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Phase II of this prog ram w i l l  include pre t i m i n a ry  Iaesi g n s  for complete landing
gea r System for al l  three concepts , the construction of the 1/5 scale wo rk i ng
models of the Concept 2 and Concept 3 desi gns , cost and wei ght comparison s of
each concept and preparation of data p lots to illustrate the we igh t , cost , and
life-cycle cost advantages of composite material hardware for landing gea r .

The B-I Nose Landing Gear has been used as the baseline and the hardwa re has
been modified to use composite material for struc tu ra l parts under the three
different deg rees of constraint . Concept I wa’, constrained by “form , f i t  and
function ’; Concept 2, by ‘‘ l i t  and funct ion ’ ; and Concept 3 by onl’~ the
function ’ constraint.

Concept I , substitution (form , fit  and func tion ) parts have been desi gned and
H some have composite material sp liced to m etal end fittings to meet the hi gh

loa d requirements within the form constraint . These des i gn s were not weight
effective.

Concept II , m odified (fit and function ) parts , us ing exH ,t i ng  s t r u c t u r a l
attach ments , but revised kinematics , have been desi gned to foster increased
usage of composites. The p iston and lower end of the stru t cvi inder have been
kept metallic since the larger diameter required for composite parts would
result in spread ing the wheels wh i ch would violate the .towage li m i t  contr aint s.
Increased usage of composites and improved wei ght ef fe c tivi t~ was gained b~
reducing the constraints,

Concept II I . redes i gned ~fun ction) parts u t i l i z e  a system which  requires a

j s li g htl y large r whee l well bay to accommodate the re ’.ised nose gear. T h i~,
allowed the whee I’~ to be positioned farther apart t~ aIl ~ w room for a composite
axle , p iston and strut. Thi s fu r ther  reduct ion in c o n s t r a i r ~~~s allow ed more
parts to be made from composites and further increased we i ght e f f e c t i v i t \ .

The methodo logy section of this report shows the approaches. ‘etbods and
comparisons which w i l l  be used during Phase II to deter mine the p~~ -~ f fs
possib le throug h the maxi mum usage of composite material i n  a I and ind  .~e~]r
s y s t e m ,
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This is Volume II , Appendice s , of a two volume F i n a l  Report wh i ch was
prep ared b\ the Los Angeles D v i s i o n  of Rockwell Internatio n al , Los A ngeles ,
C a l ~~ ornia . unde r United STates A i r  Force Contract F33 615— 7 6— C— 3O 2 1 , A i r
Force Projec t No. 2LeOZ, Tas k No . 2~ O2O l , ‘New Concepts in Comoosite Materia l
Landing Gear for M i l i t a r y  A i r c r a f t . ’’ The program is being administrated b~
th e A i r  Force Fl i ght Dy na mf ts  L a b o r a t or \ , W r i g h t - P a t t e r s o n  A r  Force Base ,
Ohio , under the direction o~ Mr. J.  Hampton ~A F F D L/ F E M ) .

This volume con tains the Appe ndLes to Vo l ume I , the f ina l report .
c o v e r i r l q  work performed f rom A p r i l  1976 through Februar y 1978 . Vo l u~ie I
of the report contains the technica l Jiscussion, Rockwell International
personne l di rectk par t i c i pat n y  on the p rog ram were:

V . E. WI Ison Program Manager
F. W. Atkins Systems Eng i neer
J . Rohlen Structures Enginee r
J .  K i rkhoff Con t rac t  A d m i n i s t r a t i o n

The report  was subm i t t e d  in February 1978 .
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S E C T I O N  I

IN TRODUCT ION

Compos i te materials have outstanding strength and stiffness character is-
tics wh i ch can be used advantageous l y in the des i gn of landing gear hardware
The objective of this program was to explore the extent to which composite
material could be used in a complete landing gear system , and the cos t and
we i ght benefits that could result from this usage .

• The Air Force , throug h AFFDL , has sponsored a number of successful corn-

~os i te landing gear hardware programs . These have established the feasibility
of us i ng compos i te material for certain landing gear components, but all hard-
ware des i gned was cons t rained by “form , fit and function. ” Th is program has
three separate sections so that hardware was des i gned under three distinct
levels of constraint. The firs t is “Substitution ,” with “form ,fit and
Function ” cons t raints. The second section is “Modification ” with both “ f i t

and function ” cons t raints. The third section is “Redes i gn ” w ith onl y the
“function ” cons t ra int.

This program is phase oriented w ith this report covering Phase I.
Phase II w i l l  not be started until this report and a presentation of its
contents is approved by the Air Force. A Phase I and Phase II task f low
diagram is shown in figure I.

H The approach used for the Phase I section followed the task outline shown
in fi gure 1 and resulted in the choice of the B- i Nose Land i ng Gea r , see
fi gure 2, as the baseline. Conceptua l des i gns for compos i te landing gear hard—
ware were then deve l oped for each section and leve l of constraint as descrio.d,
above . Methodo l ogy to be used in the Phase II prelimina ry des i gn and to be
used in generating data plots to illustrate the advantages of composite land-
ing gear hardware has been determi ned and documented in the Methodo logy
Sect i on .

Eva l uations of the design concepts created in this phase were then used
as the basis for recommendations of concepts wh i ch should be car ried into

• Phase II for preliminary desi gn effort.

2
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Fi gure 2. B-I Nose Land i ng Gea r
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SECT ION II

• 
SUMM A RY

Th i s  report desc r i bes  the e f f o r t  conducted on Phase I ot the two-phase
A ir Force Con t rac t  k.o 1~ 6 I-5—~~ -’C—3 O~-l, •New Concepts  in Conipos i te  Mate r  a l
Landing Gear for M i l i t a r y  A i rcra f t. !’

Th i s P h a s e  I ~ec t ion was s t ruc t ured to determine the ma ~ i mUm p ra, t cal u ‘A~~~

p 
L ) t  compos i te m a t e r i a l  t~~r landing gear hardware under three sp e ci t ft set ” ot
constraints. The e t t o rt was conducted in accordance with the Task Flew Oi ai r am
of F i gure l.r

2.1 BASELINE

The B—I Nos e Landing Gear has been selected t o t  the baseline ‘,‘,. ‘,t eirP and
rationale tor the seclect ion made on the basis that it meets  c o n t r a c t  r~~~ ui ,n-

• ments it is a cur rent A i r Force a i rp la ne ~ov e r 175,000 lbs . ,.~ros’~ w e .4ht
and is  comp leteh described by the in formation lis ted h~~low :

1. Des i gn c r i t e r i a  f rom MIL—A-8862

• .. Des i gn requ i reltre n t s from the B- I Pr’ ne I em De’.e l opment Spec.. it -

Cat on

3. Volume constraints t rom the 8-1 Sro,tem Oct inN ion Manua l (SDM ’I

4. Structura l attachments from the B- ) SDM

5. Nose gear hardware dimens ions front the B-I [ri~~i nec rinq draw i nq’.

6. kinema t ic s from the B- I SOM

7. Nose gear external loads f rom the B -I SOM

8. Nose gear inte rna l loads t rout the B-I Structures Group

9. Wei ghts f rom the B-I We i ght Statu s report

10 . Cos t data front B- i Major Contracts Cos t Anal ys is Group

II . Li fe—cycle costs p rom the B-I Operations An al ’3 s is Pt~~t~’ ant

12. M a i n t a i n a b i l i t y  f rom the Integrated Lo g istics Program

~~- ~~__-- — 1+
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13 . Environmental data from the B-I 5DM

14 . R e l i a b i l i t y  data f rom the B-I R e l i a b i l i t y  Program

2.2 DESIGN CONCEPTS

The Des i gn Concepts section of this program resulted in the selection of
intermedia te strength grap hite/epoxy as the baseline composite material for use
in the desi gn studies . The three desi gn section s included:

1. Substitution , constra i ned by form , f i t  and functi on ;

2 .  M o d i f i e d , constrained by fit and function , and

3 . Redes i gned , cons trained by func tion only.

These des i gns were qua l i t a t i v e l y evaluated by the experts in  m a t e r i a l s ,
structures , fab r i ca t i o n , wei gh ts and cost and a summary of thes e evaluations
is presented in section V I , page 92. A summary of conclus i ons reached
appears with the sections be l ow .

2 .2 .1 Concept I — Substitut ion
— p

B a s e l i n e  in fo rmat ion  and d raw ings  of B-i nose gear m e t a l l i c  hardware was
st ud i ed and conceptua l des i gn draw i r’qs were made for composite and c o r rpo s i t e/

metal part s wh i ch have identical key dimensions , and can be subst ituted on a
part-for-part basis for the base line metallic hardware. Some of these c o n-

cepts were designed to have Composite material sp liced to itr etalli c end f i t t i n i ~s
to meet the high load requ i rements within the form constraint. Table 1 l i s t s

• the parts des i gned in this section. A l l  parts except the torque li n ks ftery
hi gh technical risk) are recommended for further ef fort in Phase I I ,

2.2 .2 Concept 2 - Modified

Exis ting structural attachments were used , but kine iti atics of the drag
braces and down lock links were revised to allow i ncreased usage of composites .
I t was determined that for this concept the p iston and the lower end ~ t the
s trut cy linder must remain metal l i c  since the larger diameter required for

• compos i te parts would result in having to spread the nose wheels and this
would violate the stowage l i m i t  (fit) constra int. Table II lists the parts
des i gned in this section . Al l  listed parts are recommended for further
effor t in Phase II .

1 ;
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• TABLE I

• SUMMARY

CONCEPT 1 - SUBSTITUTION

PART PART DESCRIPTION REMARKS

Drag Brace - Fwd . Composite tube w i t h  metal end Recommended for
f tt l n g s .  Phase I I

Drag Brace - Aft. Compos i te “I” Beam with metal Same
end f i t t i ngs .

Dow n Lock - Fwd. Inver ted “U” sect ion a l l  corn- Same
p o s i te  part .

Down Lock - A f t .  Compos i te “I” sec t ion  w i t h  Same
one met al end f i t t ing .

Torque Link A l l  composite solid section Very h igh technical
risk. Pa rt nor
recommended .

Strut-A-T runnion Compos i te Trunnion Arms Very high techn ical
Arms sec tion including actuator risk. Part not

arms bonded to metal strut recommended

Strut-B-Trunn i on Two Compos i te Box section Recommended for
Arms torque arms bolted to metal Phase II

strut and actuator arms

Wheels Al l  compos i te. Two-p i ece Same
dish shaped .

6
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TABLE I I

SUMMARY

CONCEPT 2 — MODIFIED

PART PART DESCRIPT I ON REMARKS

Drag Brac e - Fwd . A l l  compos i te box sections with Recommended for
“race track” caps . Phase I I

4 Dra g Brace - Aft Al l  composite box sections with Same

• “racet rack”  cap s .

Spreader Bar- Compos i te tube wi th metal end Same
(Drag Brace)  f i t t i n gs .

Down Lock - Fwd . Al l  compos i te “I” section w i t h  Same
“race t rack” caps.

Down Lock - Aft A l l  compos i te “I” sec t i on  with Same
“race track” caps .

Torque Link A l l  compos i t e - s o l i d  s e c t i o n  Sa me
No base Iugs

Strut-Trunn ion Irunnion arms-flattened cone Same
• Arms shape metal stru t and actuator

arms .

Wheels All  compos i te 3-piece wi th rims Same
and dr um

2.2.3 Concep t 3 - Redes i gned

• Studies were made to evaluate the use of landing gear concepts wh i ch were
allowed to differ from the baseline sys tem in kinematics , a tt achmen t loca t ion
and storage volume , see Table I I I .  A “leaf” s p r i n g ” concep t , shown i n
f igure 35 was evaluated as a very high technical risk and not wei gh t effective.
On that basis , effor t on this concept was stopped . The size of the ~-l nose
gear is an i mpo rtant factor against usage of this concep t, but the “leaf spri ng”
nose gear confi gura tion may prove to be a viable wei gh t e f f e c t ive  sys tem on a
s m a l l e r f i ghter airp l ane .

7
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TABLE I I I
SUMMAR Y

CONCEPT 3 - REDESIGNED

PART 
- 

PART DESCRIPTION REMARKS

“Leaf Spring ” Concept Laminated composite leaves Very high technical
with resilient p l a s t i c  inter- risk - no wei ght advan4
layers between leaves . tage - not recoimnended~

• Drag Brace - Fwd . A l l  composite “H” sect ion Recommended tot

(3-B Concept) with ‘‘ race track ’’ caps and Phase I t
stiffener clips .

D rage B race - 
~,t

’ t Same 
• 

Sante

~~- B Concept ~

Spre ade r Bar Composite tube and end • Same
f,Orag Brace) f i t t i ng s .

• Down Lock — Fwd. • Al 1 compos ite ‘‘I’’ sec t ion Same
• w i t h  ‘‘ racetrack’ ’ caps .

Down Lock - Aft Sante Same

Torque Link A l l  composite w i t h  solid Same
section and no lugs on base.

• 
•~ Strut - Comp lete Composite inner pres surl0 Same

cy linder , outer flattened conel
shaped tr unnion a rms and lug~~.~

• Piston Composite pressure c y linder Very hig h technical
and axle attach lugs . ris k. Part not

i’ecommended .

Axl e Composite cyl inde r with  Recommended for
me t a l  whee l re ta ine r .  Phase I I .

Whee l A l l  composite 2-p iece with Same
integra l bolt spacers .

