4- i r e m n g h  a r e - S i n  h m + t i i  c-nd 4 - I - e n  cv inding  them d i r~~c t l y c u n  to th e ’  m o o , e m o —

d r e l .  E’n e S S  r e ’ s i u i  i s  4 - - -  be rc’ i-noc ’t -d , and the r e - s u i t i m i g c o r r n p e o s i t - - she o~~l ui

b c -y e ’ a ( i c r  c o l u n i e  of 3 t) perc  ~~ t 1-1 ccv cc - . -r , C o u t t o o m i  s r e  u i i ov i -d 4’ 0 n u i o  t h e -

t a i l  boono i u i c l i c  ~t e d  t h a t  t h -  f i b e r v o lu n m i ’  v 4 n i e ’ d  f r e i u o o  4 2  4 - m o  47 pe r c e n t  ( cmi

, t v e r m - ~ e - c f  13 p c - r i - e m i t ) .  I b i s  r e s u l t e d  m l  a oc- . - i g b t i~~’fl l t y  in  t h e  f a b r i c  a —

t i on  of the’  t a i l  b o n u i t  m i d  t j o e  t i n  s o a r  sk i n i s .  ~ b u e ’  c e h o u m e ’ cf ( h o e  I t  i i  b , o e o u o i
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i m i u - - m ’  m u d  c m a t i - r  s k i n s  i s  11) 80 e u i b , i c  j un l o t - s  w i t h -  a f i b e r v o lu nn -  ~f 50 p ’ - r c - - m o t .

F l o e ’  m e u m m b o m ) S i t e ’ (P i e r - - n t e - t o t  i s  :e f i i ’ e ’ d  q u a n t i t y  c-ni l a v e - r a g e ’ s 45 p e r c e n t  of
c-o h m i c ’  of t °  e-  .i c t u i : i l  1 o n o i p e  s i t e - : t b n - r e - f m m r - - , t h e ~- ac tua l  v o l u m n i e -  of t h e  ~k i c m

cc -as e q u al  t i m  3 4 0 / 0 . 4 5  1200 cub i c  i nch e s  or 1ZO cu bic inches  of

- - ‘- c e s s  r - - s i r m . ‘[‘h e- ( l e ’ u o s i t v  of r e - s i n  is 0 . 0412 pound per  c u b i c  i n c h , c-nd t h e
cc’ - i g l o t  p e na l ty  i s  120  x 0 , 0 - l i Z  5 . 0 p u u i n i d  S. The  f in  spar sk in  c -n i l  t i e  longei
e t o m c a t -  ci c- - d e m u i o e -  i r e  241 ( ubic  i n ch e s , and 4 - l i e ’  c - e t a - c l  v o l u r o i c -  is 2(, 8 i n c h e s ,
r e s u l t i m - m g  in  27 i b i c  i n c h e s  oh ’ e - ’ o c i ’s s  r e - s i n .  The- c c - e i g h t  p ena l ty  i s  1. 1 pounds .

ni ~ ‘- I si mp le - u o o e t i o o d  cc-as ( i t ’  ye loped 4- o i ou - m t ro l  t h e  i m i u p r e -  gn ~it i - m u  of t i n ’  (1 ry
r m m v i u m g  c’, i t i m  r e s i n  to  p r o d u c e -  a c o mp o s i t e  w i t h  th e  f i b e r  vo lumi - o e v a r y i n g  from
5 0 t o  34 Pe r c en t  and ac- c - r a g i n g  52 p c - r i  e m i t . U s i n g  t h e  ri -c’, f i b e r  im n p r e g n a —
t i - - n  t e c b o u i i q o m - t o -  f a b r i c - m t . - t i e’ t a i l  b j c m e m m - m o  c’, e , u I c I  sac ’e over  8 p o u n d s  of w e i~,& bo t
c v i t h o o u t  r e d u c i n g  t h e  s t r e n c t u r o t i  i n t e g r i t y  m r  s t i f f n e s s  of 4 - b o o  t a i l  1)00110 .

Th e  s t :m m i ( b ; m r d  A H — I G  p u l l e y s , b r o i c k e t s , c -ui d b o a r c b o c - o c r e -  c c - c - r e  cl ou d t o  i m o s t a l l
h o c -  t a i l  rot  -r  c o n t r o l  s y s t  e m i l .  This  r e s u l t  c - h  m i  a c c - c - i  ~t p e n a l t y iu i the  sup—
m - r t  i n g  s t r u c t u r e  cvh ic i i  0 0 0 0 c 1 1 0 t c - (I  t h ~ pu l l e -v s  - o m i d  b r a c k e t s .

r e  v i-  -c-: o f  t h e  cot -r ip  - s i t e ’  t a i l  Se - c t j m  m o o  shoo c- s s i - v i r a l  or c-c - s  c c - l i e - r e  ad d i t ional
cc- - ig ho t  c o ul d  l i e  r e d u c e d  by d e s ign  c h a n g e ’ s c c - i t i c c o m t  s a c r i f ic iu i e s t r u c t u r a l  i n —

I e g r l t \  or c - c l c h i u i g to the  f a b r ic m t i o n  c o s t s .  Sonic ’ of t i o c - s e  d c - s i g n  c h a n g e s  arc-
d e s c r i be d  in t h e  f o l lo w i n g  s e c t i o n . Tin ’  cc- c-ig b m t of t h e  e omp o s i te  b i b  s e c t m m m o i

is  com p a r e d  to  t h e  mn e : - t  c-I t a i l  s ec t i on  j u l  Tab le  1 5, a lso in - mc boded m o  Tab le  1 5
is t h e  an t i c i p a t e d  ovi -- i g b o t  of t h o m -  , i d c - au o c c - c l  c m m u i i p o S i t e- t a i l  se c t i o n .

C OSTS

The  cc e t — f i l a m e n t — c c ’ in d i n g  t e c h n i que pr  c- i’d t o  be a o- er\’ c o s t — e f f e c t i v e  m e —
thoci to f a b r i c a t e t h e — s k i n s  fo r  t he  t ij i  Iaooni  s a n d w ic h  cc- al l  c o n s t r u c t i cm .
F i l a m e n t  c c - i n d m n g  is  an a u t m  - o o - a t  ccl fa b r ic m t i o n  m et h o d  u s i n g  i t  m i n i n i c m u o o  of
labor h o u r s .  Wet  f i l a m e n t  cc- lo l l ing  a l so  m i s c - s  c o m p o s i t e  m a t e r i a l s  at  t u e -j r

lowest cost v e r s u s  tape  or h a n d  l a y — u p  t h a t  r e q u i r e  t h e -  u se  ci p r e i m u p r e g —
i c t -h composim e ma t e ri a l  s. The e ost  of pr epr eg mn c t e r i a l  is tcc o and omi t ’ —

h e i f  to t h r e e  t i m e s  ti -m e cos t  ot d r y  composite f i i a u i i e u t  9 and r e s in  p u r c ha s e d
sepa ra te ly .

Ti -me two  m i m a j o r  i t e m o m s  t h a t  i nc r e a s e d  t h e  com pos i t e ’  t a i l  boom c o s t s  ab o v e -

t h e  i n i t i a l  p r e d i c t e d c o s t s  c’,-c -r e  t h e  p r i c e  of t h e ’ rn ~tt -r i a 1  and t h e  labor  c os ts

invo I y e l l  in 4 - i  - e i n s t a l l a t i o n  of I ho e  r e j u i  f c r c e r i m e ’n t  s for  th~- c-cc  e ss lo el e s , t h e
sc-t i c el - v o c t o r  s u p p o r t , and  t h e  c- e r tj c , i l  f in  Spar  s u p po r t .  T h e  ( - c o s t  of T h o r  —

m oe - -I 300 g r o p b i i t e  f i b t - r s  av e r a g e d  55 doh t a r s  a p 0 1110d b d i t r i m i g  l i i i ’ f c - h r n c c t i c m

ci t h e  s t u ’ - t e  t ar ml t e st  and f l i g h t  ( ieu 0000 s tr e t i m o u i  c o u u i p o s i t t - t a i l  b o o m s .  1 h i e ’
o r e - s c - o i l  p r i c e  of T l o u r ” o e l  300 i s  ap p r o x i ni i t c ’ i y - -12 d o l l a r s  i p ee i i . mid l , d c - b e e - m o d —

j n~ Ou 4 - j o t -  q m i a u i t l t V  p u r c h a s ed , and  i s  e x p e c t e d to r e d u c e  in p r i c e  t e e  20
d o l l a r s  a p c m u u u i d  by 1° ~~ 0 . T h e  f a b r i c a t i o n  me t h o d  m m s e u l  t o  i n s t a l l  4 - h o e ’
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Composi te  \ l 2 t a L  :\dvanced
Sect ion A l l -  1G Desi gn
\V ei g h t Sect ion Approx.  Wt .

Item ( ib)  ( ib )  (ib)

Basic Boom Shell 91 .  3 - 75. 3

Fin Spar 17.~~ -

T/ R  At tach  F itting 6. 5 - 4. 5

Fwd. Attach Fi t t ings  13 . 6 - 8. 6

Bulkheads 9. 5 - 7.0

Hole Re in fo rcemen t s  24. 8 - 22 . 3

Fin Aft  S t ruc ture  2 1 . 5  - 20. 5

Shelves 1 .4  - 13. 1

Drive Cover Attach Ang les 13.  G - 10. 9

Doors - Covers 15. 5 - 14. 0

Miscellaneous 16.8 - 10. 8

24~ .7 Z34.7~ 203. 0

~Measured weight of metal AH- 1G tail section S/N 68-15031
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r e in f o r c e m e n t s for  the  a c c e s s  holes and sync eleva tor  cons is ted  of cu t t ing
the  holes  in the  cu red  t a i l  boom she ll , r em o v i n g  the  h o n e y c o m b  cor e and
inner  sk in  to f~t the  r e i n f o r c e m e n t, adding  f i b e r g l a s s  inner  and outer dou b-
l e r s , and vacuum bagg ing and c u r i n g  the  in s t a l l a t i on .  A new fab r i ca t ion
t e c h n i q u e  has  been developed to f a b r ica t e t h e  ta i l  boom shel l  to i t s  f ina l
c o n t o u r s  on the  w i n d i n g  m a n d r e l .  This  w i l l  allow the  access  hole  r e i n f o r c e -
rnent s to be i nco rpo ra t ed wi th  the  honeycomb  co re  and be placed together  on
the winding mandre l  and c o c u r e d . The labor  r e q u i r e d  to ins ta l l  the  rein-
f o r c e m e n t s w i l l  be g r o s s l y r e d u c ed  and s e c o n d a r y  cu r ing  operat ion s wil l  be
el imina ted .  Add i t i ona l  cost and wei ght sav ings  for  the  n e x t -g e n e r a t i o n  com-
posi te  ta i l  booms are  d i s c u s s e d  in the  fo l lowing sect ion .

As prev ious ly  stated , the  in i t ia l  cost of the  composi te  tail  boom was  hi ghe r
than p r o j e c t e d . The composit e tail boom is  still compet i t ive with the  metal
: \H-IG ta i l  boom if t he  accepted 85 percent  l e a rn ing  cur ve is used to p red ic t
the  cost  at the l000th ta i l  boom. The p ro jec t ed  cost of the tail  boom would
be $9, 470.  ( R e f e r  to Fig u r e  38.