8
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A conceptual desi gn w as made ot a ‘‘ trai Ii ’ rq arm ’’ nosC g ear , t~ut

requi r e s  a large change in storage v o l u m e  and d i d  not appea r to ha~ e an’~
• ‘ r a j o r  adva ntages.  The s tudy  us ing  the s~~IttC c o n ce p t  as the ba se li n e and

o n ly  s l iqht l~ changed k i n e m a t i c s , p r o v i d e d  a nose gear ’ s~~s t e m  w h i c h  a l l o w e d
the max imum use of compo s i te  m a t e r i a l  w h i l e  r e s t r i c t i n g  changes t o  a m nor

• w i d e n ing of the nose gear wheel  w e l l . The w h e e l s  on t h i s  s t u d s  ~se re ‘PO ,e ,i
f a r t he r  apar t  to a l l o w  room for  a c o m po s i t e  p is t o n  and s t r u t .  T he ‘ ‘ l e a t
s p r i n g ’’ land ing gea r concep t and the ‘‘ p i s t on ’ on ~-4 conce pt are c o n s i d e r e d
\ e r \  hi gh t e c h n i c a l  r i sk  and are not recoiwnended tor f u r t b~~r ~~t~ o t t  i n

Phase I I .  A l l  other l i s t e d  p a r t s  are recommended .

.~.3 RESULTS

The genera l r e s u l t s  of the Phase I e f f o r t  show that the “o’~.t e t I e c t i ~~e
gains i n the use o t  c o m p o s i t e  s t r uc t u r e  occur in the “Redesi gn ’ C oncept 3.

4 ‘.ect on ~h e re more des ig n  f reedom is a l l o w e d ,  Thi s i s ‘ecause space I i iiita -
io n’. a r e  r e” r oved  w h i c h  r e s t r a i n e d  t h e use of  c o m p o s i te s  in so ’e  a r e a s  o f

the l and ing  gear s t r u c t u r e ,  Co nce pt  I and 2 re ’ .u lt e ’i II ‘i~~r~~ c o m p ro m Is e s  i n

t ie  des i gn , because of i nc reased  r e s t r i c t i o ns , and a lesser ~.se ~ t co’rpOS te

st ruc u re ; nowe~ er , t he co ncept ’ .  ~1ec e loped wi 1 1 ~ t I I 1 gene r a I I s . e’. ~s 1 t i n
cos ef Cc t cc ha r-dwa r e , hut to a Iesse r es t en t , has ed on tne I~ ‘ i t  ed es. a 1 ua —

ti o r per t ormed in Phase I .

~ans. ‘ . t r u c t u r a l  e l e men t s  of l and ing  gear nac dw a r e are a x i a l  l s .  loade d and
t i e  ‘~e ight  e f f e c t i v e  ‘‘ r a c e t r a c k ’ ’  c o n f I g u r a t i o n  A~ ds used s ’ ri l a r  to that used

n p r ous c orripos i t e 1 and i ng gear p r’oq rjr ~rs . I h i s cOn ‘ gu ra  t i ott , a’. ~ —

c i ous l~ used , has inherent  s t r u c t u r a l  weaknes s e s  near he ~nd ~~t he ‘e m be r

Ashe re  la rge i nt e r l a m i nat shear f o rc e s  occur  be t i~een t ie i a c e t  3c ~~~ ’ and the

~‘.eh r ei n fo r ce m en t s . A s o l u t i o n  to t h I S  prob lem is shown in ! i g u r e  ~, ,5h ,5’h

uses a s e r i e s  of ‘‘ r - a c e r r a c k s ’ ’ i n t e r l e a v e d  w i t h  shear ’ web’. ~5h i s h sh~~ u 1 J  s i gnl -

t i c a n t lv im p r ov e  the s t r e n g t h  and f a t ig u e  p r o p e r t i e s  o’ the ‘‘ r a c e t r a c k ’ co n—
f i g u r a t i o n . This des i gn i s  shown in  Concept ~h

-~~ ~~~~~~‘ ‘~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~“
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SECT I ON II I

BASEL I NE

The B- I  nose land ing gear i n s t a l l a t i o n  c o n s i s t s  of a sem i can t i  levered
• shock strut wi th t w  i n w hee Is and t i res , a stee ring damp i rrg un i t  , and s t r u t

t a i r i n g  doors. The shock s t r u t  is  a dual chambered air-oi l piston t’,pe. The
forward re tracting nose gea r i s attached to fuselage structural beams by a

4 crur nale d tru n ni on at  the top of the s t r u t , and by a forward mounted t old ng

1
’ dr ag brace. ‘wi th the gear in the dow n and locked position , the drag brace is

hel d in the on-center p o s ition b’. a jury strut downlock at the apex of the
drag brace . A spring bungee holds the jury strut ri i t s  locked po si t ion .

The nose gear strut incorporates a centering cam to center the nose wheels
automaticall y and hold them centered while the shock strut is extended.

3, 1 RATIONALE FOR SELECTION

The B-I nose landing iear was selected as the base line ssstem for this
p: ogran’ f o r  the t~~l low ing reasons:

The 8-1 me ets contract requirements for a baseline landi n ~t gea r ss.stem.

I t i S  a current Ar r F o r c e  aircraft. Three a i r c r a f t  are c urr entls.

H being f l i g h t  re s t e d , and p roduc t ion  i s  expected t o  s t a r t  late in l9~
’b .

The B-I g ross we i ght i s  $95,000 pounds wh i ch is over tw ice the con-
t rac t  tr i n i r r u r l i  requ i r emen t  of 175.000 pounds gross wei ght.

The des i gn requirements and constra ints for the B-I nose landing gear

are available f rom the 8-1 Prime Item Development Specification and
t he B-I Scste rn D e f i n i t i o n  Manual.

B l  D i v i s i o n  engineering draw i ngs , layouts and vendor draw ings are
available to define the A i r  Vehicle (A/V) No. Li nose landing qear
hardware.

The B-I nose gear is relativel y simple and provides a baseline ssstenr
which can be readily hand l ed within the scope of th i s program.

Produc tion of the B-I nose gear for A/V No. ~+ has not ‘,et started ,
so changes as a re sul t of this or possible follow-on programs could
be imp l emented early in the production run.

I I
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~ The B— I ~ont ract s expec ted to reach a tota I of  2~s~ a i  r c  ~~ t , thu s ,
cos t sa s. ngs in  the nose gear cou ld r e s u l t  in lar ge t o tal a~ rigs

• ‘ 
.is.er the l i f e  of the prog r am.

~ The p r o x i m i t y  ~~f the B — I  des i gn sec t  on “akes the is~sC  gear  de’. • g r ’ e r  -.

re ad i l~ ava l Iab le f o r  consulta tion .

-‘ Cos t and w C  I gft t dat a f o r  the base 1 ‘c s read I 1 ~ ava i 1 a b le , and B— I

expert s ca n  he c o n t a c t e d  ?or as s  i st .t rce on we ight and cos t e s t  “ rates:~ f o r  the new hardware.

2 BAS ELINE D E S C R I P T I O N

The data pre sent ed in th i s sect ion c o p  I etc Is. JCSL r i h~~s a I I he OC~ i
pa rai’le te rs ari d con ~. t t a  m t . . wh ch w e t  e used i n he des. e I s~P’ ’iCli t ot  h~ c ~. r r
B I  A ‘~ No. Li n O s e gear sss tem d esig n ,

L2.I Des i~~ C r i t e r i a

T he B— 1 rinse I arid i rig gear has been d es  i gried to c~srr~’ I ~ s i t  ti t h e  I ann
.,nd gi  ou i _1 haridi ig l o a d s  requi r C r’e l it ’. ~~ MI L . \ S~ t’.’ • Th i s ..pec i ‘
not  ri~ 1 uded Is i t  h t ti i s repo r t  s i rice i i 5 ea,i i Is. as. a I I an le ,

~~. . 2 Des 1 gn Regu i rCltieri t

The 8— I des i gri requ I remen t s ront the r’ ~e It e” Des. ~ l op rer’ S~~e1. ‘ —

t io ri  ~CP l O~ t 2OOl8~ are presented in A ppe nd ix B.

.2. 0_ i ‘tens I ona l  Const rai nt s

The 8—1 Svsten rt Oct n i t  no n Manual ~NA— ~~~— l~~
’f—1 ~ descr be ’. t h e  di “~.‘s ’ . i .~~ l

c on st ra in t s Js ‘.oc a ted w I t h the nose gear ’  s s t cnn - The o1 u”e cOI ls t • a i it
r uc t nra 1 at t achmeri t s and Li nema t i cs are shown on draw ig L 9

shee ts 1 . 2 an d •~ ~ f i gu res  Li . ~~~. and b ’J .

~.2.4 Metalli c  Hard w are Dimen sions

Di rrens son ’. or the A V No. Li met a I I i c nos e  gear ha rdwa e a re q n ‘. ci’ on
B- I E r g i r t e e r i n g  draw i ngs ; L3 1i00308 , sheet ..  I arid 2 , L ~i~,t $ I  I • . .heet ’. 1 drid
2 r, ‘gures , , 8, ~ • and 10 1 layou t L9 .OCf ’~ 15 t i gure 1 1  ‘

~ ; Mena sco draw I

3002600 , s hee t s I and ; and WO2he)2 ( f i g u res 12 . H and I~4 ” , arid )I~~’n~~~ ,

sheets I and 2 t,tigu r~~s is and lb~~; and on ~ x~ds.ear dr aw i ng PD t’t’ I , s f ’ e e t s

I and 2 (ti gure s 17 and 18).

12
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3 .2.5 External Loads

A summary of nose gear loads for 8— 1 A/V No. 4, from the B-I Sys tems
Definition Manua l is presented in Appendix C. Included are the fo l 1ow in~~L_ ~~~ - - - — --

—- I tinth-rg,-Tax i-, and Kandl ung Loads
2. Dua l Wheel Load Distribution
3. Ultimate Load Determination
4. Fuselage Support Structure Deflections
5. Temperature Condition

— I 6. Drop Test Requ i rements
7. Actuation System Loads
8. Nos e Gear U p l ock Loads
9. Nos e Gear  Doo r L i n k  Loads
10. Nose Gear Steering Torque
11. Repeated Loads Des i gn Requirements

- : 
12. Nose Landing Gear Support Reactions —

3.2.6 Component Loads

The loads on B-I nose gear components for A/V No. 4, as used for Struct-

ura l analysis of the metallic hardware , are presented in this section.

A. Fo rwar d Dra g B race
1 . 134500 lb. Tension (ULT )
2. 136400 lb. Comp . CULT )

B. Aft Drag Brace
1. 250500 lb. Tension (ULT)
2. 25400 lb. Comp . (ULT)

C. Spreader Bar - Drag Brace
$ 1 . Axial Compression of 46600 lb. CULT ) in

comb i nation with end moments equal and
oppos i te of 20000 i nch- pounds (ULT)

2. Axial Tens i on of 47300 lb. (ULT) with
17700 inch - pounds (ULT) end moments

D. D~~n Lock L in ks
1 . + 11000 lb. (Desi gn) axial load , with a

transverse load applied to the forward
end act i ng upward of 559 lb . (Limit)

2. Axial stiffness requirement of lock link and
and back-up structure - K 25000 lb/inch

33
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E. Torque Links 
— 

- - 

- - -- 

~~~~~~~ load ÷ 2 4500 lb. (Des i gn)

F. Strut and trunnion arm Toads are shown in f i gure 19.

G. Piston loads are shown i n  f i g u r e  20.

* H. Axle l oads are shown in figure 21 .

I. Wheel loads are shown in figure 22.

3.2.7 Nose Landing Gear Sys tem Weight

The we i ght of the B- i nose gear component parts , as given in the Wei ght
Status Re por t # 145, 3 Ma y 1 976 , is shown in Table IV. Columns under “We i ght
Sta tus” indicate the percentage of the wei gh t of the component that is
“es t ima ted ,” “ca l culated ,” and “actual. ” I t should be noted that many of
the parts for A/V No. L+ have not been bu i l t  and are the re fo re  100% es t imated
or ca l cula ted .

3. 2 .8 Environmental Data

The environmen tal data i s  p resented  i n  Appendix D.

-

~~ 3.2.9 Re flab i l i t y  
- I

f The baseline rel i a b i l i t y  of the B—I nose 1and ~ ng gear for IA/V No. 14 w i l l
be based on the r e l i a b i l i t y  of the mechan i ca l equi pmen t installation corn-

ponents of the nose gear , including the wheels b u t  not tires . Table V pre-
sen ts the pred i cted hardwa re reli a b i l i t y  expressed in “mean t ime  be tween
corrective mai ntenance action ” (MTBCMA) .

The predicted MTBCMA for the baseline B-I nose landing gear is 715 .5
f l i ght hours representing a hardware fai lure rate of 1397 . 7 x 10 6 fli gh t
hours .

3.2.10 Maintainabili ty

The baseline main tainability costs for the B-l A/V No. 14 nose landing
gear sys tem is based on consideration of the following “l ine rep l a ceab le
u n i ts” (LRU) and “shop replaceable units ” (SRU). See Table VI .

The 8- I baseline nose gea r maintenance costs are shown in Table V I I .

- 1~
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TABLE IV

NOSE GEAR WEIGfI’ DETAILS
A/V NO. 4 - STATUS NO. 45. 3 MAY 1976

AN 9103 WEIGHT WEIQif STATUS 
_ _ _ _ _ _ _ _

CODE PART DESCRIPTIONS LBS A/V % EST. % CALC % ACT

11 B 06 WHEELS (2) 115.0 -- -- 100.0
11 B 07 TIRES (2) 138.0 -- 100.0 --
11 B 09 N 6.0 -- 1 -- 100.0

TOTAL RUNNING GEAR (259.0) -- -- - -

11 B 34 I DRAG BRACES 100.0 100.0 -- --
11 B 38 SHOCK STRUT 586.4 -- 6.82 93.17
11 B 40 BEAM ASSY. (AXLE) 31.5 -- -- I 100.0
11 B 41 TOW~UE ARMS (2) 15.6 -- I -- - 100.0
11 B 43 SHIMY DAIIP/STEER. CONT1~)L 184.3 -- 3.63 96.36
11 B 47 FITtINGS - BODY 68.0 100.0 -- --

— 
TOTAL STP1~~rURE (985.8) - - - - - -

11 B WTB/STRIXTURE (1244.8) 13.49 14.83 71.66

12 D 13 CONTROLS 4.3 -- 23.25 76.74
12 D 22 PLUMBING 6.3 -- 100.0 --
12 D 28 FLUID 2.4 -- 100.0 --
12 D STEERING CONTROLS (13.0) -- 74.61 25.38

12 E 13 CONTROLS 1.0 100.0 -- --
12 F 14 WIRING, CONDUIT , ETC. 14.8 -- 100.0 --
12 F iC MECHANI~”1 0.3 100.0 -- --
12 E 21 CONTROLS 9.9 100.0 -- --
12 E 22 PLUMBING 7.8 100.0 -- --
12 F 26 ACTUATORS 62.8 100.0 -- --
12 E 28 FLUID 8.9 -- 100.0 --
12 F 41 LOCKING MECHANI~~ 41.2 100.0 - -  --
12 E 45 POSITION IND. MECH. 2.0 100.0 -- --
12 F REFRACt C(1~1’IROLS (148.7) 84.06 15.93 - -

I~ F BRAG OPER. CONTROLS (10.0) 100.0 -- - -

12 C ~ 4E~~ ’Y. EXT . CONTROLS (4.0) 85.0 15.0 - -

TOTAL NOSE GEAR 1420.5 - - - - - - - - -
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L~LE V - B-i NLG BASELINE HARDWARE RELIABILITY

- MJRJ( MEQIANICAL EQUIPMENT Q~IY. HARDWARE RATE

1~~IT CODE INSTALLATION CCM~ONENTS PER A/C (PER 10~ H~ JRS)

I3BAA SI-lOCK STRUT 1 256.4

I3BAB DRAG BRACE ASSY , UPPER 1 20.0

L3BAC I UPLOCK PSSY. I 278.b

1 3BAD DOORLO~K ASSY. ND. 1 278.6

I 1 3BAE DOOR SEQUENCE LINK ASSY . .1 51.1

I 3BAF BU*IPER -WHEEL STOP 2 8.8

L 3BAH JURY BRACE 1 10.0

13BAJ TENSION SPRING FORWARD DOORLOCK 1 8.9

I3BAK BUNGEE , AFT DOORLOCK 1 8.9

I3BAL TENSION SPRING , DOWNLOCK 2

13Bj~l TENSION SPRING , UPLOCK 2 1 7.8

I3BAN BIJNGEE , WHEEL STOP BUMPER 2 17.8

1 3BAP DRAG BRACE .-\SSY . LOWER 1 20.0

13BP~ TO1~ IJE ARM ASS?. 2 22.0

I 13BAR ACTUATION PSSY, U-I W/W DOOR 1 10.0
13BAS ACTUATION ASSY . ,RH W/W DOOR 1 10.0

I3BDA WHEEL ASSY ., (TNCL. FALSE AXLE) 2 361.0 J
Z ~~ 139 .7

39 
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TABLE VI

B-i NOSE LANDING GEAR HARDWARE REPLACEABILITY

REPLkCEABLE
- 

N~~~ CTATUPE CODE ~)RK UNIT CODE 
—

Shock Strut - Nose Landing Gear* LRIJ 13BAA
Cylinder , Shock Strut - NLG SRU 13BAA9A

Piston , Shock Strut - NLG SRI.J 13BAA9B

Drag Brace, Upper - NLG LRIJ 1 3BAB

Jury Brace - NLG LRU 13BAH
Drag Brace , Lower - NLG LRU 13BAP

Torque Arm Assembly-NLG LRU l3BM~
Wheel/Tire Assembly~NLG** LRIJ 13BDA
Wheel Asse~nb1y-NLG SRU 13DA9A

*~~e to the fact that the shock strut assembly must be removed
Iran the aircraft for repair, the complete assembly, consisting

of strut (cyl inder) and piston, must also be cons idered , as well
— - as the component parts, for the pwposes of this study.

• **op~y the nose landing gear wheel is to be considered as a
composite candidate, however, due to the fact that the wheel/
tire as6enbly is removed from the aircraft for repair, the
con~ 1ete assembly must be considered for the purposes of this

study.

I
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The f o l l o w i n g  assumptions have been made:

I .  The current B-i support concept was used.

III 
- A. Depo t repair of the listed items .

B. Spare LRU ’ s are stocked at the us ing w i n g  level.

2. The current operat iona l concept b r  the B- ) was used .
Two hundred and ten operationa l a ircraft ( 7 wings
wi th 30 aircraft each).

A. One combat crew training squadron wing w i t h

30 aircraf t fly in g 977 hours per month.
B . Si~ norma l w ings w i t h  30 a i r c r a f t  f 1~- i n g

525 hours per month.

3. The b a s e l i n e  costs were projected in 1976 d o l l a r s .

L4~ The time span of the support i s 10 years .

3 .2. 1 1 Cos t

The base line cos t data for the B-I nose landin g gea r hardware for
A /v No. 4 is , i n  p a r t , estimated since no p a r t s  have been fabricated . A l l

costs are given in 1976 dollars and for a pr du ction quant it y of 2 LeO aircraft.

A. Strut Assembly

The nose gear shock s t r u t , C o n si s t i ng  of the strut (~~- l ind e r ) the
p iston and the torque links , is subcontracted to Mena sco Manu-

tac turing Company . Nonrecurri ng costs have been negotiated , and
recurrin g cost— i have been estimated t~-ir p rudu ct ion q u a n t i t i e s

using the ship L+ t hrough  7 cos t s and projected using an 89’~; s l o p e’ .

1 . Nonrecurring Cos t ~ 2L45,320
2. Recurring Cos t S 78 632/shi pset

B. Downiock Links

Cos t estimates for the uppe r and lower downlock l i n k s  were based
on price quo tes from the m a t e r i a l  d i v i s i o n  and the machinin g cost
es timating department. The recurring cos t for materia l is pro-
jec ted on a 95~ (Wright) cos t reduction curve (CRC) and the
machining costs on a 78~ CRC .

Nonrecurring Cos t $ 56 ,587
2. Recurring Cos t S 450/shi p set

42
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C. Whee l

The whee l i s  subcontracted to Goodyear Aerospace Corporation
• and the cost has been negotiated. The p roduc tion cos t reduction

- slope is assumed to be a very shallow 98~ slope.

1 . Nonere curring Cos t S -0- (No design change)

- 2. Recurring Cos t S 9,408/shi p set

- : D. Drag Braces

- 
The cost estimate for the forward and aft drag braces are based
on a supplier quote. The p roduction quantity is projected on a
92~ CRC .

‘I I . Non recurring Cos t $62,660
2. R e c u r r in g Cos t $ 10 ,195/ship set

3 .2.12 Life Cyc le Costs

The B-I nose gear baseN ne life cycle costs have been estimated us ing
the data from the Re l i a b i l i t y ,  M aintainability and Cost sections . The total
L ife Cycle Cos t is $24,702,638 , for the mechan i ca l equipment components
l i s t ed , based on —240 aircraf t. Table V I I I  l ists life cycle costs by each
major component. 
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TABLE VIII
LIFE CYCLE (

~~T
- - (1976 Dollars)

- 
- 240 Shipset

-
, Nomenclature Implementation Acquisition Support

(Nonrecurring) (Recurring)

Nose Landing Gear

- 
1. Shock Strut Assy . 278 ,537

I 2. cylinder 56 ,194
3. Piston 65 ,077

1 3. Toraue Link 
_______ _________ 

35,620
245 ,320 18 ,872 ,000 435 ,428

Drag Braces

1. Upper 
- 

99,759

2 . Lower 
________ __________ 

59,939
- 

62,660 2,446,700 159,698

- Down Lock (Jury Brace)

2. Lower 
_______ _________

56,587 107,917 11,398

Wheel
OVheel Assembly) 19,131

1. (shipset) (wheel) 0 2,258,013 27,736
TOTAL 364,567 23,684,630 653,441

GRAND TOTAL $24 ,702,638, TOTAL LIFE CYCLE COST
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S E C T I O N  I V

D E S I G N  CONCEPTS

I - The five conceptua l design studies for Phase I presented in this section

1’ have been made to determine the potential of usin g compos i te m aterial for the
B-I nose landi ng gear. Studies have been made for three desi gn concep ts each
hav ing d i f f e ren t  cons t ra in t s .  The concepts are :

1 . Substitution — Constrained by form , fi t and function .
2. Modified - Constra i ned by f it and func ti on.
3. Redes i gned - Constrained by function onl y.

9 4.1 MATERIAL SELECT I ON

The baseline material system selected for this study effort is inter-
mediate strength graph i te/epoxy . The intermediate strength gra phite fiber
offers a good balance between fiber characteristics and fiber cost. The use
of a hi gh temperature , 275 to 350 F , s e r v i c e  epoxy i s  indicated fo r  the com-
posite matrix in order to meet the environmental requirements for the B-I.

The selec tion of composite landing gea r materia l s for this study program
was based on desi gn cons i derations and ma~ eria 1 property parameters . These
des i gn consi derations and propert y parameters are presented in table IX.

Fiber strength and modulus prov i de a measure of composite material
me c h a n i c a l p rope r ty po ten t i a l , and the ultimate tensile elongation indicates
the potential overload capacity. Matrix temperature limitations and resis-

- . tance to environmental degradation are resin selection criteria. Ultimate
elongation of the resin also has been considered for maximum compos i t e  per-
formance , and hi gh transverse lamina e longat ion generally result in:

Firs t—ply fail ure strains above the static des i gn l i m i t  load.
Reduced compos ite notch sensitivity.

M a t r i -~ p r o c e s s a b i l i t y  w il l  influence composite properties , transverse
s t r a in  capac i t y ,  and laminate reproducibi  ii ty. Prepreg resins exhi b i t i n g
good tack drape and shel f  life c h a r a c t e r i s t i c s  that can be mo l ded into low
vo hi cnmpnsi rec w i l l  imprnve composite mechan i ca l properties and fabrication
economics .

- - The se lec t ion  of landing gear component compos i te materials includes con-
- - s ideration of the various reinforcements. In addition to the various candidate

types of graphite fiber , nongra ph i tic fibers such as Kevlar 49, S-g lass, a n d

t
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TABLE IX . CCMPOSITE LANDING

GEAR MATERIAL SELECTION P1~)PER’IY
- 

- CONSIDERATIONS

- Static loading - Fiber

Load direction Strength

Stiffness requirement Modulus

Factor of safety Tensi~ strain
Viscoelastic considerations Matrix compatibility

- Failure criteria - Resin
Strain Temperature l imitations

Strength Transverse tensile strain

Processability
- Dynamic Load ing Environmental compatibility

Fat igue life - Composite
Impact
Fracture Toughness Laminate orientation

- Environment Configuration mechanical
properties

Te~~erature Coefficient of expansion
Cci~ atibility Initial failure strain

Corrosion Coefficient of friction

Moisture

46
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1 -
boron has been considered for this program. Orthotrop ic laminate mechanica l
properties for typica l 60-percent f iber volume compos i te ma t e r i a l s  are pre-

sented in table X . The compos i te properties presented ind i cate an average
unidirection (00) tensile strength of 230 (+30) KSI for all the reinforce-
ments with the exception of HM graph i te fiber. The reinforcements , other
than graphite , are hi gh strength struc turally efficient materials exhibiting
completely differen t elastic constants , physica l cha racter istics , and ther ma l
proper ties .

The coefficien t of therma l expansion of various composite materials and
i s o t r o p i c  m a t e r i a l s  are presented  i n  table X I. The unidirectiona l laminate
coefficien ts prov i de an indication of range of values obtainable by tailoring
the laminate to a des i red va l ue . The use of high therma l coefficient
materials , such as a l u m i n um , w i l l  be avoided to minimize therm ally induced
internal stresses. Titanium and low the rma l expansion steels w i l l  be favored
for ma ting to “tailored” composites with minima l therma l mismatch .

Ma terial properties for various candidate materials are given in tab l es
X and X I I . Typ ica l properties for continuous fiber reinforced laminates in
an epoxy matrix are shown in table X. Table X I I  gives typ ical properties for
chopped fiber reinforced compressed molded thermoset materials.

The th i rd edition of the Advanced Composite Des i gn Gu ide  has served as
the basis for unidirectional oriented p l y compos i te mechanical properties .
The orien tations selected during this study consider such factors as p re-

- - d i c ted laminate s t r a i n  to i n i t i a l  failure , c o e f f i c i e n t  of therma l ex pa ns i o n ,
en vironmental knock-down factors , and e tc.

The environ mental requirements for the nose whee l landing gear are shown
i n  Sec ti on I I I . The therma l exposure  t e m p e r a t u r e  of 265 ° F for the gear

- - require that , as a m i n i m u m , a 350° F curing compos i te ma t r i x  resin be ut i 1 i zed.
Other eflvironment al conditions are not critical to the select ion of a base-
line composite material system . The mos t s i gnifican t environmental effect
to be considered is the comb i ned effect of moisture on the mechan i ca l p ro-
perties . The “wet” des i gn allowables established for graph i te/epoxy in
various advanced composite application programs are to be ut iliz ed for this
s tud y .

4.2 CONCEPT 1 - SUBST I TUTION

The des i gn concep ts i n  th i s  s tud y are limi ted to compos i te mater ial sub-
s t i t u t i o n  for the e x i s t i n g  metal  hardwa re on a component by component basis.
The composite hardware mus t have identica l key dimensions to satisf y the form ,
fit and function of the metal baseline components .
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TABLE X
TYPICAL COMPOSI TE PI~JPER1’1ES

UNIDIRECTIONAL - 60-PERCENT FIBER \‘OL~ 1E

Material

AS! I-[t’~S/ Kevlar/ S-Glass/ Boron!
- 

- Property Epoxy Epoxy Epoxy Epoxy Epoxy

Elastic ccnstants (psi x 106)

00 tensile modulus 19.8 28.0 12.5 8.8 30.0
0~ compression modulus 16.0 24.8 10.5 7.4 30.0

4 9O~ tensile modulus 1.4 1.4 0.8 1.9 2.
¶ 90° compression modulus 1.4 1.4 0.8 1.9 2.7
4 Poisson ’s ratio 0.30 0.30 0.325 0.30 0.21

In-plane shear modulus 0.65 0.65 0.4 0.55 0.70

Thennal expansion coefficients
(in./in./°F x l0 °)

- 
-
~ 00 coefficient -0.2 -0.3 -2. 2 6.0 2.3

90° coefficient 15.0 13.0 32.0 20.0 10.6

Ultimate strains (~
)

00 tensile 1.15 0.5 1.8 2.8 0.65
00 compression 1.40 0.6 0.3 1. 7 —

90° tensile 0.63 0.4 0.57 0.33 0.40
90° compression 1.90 1.0 3.1 4.4 —

I 
Ultimate str~nghts (psi x 1O~)

0° tensile 220.0 145.0 210.0 250.0 200.0
00 compression 220.0 l-~S.0 38.0 115.0 350.0
900 tensile 8.4 6.0 2.8 5.1 10.4
90~ compression 30.0 2S.O 20.0 25.0 40.0
In-plane shear 18.6 8.0 6.0 6.0 15.3

I~nsitv ~1b,’in.
3) 0.056 0.057 0.OSO i~.02 O.0~~

_ _ _ _ _ _ _  _ _  _ _-  _ _  _ _
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TABLE XI

COEFFICIENT OF ThE RMAL EX1W~SION
(a IN. io 6 IN . / IN. / ° F)

Unidirectional Laminate 
—

LI Isot ropic
Material Para llel Perpendicular Material