:\fl advanced conf i gura t ion  u t i l i z ing  severa l  recommended  changes  and sim-
p l i l ica t ion s d i s c u s s e d  in the  fo l lowing  section would resul t  in a tai l  boom
pro jec t ed  cost of $6 , 016 for the b OOth un i t .  (See Figur e 38).
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ADVANCED TAIL BOOM DESIGN

DISCUSSION

The composite tail boom fabricated for structural and flight testing success-

fu l l y met  the  in i t ia l  de s ign  c r it e ri a and desi gn ob jec t ives .  Thi s program
was  the  f i r s t  he l i cop te r  p rog ram to des ign , f abr ica t e and fli ght test  a pri-
mary  f u s e l a g e  s t r u c t u r a l  component . The desi gn approach  for  t he  tail boom
cons t ruc t ion  was very  conse rva t ive, to a s su r e that  the  s t rength and s t i f f n e s s
desi gn r equ iremen t s w e r e  met . TI~is led to overly conserva t ive  des igns  in
severa l  ar eas of t he  boom and ve r t i ca l  s tabi l izer  s t r u c t u r e .  In reviewing
the  f ina l  composi t e ta i l  boom confi gurat ion , several  design r e f i n e m e n t s  or
modif ica t ions, in addition to more  emphas is  on cocur ing  d i scussed  in the
pr eceding section , could be accompl ished that would r educe  the  fabr ica t ion
costs  a n d / o r  the  wei ght.  The advanced tail boom des ign would c ontinue to
meet or exceed the  s t r u c t u r a l  and s t if fnes s  desi gn r equirements .  The pro-
posed design r e f i n e m e n t s  and modif ica t ions  to the composi t e tail boom are
d i s c u s s e d  in sub sequent p a r a g r a phs .  Figur e 37 i l l u s t r a t e s  the major  pro-
posed design changes .

COMPONENT REDESI GN

Two a reas  of concern  dur ing the  init ial  desi gn phase  of the composite tail
boom w e r e  the  fo rward  four  bolt a t t achments  that at tach the  tail  boom to the
AH-I G aft fu se l age  and the a t tachment  of the  fin spar to the boom. Wei ght
and cos ts  may be saved in both areas by redes ign .

The presen t  composi te  boom re ta ined  the ba r r e l  nut confi guration of t he
metal tail boom, which resu l ted  in an overs ized  aluminum fi t t ing for the
composite tail boom ( s e e  Figur e 16 & ~6).  By redes igning the end f i t t ings
to a hollow confi guration and using s tandard nut s and washe r s a wei ght
saving would be rea l ized  at rio i nc r e a s e  in cost ( see  Figur e 37). Aluminum
plates w e r e  added to the f o r w a r d  bulkhead to r edi stribute shear loads f r o m
the end f i t t ings .  The plates could be replaced by locally r einforcing the
forward  bulkhead with composit e s t ruc ture .  The r e in fo rced  bulkhead would
provide ample st rength and would resul t  in a net wei ght saving.

The fin spar is redes igned to a constant  diameter tube that will provide
several fabricat ion advantages.  It el imina tes  the requi rement  for a female
forming mold. The  present  support  s t ruc tu re  for the  gearbox  is composed
of four separate  components that  are requir ed to be f i t ted and bonded to each
other and to the fin spar ( r e f e r  to F igure  ~ 3). By using a constant diameter
tube, a single aluminum support fitting for the  gearbox could be a t tached to
the spar while still on the winding mandrel  (see  Figure  37).  The  fin spar
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Fi gure 37. Adv anced Tail Boom Design.



~~.CtU4 B-I

E~~~T ”~~~~~~
-
~-~~~’111 iiii iiiii

— — —-—-----.--——__ ._I ~ ——

(

‘

~~~~~~~~~~~~~~~Th~

’

\

_ _ _ _ _ _  

I
’ 

0 )/ H. 
____________

\. —
I

r ’



— -~~--.~--—_ —~~~S 
.—

~
_— ~~~~~~~~~~~~~~ ~—-_-—-.--- —~

---_—---- -

-
~~~~~

‘F

11Th - ILL . 1 1  l f I i u i L  - 
i

+ IT1UTfffi1Tr1
~ -

, 
/
,

-

~ \ \
D

~‘1
” 

~~~~~~~
___  

/A:’
~~
\

/ “ S I,

- ( ‘S____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ \~~~~~

,
~ 1

-. ~~~ -~~~~ -~~~---~~ --- - ——— —.---. ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~



,÷~‘fc/~j ~4t~rzi.tV if I: ..-L ~~c I”
z~ \. ~9\. i/

V• ~~~~~~~~

C

~~~ ,~sc

1

7

1

-— -.-- .-—-



-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- --
_

~~~~~~~~,

and support  f i t t ing  wou ld  then he cured as a unit, resulting in a reduct ion in
f ab r i ca t i on  t ime .  The constant  outs ide  d iameter  would simplif y t he  des i gn ,
fab r i ca t ion  and i n s t a ll a t i o n  of t he  f in r ibs , skins  and control  b r a c k et ry .  The
assembl y would have a minima l wei ght reduct ion .

E l i m i n a t i n g  the forward and aft can t bulkheads  that  are  used in a t taching the
fin  spa r to the boom would  save both weig ht and cost . In rev iewing  the  ver-
t ica l  f in  loads and the  resul t s of the boom s t r u c t u r a l  tes ts , adequat e st r ength
could be obtained by a t taching the fin spar to onl y the uppe r and lower boom
s t r u c t u r e .  The main p a r a m e t e r s  contr ibut ing to the la teral  s t i f fness  at the
ta i l  ro tor  are  the la tera l  and to r s iona l  s t i f fness  of the tail boom and the  fin
sp ar s t i f f n e s s .  The presen t composi te  tai l  boom has  excess s t i f fness  both
la t er al l y and tors ional ly  when compar ed to the  metal AH- 1G tail  boom ( re fe r
to page 75).  The redes i gned struc ture would satisf y the  initial s t i f fness
desi gn cr i t e r ia  to  be wi thin ±10 percent  of the metal tai l boom s t i f f n e s s e s .

TAIL BOOM CONSTRUCTION COST ESTIMATE

A p roduc t ion  uni t  cost e s t ima te  was p repared  for  manufac tu r ing  the  com-
posi te  ta i l  boom in p roduc t ion  quan t i t i e s .  Two d i f f e r e n t  approaches  were
taken  in d e t e r m i n i n g the probable  uni t  cost .  The f i r s t  approach  was to
e s t ima te  the  amount  of t ime , and the  num be r of peop le d i r e c t ly needed to
per f orm each of 10 process  s teps r equ i red  to f ab r i ca te  the  advanced desi gn
tai l boom . This  es t imate  data,  ca lled t o u c h - t i m e s ” was p repared  by
HH/ FSI  eng ineer ing personne l and is p resen ted  in Table 16. The es t imated
t imes  were  based on the S/ N 10 uni t .  Along wi th  the touch- t ime labor esti-
mate,  an est ima te was made of the mate r ia l s  needed for  each pr ocess step,
and the tools and f i x t u r e s  requ i red .  Each of these  i tems were  pr iced ,  us ing
both ac tua l and pr ojected cost data. For examp le, the 1974 g rap hite f iber
pr ice  of $55/ lb  i n c u r r e d  for  the  R&D tai l  booms was projected  to be $Z O / lb
for  f u t u r e  year  product ion  quant i t ies .  The advanced desi gn manufac tu r ing
costs were  de t e rmi ned by the extension of the e s t imated S/N 10 labor hours
and ma te r i a l  costs as shown in Table 17.

The second approach to de termining product ion  unit  cost was to extend the
me a su r ed u ni t cost of t he R & D tai l boom (T able 18) to prod u c t ion quan t i t y
u n i t s  u s ing standard 85 pe rcen t  lea r ni ng c u r v e  pr oject ion techn ique to
determi ne labor hours .  T h i s  c os t est imate data , iden t if ied as “p r e s e n t
design ’ on Figure  36, also included an ad jus tmen t  for  quant i ty  purchase
p rice and G&A / p r o f i t  labors appropriate for manufac tu r ing  product ion .  The
measured init ial  unit  cost of $45 , 6 75 for the cu r r en t  desi gn was de te rmine d
from cost accounting records.  Th i s  data established labor hours  for  the
init ial  unit  to be 1800 hour s at $15/hr burdened,  wi th  mate r ia l  costs of
$4500. The G&A and prof i t  for th is  R&D fabr ica t ion  added 45 pe r cen t t o the
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T A B L F  l~ - P R O J ) U C ’I lON UNI ’I  COSi’ E S T I M A T E  -
: \ I ) V ; \ N ( ~E f )  D ESIG N

Labor
M an-  }1our s

I t e r n  Tooling S~ M a t e r i a l  S”’~ Touch T i , r e :5 :r

1. bour n  •‘~~el1 4. 000

• M a n d r e l
• H o n ey c o r r i b  300. 00 40
• W inding 1400. 00

.\ t t ach  b i t t i a .~s 12 , 000 110.  00 24

3. M a i n  Bulkhead  7 , 500 L U .  00 8

4. Door Doilies 10 , 000 100. 00

5. Ve r t i ca l  Fin Spar 4 . 50U 200. 00 4

r ’ . \ s se rn bly Fixture  5, 500 - 8

7. Drive Shaft  Covers  1 , 500 200. 00

8. Misce l laneous  Layups L O ,  000 100. 00 88

9. Finishing 12 , 000 2 0 . 0 0  4

10. Misce l laneous  24, 000 10. 00 10

11. P rep roduc t ion  Eng inee r ing
and Planning 100, 000 - -

Totals 300, 000 2500 292

:rEst imat ed for  a 48-month/  1000 unit requi rement

~“~Estimated for S/N- 10.
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‘J ’A H L E  1 7 .  -~~~V~~ N C E I )  D E H ( ;N - U N I T  P R O D U C T I O N
O~ I E S T I M - \T I ’~ A U ’ N] LA ’I l U N  l A B L E

S/ N - i  S / N - l U  S / N - I O U  S / N - b OO

~~t cr i a l  W 3 , 500 ~~ , 500 ~~ , 500 ~~ , 000

i~~Lj r  Hours  -~~ ~00 535s~ 3Q~ l $ ~0

A t  ~ 15 . O 0 / i i r  Dj r ’ i ~~r e , 1 13, 500 7 , ~75 4 , 590 -~~. 700

G ~ Al P r o f i t  F’actor  (r ~ 4, 750 ~~ , 305 1, 985 1 , 31~

I o t ~ I s  — D o l l a r s  ~1, 7~~Q 13, 280 ), 075 ~, 0 1 )

Pe r  ‘Fable 1 ( app rox ima ted  for  u n i t  cost c i u a n t i t y )

z F r o u r  ~~5rr ’ le arning curve passin g th roug h 5]5 h r s  fo r  S / N —  10

~ F a c t o r  equals  ~~~ ( 1 S 5~ C s~; A an d 10 r~ p r o f i t )

T o u c L - t i ’ i i e  m an - h o u r s  t imes  rea l iza t ion  fac tor  equals p r o d u c t i o n  labo r
L our s .  Based on t o u c h - t i m e  e s t i m a t e  (Table 15) of ~~M m / h r s  t imes  1 . 8
( r e a l i z a t i o n  fac tor  that  include s QA and scrap)  equals  5~~5 h r s  for  S/ N - b

_ _ _  ~ J
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T A B L E  I S . I N I T I A L  F A B R I CA T I O N  COSTS

Mater ia l  Labor
( D o l l a r s )  ( M a n - H o u r s )

Boom Shell 2600 126

At t a c h m e n t  F i t t ings  86 144

Bulkheads 62 216

Door R e i n f o r c e m e n t s 714 450

Ver t ica l  Fin Spar 486 54

Fin A ft  S t ruc tu re  172 252

Shelves - Doors 197 126

Control  Supports 86 198

Miscel laneous 97 234

~~~~4500 1800

Total Cost = 11800 x 15. 00 + 4500] x ( G/A  /P r o f i t  Factor)  = $45, 6 7 5 . 0 0
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-‘ o o s j ~. ’ l , t n u r  and : r : i t t e r i a l s  c a s t s .  1’ r o r : :  t i l s  d a t a , t o -  l abor  u u u r s  w er e

e x t e  dcci u :  a se r i al  u n i t  ! , t s i s  u si n g  an ~~ p t ’r c ’ f l t  l e a rn in g  c u r ve  p r o j e c t i o n .

1 he  n m a t t ’ r i a [  o s t s  w l ’ t ’ a p p r u x i t r i c i t e ’I o i l  a u n i t  c o s t  b a si s  fo l l o win g  a de—

u s t  p a t t e r n ;  t h e  sl im ’’  as  u s e d  f o r  t u e  a d v a n c e d  d e s i gn .  A Gi A

and p r o f i t  f a c to r  of ~ 8’~ w i  s u ’~ed fo r  t h e  p r o j e c t e d  p r o du c t i o n  c1u a nt i t i e s .