S.glass* 3.5 U —

Keviar 49* -2.0 30 —

4
LHS* -0.1 14 —

-~~~~~ -0.5
UM’~ -0.5 15 —

-0.8 17

Boron* 2.3 8 —

— — 12 - 14

Steel — — 6 - 1 0

Titan ium — — 4 7

Epoxy resin — — 30 - 50

60-pcrcent fiber volume epoxy composite

L TABLE XII

TYPICAL PROPERTIES FOR ~~~~‘RESSION4OLI~~D O40PP!D-FIB~ R/EPOXY CO’~’OSITES

‘l~,teri a1

~ chanica1 Pro,ert~ ftS/E~oxy FC~.tc/Fpoxy Roron/Epow GIas~ijE pc. cv

Tensile strength (psi x l0~) 30 .0 30.0 35 .0 
- 27.0

Ten sLle modulus (ps i x lO~’) 6. 7 8.0 10.0 3.0

CorVressive stren gth (ps i x l0~) 40.0 15 .0 ~0. 0 38.0

Be~ir ing strength (ps i x l0~) S0.0 — 65.0 —
0~nsity (lb/in. 3) 0.05? 0.059 0.076 0.ObS

- 
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The B-I nose landing gear hardware has been s tud ied  to determ i ne whether
i n d i v i d ual parts could be made from composite material and s t i l l  satisf y the
above cons t r a i n t s .  In severa l cases , investi ga tion showed that sections of
some parts should remain metal to accommodate the high loads w i t h i n  the “f orm”
constrai nt , but it was felt that these parts could s t i l l  be via b l e candidates
us ing spliced metal/compos i te construction .

Components chosen for study inc luded ~ drag b races , forward and aft ;
down locks , fo rwa rd  and aft; the torque link ; s t ru t  t runnion  arms ; and the
wheels. See f i g u r e  23.

4.2 .1 . Forward Drag Brace

The drag braces attach to the forward side of t~ e strut and stabilize i t
in a fore and aft direct i on . The drag b race f o l d s  fo r  s t o w ag e  abou t a cen t e r

pivot. The forward section is dua l and connects the center p ivot to both
whee l well side walls , see f igure 23. The l oads in the forward drag brace
are axial and the tension load is 134 ,500 pounds ultimate and the compression
load is 136 ,400 pounds ul timate.

The basel ine B-I part , f i gures 9 and 10 , i s  a forging made from HP 9-4-30
steel which is heat treated to 220,000 to 240,000 psi. The p a r t  i s  cylindri-
cal with lug ends wh i ch connect the part to the upper structure supports and
to the aft drag brace .

The desi gn concept shown in figure 24 is an example of the spliced rnetal /
compos i te construction previous l y referred to. Two end fitt i n g s  are  made of

220 ,000 to 240 ,000 psi heat treated steel. The lugs on these  f i t t i n g s  are
identica l to the baseline so that they can react the hi gh loads and mate w i t h
the adjoining parts without changes . These end f i t t i n g s  a r e  multi-step lap
spliced to the cylindrica l compos i te section . This 3 7 .3  inch long compos i te
tube is laminated graphite epoxy (Gr/Ep) using more than 80~ 0° (long itudinal)
plies and less than 20~ + 15 ° (sp ira l wound) p l i e s . This composite tube is
co-cured to the end fittings us i ng a 5-inch long multi -step l a p sp l i ce.

4.2.2 Af t Drag Brace

The aft drag brace is a single structural component wh i ch connects the
apex of the dual forward drag braces to the strut , see f i gure 23. The loads
i n  the aft drag braces are axial and the tension load is 250,500 pounds
ul timate and the comp ression load k 254,000 pounds ul timate.

The baseline B-I af t drag brace , fi gures 7 and 8, i s  an “I” section
f org ing made from MIL-S-8844 C l a s s  3 300M s teel wh i ch i s  hea t t rea ted to
280,000 to 300,000 psi. The “I” section term i nates i n  end l u g s  w h i ch are

50 
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drilled for bearings. The forwa rd end is pinned to the apex of the forward
drag braces and the .3ft end is fastened to the strut.

The composite aft drag brace shown in fi gure 25 also uses the spliced
metal/composite construction since stee l end fittings are required to accom-
modate the hi gh loads ~fl thin the form constraint. The bear ing end of these
fittings is identical to the baseline part , but each fitting is onl y 10.2 5
inches long and term i nates in a double multi-step lap joint for both caps
and webs of the compos i te “I” section .

The graph i te epoxy laminated “I” section is made up of back-to-back
channel shaped laminates , using 50* + 145° plies and 50* 0° (long itudinal)
plies , with reinforced caps using more than 90* 0

0 plies and less than 10*
+ 15 ° plies . This “I ” section is 27.6 i nches long and overlaps each end
fitting 6.4 inches . The compos i te web is multi-step lap spliced to both
sides of the web portion of the end fittings and the compos i te caps are
multi-step lap spliced to both sides of both top and bottom cap sections of
the end fittings to provide enough bond area to transfer the hi gh axial loads .
The entire assembly is then co—cured.

• 4 .2 . 3  Forward Down Lock

The down lock struts , forward and aft , serve as a jury strut which holds
the drag braces in the “on center ” position when the gear is in the dow n
position. The down lock struts connect the center joint of the drag braces to
the fuselage structure , and are des i gned with an “over center ” locking feature
to assure that the drag braces wi l l  be supported . The loads in the down lock
struts are axial and bending (a + 11 ,000 pound des i gn axial load with a
transverse load app lied to the aft end of the forward link acting upward of
559 pounds limit). The axial stiffness requirement for the lock links and
backup structure “K” must he greater than 25,000 pound/inches .

The baseline B-I forward down l ock , fi gure 11 , is a 7075 alumi num alloy
forg ing. The forward portion of the part is an “I” section joined to a
channel shaped aft section to straddle the aft down lock strut in the “over
cen ter” l ock area .

The des i gn concept shown in figu re 26 is a graph i te epoxy laminated
i nverted “U” shaped part using “race track” windings cver laminated side
walls and uppe r webs . The “race tracks” wi l l  be more than 90% 0° p lies
and the laminated webs wi l l  be 50% 0° plies and 50* + 45° p lies. This
entire assemb l y w i l l  be co-cured .

55
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4.2.4 Af t Down Lock

The ~~~t down lock connects the over center locking end of the forward
down lock t~ t he fuselage structure. The loads are as given in the Forward
Do wr OC K section .

Tr’e Da se lin e B-i aft down lock , fi gure II , is an “I ’’ sec tion 7075 alum i-
‘~~~ -‘ alloy di e fo rg ing. The forward section in the over-center lock area is
a solid section and the aft end has a sing le lug for structural attachm ent ,
and dua l lugs for attachment of the actuatin g cy l i nder.

The compos i te aft down lock uses the spliced metal/composite construction
.~n ich .-eas emp loyed on the drag braces . The aft end is aluminum and is
i dentica l to the end of the baseline aft down lock. This s necessary in
order to react the hi gh loads in the thin lug sections required to meet the

~orrn constraint and to assure interch angeability w ith the baseline components.

Fi gure 27 shows the compos i te desi gn concept for the aft dow n lock. The
al umi n um actuator end is multi - step lap spliced to the grap hite epoxy
laminated ‘‘I” section. The ‘‘ I ’’ section cols ist s of back—to—back channe l
shaped laminates using 50~ + 45° plies and 50* 0° (long itudinal) p l ies -.~ith
“race track” wound caps ~sinq iore than 90% 0° plies and less than I0’~ ÷ 15°
p li es. The composite section is 23.25 inches long with 2.75 inch splice
overlaps. The Composite web s multi-step spliced to both sides of the
aluminum lug, and the composite caps are multi—step spliced to the inside
surface of the aluminum caps fror” the lug. The caps are continued around
(race track) the forwa rd end of ~he lock link. The ends are reinforced us i ng
laminated f~ llets of 50~ + 45~ and 50% 0° pl i es . The forward f i l l e t  -~1 i 1 1  be

9 inches long to reinforce the over-center lock area. The entire assembly
w i l l  be co-cured .

4.2.5 Torque Links

There are two torque links ••ih i ch are l ocated ‘~~~ t he aft side of the
lower str ut , see figure 23. They prov i de hen ge~ links bet~icen the fixed
outer strut and the rotating and t ranslating inr.er p iston/a s ~/~ heel assemb l y.
This allows steering and up and down motion of the nose .-.heel . inc l~~~ks are
loaded by steering torque and the apex l oad on each link :~ + 24,500 poL.ndS
(des i gn) .

Menasco Man u fac tu r i ng Comp an y ~ i Il  b u ild the base I Inc torque l inks.
They w i l l  be aluminum forg i ngs , triangular shaped , fas tened together at the
apex and mounted to the strut arJ the p iston at the base , see ‘i gu re 13 .
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The desi gn concep t s hown in fi gure 28 is a grap hite epoxy laminated part
using “race track” wound lami nations . The Outer race track laminate w i l l  be
more than 80% 0° (base to apex) plies with less than 20% ÷ 145° plies. The
inner race track laminate w i l l  be 60% 0° p lies and 40% + 45° plies. The
laminated inner block w i l l  be 50* 0° plies and 50% + 45° p lies . The assembly

w i l l  be co-cu red .

4.2.6 Strut and Trunnion Arms

The strut is the structural component whi cri fastens to the trunnion
fittings on the fuselage structure , it contains the shock absorbing system
and supports the piston/axle/whee l assemb l y. It provides for attachment of
major components such as the actuating cylinders , the drag braces , the up
lock , the steering system , the torque links and the piston/axle/whee l assembly.
The loads are given in fi gure 19 and 20.

Menasco wi l l  build the baseline strut using a machined aluminum alloy
forg ing. This one p i ece part w i l l  include the cylindrical stru t , the trunnion

• ar ms and the ac tua t ion  cy l i nder  a tt ach men t horns , see f i gu res 15 and 16.

Two des i gn studies were made of the strut and trunnion arms . Both studies
use an al uminum strut sect ion to assure -that the attachment for major com-
ponen ts , l isted in the first paragraph above , w i l l  meet the form constra int
and fit the metallic mating parts.

Study A , figure 29, features a graphite epoxy composite one p iece sect ion
which incorporates both actuator horns , trunn ion arms and a center cy lindrica l
tube wh i ch is mechanicall y fastened to the aluminum cen ter strut. Both the
actuator horns and the trunnion arms use race track wound cap sections using
at least 90% 0° and less than 10% + 145° plies . The webs w i l l  be 50* + 45°,
25% 0° and 25* 90° plies . The caps wi l l  be multi-step lap sp liced to the
horn and trur inion race track wound plies , and to the laminations forming the
tube around the strut. Additiona l 0° race track plies w i l l  be wound around
the top and bottom of the tubular section to tie the trunnion arms to the
strut. The entire compos i te subassemb l y w i l l  be co-cured .

Study B , figure 30, shows an aluminum strut , si m i la - to the baseline
except for two additional sets of lugs wh i ch p ick up t~ composite trunnion
a rms . The apex of the trunnion arms are fastened to the actuator horn/
trunn i on arm end fitting . The strut is then assembled Us ing mechanical
fasteners . The composite trunnion arms are a triangular box section with
beams to the apex and upper and lower webs connected by channel sections at
the base leg and across the center.
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The two beams are “I’ sections wi th caps which consist of a “race track”
wound around a solid laminated cer’ter section , and channe l section webs .
The cap “race track” and center Section laminate w i l l  be at least 90% 0°
plies with less than 10* + 15° plies . The channe l section beam webs and the
top and bottom box webs w i l l  be 50* + 45°, 25~ 0° and 25% 90° p lies . The
beam end corners of the box section are compos i te spools with flanges to
pick up the .‘~ebs . They w i  Il be “race track” wound around the fastener hole
using 50~ + 145°, 25~ 0° and 25% 90° plies .

“Race track” beam caps together w i th corner spools , the top and bottom
box webs , the long beam channe l web and the center stiffener channel web w i l l
be co-cured . In a secondary operation , the channe l webs on the base and short
side w i l l  ~e bonded to close out the trunn ion arm box assembly.

4.2.7 Wheels

The B-l baseline nose landing gear has dua l wheels , see f i gure 23 . Each
whee l Cons is t s  of an inboard and an outboa rd whee l hd l f  w h i c h  are bo l ted
together. These half wheels are dish shaped alum i num alloy corg ings , see

• f i gure 17. Goodyear Ae rospace w i l l  build the wheels. The ‘oads on the
wheels are g i v e n  i n  f i gure 22.

The composite whee l , show n in figure 31 , is — ‘ade up of two laminated
graphite epoxy wheel halves which are bolted together to form a complete
wheel. The whee l halves w i l l  be laid up with plies , as shown in fi gure 31
Both 0° (radial), and + 45° plies w i l l  be continuous f rom hub to rim , and
9O~ (hoop) pl ies w i l l  be continuous around both hub and rim areas . Mach i ned
r ing shaped i nse r t s  are used in both hub and r im ‘‘Tee ’’ areas , as shown in
f i gure 3 1. The inser ts  w i l l  be precured before mach in ing  to s i z e  and
used in the wheel layup. This assemb l y w i l l  then be co—cured .

4.3 CONCEPT 2 - M O D I F I E D  

I 

-

This study was made to determine what additional usage of composites
could be gained by removing the “form” constraint which limited Concep t 1
d-as i gns. The. Concept 2 des i gns are constrained by the existing attachment ,
stowage and funct i onal requirements (“fit and func ti on’’) of the baseline
B- l metallic nose gear. The existing location of the strut trunnions , the
drag brace structure mounts , the gear retract cylinder mounts and the up
lock hook mounts were retained . The size of the baseline nose gear whee l
well and stowage clearances were also retained .

Stud y showed that the whee l well width constraint required that the
piston and the lower strut (cy linder) remain metallic to avoid a larger
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diameter compos i te cy linder which would force the nose wheels apart and
create interference with the nose gear well side w alls. Two studies have
been made of drag braces , down lock link s , torque arms , strut and wheels
to improve the usage of composites by altering the “form” of the parts.

14.3 .1 Concept 2 - Stud y A

This nose gear concept works as described in the “baseline section ,
except tha t the kinematics of the drag braces and the lock links have been
revised , see figure 32. The drag brace l ower attachment was moved down
the strut to the l ocation of the “up lock” pin. This kept all the hi ghl y
loaded lugs on the l owe r , metallic section of the strut. The upper mount
for the dow n lock l i n k s  was moved to allow a change in confi gu ra t i on  of the
upper strut.

The drag braces are all composite in this concept since the configura-
tion of the ends have been revised . The drag brace mounting pins and fittings
have been enlarged to accept the required larger size of the composite dray
brace end configurations. Both forward and aft drag braces now feature a
dual “race track” confi guration i n  w h i c h  the race track caps are positioned

) on each corner of a rectangular box section. This allows the size of the
box section , and therefore the cap locations , to vary according to the
section property needs of the part. At the midpoint of the long axially
loaded member , the box section is square so that the cap locations produce
equal section properties in both the X -X and V-V directions. The box section

- — sid ewa ll s are stiffened by beading the inner p l y of the laminated web and
b o n d i n g  it to the flat webs.

• - The confi guration of the down~ l ock links have been revised to improve
the joint des i gn and the usage of comrosites . The forward (lower) down
lock is a one piece l i nk which fastens to the drag brace apex pin between
the lugs of the aft drag brace. This avoids the necessity of a separate
down lock lug on the drag brace , wh i ch is difficult to fabricate using