F i g u r e  3~ p re  s i - u t s  a c o m p a r i s on  of e ~ t i i r , t t e d  m a n u fa c t u r i n g  un i t  c o s t s  fo r

n u t : Li i ’ -  c u r r en t  d e s i g n  an d  t v  a d v a n c e d  des i gn . An a d d it i o n a l  cost  mu st  he

add i’d to  cit e u n i t  c o st  t o  u ’. ’ - r t h e  : u u r ~ - c ur r 1 n g  p r o d u c t i o n  cost s  as soc ia ted

w i t h  e ri g i r i e c  ri r i g ,  o o l i i i g  and p l a n n i n g  of  - - p r o d u c t  ion  u n i t .  These  cos t s

w r i e -  t o t a l  $300 , 000 ~u , i s t  ne al 1o~ a t i - d  n a s t ’d  u p o n  a set  of a s s um e d  c o n d i—

t i o : i~ m r  p r o d u c t i o n  s ue ’  as t o t a l  ~~~ , t : t I t y  o r d e r e d,  span t i m e  for  p r o d u c in g

t i e  sc u n i t s ,  f a c i l i t i e s  u s e d .  et  - Based  u p u r i  an o r d e r  q u a n t i t y  of 1000 u n i t s ,

• t h i s  v - on  Id acid app  r o x iu i a t e  l y $300 t o  i - a c ’ : u n i t  cos t  s ! i O Wf l .

Fo r cor ~ip a r i  son w i t h  t h e  p r e se n t  m e t al  A N - i C  boom s ne l l , quo ted  b y the

A r my  to he $ 17 , 000 , t i e  un i t  co s t  of S / N  [000 of t 1 i c r  c u r r e n t  desi gn corn -

p o s i t e  t a i l  noom w o u l d  tic $ 3 ,  4 7 0 , and the  u n i t  cos t  of S /N  1000 of the

advanced  d e s i gn  c o m p o s i t e  t a i l  boom w o u l d  tie $6016.
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R E C O M M E N I ) , -\ ’ 1 IONS

It is r e c o r r r r a - n d i ’ d  t h i t

A f a i l u r e  m od i-  an d  e f f e c t  I I m t I \ S I S  ( N M E A  i i :  p i - r f a r i r r i - d  on t i n ’
-t dc’a nc -ed t N  b r a y :  dc- s i gn . T h i s  i n t l v s i s  shoul d include , but it
be i i y ’ r i t i ’ d  t o , r - d i c t i on s of 1 : - a i r  t i n - i ’  r t - t \ ’ , , ’ -fl  f t i l i i r c ’ s, r emova l
r a t e , r i r ; i l : t c ’n r i ’u t  r a t e , s - r a p  : t ’  and  r - p N r  r at e .

2. The ma~ i t  a i r I : t b i l i t v  c h a r a c t e r Is t i c s  of t i n ’ a d v an c  i’d t a i l  i , o o y r  d
s i e n  he ‘l -t~ - r na i i i ’d . As a n i t i r t l I m , t h e  mean  t i n e t o  r e p a i r ,
m a i n t e n a n c e  t u a n — h o u r s  per f l i g H t  I n n i r , t r n t i i : t i - : a t i c i ’  lev e l , a n d

t ) c ’r s o n n e l  s k i l l  l eve l  r e q u i r e d  should  h e  ~‘~~t in it ed .

3. The l i m i ts  of r c -pa irab i li t y be d e t e r m i n e d, typ e s  of m a t er i a l s  t o  lie
used , r c ’D a i r  t ec h n i q u e s  be e s t a b l i s h e d  f or  the  advanced  tail boom

• des i gn.  ~-\ protot ype  repai r  l i s t ( s )  wou ld  be developed a long  wi th
de t a i l ed  d e s c r i p t i o n  of d i f f e r e nt  t v t a - s  and loca t ions  w h er e  r e a l i s t i c
r e p a i r s  cou ld  be i n c o r p o r a t e d .

4. Ap p r o x i m a t e l y ten ta i l  booms of the  advanced  des ign  be f a b r i c a t e d .
T h e  t a i l  boom would  incorporate  any m od i f i c a t i ons  a n d / o r  r e f i n e -
ments  to improve  re l i ab i l i ty  a n d / or  main ta inab i l i ty  d e t e r m i n e d  under
i t e m s  1, 2 , and 3.

a . U s e  two  of t he  tai l booms for  add i t iona l  s t r u c t u r a l  and fl i ght
t e s t i n g .  Inc luded  in the s t r u c t u r al  t e s t i n g  would be induced simu-
lated f i e ld  d a r m i a g e  such as for ei gn object impact , ball ist ic impact ,
roug h h a n d l i n g ,  e tc .  Ut i l i z ing  the  repa i r  techniques and mater-
ia ls  deve loped  in i tem 3 , mak e r epa i r s  to all damaged  a r eas .  The
f u l l - s c a l e  s t r u c t u r a l  t e s t s  would he repeated and the  tes t  r e s u l t s
c o m p a r e d  to t h e  u n d a m a g e d  test  data.

h . In s t a l l  t h e  r e m a i n i n g  ei ght compos i te  tail  booms on AH-1G heli-
copt e r s  t o  obtain  i n - se rv i ce  data .  The col lec ted  data would inc lude
m a i n t a i n a b i l i t y ,  re l iab i l i ty ,  r epa i rab i l i ty ,  r epa i r  r a t e s , t ypes  of
f i e ld  damage  and envi ronmenta l  e ff e c t s  on composi te  tail booms.
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A l  u i u 1 ~~\ J) l \  A
SECT ION I R O l  - F I R  l IE S COM I  - i i  l’I I~ I n 1~O G RA M  ‘SECI ’RO ’  -

A c- i i m p m r t e r  p r o e r a m i n  \~ a s  d e v i - l o t o ’ d  to c a l c u l a t e  the b e n d i n g  and t o r s i o n a l

~t i f t : n , ’s s  o m  c l o se d  s t r u c t u r e s  m ad e  of sand ’’.~~ch wall  c o n s t r u c t i o n . T he p r o —
r 4t  r a n  was  d c v ~’ l oped  b y i ib e  r S c i e n c e , I n c .  and  is  e n t i t l e d  - SI’ ( ‘ 1  R ( ) . 

- The
c O r n n n : t i ’ r  - r O c r a m  m i o t m n i ’ i i c l a t u r e  is  g i v e n  in  l- ’i gu r e  A — I .  T y , i c a l  e l e r i n c u t s  of
a (- r o s s  se c t i o n  a r e  g i v e n  in F i g u r e  A - 2 . T yp i c a l  i n p u t  da t a  f o r  the  s t r u c t u r e

r ) S S  s e c t i o n  a r e  e i v i ’n  in  ‘Fable  A — I  and  the r e s u l t i n e  o u t O i l t  d a t a  a r e  g i v e n
in T a b l e  ~~~~~

V (N)-——— ----
~~

VO (N)

VI (N)

VI I (N)

TO (N)

TC (N)

~ 

ZO
T

(N) ~
N)

t/ 

TI (N) 
ZBO (N)

PSI (N) ZBI (N)

VB I (N)

V Y BO (N)

Fi g u r e  A - I .  C o mp u t e r  P r o g r a m  “SECPRO’ N o m e n c l a t u r e .
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TABLE A - i . INPUT DATA - TAIL BOOM BS 122 .33

N ZO YO ZI Yl PSI

1 12 . 1)70 0.000 12 . 280 -0.000 90. 000 TO 0.0320
2 12. 070 3.750 12 .280 3.750 90.000 TO 0.6250
3 12 . ~50 4.500 12 . 262 4.442 85. 200 TI 0.0330
4 12 . 845 5 . 238 12. 168 5 . 103 78. 750 EO 1. 082E+ 07
5 1 2 . 6 5 5  5 .954  12 .000  5 . 737 7 1 . 7 0 0  GO l .30 9E -F 06
6 12 .393 6.645 11.768 6.352 64.900 El 8.726E+06
7 12. 155 7 . 080 11. 572 6 . 7 10 5 7 . 6 0 0  CI 2 . 0 7 1E + 0 6
8 1 1 . 6 9 4 7 . 6 6 9  11.  180 7. 208 48. 100
9 1 1.3 4 0 8 . 03 3  10 .883  7. 5 16 4 1 . 5 0 0

10 10 .533  8 .630  10 .170 8. 046 32 . 200
11 9 .835  8 .99 0  9 . 5 8 6  8. 368 2 5 . 7 0 0
12 9. 185 9. 290 8 .941  8 . 6 4 5  20. 750
13 8. 240 9. 592 8 .056  8 . 9 2 7  15. 500
14 7. 264 9 . 8 3 0  7. 123 9. 155 1 1 . 8 0 0
15 6.042 10.045 5.’)44 9.362 8.200
16 4. 548 10. 2 1 5  4 . 4 8 2  9. 528 5 .500
17 2. 550 10. 354 2 . 6 1 9  9 . 6 6 5  2 . 60 0
18 0 . 0 0 0  1 0 . 4 1 5  0 . 0 0 0  9 . 72 5  0 . 0 0 0
19 - 2 . 768 1 0 . 3 5 5  -2 .  732 9 . 6 6 6  357. 000
20 -4.264 10. 238 -4.194 9.552 354.200
21 - 5 . 5 1 2  10 .078  -5 .408  9 .396  3 5 1 . 3 0 0
22 - 6 . 7 3 5  ~~ 845 -6 .583  9 . 1 7 2  347 .250
23 -7. 708 9. 593 -7. 501 8 .935  342 .500
21 - 8 . 6 5 5  ~~~ 240 - 8 . 3 7 5  8 . 6 0 9  336.  100
25 -9 . 3 1 6  8 . 9 15  - S .9 8 1 8 . 3 1 2  3 3 1 . 0 0 0
26 -9 . 9 6 0 8. 5 15 - ° . 563 7 . 50 3 2 4 . 9 0 0
27 - 1 0 . 5 52  8. 054 - 10.081 7~ S 4() 

~17.000
28 - 1 1 . 0 7 0  7 . 5 1 4 - 10 . 54 5 7 . 066 3 1 0 . 5 0 0
29 - 1 1 . 5 2 4  6. ° I S  - 1 0 . 9 4 7  6 .~~ 3 7  3 0 3 . 2 5 0
30 - I I .  893 6. 270 - 1 1 ,  277 ~‘ . o so  2 o6 .  750
31 - 12 .  190 5. 585 - 1 1 .  543 5 . 346 2~~O . 2 5 O
32 - 1 2 .4 9 3  4 . 6 3 6  - 1 1 . 8 2 5  4 . 463 284 .400
33 - 12 . 7 5 0  3 .400  - l 2 .06~ 3 .2 0 1  27° . 100
34 - i 2 . ’~20 1 , 0 12  -1 2 . 2 3 1  1 . 867 2 7 3 . 7 0 0
35 - 12 . 9 7 5  0 .0 0 0  - 12 .2 8 5  0. 000 2 7 0 . 0 0 0
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TABLE A -2 .  OUTPUT DATA - TAIL BOOM BS 122. 33

Element  Area  and Arc  Leng th- Cross -Sec t iona l
N AO Al LO LI P rope r t i e s

2 0. 1200 0. 1237 3. 7500 3 .7500  ZB = 0.2450
3 0. 0240 0 . 0 2 2 9  4. 4989 4 . 4 4 3 9  AO 2 . 5549
4 0. 0238 0 , 0 2 2 1  5 .2426  5 . 1 1 3 5  Al = 2 .4985
5 0 . 0 2 3 6  0 . 0 2 17  5 .9814  5 . 7 7 1 5  A 5 .0534
6 0.0236 0.0218 6.7185 6.4306 AIC = 4 2 9 . 9 2 2 3
7 0 . 0 15 8  0 . 0 1 3 5  7. 2123 6 .8407  AOC 4 81 .0126
8 0. 0238 0 . 0 2 10  7 . 9 5 7 6  7. 477 1 LO = 79.8404
9 0. 0162 0 . 0 1 4 2  8 .4635  7 .9074 LI 75 . 7 1 1 8