compos i tes . The upper end of the forward down lock is extended beyond the
pivot p in to act as an over—center latch .

The aft (upper) down l ock is a dua l link confi guration which provides
for both the forward down lock link and the actuator/bungee to mount between
the links . A pin between the links acts with the extended forward link to
provide the over—center latch feature. Both the sing le forward and the dua l
aft links w i l l  use the “race track” design concept.

Torque link mounting lugs on both the strut (cylinder) and p iston have
been revised to allow a change in torque link des i gn. A center shear lug
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has been added to the base of the torque link to relieve the load on the two
outside lugs . The l ink w i l l  be “race track” wound over a so l id  laminated
core .

The strut has retained the hydraulic-pneumatic load absorption features
of the basel ine s t rut .  This concept uses the base l ine p iston . The cy l inder
and lower strut  Sect ion is me ta l l i c , but uses t i tan ium for better compati-
bility with compos i tes . The ins i de titanium cylinder is bonded to the out-
side compos i te strut wh i ch is shaped like a flattened cone. This shape offers
a good load path to the trunn ion and is stiffened with horizontal bulkheads
and vertical webs . The gear retract cylinder bell cranks are aluminum and
are mounted on the trunnion p ins and attached to the stru t body by shear p ins.

The wheel for Concept 2 is shown in fi gure 31. The confi guration has
S been changed to spread out the bearings and to prov i de a direct load path

from the tire beads down to the support points on the axle. The metallic
• axle sleeve ,wh i ch is assembled with the whee l and bearings , has been retained
4 since it improves maintainability by allowing wheel rep lacement on the “line ”

without handling the bearings.

4.3.2 Concept 2 - Study B

Ki nematics of the B version of Concept 2 is approx i matel y the same as
the A version described in the previous section. The major change is in the
configuration of the strut. This study uses axial l y l oaded side braces to
react the vertica l loads and stabilize the Strut for side loads. The drag
brace reacts forward and aft loads the same as on Study A.

S The strut consists of a titanium cy linder which has all the hi ghl y
loaded lugs near the lower end. These include provisions for the drag brace ,
the side braces , the up lock p i n  a n d the steering mechan ism. The location
of the side braces at this position produces a large r side moment restra int
arm , thus l owering the axial loads in the side braces . The center stru t
cy linder is keyed and bonded to the upper composite tube wh i ch w i l l  react the
steering torque at the uppe r trur inion cross shaft. The nose gear retract
cy linder bell cranks are alum i num and are bolted to compos i te sleeves
attached to the trunnion shaft. (See figure 33 .)

The configuration of the axiall y loaded struts , including the side struts ,
are “racetrack” caps on box sections , similar to the struts described in study
A , except that the ends are provided with ali gning features wh i ch reduce
secondary bending moments from the truss.

Torque link l ugs have been increased in span to provide a full width
shea r key effect. The axle hub on the p iston has been increased in
diameter to allow the use of a compos i te axle as show n in figure 33.
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14 . 3 . 3  D isp lay  Mode l

A one—f i f t h  sca le  working model of Concept 2-A w i l l  be bu i l t  during the
Phase II effort. This model w i l l  be mounted in a display case and wi l l  be
manually extended and retracted , see fi gu re 3 14. A s h i p p ing case w i l l  be
furnished to protect the model and display case during transportation .

The model w i l l  be built to scale (1/5) and wi l l  be constructed from
fiberg l a s s, aluminum and wood . It w i l l  be sturdy enough to withstand
transportation , handling and repeated operation of the extend-retract cycle.
The model wi l l  operate the same as the actual landing gear except that it
w i l l  be actuated by remov i ng a latch pin and manuall y lowering the gear to
the extended position. The drag links w i l l  unfold and the down lock links
w i l l  “over-cen ter” la tch to hold the drag links in position . The retract
procedure w i l l  consist of manuall y moving the down lock links off the

H over-center posi t ion and ra i s i ng  the gear to the retracted position and
I i engaging the latch .

The d i sp lay  case w i l l  be constructed of aluminum , plex ig lass and wood .
It is des igned so that the operation of the gear can be viewed from any

• direction. The case wi l l  be supported on fou r removable legs so that the
gear can be lowered out the bottom of the case withou t interference . The

- 

a 

legs w i l l  be removable so that the d i sp lay  case and stowed legs can be con-
ta m ed in a minimum s ized shipping case. Th i s  case w i l l  be constructed from
pl ywood . The case w i l l  be approx i matel y 30 inches long, 14 inches hi gh and
1 3 inches w ide .  The model , display case and shipp ing case wil l  we i gh
approx i matel y 27 pounds.

4.14 CONCEPT 3 - REDESIGN

- S 
Studies for Concep t 3 were conducted to determine nose land i ng gear con-

fi gurations wh i ch could foster the max i mum practical use of compos i te material
a for landing gear hardware . With both the “form” and the “fi t” constraints

removed , the nose gear concepts were evaluated u s i n g  onl y th e ’~ unc t ion ” con—
s t ra in t .

The most innovat ive nos e landing gear system studied was the con~ os i te
“ leaf spr ing ” des ign shown in f i gure 35. This system uses a ser ies  of f l a t
compos ite plates bonded to res i l i en t  mater ia l  between them. The “ leaf spring ”
w i l l  deflect and load up to absorb the kinetic energy, bu t it w i l l  also
“kick-back” this energy so the resilient material between the leaves is
necessary to reduce the high energy return . The prob l em is that the ef f i c iency
of a system l ike th is is much lower than a hydraulic strut , thus causing the
vert i ca l axle displacement to be increased for the s ame energy absorpt ion
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requirements.  S ide loads on the whee l ..~ou 1d c rea te  an undes i rab le  torque
load i n the “leaf spr rtg” strut. S t a b i l z i n g  hardware -1.~ould be required to
hold the castorin ’ a x s  ~ o a near verti cal posit ion at a l l  axle displace n ent s .
Preliminary studi es suggest that this type of mechanism is not weight effec-
tive , therefo re , it was not cons i dered for further stud y.

Studie s in Concept ‘I showed that the wheel we l l w idth was probably the
most critica l “ fi t ’ ’  constra int , and wit h that rer~~ved , add itional par t s ca n
be made using composites . With the nose gear wheel s allowed to spread , the
l o w e r  c y l i nder  a n d the p iston can now be composite. Two studies have been
made for this concept. Study A uses a confi guration very si~~i lar to the
baseline anJ Study B uses a different , but conventional , ‘‘ t r a i l  ing arm ’
concept.

4.4.1 Concept 3 - Stud y A

-‘ Ki nematics of this nose gear varies from the baseline onl y sl i ghtl y in
that the gear retract cylinder is relocated and pu l l s  the gear up rather than
pushing on the strut bell crank to retract it , see fi gure 36. The trunnion
l ocations for both the strut and the upper drag braces have been retained .
The whee l well volume has been increased due to the necessity of moving the

- 
l side walls apart to accommodate the wider whee l spaci n g. The less than 2-

inc h widening of the wheel well does not require relocation of any major
equi pment.

The pi s ton has been desi gned using composite material , and the diameter
enlarged over the baseline to accommodate the hi gh loads using composite
all owables . This fo rced the wheels apart and required mov i ng the side wall s
of the whee l w ell. The piston is a graphite/epoxy layup using + 45° and
90 ° or iented fibers. Bonded to the lower end of the cy lindrica l piston is a
laminated com posite f i t t i n g  wh ich  provides for ax le  and torque l i n k  attach—
ments. The p iston moves up and down on chrome plated stee l bearings wh i ch
are fastened to the composite cy l inder. The wear  charac teristics of th is
combination of materials has proven satisfactory (see reference 8) for the
expected l i fe cycles  requ i red for  th i s  app l ication .

The inside cylinder of the strut i s a graph i te epoxy filament wound tube
with a hemispherica l top . This is the pressurized component of the strut.
The internal hydraulic-puenematic load absorption system is similar to the
baseline except for the larger diame ter of the cylinder . The chrome p lated
stee l bearings are bonded and pinned to the composite cy linder. The lower
bearing ring is threaded to provide for an end ring wh i ch ret~ ins the
metallic gear assembly of the steering unit. This steer ing system is similar
to the baseline , but the diameter is larger to accommodate the composite

• cylinder.
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The upper s t rut  sect ion is a f lattened cone shape and is s i m i l a r  to
Concept 2 except that the gea r retract bel l  cranks have been e l im ina ted and
the ac tua tor mounts  d i r e c t l y to the stru t bod y. Both the ac tua tor and the

S main strut mounts are compos i te bushings , bonded to the strut. Through
shaf ts  connect the bushings to assure that no moment loads are imposed on the
bushings. The drag strut and steering system lugs are laminated compos i te
and are bonded to the strut. The clamp type drag brace lugs are bol ted to
assure that the bond to the strut is not subjected to pee l loads.

The drag braces are “race track” wound caps with laminated webs simil ar
to the Concept 2 braces except that the p ins and end fittings are des i gned
so that the axis of rotation is always norma l to the drag brace webs so that
the loads are always axial.

Torque links are similar in construction to the Concept 2 des ign except
that the mounting lugs have been widened so that the base can be solid and
act as a shear lug without the need to machine the base.

The wheel concept shown is similar to Concept 2 except that a machined
fiber cylinder is used as a base filler in the rim section and composite
spacer bushings are provided for the tens i on bolts joining the whee l halves .

4.4.2 Concep t 3 - Stud y B

The nose gear arrangement for this stud y is a departure from the base-
line but still  a conventiona l gear. It is a trailing arm concept with a
vertical pivot for full circle steering capability, see fi gure 37 . The
steering unit can be similar to the baseline. The strut trunnion l ocation
has been retained , but the drag brace upper trunnions have been moved . The
vo l ume of the whee l well has been changed to accommodate this concept. The
upper surface was raised and the side walls moved apart to provide clearance
for the wheels. This change would require mov i ng equ i pment as well as
St ructure .

The drag braces and down locks are s i m i l a r  to that show n on Concept 3,
Stud y A. The upper strut area is also similar except that the strut mount-
ing and gear retract cy linder attach bushings are bonded to the outside
wal l of the strut and to an interna l vertica l web instead of having a throug h
shaft as on Concept 3, Study A. The strut cy linder is not the shock absorb-
ing system in this concept , but it does have provisions for the rotating
stem of the vertica l p i vot. A composite sleeve is bonded to the inside of
the strut and acts as the rubbing surface for the chrome plated stee l stem .
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- The stee l stem is integra l w i t h  the gear for the steer ing system . The
- upper port ion of the stem has two bearing areas which are chrome p lated and

r
1 bear against  the composite s leeve.  The lower end prov ides for the shock

I - absorb i ng cy linder attach lugs and the pins for the trailing arm member.

- 
The trailing arm member is a “U” shaped part with “race track” wound

side wall beams and a bonded laminated bottom web . The beams are des i gned
- to react the axial loads and the bottom web , the shear load due to steering

torque.

S The s t ructura l  concept for a x i a l l y  loaded s t ru ts  i s  des i gned to use
- 

I multiple narrow “race track” caps which are bonded to the webs by wrapp i ng
the webs around the caps. This  provides a bet ter  t i e  between them by

• increas i ng the bond area and force them to work together and reduce the
potential for cracking at the interface.

A one—fifth scale model of Concept 3-A wi l l  be built during the Phase
-~~ II effort. The model and display case wil l  be similar to that described for

the Concept 2 model , see fi gure 34.
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SECT ION V

METI4ODOLO GY

Th i .. section desc ribes the retho do )OQ \ . s h i c h  .~ i H ~e u sed t o  ~~I~~~~iJ C  the
data 1e1essar~ to assess and i l l u s t r a t e  the pas,o t~~.. ror-, the use o~ C - -~~~— i te
-r a teria l ror land ng gear hardware. These d a t a  w i l l  ~e used to generate p lc~ ..
Sh~~~i r I~~~O o t e n t i a I  i n i t i a l  cos t a4 av inqs , l i t e - c ’~c le st savings , and t o tal
.-.ei ght re d u c t i on  L e rs u s  pe r - c e n t  by w e i gh t  cIt c o m p o s i t e  ~a t e r i a l  in the landing

~ea r .

~.I DESIGN

The desi gn conc epts selected in Phase I for t u t t h e r  s tud s  ~ i 1 1  be
anakzed see how i r~provemen ts can be ‘ade t o  o p t l r z e  t h e  JSC ~ t
to produce a more ef f i c i e n t  de ..ign. Inputs t ron t~~e rate r i~~l~~, s t r u c t ure . .,
p r o d u c i b i l i t - . anc re l i a b i  l i t y  sect  ions w i l l  be u t ~d t O  “Cli l \ tt~~ ~~~~~~ ~C~fl

cept. A o re l im inar \- desi gn d r aw i ng  w i l l  then be  made . It 5’~i 1 1  ..h5-w C’ - i t  C d i

dimens ions , m aterial i d e n t i t i C a t i o n , layup or i entation , gages. and Np,’ 0~
c o n s t r u c t i o n .

The dr awing ...i 1 1  then be ro u ted  to t t ~e-~e ..are -~e c t  i ons or C? ~‘ C I S I r S i  t o
‘ce ~~~~~~~~ t u r t i e r ‘pr~~~ements can ~e •~iade t~ t i t’ ~‘a r t .  A t t e r  i n c o I - C o r it i ’ ~~
t~~e c n a n g e s , i~ any , the  p re t H i n a iv  des -a n d raw ~~n~ • i i l  ~e -‘e n t  t o  the r e l i -

a~~i l i t y ,  l o q ist cs , c o st  and w~~i~~ht ~roup~ ~or a n a l \ s l... S e t’ ~~~i~~~~U I c I  ~~~

MAT E R I A L S

~ ur i ~~~~ ~has1 ’ I I the de~ - ~n.. .-. i Ii be C\ ~li~d Co a s s u  -~~ h~~ t he e~ I
ber  s y s t e m  s o p t  Inuln and t b ~~t t a b r i c a t on 

~‘-  ~-c -e.. Clan neL l  • ‘ -  t~
-
~ ,-

- 
- p a r t  w i 11 ~ IOU CC a v able co- ”po’, t E’ ~a t . or e c e~ -~ 1 :‘e ‘~~ 1 d w i t  h

des ~n and t a b r i c a t  ion L’ e rc on c e l t o  det~~- -H n e  - o-’ ~~~~~~~~~ C- I n :‘e “ 5~ ot •

to improve n o d u c H l i t ’~ and -1het her feasib le an u tactu r i- ’ q tec ’n t q ues ~~~
deve loped to  produce nore ef~ i c i e n t  s t r u c t u r a l p ar t . . .

5 .3 ST R UC TUR A L A N A L Y S I S

Dur ing  ~~e Phase II ef fort a structur al ana 1\s .. of th~ pre l i  ~~~~~ I \

des i gns w i l l  be - “ade to  assure tha t s i z i n g  ot the part s s rea l i .. ti and t hat
.sei ghts  can be ca l culated w i t h  the regu i red degree of accur ac’.- . The ~ea~ C om-

ponents can be cons i dered gen erally as elements sub iec ted - a s i c a l l y  t. o
axial tension compression and ,-or beam ben ding l oads.

The material strength a 1 lowab Ic and e last c ~ rope rt  Cs 5. I I he generated
using the AC-50/AC-50A pr ograms de scribed on page ‘~~

‘. Tbe l oca l strengt h

92

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • ______



- 
—5--~~- 

- - ~~~~~~~~aa-5- ~~~~~~~~~~~~~~~~~ -
.
- 