10 0 . 0 3 19  0. 0294 9 .4607  8. 7980 EA 4 . 94 5E+07
11 0. 0238 0. 0221 10. 2046 9 .4673  EIYO = 2 .5 12 E + 0 9
12 0 . 0 2 4 3  0 . 02 32  10 .9648  10. 1707 EIYI = l . 7 9 0 E + 0 9
13 0 .0317  0 .0307  11 .9554  11. 1011 ElY 4 . 3 0 2E + 0 9
14 0 . 0 3 2 1  0 . 0 3 1 7  12 .9589  12 . 0 6 22  EIZO = 1. 7 9 5 E + 0 9
15 0 .0397  0 .0 3 9 5  14 .1987  13 .2606  EIZI = l .2 5 2 E + 0 9
16 0. 0481 0.0486 15.7016 14.7826 EIZ = 3 .04 7 E + 0 9
17 0 .0641  0 . 0 6 5 0  17. 7036 16 .70 13 GKO = 4.856E -f -08
18 0. 0816 0. 0832 20. 2536 19. 2215 GKI = 6 . 6 7 4 E + 0 8
19 0 .0886  0 . 0 9 0 2  2 3 . 0 2 1 4  2 1.9549  GK = 1. 153E+09
20 0 .0480  0 .0484 2 4 . 5 2 12  2 3 . 4 2 2 5  WC 0 .26480
21 0 .0402  0 .0404  2 5 .77 86 24 .6466  WF 0 .11827
22 0. 0398 0 .0395  2 7 . 0 2 2 5  25.8440 WA = 0 .03204
23 0. 0321 0 .0313  28 .0263  2 6 . 7 9 3 3  W = 0 . 4 1 5 12
24 0 .0323  0 .0309  2 9 .0351  27 .7288
25 0. 0235 0. 0223 29 , 7703 28 .4054
26 0 . 0 2 4 2  0 .022 7  30. 5267 2 9 . 0 9 19
27 0 . 02 3 9  0 . 0 2 1 7  3 1 .2748  2 9 ,7494
28 0 .023 9  0 .0 2 2 2  32 .0213  3 0 . 4 2 14
29 0 .0240  0 .022 0  32 .770 9  3 1.0878
30 0 .0237  0 ,02 2 0  3 3 . 5 1 22  3 1.7545
31 0 .0238  0 .02 2 1  34 .2570  32 .4248
32 0 . 0 3 1 9  0 .0306  35 . 2 5 2 5  33 .3532
33 0 .0403 0 .0396  36 .5124  3 4 . 5 52 4
34 0 . 0 4 7 9  0 .0473  38.0086 35 . 9866
35 0 . 0 6 1 2  0 . 0 6 1 7  3 9 .92 0 4  37 .855 9
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APPENDIX B

A I I - l G  COBRA TAIL BOOM

FOUR BOLT -\ N F )  VER t I C A L  FIN A T T A C H ME N T  TEST

Ph A S E  II

O B 1 l- , CTIVE S

The objec t ives  of t h i s  nm - c r - t i m  i r e :

1. To subs tan t i a t e  t h e  ~ t -  - s t ree t  - t i  of t i n e  ‘ r w t r ” l  a t t a c hm en t  f i t t ings

and the  local s t r - : c t - : r i -  c t i n i n g  u ese f N t i m n g s ,

2 . To substant iate  ti m e s t at i c  and f n t i  ~~ii.
. s t  r i - m m c t } .  of t h e  fin spar a t tac h—

ment to the ta i l  boom .
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S U M M A R Y  OF R E S U LTS

Two t a i l  boom s e c t i o n s  (S pec imen s A and B) w e r e  t e s t ed  under va r ious  load-
ing  condi t ions . The f a i l u r e s  encoun t er ed w e r e  not in the a r e a s  of the  boom
under  t e s t , so that  the  ac tua l  s t r eng th of t he  fo rwa rd  a t tachment  f i t t ings  and
the fin spar  to boom a t t a c h m e n t  could not  he es tabl i shed i . However , Spec i -
men B fai led at the  des ign  u l t imate  load , i nd i ca t ing  that the str ength of the
a t t a c h m e n t s n -as  in e x c e s s  of tim e d e s i g n  u l t imat e load .

TEST S P E C I M E N

Test  Spec imen  A was u sed  to deten-nine the  static s t rength  of the  fo rward
a t t achmen t. This was  a s c r a p  part ,  wh ich  ha~-1 been used by the  manufac-
t u r e r , F i h e r  Sc ience  Incorpora t ed, as a tool  check  part .  Test Speciment  B
was  f a b r i c a t e d  s p e c i f i c a l ly for t h e s e  s t a t i c  and fa t igue  a t t achment  t e s t s .

Th e t e s t  sp e c i m -n e m -is  c o n s i s t ed  of a fuse lage  ta i l  boom and ver t ica l  tail  fin
a s s e nab l v .  The tai l  boom sect ion cons i s t ed  or  a double shel l, f i lament —
wound , c o m n i p o s i t e  f i be r  s a ndw i c h  type  monocoque s t r u c t u r e  composed of
T L o r : m e l - 3 0 0  I pe g r - t n l i t e  f iber and a Nomex honeycomb core. The ver-
t i c a l  t a i l  f in  ;t s semb lv  c o n s i s t e d  of a fi lament-wound skin and a deformed
fil a m e r t - n - n ’ m - d  n r . The fuselat t e section and ver t ica l  tail fin assembly
“ - cr c ’  per  n m e i t I’ . t t ;t c 1m e~~.

TEST LOCATION

These t - s t s  w e re  ( O f l d U (  t i ’d - t  t im e Hug hes  Hel icopte rs  S t ruc tures  Test Lab-
ora to ry ,  Culve r C i ty , C a l i f o r n i a , du r ing  the period of 14 May 197 4 through
24 June 1°74 .

TEST S E T U P

Each tail boom section (Specimen s A and B) was mounted to the  tes t  f i t t ings
by mean s of a tens ion  bolt fas tened  int o a ba r r e l  nut contained in each of the
four a t t a c h m e n t  f i t t ings .  These bolt s were  torqued to 1, 100-1, 300 inch-pounds.

Each tes t  load t ra in  contained a h ydraulic actuator and load cell . For the
static tests , the actuators  were  h ydraulically activated by means of hand-
pumps . The load cells , r ead out by a strain indicator , we re used to m on-
itor the load .

Fati gue load s were  app lied to Specimen B by utilizing servo valve c ontrolled
load actuators. A continuous trace of load versus cycles was recorded.
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For the static test s, deflect ion wi res  w e r e  s t rung f r on t t he  t es t  s pe c i me os

either to spr ing loaded dial indicators  or over a pulley sys tem which routed
each w i r e  across a sheet  of g rap h paper mounted  to a wooden f rame.  A
wei ght was fas tened to the end of each wire  to el iminate sag. Metal tab s
were  clamped to the wi res  for use  as poin ters .  During tes t ing ,  pointer
t ravel, which indicated specimen movement, was m a r k e d  on the  graph paper
at each increment  of load.

The Specimen A tail boom section was  mounted in the fi xture as shown in
Figur e B-3 . Test load and deflect ion locations a re  indicated in Fi gure  B-l.
Local r e in fo rcemen t  of the  skin at the loadin g station was  requ i red . This
was  accompli shed  b y bo nding a wooden block on the ins ide  of the boom us ing
f i b e r g lass layup .  A ny lon s l ing  was  w r a p p e d  a round  the  boom at t h t s  s t a t i o n

and secured to t h e  loadin g cy l inder .

The Specimen B tail boom section was  mounted in the test  f ix ture  as shown
in Fi gure B-5. Vert ical  load was introduced to this specimen through a nylon

sling arrangement similar to that of the Specirnent A static test . The l a te ra l

loading system was pin connected to a plate bonded to the fin spar . The load-
ing stations and the location and type of in strumentat ion r equired for Specimen

B are  shown in Figure B-Z . Axial strain gages were  bonded to this specimen
and their locations are also shown in Figure B-2 . During the static t e s t s ,
the output of these gages was  recorded  by means of a strain indicator . The
static and fatigue load r equirements  for Specimen B are given in Table B - i .

TEST PROCEDURE AND RESULTS

1. Specimen A. Static load was applied to the specimen, in the incre-
ments shown in Figure B-i , and defle ctions were recorded.  Failure
occurred at an app li ed load of 3, 195 pounds . The failur e, shown in
Figure B-4 , is located at about Station 64 on the compression sides
of t he  boom (bottom an d r ig ht side, L ooking fo rward) .  The tes t  data is

show n in F ig u re  B-I.

2 . Specimen B.

a . Naturai Frequency Te sts. Before each load test , the vertical
and lateral natural frequencies of the test specimens were de-
termined by app lying a sharp enough blow (ubang ing ? ) to the
specimens to record its natural frequency in a particular direc-
tion . An accelerometer was located on the boom in the spar area
and a brush recorder was used to record the accelerometer trace.
No significant changes of the vertical or lateral natural  frequen-
cies of the test specirnent were noted.

1 1 . 2 
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b. Limit Proof Tests.  For the limit proof t es t s , load was applied
inc r ement al ly to the limit load. The P~ load increment  was
applied f i r s t  and then the Py load increment , De f lect ion s and
st r a in  gage readings were recorded at each load level. Test
load in g condit ion s A and B w e r e  complet ed successfu lly, and
the de fl ections and str ains for 100 pe rcent limit load are tabu-
lated n Table B-2 .

c . Fatigue Test .  The cyc lic P2-i fa t igue loads were  app lied at a
r a t e  of 1 cps , wh ich was twice the rate of app lication of the
cy clic P~. fati gue loads . A total of 5, 000 cyc les of ~~ load s and
2 , 500 cycles of Py loa d s were  app lied to the specimen. Some
fiber de lamination occurred on the compress ion side of the boom
durin g the f i rs t  1, 300 cycles.  However , af ter  these  early c ycles ,
no o th e r  damage  or i nc rea se  in t h e  ori g inal damage was noted.

d , F a i l u r e  Test .  Load Condition A was sele cted for the failur e
tes t . Load was applied in the same manner and sequence as for
t h e  limit proof test . However , fa i lure  of the spar occurred  at
limit load a f t e r  sus ta ining it for about 2 minutes.  The ori gin
of fa i lur e v.-a s  approximate ly 13 inches up from the top of the
boom on the ri ght or compress ion  side. -

It appeared tha t  shear ing  of the fiber bonding agent p rec ip i ta ted
fiber instabili ty failure.  Figure B-6 shows the spar fa i lure .
It was  subsequently determined that a c i r cumferen t i a l  wrap  of
the spar had been inadvertently left off and this omission had
caused the premature  spar fai lure.

The spar was repaired by wrapping and bonding fiberg lass f abr ic
around the damaged area . Testing was then resumed to fai lur e,
which occurred at 150 percent limit load . The ri ght and bottom
sides of the boom failed in co-npress ion .  The damaged area  ran
from Stat ion 36 on the ri ght side and spiraled around to the ten-
sion or left side of approximately Station 48. Figure B-7 show s
the failed boom .
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T A B L E  B - I .  TEST LOADING CON DITIONS ,
TAIL BOOM SPECIMEN B’

Sta t ic

Limit Load POUfldIS
Load !

Condition P P
y 7

- - 
A 

-

Ya~v 15° -2800  1200
R e C ( ‘ V t  - r y

B
Y a w  -15°  2000 1200
R e c ov e ry

Loads a r e  p o s i t i v e, ac t ing  to le f t  looking f o r w a r d

P7 Loads a r t ’  p o s i t i ve , ac t ing  down

2 . Fati gue  Sp e c t r u m

A . Loads

Py = -240  ± 1440 pounds for  2500 cycles

= 360 ±360 pounds fo r  5000 cycles

B. Phas ing

Load Pounds
Load -

Identification Max Mid Mini

La te ra l  Py -1680 -240 1200

Vert ical  P
~ 

720 360 0
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1;\1 LI’: I t - p . T i - : S F  R E S t  - 1,TS AT 100 I ’E R CL N I I J M I 1 LOAD ,
1’AIL 1~(J (h \1  ‘ it ’

A C
T est  C u n d t U ’ ,n  + 1 5 °  Y a w , R e c  - 1 5 °  Ya - .; , R e e

1) t - f  I ‘c t i n
Inches

A - 5 .30

B 1 ~~~~~~~~~~~~~

- 1 .’) ! 1 . 37

C . 53 . 53

S t r a in 0

~~- i n . / i n .

1 1300  - 5 1 0

2 -~ t 2 5  1 1 5 0

3 9Th - ll5 ~

4 - 1 6 2 0  (-00

5 2 850  -2 2 0 0

in - 2 0  2250  
—

O I ~0 Sj tj \ ’ e s t r a i n s  a r e  t e n s i o n .

D e f l e c t i o n  and s t r a in  g ag e s  are  ident i f ied  in Fig u r e  B-2 .
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APPENDIX C

AH -1 G COBRA TAIL BOOM

S T R U C T U R AL  TEST A N D  E V A L U AT I O N

PHASE III

OBJECTIVES

he o bj e c t i v e s  of t h i s  t e s t  p r o g r a m  are ;

• To d e t e r m i n e  the  s tr u c t u r a l  i n t e g r i t y  of the  c o m p o s i t e
t a i l  boom for  s t a t i c  and f a t i gue  loading c o n d i ti o n s,

• l o  d e t e r m i n e  t h e  bend ing  and t o r s i o n a l  boom s t i f f n e s s .
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I N 1 R O D U C T I O N

As per  C o n t r a c t  No .  DA A J O Z - 7 3- C - 0 0 7 1 1  and in a c c o r d a n c e  w i th  Eng i n e e r i n g

l e s t  R e q u es t  No. A H - B T- 0 l , one 4 65 P- 05 0  bas ic  ta i l  boom t e s t  spec imen
w a s  s u b j e c te d  to a s e r i e s  of s t a ti c  and fa t i gue loads and d y n a m i c  n a t u r a l

f r e q u e n c y  t e st s .  Th e s e  t e s t s  w e r e  conduc t ed  at the  Hug hes  H e l i c o p t e r s

S t r u c t u r e s  Tes t  L a b o r a t o r y .  C u l v e r  C i t y ,  C a l i f o rn i a , d u rin g  the  per iod

8 October 1974 throug h 3 D e c e m b e r  1974.
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S U M M A R Y

One h a s t e  c o mp o s i t e  t a i l  boom t e s t  s p e c i m e n  w a s  s u b j e c t e d  to a s e r i e s  of
d e s ig n  l i m i t  load s t a t i c  t e s t s ,  dy n a m i c  n a t u r a l  f r eq u e n c y  (“bang ”) t e s t s , a
f a t i gue  t e s t ,  and a s e r i e s  of s e l e c t e d  s t a t i c  t e s t s ,  w h i c h  i n c l u d e d  a simu-
[at ed  b o l t - f a i L u r e  t e s t ,  a s i m u l a t e d  b u l l e t -h o l e  damage  t e s t , and a s tee l
b a l l  daet ;tgc t e s t .  I )u r in g  t h e  f a t i gue  t e st , some loca l i zed  m o v e m e n t  was
no ted  b e t w e e n  I n  L o w e r  l e f t - h a n d  and Lower  r i g h t - h a n d  a t t a c h m e n t  f i t t i n g s
and t h e  t a i l  n o o t t i  s t r u c t u r e .  No a p p a r e n t  damage was  noted w h i l e  con-
d u c t i t i g  t h e  f a t i g u e  t e s t s  or d u r i ng  th e  o the r  t e s t s .  The  bas ic  ta i l  boom t e s t
s p e ci m e n  w a s  s t i l l  c a p a b l e  of c a r r y ing the  t e s t  loads w h e n  t e s t i n g  was
t e r m i n a t e d  f o l l o w i ng com p le t ion  of a l l  the  t e s t s .  Tab le  C - I  p r e s e n t s  a
summary of t h e  comp lete test program. —
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DISCUSSION

1 EST SP E CIM E N

1he t e s t  sp e c i m e n , Par t  No.  4 6 5 -0 5 0 , c o n s i s t s  of t h e  bas ic  f us e l a g e  ta i l
s e c t i o n  ( t a i l  boom and v e r t i c a l  t a i l  f in i  a s s e mb l y)  - l ess  doors , d r i ve  sha f t ,
tail skid, elevator and tail rotor controls, faix hig s, and cover installations.
Door cut-outs , however, w ere con s t r u c t e d  in the  spec imen .  The t a i l  boom
s e c t i o n  i s  c o n s t r u c t e d  of a d o u b l e - s h e l l, f i l a m e n t - w o u n d  c o mp o s i t e  f i b e r
sandwich-type monocoque structure composed of Thornel 300 gr ap hite fib er
in an epoxy m a t e r i a l  and a Nomex h o n ey c o m b co re .  The  v e r t ic a l  ta i l  f i n  is
a l so  a sandwich  c o n s t r u c t i o n  c o n s i st i n g  of gr a p h i t e/ e p o x y  s k i ns  and Nomex
honeycom b core w i t h  long i t u d i n a l  g r a p h i t e  f i b e r s  on the  f o u r  c o r n e rs  of the
spar . The fuselage section and vertical tail fin assembly are permanently
a t t a c h e d .

A 1. 3 1 - i n c h - d i a m e t e r  a l u m i nu m  t u b e  ( 0 . 2 5  inch  w a l l )  was  ins t a l l ed in the
fuselage section to simulate the stabilizer support installation and was used
to  app l y t h e  s t a b i L i z e r loads .  F i t t i ng s w e r e  a t t a c h e d  to the  spec imen  at
p a r t i c u lar loca t ions  to app l y t h e  o t h e r  t e s t  loads.

A schematic  of the tes t  specimen, w i th  the  loca tion of t h e se  f i t t i n g s  and
load p o i n t s ,  is  p r e s e n t e d  in Fi gu r e  C-3 .

TEST SETUP

1. General. The tail boom test specimen was mounted to a load reac-
t io n f i x t u re by mean s of four NAS 628 attachment bolts. Each bolt
was  i n s t a l l e d  t h r o u g h the  r e a c t i o n  f ix t u r e  and into a bar re l  nu t
a t t a c h m e n t  in the  t e s t  s p e c i m e n .  Each  bolt was  to rqued  to 1100-1300
inch-pounds.

Loads were  app lied to the  spec imen by means  of six load t r a ins  tha t
conta ine d a h y d r a u l i c  a c t u a t o r  and a Load ce l l  in  each t r a i n .  The
sy n c  e levator  loads (

~~~l and 
~~

z) were  app lied by two load t r a i n s ,
each  a t t a c h e d  to one end of t h e  sync  e leva tor  s up p o r t  t ube .  The
ve r t i ca l  and h o r i z o n t a l  aft  i ne r t i a  loads (

~~~3 and Py3 , r e spec t ive l y)
were  app lied by two load trains installed at the aft end of the tail
boon—i spec imen .  The f i n  p r e s s u r e  load s (P y Z ) and tail rotor  t h r u s t
Loads (

~~yi) 
were app l ied b y two load t r a i ns ins ta l l ed on the ta i l  f in

assem bl y . The location of these six load trains is schematically
shown in Fi gu re  C-3 .
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.1. Static I ests. For th~ desi gn E m - u t  load and selective static tests,
t i e  actuators w e r e  h y d r a u l i c a l l y a c t i v a t e d  b y mean s of an Edison
1.- -u . OI \ I a i z i t a i n e  r . -l i n  load u t ’l l ~ , r -  ad out  by a s t r a i n  i n d i c a t o r ,

\k e i ’~~’ u s e d  t o  monitor the t e s t  l oads .  D e f l e c t i o n  w i r e s  w e r e  a t t ac h e d
t o  t h e  t e s t  sp e c i m -14 e i t ’ i e r  f r , y i  sdr i n g  loaded d i a l  i n d i c a t o r s  or
o~ Cr  p u l l e y  sy s t e n n  w h i c h  r o u t e d  each  w i r e  a c r o s s  a sh e e t  of g r a p h

r u i i n M l 1 1 t ~~ ’d to  a wooden f r a r n ~~. A weig ht w a s  f a s t e n e d  to t h e  end
of ~- acn i  wire to  - u - l t i n i n a t e  sag .  - \ l e t a l  t a b s  were c l amped  to t h e  w i re s

~-,r use as pointers. During testin g , p o i n t e r  t r a v e l , w h i c h  i n d i c a t e d
sp t .- c im en  t I n o \  t ’ e t i e n t ,  was marked on the grap h pape r  at e ach  incre-

n i e u i t  o f load. These deflection m e a s u r i n g  d e v i c e s  a r e  shown  in
F i g u  r t - s C -I  and C -2 , and t h e i r  l o c a t i o n s  a r e  s c h e m a t i c a l ly shown
in  Fi g u r e  C- 4 .

A x i a l  s t r a i n  g a g e s  ( m i c r o m e a s u r e m e n t s ;  No .  MA- 13-250  BG; 120
o l I n ;  2 . 09 gage  f a c t o r )  w e r e  uonded to  t h e  t e s t  s p e c i m e n  in t h e  loca-
t i o n s  s u o w n  s c h e m a t i c a l ly in Fig u r e  C- 5. Th e  o u t p u t  of t h e s e  s t r a i n
g a g e s  w a s  r e c o r d e d  b y m e a n s  of a B a l d w i n  SR--I s t r a i n  i n d i c a t o r ,
d u r i n g  t h e  des i gn l i m i t  load s t a t i c  t e s t s .

3. Fat i gue  T e s t .  Each a c t u a t o r  wa s  h y d r a u l i c a l ly a c t i v a t e d  b y a MT S
c l o s e d - l o o p  s e r v om e ch a n i s m  s y s t e m .  The a c t i o n  of t h e  a c t u a t o r s
w a s  c o n t r o l l e d  by load c e ll s ,  w h i c h  w e r e  a l so  used  to c o n t i n u a l L y
m o n i t o r  t 1 ie f a t i gue  t e s t  loads  on Gould B r u sh  S t r i p C h a r t  R e c o rd e r s .

T E S T  P R O C E D U R E  A N D  R E S U L T S

D y n a m i c  N a t u r a l  F r eq u e n c~~j e st s .  A f t e r  t h e  t e s t  s p e c i m e n  was
in s t a l l e d  on t h e  load r e a c t i o n  fixture. d y n a m ic n a t u r a l  f r e q u e n c y
t e s t s  w e r e  c o n d u c t e d  in th e  l a t e r al  and v e r t i c al  d i r e c t i o n s .  An
a c c e l e r o m e t e r  was  m o u n t e d  to  t h e  a f t  end of t h e  s p e c i m e n, and a
s - n a r p  blow (“bang ing ”) was app lied in t n e  p r o p e r  d i r e c t i o n .  T h e
o u t p u t  of t h e  a c c e l e r o m e t e r  w a s  s i m ul t a n e o u s l y r e c o r d e d  on a
Gould  B r u s h  S t r i p C h a r t  R e c o r d e r .

1 n e s e  d y n a m i c  t e s t s  w e r e  aga in  c o n d u c t e d  at s e l ec t ed  i n t e r v a l s  of
t n e  test program. Before these te sts were conducted, the six
Load t r a i n s  w e r e  d e t a c h ed  f r o m  t i e  s p e c i m e n . T h e s e  t e s t  i n t e r v a l s
a re  as f o l l o w s :

• B e f o r e  f a t i g u e  t e s t  s ta r t

• A f t e r  app l i c a t i o n  of 6000 cy c l e s of f a t i gue  t e s t

• A f t e r  comp l e t i o n  of f a t i g u e  t e s t .
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No s i g n i f i c o n t  c h a n g e  w a s  no ted  in t h e  n a t u r a l  f r e q u e n c y  of t h e  t e s t
sp ec im e l i .