~~~~~~~~~~ 
-5- —.5-- 

~~ 
- 

- --~r-~ - - - 5T’~~~~ 
-

r~B1Ik”~ _

_ _ _  

~~~~~~~

~~
TL

r _ _  

_ _

_ _

95

~~ =-5 -— ~~~~~~- - -~~~~~~~ -~~~~~~ ---~~~~ 
.

-~~~~~ -~~ -=-
- - f l-- - —



__________ 
--5- 

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

- ~~~~~~

margins of safety of the composite w i l l  be checked using the AC -3R program

- - 
descr ibed on page 77.

5 .3 . 1 Forward ari d Aft Drag Braces

The forward and aft drag braces are b a s i c a l h  p in supported colums sub-
ject to concentrated un iax ia l  tension con~~ress ion loads . Th is  p a r t i c u l a r
geome t ry-loading combination results in complex stress distributions in the
vic i n i t y  of the pin supports and uniform cross-sectional stra in dist r i b u t i o n
away f rom them . Recognizing this situ ation , the ana l y sis of each brace can
be separated into parts. The central portion of each brace in wh ch uniform
cross-sec tional strains exist can be considered using conventional advanced
composite anal ysis methods , as descr i bed in the Advanced Composites Design
Guide Ireference H. The structural behavior in the pin connection reg i ons
would be analyzed with correlative anal ysis techni ques based on the load
distribution patterns generated in the ana l ysis of an advanced compos i te

4 wing p ivot program ~reference 2) and related pro grams , reference s 3 and 4.

5.3.2 Forward and Aft Drag Brace Center Sect ions

Due to de St. Venant ’s principle , the end eftects ~~t a un ia’d al l. loaded
I ’ long column are localized and the cross-s ectiona l s t r a i n  d i s t r i L ~utio ns awa~

f r o m  t hem a r e  u n i f ~~’-m . The latter behavi or exists H the 1 orw ar.~ and aft
drag brace center sections. Hence , a fi n ite-element anal-..- . .  ~~t these
reg ions is unnecess a”- .. E xis ~~ing conv en tion al advanced co I~c o . . it e  a nal y s i s

tools can be read lv used. To f u 1l ~ characteri :e the center rec ion o! each
b race , strength and l o c a l  -.tab i 1 i t o~ Y’ei - webs and t tan ~ es , as \e l 1 as a
genera l stabi l i t ’, analysis w ould be requ ired. T h ~ stren gth art al ’,..s of th~
web and flange lam i nate layups can he perfor- ’ed w i t h  the p o int s tr e s s  anal ’,s ..

computer program , AC -3R (reference 1).

Local i n s t a b i l i t y  would be analyzed wi th methods describ ed in t h e

Advanced Composite Des i gn Guide. Flange cri ppling can be char acteri:ed as
the buckling of an i n f i n i t e l y  long p late s imp l y supported on three edges .
I ts govern ing equation is t

F ’ r t f l 2
FCCR — Gxy

L b f
where

FC C R — Cr i pp ling stress of the fla nge

Gxy 
— Shear modulus of the f lange laminate

t f — Thickness of the flange laminate

b
f • W idth of the flange
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Local buck l ing of the brace web can be i dea l i zed  as the bu~.kI in g ot an
i n t - in te ly long panel s im pl ’ , supported on all four edge s whose fai l u r e
equation is:

- - 

[

~ D l l D2; + D 12 + 2D
b~~

.5.rrere

-
- 

- N
X C R  — Buckling load per unit lt ’n.~trr o ’ ..eb

- 

- b
~ 

— W i d t h ot web

0.. — Fl ex ural ri g iditi es of the web lami n ate• I _i

- , 

~enera l s t a b i l i t y  of eac’i ~‘race can be considered us~~ng t he equati ”

— t’. 

-

______

L

- -

P . — Brace t’uc’~l i n ~ loa d

E — E q u i v a l e ~’t a x - a l  mo dulu s

I — Moment ~~t i n e r t i a  ot the hi~~ce CrcI..s - 
~ec t or

L — Distance between pin ..upports

K — End restraint coe f ficien t

Buckling behavior in the two planes ~~t ..v~ met \ o each brace ilust

~ e cons i dered .

Redes i gn of the brace center region cros s - sect ion would be perfor med
i t  an of these anal ,ses indicated unacc eptable struct u ra l behavior in that
“ert,e r. 
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5.3.3 Pin Connection Reg ions

The complex nature of the stress d s tr i b u t i o n , caused b y the concentrated
app lied loads in the v i c i n i t y  of the p inned ends of each b ace , necessita tes
a local analysis of typica l ends to ensure the adequacy of their des i gn.
Prov i ded that the geometr’.- and app lied loading of each p in end are s i rr i l a r  to
the concept considered in the AFFOL tecnrr ca l report , ‘Pr e 1i ~.in ar ~ Des i - ~r’
and Anal y s i s of art Advanced Composite ~ in g P~~~ t Str ucture ’ t r e erence 2),
a correlation may be drawn as to the load i n t - o du c t  on p atte~ r’s ar~ resultH g
stress dis t rubt i ons from the results of t n - , pro g r a m . l o w e ve r , the  a c c 5 r a c v

of this a na l ’,sis/i nt e-nal loads generat o” s n ail onl ’, b e as e~~~ i c e ” t  as the
i n i t i a l  assumptions made H compar ing the ~eoarate desi gn concepts. To
i n i t i a l l y size the developed desi gn concet~t .., an iteration ot a O o i n t  stres s
an al -i s i s computer program , AC- 3R , w i l l  be - e ~ ui re d to cbecL tne devel oped
mar g ins—of—safety.

5 . 3 . i~ Uppe r and Lower Down lock Arms

The upper (aft) and lower (forward) downlock arms are tens on-com Dress ior
ax i a l l - , loaded members .-~i t h transverse l oads introduced b tne downiock
actuator on the upper (aft) arm at one end and the off-center reaction loads
at the juncture o~ the upper and lower arm s . Thi s results in rorrb i ne d ax al
and bending loaded members (beam-column ) which -.,i l l  be ana I~~zed using pro-
cedures prev i ousl y described for the drag brace components and f r ~~-’ re~ ereflces
I and 5.