2 . Dt -~~i g n I i i t  Load S t a t i c  I e s t s .  A f t e r  c o m p l e t i on  of t h e f i r s t  se t
01 dvuuauu mc natural l r - ( ucuic y ins ts , t h e  six load t r a i n s  and t h e  d e —
f l e c t i on  d’-vi ces we rt - a t t a c h e d  to  t h e  s p e c i m e n .  The  1 5 — d e g r e e
y as’.- c ondit O) . I  (Conch t i on  - - A ’ )  of t h e  de s i gn Ui-nit  load s t a t i c  t e s t  w a s
app l i e d  to  t i e  t e s t  s p e c - u i  - u - u i  in 20—percent i n c r e i r i  ental load s t eps  to

pe r c~ - nt ,  th e n in l(i — p e r c e nt  inc r e m e n t a l  load s t e p s  to  100 p e r c en t .
D e f l e c t i o n , load, and s t r a i n  g a g -u.- r e a d i n g s w e r e  r e c o r d e d  at each
i n c r t - u  i i e  n t a l  s t - u p .  1 be ta i l how n l an d in g  co n d i t i o n  ( C o n d i t i o n  - ‘C’ ’
and t n.~ — 1 5 —  d u g  m e  y a w  c o n d i t i o n  ( C o n d it i o n  ‘‘B ’ ’)  ‘a-cr c t h e n  app lied ,
re sp ectivei y, in t ’ ie  sanlu Illanne r as C o n d i t i o n  ‘‘A . ‘‘ A g a i n , deflec-
t i on , load , and s t r a i n  g a g - u -  r e a d i n g s w e r e  r e c o r d e d  at e a c h  incre -
m e n t a l  load step. A f t e r  comp l e t i o n  of each load c o n d i t i o n , a v i s u a l
i i i  sp e c t i o n  of t i e  ~e st s p e c i m e n  was c o n d u c t e d .

r - :ac i  load condition w a s  c o mp le t e d  s u c c e s s f u l ly ,  and no damage was
lo t  ed d u r i ng  t i ne subsequent inspections. The maximum app li ed
loads (100 pe rcn .- n t )  are given in Table C — 2  t o g e t t i e r  w i t h  ‘iie r e s u l t i n g
d e f l e ct i o n s  and s t r a i n s .

3 . F a t i g u e  T e s t .  A f t e r  c omp l e t i o n  of the  second set  of d y n a m i c  n a t u r a l
f r e q u e n c y  t e s t s ,  t h e  s ix  load t r a i n s  w e r e  a t t a c h e d  to t h e  s p e c i m e n .
T h e  f a t i gu e  t e s t  loads  w e r e  t h e n  app l ied  to  t h e  s p e c i m e n  by m ea n s  of
t h e  c l o s e d - l o o p  s e r v o l n l e c a ni s m  sy s t e m s .  The  h o r i z o n t a l  loads  [aft
i n e r t i a  load (l’~~~)’ f i n  p r e s s u r e  load (P 

~
z )

~ 
and t a i l  r o t o r  t h r u s t  toad

(P~~1) ]were app l ied  at a c y c l i c  r a t e  of I. cps .  Th e  v e r t i c a l  loads
[sync  e l e v a t o r  (P~~j, an d 

~~z )  and the  v e r t i c al  a f t  i n e r t i a  load (
~~~ 3) ]

w e r e  app l ied  at a c y c l i c  r a t e  of 3 cps .  The  sync  e l e v a t o r  loads w e r e
p r o g r a m m e d  in  a “m i L k i n g  m a c h i n e ” m a n n e r .  T h e  lef t  sy n c  e le v a t o r
load was  app lied d u r i n g  the  f i r s t  half cyc le  of the aft i ne r t i a  load ,
and the ri ght s t a b i l i z e r  load was app lied d u r i n g  the second  half cycle
of the af t  i n e r t i a  load . After comp le t ion  of 6000 cyc les  of h or i z o n t a l
load s , the load t r a i n s  w e r e  de tached  f r o m  the s p e c i m e n  to conduc t
the  t h i r d  set of d y n a m i c  f r e q u e n c y  t e s t s .  Alter comp let ion of t h e s e
d y n a m i c  t e s t s , the load t r a i n s  we rc- aga in  a t t ached  to t h e  s p e c im e n .
F~ct i t ~ue t e s t i n g  cont inued in t h e  same m a n n e r  as d e s c r i b e d  above .

At the  50 , 000 cyc le  in te rva l  f o r  the  ho r i zon ta l  load s , t h e  cyc l ic  ra te
of the  ho r i zon ta l  loads  was  i n c r e a s e d  to 2 cps and the cyc l i c  ra te  of
the  ver t ica l  loadi s was i n c r e a s e d  to 4 cps .  At the  102 , 000 cycle  in-.
t e rval , a “ squeaking ” noise  was noted at the  a t t a c h m e n t  a r e a  of l~ te
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v e r t i c a l  f i n  w i t ’ i t t i e  t a i l U O O I I I .  I l o w u - v e r , no dam age to  t h e  sped —
m e n  cou ld  be se en . I e s t i ng  c o n t i n u e d .  At ne  E O n , 000 cy c l e  i n t e r -
v a l ,  s l ig h t  m o vem e n t  w a s  notu- d b e t w e u - n  t 1 i e  Iu \ ’, e r  l e f t  a t t n c 1 i i r e n t
f i t t i n g  an d  t h u  b i - u s i c  n i l  b o o n i  s t r u c t u r e ;  an d  at  t h i s  same  i n t e r v a l ,
s h g - i t  n ,o~~em en t  \v n n, a l s o  i O t L ’ dj  t) - t W ’ efl t i n e  I ’ ) W u ’ r  r i g h t  ;~tta ch nuein t

f i t t i n g  au d i t h e  b a s i c  t a i l  D o o n i  s t I ’ U C t u r ’ - . In ,~~t -  c a s e ~~, t - i s  t r i ,v e —

m er i t  a n i o u i i u t e d  1)  appm oxiiri a t e l y 0 . 0 2 0  i n ch .  As f a t i gue  t e s t i n g
c O h i t  m n u - ( i ,  no dn ~~ n i a ~~~- was  n o t - u - h ,  and there was no c h a ng e  in the
p r e \ i o u s l v  n o t e d  f l 1 O \ - ( ’ f l i u l i t  b c - t w u . c ’n t h e  two  at tac hu r i e ih f i t t i n g s  and
t a i l  boo n  structure.

A f t  ‘ r corn o l e t i o n  of 2 ~ 7, 310 cy c  l u - s  of h o r i z o n t a l  loads , f a t i g u e  t e s t  —

i ng  was  t e r r n i u i a t c c l . A f i n a l  vi sua l  i n s p e c t i o n  of t o  t e s t  sp e c i l l e l i

r e v e a l c -  cI m o  d a m m i n g  -
‘ and t h e  sp i - c i m  en was  s t i l l  c a pa b l e  of c a r r y i n g

t i e  f o t i g u i -  t e s t  load s . 1 ‘m e app l ied  f a t i g u e  t -  st loads  a r e  gi v en
1 ab l e  C-3 , and a ~r iu .-f  s u mm a r y  of th e  f a t ig u e  t e s t  p r o g r a m  i s
p r e  se nted in  T ab l e  C — 4  .

1 m c  load t r a i n s  ‘ a i r ’ -  c i c i a c h e  d and t I e  ou r ib  and f in a l  set  of d y m i a —

ru ic  n a t u r a l  f r e q u e n cy  t e s t s  w a s  conducted. N o s i gnif icant c h a n g e s
of t h e  l a t e r a l  or v - r t i c a l  n a t u r a l  f r e q u e n c i e s  of t h e  t e s t  s p e c i m en
\ V u ’  r noted d u r i ng  t h e  f o u r  d y n a m i c  t e s t s .

I .  S c l u .- c t i - ~c - ,~ t~i t i c  T e s t s .

i i .  ~ i in  u l a t e d  Bol t  F a i l u re  S t a t i c  T e s t  . l i e  u p p e r  I c - f t  i n t t  ad - n i -n t

bo lt  w a s  lo s s e ne d  u n t i l  a gap  of 0. 2 b 3  i n c h  was  m i n c - a s u r e d  be-
t~ve e n  t h e  bo lt  h e a d  a n d  t h u  r e a c t i o n  m a i n e .  As a r e s u l t  of t h i s
bo l t  l oosen ing ,  a gap  of 0. 020 i n c h  w a s  n o t  c d  b e t we e n  t n e  u p p e r

l e f t  a t t a ch m e  l i t  fitti ng and t i - u -  r e a c t i o n  f r a m e .  The load t r a i n s
w e r e  t h e n  a t t a ch e d  t o  t i e  s p e c im e n . A s e r i e s  of s t a t i c  loads
was  app l i u - d  to t h e  s p e c i m e n  in 2 0 -p e r c en t  i m n c r e m n e n t a l  load
s t e p s  to L00 p e r c e n t .  At t he  n O - p e r c e n t  in c r e m e n t a l  s tep,  t he
gap  b e t w e e n  th e  oolt  n ea d  and the  r u - a c t i o n  f r a m e  wa s  m e a s u r e d
and four - id  to be 0. l 2 - ~ in ch  ( the  gap  b e t w e e n  t h e  boom and t h e
r e a c t i o n  f r a n c  was  now 0. 157 i n c h ) .  A f t e r  com p le t i o n  of t h e
t e s t ,  a v i s u a l  i n s p e c t i o n  of t he  s p e c i m e n  r e v e a L e d  no d a m ag e .

b. S i m u l a t e d  B u l l e t  Ho le  Damage S t a t i c  Tes t .  The  u p p e r  le f t
a t t a c h m n e n t  b o l t  w a s  r e t i g h t e n e d  and t o r q ue d  to 1100- 1300  m I m e ; - ; -

p o un d s .  Two 0. 5 0 - i n c h - d i a m e t e r  hole s w er e  d r i l l e d  t h r o u g h
the side and t h r o u g h the  top of t h e  s p e c i me n  in a — 15 - d e g r e e
ang le w i t h  t h e  v e r t i c a l  ax i s .  T i e  l oca t i on  of th e s e  h o l e s  i s
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sh own  in Figu r u - C-ti and schematicall y represented in Figure
C- 7. The s t a t i c  loads of Cond i t ion  A w e r e  app lied to tEi ~
sp~-u c imen  ii ;  i n c r e t m i e n t a l  s t e p s .  A f t e r  comp l e t i on  of t h i s  t e s t ,

a v i s u a l  i n s p e c t i o n  of th e  s p e c i m e n  was  c on d u c t e d .  No  d a m ag e

w a s  n o t e d .

c. S t - u - e l  Ball D a m a g e  T e s t .  .-\ st ee l  bal l , w e i g h i n g  0. 37 pound and
m m i u ’a su r ing  1. 87 i n c h e s  in d i a m e t e r , was d r o p p e d  f r o m  a l a - i g ht
of 71 i nches  above t h e  top  of t i n -  s p e c i m e n .  The loca t ion  of t i n e
path the  s tee l  bal l  t r a ve l e d  is shown s c h u - r n a t i c a l l y in Fi gure  C-7 .

~-\ v e ry  sli g ht m a r k  ‘a-as rn c , t r d  in the  i m p a c t  a r ea , hut  no inden-
t ion  or d a m a ge  to t he  sp e c i m u - n  ‘aas  n o t e d .  Because  of t h e  lack
of d a m a g e  to the  s p e c i m e n , s ta t ic  t e s t  load s w e r e  not  app l ied .

P er i o d i c a l l y d u r i n g  the  t e s t  p r o g r a m , the f o u r  bolts  tha t  a t ta ch
the  tail  boom to the  r e a c t i o n  f r a m e  w e r e  c h e c k e d  fo r  loss of
t o r q u e .  No loss  of t o r q u e  was found  at any t i m e .

TEST W I r N E S SE S

These  t e s t s  w e r e  w i t n e s s e d  all or in p a r t  b y t i - i c  fo llowing p e r s on n e l :

Jim N e eb h a m  Hug hes Hel icop ters

He r h  Lund  H u g h e s  H e l i c o pt e r s

Geori~e Deveaux Hug hes Hel icopt e r s

G ’ui do D ’ A” o s t i n o  Hug hes  Helicopt e r s

Mr . Tom M a z z a  Eust i s  D i r e c t o r a t e
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t A B L E  C - i . TEST PROGRAM SU M M A R Y ,
A H -I G  BASIC TEST TAI L BOOM

l)ate
Test  l i t l e  Comp le te  R e m a r k s

Dy n a m i c  N a tu r a l  F r e q u e n c y  L e s t s  1 1 — 1 3 — 7 4  No  s ign i f i c a n t  c h a nc e s
no te d  in n a t u r a l  f re-
q u e n c y .

D e s i g n  L i m i t  Load Static T es t s  10- l h - 7 4  N-o d a m a g e .

Fa t igue  Test  1 1 — 1 3 — 7 4  Two bo t tom a t t a c h m e nt
f i t t i n g s  ‘ ‘b r e a t h i n g .  - ‘
No dam age  was  no t ed .

S imula ted  Bolt Fa i lure  Static Test  11-2 0 - 7 4  No d a m a g e .

Simulated Bullet Hole  D a m a g e  1 1 - 2 7 - 7 4  No d a m ac e ,
Stat ic  Test .

S tee l  Ball Damage S ta t ic  Test  12 - 3 - 7 4  No d a m a g e .
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I’ABLE C-2. MAXIMUM APPLIED LOADS ,
DEFLECTIONS AND STRAINS

A B C
Condition t 1 5 °  Yaw , Rec. ~~1 50  Yaw , Rec . Tail Down Land .

Loads , lb0

~~y i - 12 5 9  12 12 -

- 2 188 1175 -

786 -648 -

~~zl ‘fl 934 -

PzZ ~~~ 40 -

~~z3 388 395 1847

Def l ec t i ons
- in. 0

A -4 .92  3 . 64 -

BT -2 , 19 1. 55 -

B B -1 . 79 1. 26 -

C 0 .56  0. 64 1.36

D - 0 . 0 5  0 .02  -

E 0 . 01 0 . 0 1  -

St ra ins
Ii,— in. u n .

F 1 292 5  -2300  -

F2 -2795 2080 -

G 1F -405 320 -135

G 1A 9 15 -735 60

G2F 510 - 385 - 12 0

GZA -975 700 60

H1 335 -485 -30

- 475 245 10
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TABLE C-Z . Cont inued

A B C
Condi t ion  + 1 5 °  Yaw , Rec .  - 15 0 Yaw , Rec . Tail Down Land .

12 60 
- 

- 5 2 5  -570

J~ 1080 -12 50  610

J3 -845 935 -640

J4 -1470 530 600

NOTES:

®See Figure C-3 for location and direction of loads.
OSee Figure C-4 for location and dir ection of d e f l e c t i o n s.
OSee Figure C-S for location of strain gages - posi t ive

ind ica t e s  tens i le  s t ra in .

1 ~3 
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TABLEC-3 . APPLIED T EST LOADS, AIT - IG
BASIC TEST TAIL BOOM

FATIGUE TEST

A pp lied Loads Total Cyclic Rate
Load Mean Cyclic Cycles (2) (3)

ID Lb Lb App lied CPS CPS

Py 1 0 4 7 2 0  267 , 310 1 . 5  2 .0

-300 ~~1050 267,310 1.5 2.0

~45 n t 4 05  267 , 310 1 . 5  2. 0

P 71 
-~- 30 ~~540 (4) 2 67 , 310 3 . 0  4 .0

+30 T 54 0 (4) 267 , 310 3 . 0  4 .0

~~Z3 0 ~ 240 534 , 620 3. 0 4 .0

NOTES:

1 , See F i g u r e  3 fo r  location and d i r e c t i o n  of loads .
2. Cycl ic  rat e for  f i r st 50 , 000 cycles of horizontal

(P r ) Loads.
3. Cyclic rate for the remaining 2 17 , 310 cycles of

h o r i z o n t a l  (Pr ) loads.
-l~ ~zi cycle app lied du ring first half of 

~~Z3 
cycle

and 
~~Z2 

cycle applied during second half of

c ycle.
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T A B L E  C — 4 . FATIGUE TES I SUMMAR Y
AH- 1G BASIC TEST TAIL BOOM

Test  Dura t ion
Start Stop

Dat e C ycle  (3)  C ycle (3)  R e m a r k s  ( 1 )

1 0 -2 9 - 74  Tes t  s t a r t ed  at 1. 5 cps .

10-30- 74 0 6,000 Test stopped to run third d ynamic
f r e q u e n c y  t es t .  Tes t  r e s t a r t e d  at
1 . 5  cps .

11-4- 74 6,001 50 , 000 C ycl ic  rate increased to 2 .0 cps.

1 1 - 5 - 7 4  50 , 001 102 , 000 ‘Sq u a k i n g ’ no i se  noted at at tach-
m e n t  of v e r t i c a l  f in  to t a i l  boom .
No d a m a g e  no ted .

11-5-74 102 , 001 106, 000 Movement of approximatel y 0.020 in.
no ted  between lowe r lef t attach fit-
t ing  and tail  boom and be tween  lower
ri g ht a t t ach  f i t t i n g  and ta i l  boom .

11-13-74  106 , 001 2 67 , 310 Tes t  t e r m i n a t e d .  No f u r t h e r  damage
n o t e d .

NOT ES:

1 . O c c u r r e n c e s  in r e m a r k s  re fe r to s top cyc le  du r a t i o n .
2. A pp lied load s g iven in Table C-a .
3 . Cycle count  is for  h o r i z o n t a l  (P y) load app l i c a t i o n .
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UP

(A RROW) DRILLED IN SIDE OF TAIL BOOM FWD
FO R BULLET HOLE DAMA GE STAT IC TEST

F i g u r e  C-b . V i e w  of Both 0. 50-Inch D i a m e t e r  Ho le s .

141



________________ — —- - -- — -- —-‘— - — — - - --- ‘----—- ‘—----- 
- -~~

__
~~_ _ .‘

-,.. ~~~~_ —“w- ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 
-- “•1~~