5.3.5 Tubular St ut A ssembl y

The primary loading conditions are those of ttens ion ccmpr e ssi on t a at i que
and beam column bend ing. The tix i t y  of t r - i s element all ow s t b ~ use •)t CO~~~
ve ntio rr al advanced composite ana l— ,sis methods t.re f e re nc e  1 1 f~~’ tu~~u i a r

sheik . These methods are based prim a r i l y  on orthoL - opi c shell thec’r\ and

- 
- employ l i t t l e  or no computer analysis. However , or - ce m ater ial a llow ab le s

have been generated and a preliminary sizing developed for known loads , the
point stress anal ysis program , AC-3R (reference I) w i l l  be im p l em ented to
develop appropriate marg ins of safety and thus determine the necessit y o

design i terations

5.3.6 A-Fra me Tru - ,s Assemb l y (Trunnion )

The A-f rame truss structure (trunn ion ), which supports the tubula r strut

assemb l y, may be idealized as p inned at the upper fuselage pivot attach~ ents

and sta tic a l l y  determi ned . This simplific ation lends itself to the use of
conventiona l advanced compos i tes anal ys is methods (reference H for - bean

-~~~~~~~~~ —- -  -- : i~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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col umn theory. In this manner , te ns i on , c o m p re s s i o n and beam b e n d i n g , as
well as loca l i n s t a b i l i t y  and fa t i gu e  loads , may be resolved without the use
of computer prog rams . However , th e pinned end of the structure may be sub- - -

ject to complex loads distributions due to the induced comb i ned loading con-
d it i ons and complex part geometry. Therefore , the l ug attachments of the
truss assemb l y w i l l  be anal yzed sim i l a r  to the p in connection regions of the
d r a g  braces  p rev i ou s l y d e s c r i b e d .

5.3.7 Torque Arm Link

The torque arm links , trans mit the turnin g loads from th e wheel—lower-
p iston assembly to the tu bular strut assemb l y . Th e upp er and lower  ar ms
are linked to allow extension or retraction of the piston assemb l y into the
strut assembly.

The torque arms can be consider ed a cantilever beam type structure
loaded at one end and reacted by shear and coup le loads at the oppos i te
end . The reac ting couple loads are perpendicular to the app l i e d  end load

- ‘ direction .

Tension , compression , and shear loads can be developed based on a
I 

- strength of material s approach w i t h sufficient accuracy to determine pre-
l i m i n a r y  structural sizing . The point stress anal ys i s p r o g r a m , AC— 3R
reference I) w i l l  be used when m a terial orientation , and known internal

l oads are established. This w i l l  develop the comb i ned loads marg ins of
safety and thus determine the necessit y for an y further desi gn modifications.

H 5 .3 . 8  Whee l A na l ysis

The anal y sis of the whee l w i l l  be performed using a strength of materials
approach. The geometrical constraint of form fit  and fun ction necessitates a
whee l geometry very s i m i l a r  to the met al baseline , but w i t h  t h e  avoidance of
sharp corners and the use of increased wall thicknesses to reduce shear stress
le vels and tapered thicknesses to pr ovide smooth l oad trans itions . Methods
prov i ded i n  r e fe rences  1 , 5, and 6 wi l l  be used .

5.3.9 Axle- Piston

The axle-p iston components w i l l  be preliminary anal yzed using the
strength of materials approach . Where composite materials are used , the
method s descr ibed for the drag brace w i l l  be used .

5 . 3 . 10  Spreader Bar

The spreader bar transmits the two forward drag brace l oads into the
drag brace support points  in the fuselage through loca l i zed  bending. A l so ,
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the spreader bar ties bo th the left and right hand forward drag braces
together as a truss unit. A strength of ma terials approach w i l l  be used to
determine pre l iminary st ructural  s i z ing .  Where compos ite mate r ia l s  are used ,
the methods described for the drag brace wi l l  be used .

5 . 3 . 1 1  AC - 50!AC-50A Design Strength and Characteri zation for Advanced Composites

These two linear anal ysis computer programs w i l l  be used to provide
mater ia l  p roperty input to p rogram AC— 3R by calculating in i t i a l  laminate
failure st rength , final failure streng th and synthetic design allowable
strength (for e i ther  s t ress  or s t ra in  des ign c r i t e r i a ) ,  e l a s t i c  p roper t ies ,
and physica l constants for cross-p l ied advanced compos i te laminates . P rogram
AC- SO produces carpet p l ots in numerica l and graph ica l form (see fi gures 40
and 41) for the (0/÷ t3/90]

s 
f a m i l y of laminates. Program AC-50A calcu la tes

— -j these numbers for any layup with up to 10 different orientations and materials.

5.3 .12 AC- 3R Margin-of-Safety Calculations

This p rogram calculates ; (1) the lam i nate flexu ra l and extens i onal
constants when treated as a set of laminae (Aij, 

~~~ 
and D

~~
) or as art

orthotrop ic homogeneous material (Eu , ~~ ~~~ ~~~ 
and u

~~
O; and (2) the

stresses , strains , and marg ins of safety for prescribed l ayers , given the
externa l loads. The prescr ibable external loads are the inp l ane (Nx , Ny,
and Nxy), rotationa l (Mx , My, and Mxy), and transverse (Qx, Qy,) stress
resultants at a point (figure 39) as well as the temperature differential
(ST) within each layer. The transverse shea r stresses , Sxy and Syz , are
only computed when the laminate is prescribed to be symmetric.

-

-
I ziIZ H

N~ x
N

Fi gure 39. Structura l Elemen t App l i cab le  Externa l  Loads
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Lam i nat ion  theory is used in the ca lculations. Two types of marg in of safety
may be computed:

I . The stren gth c r i t e r i a  (where R — stre ss r e s u l t a n t )

RL 
‘- I (fiber)

RT
2 + R

LT
2 -

~ I (ma t r i x )

f
—

L
4 1

R ~LTLT
LT

2. The strain criteria

R ‘- 1

R
~~~

= l

RLT~~~~
l

_ _ _

‘ 
~i (allowable)

- 
- The marg in of safety is defi ned as the amount that a l l  the stress

resultants R must be increased in order that the laminate reach the incipien t
fai lure condit ion ( i . e . ,  the equality holds ).

As can be seen in fi gure 42, either stress or strain (fiber or matrix)
f a i l u re cond it ions may be e a s i ly  recognized and the need for des ign /s i z ing
i terations assessed . The prob l em i l lustrated is for an AVCO 5505 [0/+145/9O)~
cross-plied boron/epoxy laminate at room temperature , under comb i ned loadin g
conditions (Nx — 2000 lb/in., Ny 1000 lb/ i n ., and N~y — 500 lb , i r t . ) .  I t
can be readily seen that the lowest margin of safety generated is 3 percent
and matrix (strain is critical .)

5 .4  MASS PROPERTIES

Preliminary ies i gn drawings generated during the Phase II effort w i l l
be used to develop the required mass properties. Wei ght and center o~
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gravity data w i l l  be calculated from these d raw i ngs . The nose gear component
wei ghts w i l l  also be broken down by material types to develop a material break-
down for suppor t of the cos t model. The wei ght data wi l l  i nvo l ve the basic
wei ght parameters of volume displ acement and material density.

The wei ght data necessary for the plots w i l l  be obtained by using the
baseline wei ghts of the B-I metallic components and calculated compos i te
hardware wei gh ts. The difference wi l l  g ive the tota l wei ght reduction . The
esti mated wei gh t reduction w i l l  be calculated using the wei ght of the struct-
ura l moving ha rdwa re components; forward and aft drag braces , forward and af t
down lock links , torque links strut , p iston axle and wheel. In addition ,
certain other items w i l l  change in Concept 3 and therefore must be included
in the total wei gh t. They are ; new actuators , steering system and nitrogen
and o il charges .

5.5 FABRICATION

During the Phase II effort , manufacturin g specialists w i l l  make a tool-
ing and fabric ation stud y, in depth , of the concepts selected during Phase I
for pr eliminary des i gn. Studies w i l l  include: simplification of parts for
lower cost fabric ation , al ternate tooling concepts for lower cost and con -
ceptual manufacturing technology development for better producibi li ty.

Conference,~ w i l l  be held during the preliminary desi gn stage with a l l
d isciplines invo l ved to assure that as the desi gn progresses , pr o d u c i b i l i t - y
w i l l  receive necessary consideration . All  prel irni n ary desi gn draw i ngs w i l l
be checked prior to release.

A comp le te tooling and fabr ication plan w i l l  be developed for each
des i gn. It w i l l  specif y what tooling is requ i red for each fabrication step ,
and what manufacturing processes wi l l  be used to make each part. Est imated
hours for both tooling and fabrication w i l l  be provided for cost estimates
of the parts.

5.6  CosT

The Phase II preliminary desi gns of composite parts and the baseline
metal parts w i l l  be subjected to a detai led cos t anal ysis. Hardwa re cost
data for the concepts selected for Phase II w i l l  be grass roots” estimates
by manufacturing experts. These estimates w i l l  be compared to standards
wh i ch are be ng established for the B—I program . Variance between estimates
and standards w i l l  be reconciled. The standards are being developed from
the test specimens and production hardware currentl y under contract (vertical
s tabi l i zer , weapons bay doors , st ub box , etc.). Information from the com-
pos i te material suppliers and the manufacturers of compos i te structures is
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being eval uated to supp l emen t our data . Our current compos i te programs are
being continuously scrutinized for the purpose of devel oping learning curve
t rends for production quantities . Composite material estimates w i l l  be based
on projections provided by the supp li ers . Those items not selected to utilize
compos i te ma te rials w i l l  be eva l uated on current cost or estimated based on
corporate standards and projected for production quantities . The cost data
for each of the compos i te parts and for the comparison baseline metal parts
w i l l  be presented on forms similar to fi gures 43 and 44 and w i l l  be compared
agains t quantity using curves similar to figure 45.

5.7 R E L IA B I L I T Y

The hardware reliability analysis w i l l  utilize a serial computer math
mode?. Table X I I I  presen ts an example of the forma t and output data of the
hardware r e l i a b i l i ty analysis.

Explanation of Output Data:

-
~ WUC Number - Work Unit Code Number

MEL Number — B—l Master Equ i pment List Number

Nomencla ture — Descri p tion of Component(s) Represented by
WUC/MEL Number

- 
- MTBCMA - Mean Time Between Corrective Maintenance Action

MTBCMA • 1.0/Hardware Rate (Hour Rate)

Hdwr. Ra te = Corrective Maintenance Action Rate
(Per 106 Fl ight Hours)

QPA - Quantity Per Aircraf t

UF - Utilization Factor (Multi p l y ing Factor to Account
for Components with Excessive Ground Ope rating Ti me)

TOTAL MTBCMA - 
LO 

—HDWR RATE X QPA X UF

Percent Contrib. - Percent Contribution of the Individual WUC
(Component) to the Total Subsystem MTBCMA

Cum Percent - Cumulative Percent Cont ribution of the WUC ’s
(Componen ts)

I 04
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PR~~ . 12. 1. TIHACEK L.ASCANI- ‘.21 12-3-i’. —

-- PART MAlt 8JA.~17 I TV L,I4lI T WIT COST PER COS T P CR PERCENT COST
.1 PER ASSY COST I.E ICi-4T PL.k’.) 

~~ ASSElI.

ii rco ASSEt-I I-  951329 81 .100 117.30 100.00

- 
rtATERILL COST - 3293.08 COST PER PQJ’E) - ‘.0.61 PER CENT O~ TOTAL 3’s .62- 

‘~ FA~~~I C A I I W  COST • 5765.95 COST F’C4 POu-O • 71.09 PER CENT C~ TOTA L. - 60.60
-

- I 
T~~~IM COST • 455 17 COST PER P~ i4Z) - 5 5 ~I PER CENT cc TOT AL - s 78
PUICH&E[O LASCR COST- COST PER POi-O • PER CENT cc TOTAL -
O A l CR A C OST • COST PER POL~ D-  PER CENT Or TOTAL .

-
- TOTAL COST c* A .Sct-ay $9513.29

- 
TOTAL COST PER PC*.LO CF ASS&~ ..Y - 117.30

-

~ TOTAL ICIGHT CF ASSEI-8..Y - 81.10

- I

COSTS SHOWN PROVIDE A R ELATIVE COMPARISON
CONC EPTS FOR DESIGN EVALUATI ON . THESE COSTS

- . DO NOT INCLUDE ALL ELEMENTS REQUIRED FOR
PRICING. EST1UAT(S FOR FACILITIES. EQUIPMENT ,
R E S E A R C H. DEV ELOPMENT , TEST, AN D ENGINE ER ING
ARE NOT INCLUDED.