~~~~~~~~~ ~~~~~~~~

- S ~~~ 0
_
‘•_•‘5._’I~ ~~\ ~

—
)~~~

\ \ \  ~ir~ \ \  - —

~
c~, ~~~~~~~ d

\ 
_ _ _ _ _

_ _ _  H
I
T \ 

,
~
,

‘ 
- 

‘
—

~\ O  \ O \
>5 ‘4 1\ 1 __N

t o

142

_ _



-- - -- - - - - 
~-~~~~~~~‘r~~~ r — ~~r ’---- -r.-~~~ ._ — --- --— ‘

~~~~~~~~

A P P E N D I X  D

A F I - L G  C O B R A  I AIL  IIOOM

S T R U C T U R A L  E V A L U A T I O N  TEST

O B J E C T I V E S

-l h e  o uj e c t i v e s  of t h i s  t e s t  p r o g r a m  a r e :

• To assist i i i  t a e  e s t a b l i s i i m m m e i m t  of t h e  s t r uc t u r a l  i n t eg r i t y
of t h e  f l i g ht  t a i l  boon -i .

• To c a l i b r a t e  t i e  s t r a i n  g a g e s  f o r  kn own app l ied  loads and
m o m e n t  s.
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I NTR O D U C T I O N

As per  C o n t r a c t  No . 1) A - \ J t ) 2 - 7 3 -  C-0079 and in a c c or d a n c e  wi th  E n c i n e e i ’in g

L e s t  R e q u e st  Ne . A l t —  B 1 —  02 , one 1 b S P —  050 bas ic  t a - I  b o o t m i  t e s t  spec imen

was sub  j e~ ed to  a - o n e s  of s t a t i c  and d yn a m i c  n a t u r a l  f r e q u e n c y  t e s t s .
l ’hese e -~t -. w e r e  ci  t i d m m c t e d  at the  Hug hes Ib-lico~ ters S t r u c t u r e s  Test  Labor—

a t o r v  , ~~m l v e r  ( i t y ,  C a l i f o r n i a , d u r i n g  tb - u -  p er iod  8 Jul y t h r e u ch  2~ Jul y 1975 .
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S U M M A R Y

One b a s i c  c o m p o s i t e  t a i l  boom test specim -u- n was sub j ec t ed  to a s e r i e s of
de ,~i -n l i m i t  load s t a t i c  t e st - i  and d gn am i c  a t i i r a l  f r e - j i m e n c y  (‘ bang ) t ’ - st s .

No a pp a r e n t  d a m a g e  was noted wh i l e  conduc t ing  the t e s t s .

I
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DISCUSSION

FEST SPECIMEN

The t e s t  sp ec imen , Par t  N o.  465P -050 , c o n s i s t s  of the bas ic  f u s e l ag e  tai l
boom and ve r ti c a l  tai l  f i n  as sembl y — less  doors , por t ions  of the  d r ive  shaf t ,
horizontal stabilize r and stablizer controls , portions of the tail roto r controls ,
f -ti rmaii t s and cover  i n s t a l l a t i on s , ang le g e a r b o x , tai l  roto r , and ta i l  r o to r
g e a r b o x . The tai l  boom sec t ion  is con . -~t r u c t e d  of a double shel l , f i l amen t -
wound  compos i t e  f ibe r  s a n d w i c h- t yp e  monocoque  s t r u c t u r e  composed  of Thor -
nd 300 grap hite fiber in an epoxy material and a Nomex honeycomb core .
The vertical tail fin spar  is a l so  a sandwich  c o n s t r u c ti o n  c o n s i s ti n g  of g r a phite /
epoxc skins and N o m n e x  honeycomb core with longitudinal grap hite fibers on
t he  f o u r  c e rn e l ’ s of the spar . The f us e l a g e  sect ion and  v e r t i c a l  ta i l  f in  assem-
bl y a r e  p e r m a n e n tl y a t t a c h ed .

-\ 2 . 3 7- i n c h — d i am e t e r  s t ee l  p ipe was i n s e r t e d  in the horizontal stabilizer
t t t c i c~ f i t t i n c s  to app l y the  stabilizer loads. Fittings were attached to the
ang le g e a r b ox / f u s e l a g e  i n t er f a c e  and the tail  r o t o r  g e a r b o x / v e r t i c a l  f in  in t e r -
f a ce  to app l y t i m e  othe r t e s t  loads .

A sc h e ma t i c  of t he  t e s t  s p e c i m e n , w i t h  the locat ion of these  f i t tings and load
p o i n t s , is p r e s en t e d  in F i gu r e  D — 3 .

FES S E TU P

1. G e n e r a l .  The tai l  boom te st spec imen was mounted  to a load r eac t ion
f i x t u re  by means  of f o u r  NAS 628-88 A t t achmen t  Bolts .  Each bolt
w a s  i n s t a l le d  t h r o u g h the r eac t ion  f i x t u r e  and into a b a r r e l  nu t  at tach-
ment in the test specimen , Each bolt was torqued to 1100-1300 inch-
pounds .  Attach bolts were located in the fixture and i n  t h e
s p e c i m e n  w i t h  t h e  aid of a tooling fixture.

Load s w e r e  app lied to the spec imen  b y m e a n s  of four load trains that
contained a hydrauli c actuato r and a load cell in each train . The
s t a b i l i z e r  loads  (P 71 and P72) were app lied b y one load t r a i n , t hen
a wi-i i f f l e  tree was attached to each end of the  s t a b i l i z e r  suppor t  tube .
The v e r t ic a l  and h o r i z o n t a l  af t  i n e r t i a  loads  

~~z3 and P~~2 1  respec-
t ivel y) w e re  app lied by two load t r a i n s  ins ta l led  at t he  an~~le  g e a r b o x !
i m s e l a g e  i n t e r f a c e . The tai l  rotor t h r u s t  load s (P~~ ) w e r e  app l i ed
b y a load t r a i n  i n s t a l l ed  on the  t a i l  r o t o r / v e r t ic a l  f i n  i n t e r f u c e . The
loca t ion  of t h e s e  f o u r  load t r - t i n s  is s c l u ’ m - i i a t i c a l l y s h o w n  in l ” i g u r c  1)-

2 . S t a t i c  t e s t s .  For  t in -  d e s i gn  l i m i t  load s t a t i c  t e s t s , t he  a c t i ~~i I ’ r s
we re hyd raulically activated by evans of an E d i s o n  Load \ i a in t i i t m e  r .
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The load cells , read out  b y a st ra in  ind ica tor , were  used to monito r

the t e s t  loads .  De f l ec t i on  w i r es  w e r e  a t t ached  to the tes t  s pe c i m e n

and routed over a pulley system and acro,s a sheet of g r a p h paper
m o u n t e d  to a wooden frame . A w e i g ht w - t-s f a s t e n e d  to the  end of

ea c h  w i r e  to e l imina t e  s ag .  Cabs w er e  m i - i c e d  on the w i r e s  f o r  u se

as p o i n t e r s .  During t u - s t i n g ,  p o i nt  -r  t r a ve l .  w u  ch i n d i c a t e d  spec i  m n - u - m m

m o v e me nt , was  n i ar k e d  on the  e r a p lm i i p - u - r  at e ach  i n c r e m e n t  of

load . The d e f l e c t i o n  l oc a t i o n s  a re  s c l c i na t i c al l y shown in F i g u r e  I ) -4 .

Axial s t r a i n  ga g e s  ( B L H  D LB - A3~’- -\ -S ’ : 330 ohm~ 2 . 04 g a g - u -  f a c t o r )

We N’ - im m i ’ a ’ r l  to the  t e s t  - ip e c i men  in t i m e  t , c - ! m o n -s s h o w n  s ci a- m a t i c a l ly

in Fi g u r e  D- ~~. The output mt t i n ’ s e  s t r a i n  ~ i - u c e s  was r e c o r d ed  by n- c a ns

of a Ba ldwin  SR— 4 S t ra in  I n d i c at o r  - d i m r j m m - ~ t he  d e s i g n  l i mi t  l oa d  st at  a:

t e s ts .

F EST P R O CE DU R E  AND RESULTS

1 . ~~~~~~~~~~~ N a t u r a l  F r c g u -u - n c y  T e s ts .  Ai t e r  comp let ion u t  t i m e  -, I al. m c

pro of t e st s , d y n am i c  n a t u r a l  f r e q u e n c y  t e s t s  w e r e  conduc ted  in the

l a t e r a l  and v e r t ic~ - t  d i r e c t i o n s .  An a c c el e r o m e t e r  was  m o u n t e d  to

th e af t  end of the sp e c i m e n ,and a s ha rp  blow ( bang inc  - ) w ~s app l ied

in  ti - u - p r o p e r  d i r e c t i o n .  The output  of t }a a c c e l ’ - r v m n - l u r  v -as  510 u I —

t a n - u - e l m  sl y r u - c o r d e d  on a Gould B r u s h  Str i p Char t  R e co r der .

F e f or e  he se t e st s  w - r e  c o n d u c t e d , t i ~ f o u r  load t r a i n s  v er e  d e t a c hed

f r o m  the sp e c i m e n . The h o r i z on t a l  dr i v e  shaf t  and ~h - u -  ar id -u ’ g e a r b o x

w e r e  i n s t a l l e d .  The c a n te d  d r i v e  shaf t  and u p pe r  u e a rb o x  wi re not

ava ilab l e .  All o the r  e q u i pme n t  — coup l i n g s , c o r t  rd s y s te m ,  -u ’tc —

\v c’ re the same as iii s ta l led d u rin c  the - i t  a t ic  t m - s t  s .

I ’hc loca t ion  of the accele romete r used d u r i ng  t h e s e  d ynamic tests

is s chema t i ca l l y shown in Fi g u r e  I) -4 .

2 .  Desi gn L i m i t  Load S t a t i c  T e s t s .  I n -  4 1 5— d e g r e e  yaw c i r m d i t i o f l

( C o n d i t i on  ‘A ’) of t h e  d e s i g n  l im i t  load s ta t i c  t ( - S t  w i - u s  app lied  to

t h e  t e s t  s p e c i m e n  in 2 0 — p - u -  r c e m i t  t i l e  N u i l  n t a l  load s t e p s  to SO p e r  —

cent,  t h e n  in 1 0 — p er c e n t  i n c r e me n t a l  load  s t e p s  t o  100 p u - r e - u n t .  1)e —

f l ec t i o n , loa d, and s t r a i n  gag e r e a d t m a t  s w ( ’ r - u - r e c o r d e d  at  e ach

i n c r e m e n t a l  st e p .  I h e  t a i l  d o wn  l a n d i n g  c o n di t i o n  ( C o n d i t i on  ‘‘C ’)

and t i e  —15 — d e g  r et  y a w  c ~ m d i t  i ou  (Condition ‘‘B’’) were t h e n  app l ied ,

r e s p e c t i v e l y , in t h e  same m a nn e r  as C o n d i ti on  “ A ” . A g a in ,  de-

f l e c t i o n , load,  and s t r a i n  gage r e a d i n g s wi re  r e c o r d e d  ~ t e a c h

i n c rem e n t a l  load s t ep .  A f t e r  comp l e t i on  of each  load c o n d i t i o n , a

k — i su a l  i n s p e c ti o n  of t h e  t e s t  spe  ci i :  m e n  was  conducted.
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Each load c o n d i t ion  wa-s  completed s u c c e s s f u l ly and no d a m a g e  was
noted  d u r i n g  the  subsequent  inspec t ions .  The max imum applied load s
are given in Table fl-I together with the r e su l t i ng  d e f l e c t i o n s  and
s t r a i n s .

TEST WITNI - :ssE s

These tests were witnessed all or in part by the following personnel :

T . Mazza  A e r os p a c e  Eng ineer -  Eus t i s  D i r e c t o r a t e

H. T. Lund Manager-Light Helicopter Division

J . M . Mc Dermot t  Ch ie f- S t r e s s  Anal ys i s

R . E . Moore Division M a n a g e r - M i l i t a ry  Hel icopter

J. F . N e e d h a m  Desi gn Specia l is t

G . A . D ’A gos t ino  Senior R e s e a r c h  Eng i n e e r - S t r u c t u r e s  Test

G . D . Deveaux Chief- St ruc tures  Test
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TABLE D-1 . M A X I M U M  APPLIE D LOADS ,
DEFLECTIONS AND STRAINS

A B C
Condition +15° Yaw, Rec. - 15° Yaw , Rec .  Tail Down Land .

Load s , lb®

~ Y l  -1592 1325 0

Py2 - 1 5 1 0  816 0

~~Zl 433 462 0

433 462 0

~~Z3 415 387 -1357

Defle ction
- inc hes®

A - 5 . 0 8  3 .72 -

B (Deg.,  M m . ) 56 ’ 41 ’ -

B -2 . 62 1.88 -

C 0. 53 0 .48  1. 35

D -0 .02 0 . 02  0

E -0. 12 0 .05  0. 10

F -0 .06  0 .06  0 .04

St ra in

~L -  in. / i f l~~

1 -1490 1240 55

2 1775 -1380 40

3 1315 -670 -510

4 1265 -1395 555

5 -1945  815 520

6 -1035 1160 -580

NOTES:
O See Fi g u r e  D- i f o r  locat ion and d ii r ec t ion  of loads .
0 )  See F igure  D-4  fo r  locat ion and d i r e c t i o n  of d e f l e c t i o n s .
(
~) See F i g u r e  D - 5  for  locat ion of s t r a in  gages  — positive indicates

t e n s i l e  s t r a i n .
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SYMBOLS

a D i m e n s i o n  ( i n . )
A (‘ r o s s-  s e c t i o n a l  a rea  ( i n .  ~

)
C r o s s — s e c t i o n a l  a rea  of ~he f u s e l a g e  sh e 1 1 - ~ i i i ~~ide f - u i  •-  ( in .  2 )

AI (: Enclosed area of t h e  f u s e l ag e  she l ls  i n s i d e  f a c e  ( in . 2 )
AC) Cross- ~,e t i o n a l  a rea  of the  f u s e l a g e  she lU- ~ o u t s i de  t a  e ( i n . ~~)

AOC Enclosed area of the fuselage shells o m i t  side face (in . j
b D i m e n s i o n  ( in .)  6
F’S Boo m s t a t i o n
BL Butt line
c D i m e n s i o n  (in . )
m g  C e n t e r  of g r a v i ty
Ch Chord  l e n g t h  ( i n . )

E l o n g a t i o n  ( i n . / i n . )
E M o d u l u s  of e l a s t i c i t y  ( p s i )
E ’ ~~E a Eb

Axial  - s t i f f n e s s  (Ib)
El Modulu s of f u s e l a g e  shell  ins ide  f ace  (p si)
ElY Flexural stiffness about ‘y’ axis (lb-in . 2)
EIYI F l e x u r a l  s t i f f n~~ss of f u s e l a g e  she l l ’ s i n s i d e  f a c i n g  abou t  ‘y ’

a x is  ( l b - i n .
EIYO F l e x u r a l  s t i f f n e s s  of f u s e l a g e  she l l ’ s o u t s i d e  f a c i n g  about  ‘ y ’

axi s (lb-in . ) 2
EIZ Flexural stiffness about ‘z’ axi s (lb—in.
EIZI  F l e x u r a l  -i~ i f f n e s s  of fuselage shell’ s ins id e fac i ng abou t ‘z’

axis (lb-in. 2)
EIZO Fle x ur a l  s t i f f n e s s  of f u s e l a g e  shel l’s o u t s i d e  f a c i n g  about “ z ’

axis (lb-in . 2)
EO Modulus  of f u s e l a g e  shel l  o u t s i d e  f ace  (ps i )
f S t r e s s  (ps i )
F S t r e n g t h  (ps i )
FS Fin Sta t ion
g Load Factor , acceleration
GI Shear  m o d u l u s  of f u s e l age  s h e l l  i n s i d e  f a c i ng  ( p s i )
GK Shear st iffness (lb- in. 2)
GEl Shear s t i f f n e s s  of f u s e l a g e  shell  i n s i d e  f ac ing  ( l b — i n .  2 )
GKO Shear s t i f f n e s s  of f u s e l a g e  shell o u t s i d e  f ac ing  ( l b - i n .  2 )
GO Shear modulus of fuselage shell outside facing (psi)
h Dimens ion  (in , )
H Load (lb . )
HDT ileat  d i s t o r t i o n  t e m p e r a t u r e  ( °F)
I Moment  of i ne r t i a  ( in.  4)
IGE In Ground Effect
K T o r s i o n a l  con st a n t  ( in .  4) ,  c o n s t a n t
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I
Kin l”u ckli ng coeffic i t - n t

Ii (in .)
- I II  Lef t  I land

I~I N t i d — w a l l  length around cross section of fuselage i n s i d e  s k i n  ( in . )
LI  - Lowe r L e f t
LO NI id-wall length around cross section of f u s e l a g e  o u t s i d e  s k i n  ( i n . )
I ~R l o w e r  Rig ht
NI \lm ’ nient (in. — ib)

,\ t a r m ’ i n  of s a f e t y
N
P Load or  f o r c e  (Ib )
PS I Ang le (deg)
R R a d i u s  ( i n . ) ,  r a t i o  of a c t u a l  st r e s s / a l l o w a b l e  s t r e s s
B / l i  R i g ht  h and
R e R a d i u s  to m i d - p o i n t  of hand  whe re  w i n d i n g  ang le  is 90 °  ( i n . )
S Load (ib )

T h i c kn e -’s ( in . )
F I or ( ~Ue ( i n .
I C  T h i c k n e s s  of s a n d w i c h  wall co re  m a t e r i a l  ( i n . )
TI Thickness of sandwich wall inside face (in.)
10 Thickn ess of sandwich wall outside face (in .)
U Transverse shear stiffness (lb-in . )

[‘ 1 .  U pper Left
UR U ppe r Ri ght
V Shear load (lb), velocit y (kn)
VF F iber  vo lume rat io
W W e i g h t  (lb or l b / i n . )
V 1 . Water line
x Dimens ion  ( i n . )
Y
YBI
Y BO
Yl
Y II
YO
Z D i m e ns i o n s , See Fi gure  10 (in . )
ZBI
ZBO
7,1
Z II
ZO

W i n d i n g  a n g l e  (deg) .  c o - f f i c i e n t  of t h e r m a l  e x p a n s i o n
( in , u n . / ° F )

Poisson ’ s rat io - St r a i n  ( in . I in .)
p D e n s i ty  (lb/in . ~ or lb/f t3)
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SUIt SCRIP ’F S

b I l e n d i n L )
c Compo~~i t e , co i l  or  c o m p r e s s i o n
C u (‘ o r np r t -  s s ion  u l t i m a te
i Inside
I. 10’ I t  S Id 0
o o u t s i d e  , 0 °  o r i e n t a t i o n  r e l a t  i - ~o to  ax ia l  ax i s  or i n i t i a l  ang le
R Ri g ht  s i d e  or r ea r
r R e s t m l t a n t

Shear  or  sk in
su S h e a r  — u l t  im a t e
tu  T e n s i o n  - u l t i m a t e
x
y Re~ e r t o  c o o r d i n a t e  ax i s
z
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