- Figure 43. Stm~mary of Dash-N~znbered Parts in Concept No. 1 -

Ti FGD Concept L3400008
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PART Ny C OJANT I TY till T ull T COST PER COST PEn PCrTCLN~ COST
PER ASSY COST I.~ I3.IT POW CF ASSEII.

~~~I(P C~~~3S ASSY L~455-309 I. 1500.10 39.400 190.36 100.00

I’ATERIAL COST S 3299.21 COST F~R PU.$’C • 83.7’, PER CENT CF TOTAL • 43.93

FA3iIC&TICN COST • 33U1.49 COST PER POi’~) • 83 79 PER CENT CF TOTAL - ‘$4.02
TOO. 1P13 COST • 859.34 COST PER PE1N) • 22.DS PER CENT CF TOTAl . • 11.99

~~~D(ASED LAS08 COSs • COST PER POlO - PER CENT CF TOTAL -
0 *1) R A COST - COST PER POLIO - PER CEL.T CF TOTAl . •

TOTAL COST CF ASS~PCtY •$ 1500.10
TOTAl. COST PER P0.1.3 CF ASSCP-,~~Y - I9f~.36

TOTAl. ICIGIT CF ASSCt-3.Y • 39 ’.O

i i
COSTS SHOWN PROVIDE A RELATIV E COMPARISONj~]CONCEPTS FOR DESIGN EVALUATION. THESE COSTS
00 NOT INCLUDE ALL ELEMENTS REQUIRED FOR
PRICING. ESTIMATES POE FACILITIES , EQUIPMENT ,
RESEARCH , DEVELOPMENT , TEST , AND ENGINEERING
ARE NOT INCLUDED.

Figure 4i~• Sumnary of 1~sh-Nwnbered Parts in Concept No. 2 -

Gr/Ep C(}IPOS Concept L340000B
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Rank - WU C ’ s (Components ) are Ranked by Percent Contri-
but ion of the Total Subs-s te rn MTBCMA

The ana lysis is based on each components ‘~ard~ are fai lure rate , which
is a funct i on of the component ’ s corrective ma intenan ce frequency , the hard-
ware re l i a b i l i t y  approach was chosen due to the u n a v a i l a b i l i t ’  of h istor i ca l
operational failure data on composite components. On this basis a hardware
r e l i a b i l i t y  anal ysis based on component corrective maintenance frequencies
was concluded to be more meaningful at this time .

5.8 MA I NTENANCE

The preli minary desi gn d rawings w i l l  be evaluated in term s of mainten-
ance required during the ten yea r support time span and the cost of this
support w i l l  be estimated as an increase or decrease from the baseline costs
prev i ou s l y reported .

The change (
~~

) irs support cost is g iven by the following equation .

-
~ 

Support Cost ~ Spares Cos t ~ AGE Cos t + Personnel Cos t

A. Spares = I n i t i a l  Spares + Recurring Spares + Par t- 5 S Ki ts

B. AGE • Cos t of Special AGE for all Bases
C . Personnel Cos t of Maintenance A irm e n and their T-~~,n ing

A— ’i . The ‘‘ I n i t i a l  Spares ” cos ts equation is g ive n below:

— In t i a l  Spares Costs • Ma rstenance Demand RAte
x Quantity/Aircraft
x Flight Hours/Month/Wing
x Turn—around Time
x Number of Wings
x Unit Cos t of Spare

The change (.~) in cos t is given be l~ .#.

~ Ini tial Spares Cost — I n i t i a l  Spares Cos t (Compos i te)
— I n i t i a l  Spares Cost (Baseline Metall i c)

A— 2 . The “Recurring Spares” cos t equation is shown below :

Quan t i ty Recurring Spares — Maintenance Demand Rate
x Quan tity per Aircraft
x To tal Flee t Fl y ing Hours
x Condemna tion Factor

Cost Recurring Spares — Quantity x Unit Cos t

~ Recurring Spares Cos t — Recurring Spares Cost (Composite)
— Recurring Spares Cost (Basel ine )
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A-3 . The “Par ts/Kits ” cos t equation is g i ven be low :

Parts/Kits Cos t = Maintenance Demand Rate
x Total Fleet Fl y ing Hours
x Repair Factor
x Unit Cos t

Repair Factor F (Unit Cos t & Histo rical -~epa i r
Data)

~, Parts/Kit s Cost Parts/Kits Cost (Composite)
— Pa r t s / Ki t s  Cos t (Baseline )

8. AGE c.c-sts are g i ven by the followin g equat ion .

AGE Cos t ~ Quantity
-
- -‘ 

x Number of Wings
x Unit Cos t

~, Quantit y Maintenance Demand Rate
x Quantity per Aircraft
x Fl y ing Hours/Month/Wing
x Mean Time to Repair

- 

- 
x l/(Operatin g Tim e x O.9I

C. Personnel cost is g i vers by the equation below :

.
~ Personnel Cos t ~ Maintenance Demand Rate

x Quantity per Aircraft
x Total Fleet Fl y ing Hours
x Cos t /Product ive Manhours
x Maintenance Task Time

Cos t per productive manhour includes efficiency , personnel types ,
and t ra in ing of mai nt enance a i rmen.

5 .9  L I F E  C Y C L E  COST

Life cycle cost is the sum of development , prod uct i on , and suppo r t
costs. The assumed life cyc!e cost baseline w i l l  be the existing meta l lic
design . This baseline w i l l  be compared sepa rate ly w ith each of the p roposed
compos i te concepts and the cost deltas shown. An attempt w i l l  be made to
iden t i f y all areas of cos t i mpact. Particular attent ion w i l l  be paid to
p rob l ems that mi ght be encountered in field maintenance : probability of
accidental damage , specia l too l requi remerits , material and training necessary
for compos i te repair , ~nd repair task time . Special problems that w i l l  be
addressed include galvanic corros i on and wear of composite bearing surfaces .
Such factors wi l l  be expressed in terms of a 10-year maintenance cost.
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The affect of changes in empty wei ght on fuel and tanker requirements w i l l
also be eva l uated . A summary of the life cycle cos t evaluation w i l l  be made
for each of the proposed concepts. This summary w i l l  inc l ude explanations of
the major factors affecting each element of life cycle cost.

5 .10 DATA PRESENTATIO N

Data generated in the above sections w i l l  be presented graphicall y to
best illustrate the payoffs from the use of composite material. Three data
plots w i l l  be made: in I t i a I cost savings ; life cycle cost say i rigs; and
total weight reduction; all plotted against percent (by wei ght) of composite
hardware used in the nose gear. See example in fi gu r e  L46.

The weight data for the plots w i l l  be generated as described on page 80.

• - The percent (by wei gh t) of composite hardware w i l l  be obtained by using
1 

the total wei gh t of composite hardware for each concept , and calculating its
- - - percentage of the tota l we i ght of the nose landing gea r sys tem.

The cos t and lif e cycle cost savings data w i l l  be generated as described
• i n  the previous sections. Each of the three concepts w i l l  y i e l d  cos t a nd

-~~~ wei ght savings data. These data points can then be plotted on each chart
and curves drawn to illustrate the advantages of usin g a greater percentage
of compos i tes in the landing gear.
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FIGURE 46 DATA PLOT EXAMPLES
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SECTION V I

F EVALUAT ION14 , 
______________

6J  R A T I N G  S Y S T E M

Des i gn concepts studied during Phase I have been evaluated and rated
to prov i de a basis for selection of parts to be carried forward in to Phase I I
for Pre l iminary Design and Anal ysis. The eva l uation of these Phase I studies
has been made by al l  d isci pl ines concerned and the information generated has
been organized into rating table s and each des i gn studied has been rated to

— i nd ica te  whether it is a “good ,” “Modera tely effective ” or “ma r g i n a l l y
effec tive ” des ign. Wei gh t ing factors we re then assi gned to each rating
according to their i mportance in the overall system.

The baseline composite material , Graph it ei’Epoxy , was used i n  a l l  des i gns
and therefore was not used for rating the designs. A qualitative cos t evalua-
tion indicates that mos t des i gns could be cost effective and would result i n

-~~~ we ight savings over the baseline m etallic part. A better cost est imate would
• require more information on toolin g and manufacturing processes than co u ld

be generated in this time l i m i t e d  program .

b. 1. 1  Wei ghting Fac tor

Subra~ i ngs have been g iven or “Fabrication ,” “Technica~~~Jsk~’-a-n-d 
- - -

‘‘We i ght Savin gs ,” but since a l l  the subr t-i-ngs- areThot considered equal in
their i n f l .~~nc.- oi~- - -the fTn~~l r ating of the part , a ‘‘wei ghting ’’ tactor has
been used. This ‘ ‘~ei gh t i n g ’’ factor has been ass i gned a value of 1 to 6- j  which indicates that the subrati n g has an effect on the total evaluation
r a t i n g  of; I — n e g l i g i b l e  i mportance, 2 — moder ate i mportance , 3 i m p or tan t ,
Li — grea t i mportance , and 5 — very i mportant.

6.1.2 Fabr ication Rat ln 9

The fabrication rati n g ind i cates a considerati on of manu facturin g method .,
necessary to produce the part and whether or not th~~ are state- of -the-a r -

Comp lexity and number of tools and fabrication time have also been con sidere d .
A rating of I to 3 po ints has been used with; I — good , 2 moderate , and
3 — margina l p r o ducibi l ity. A we i ghting factor of 2 has been used indica ti nq

“moderate mporta nc .

6 . 1 . 3 Technica l  R i s k

Techn ical risk is a ver ’~ important consideration and indicat es the
estimated structural adequacy of  a part b u i l t  to the do sign concept studied,
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It Is based on a cons i deration of:

1. Assmption s necessary for analysis
2. State-of-the-art of the ana l ysis required .
3. Load Paths

H 4. Stress concentrations , and
5. St i ffness changes

A rating of 1 to 4 points has been used with 1 — low , 2 — moderate ,
3 — high , and 4 • very hi gh risk desI gn. A “very hi gh risk” des i gn w i l l  not

I -~ be selected for further des i gn effort in Phase II.  A wei ghting factor of 5
has been used , indicating “very great i mportance .”

6.1.4 Wei ght Sav i ngs

L i Wei ght saving ratings are based on the estimated wei ght saved when corn-
pared to the baseline part. A rating of 1 to 3 points has beers used w ith:
1 — hI gh , 2 — moderate , and 3 low or no wei ght savings on the part. A
we i ghting factor of 3 has been used ind i cating “important. ”

6 . 7 . 5  Eva l rjatk,n Rating

Each of the design in all concepts have been rated and the rating
(a) and wei ghted ratings (b) have been entered as a/b in the columns in - - -

1ab1e~ X IV , XV , XVI , XV II , and XV II I .  The “eva l uation ” rating is the sum
of a l l  the wei ghted subrat ings , (b), and could have a range of values from
10 to 35. The values indicate the rating of the desi gn concept as:

a) 10-20 — good des i gn
b) 2 7 - 30 — moderate l y e f f ec t i ve  des ign
c) 31-35 — marg ina l des i gn

Des i gns rated “ma rg inal” have not been selected for preliminary desi gn
effort in Phase H.

6.2 CONCEPT 1 - SUBST I TUT I ON

Concept I - Substitution des i gn , see fi gure 25-31 , was constrained by
“form , fit and function. ” See Table XIV for rating of the designs.
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TABLE XIV

PHASE 1 C(}ICEPT 1 “SUBSTITtTrION”
C11’ ,1cEPT EVALUATION CHART 

____________

I II III IV
FABRICATICt4 TECHNICAL WEIGHT EVALUATION

DESIGN CONCEPT RATING RISK SAVINGS RATING
MVF — 2 WF — 5 WF — 3 1+11+111

Drag Brace - Fwcl. **2/4 2/ 10 3/9 23

Drag Brace - Aft 3/6 2/10 3/9 25

Down Lock - Fwd. 3/6 3/15 3/ 9 30

Down Lock - Aft 2/4 3/15 3/9 28

Torque Link 2/4 4/20 3/9 33

Strut-Trtmnion Arms-ft 3/6 
- - - 

4/20 
- 

3/9 
‘ 

35

Strut Trtmnion Arms-B 2/4 - 3/15 3/9 28

Wheels 3/6 3/15 j 2/6 27

MV .F. Weighting Factor
** 2/4 — 2 (Rating ) X 2 (Weighting Factor) - 4 (Weighted Rating)

The “very hi gh techn ica l  r isk”  ra t ing g i ven to the des i gns for the
“Torque Links ” and “Strut-Trunnio n Arm s -A” e l im ina te  these des i gns from fur ther
effort in Phase H of thi s program. “Weig ht Savings ” ratings indic ate that
“Substitution ” parts w i l l  not be wei ght effective .

“Substitution ” des i gns , all rated “moderatel y e f fec t ive desi gn ,” and
recomerided for further effort in Phase II include:

I. Drag Brace - Fwd .
2. Drag Brace - A f t

3. Down Lock - Fwd .
4. Down Lock - Af t
5. Strut - Trunri ion Arms-B
6. Wheels
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b .3  CONL’Evr 2 - ~X)DIFICk TION

• Concept 2 - ~bdified design was constrained by “fit and function”. No
-~~ - versions, Concept 2-A and Concept 2-B were prodtEed and are rated separately.

Concept 2-A, see figure 3.~, is rated in Table XV

TABLE XV

PHASE 1 CONCEPT 2-A “!4DDIFIED —

____________________ — CONCEPT EVALUATION CHART 
_________ ____________

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
I It 111 IV —

FABRICATION TECHNICAL WEIGHT EVALUATION —

DESIGN CONCEPT RATING RISK SAVINGS RATING
— —  *WF — 2 WF - 5 ,_ WF - 3 1+11+111

Drag Brace - Fwd. 2/4 3/15 1/3 22

Drag Brace - Aft 2/4 2/10 1/3 17

Spreader Bar- (Drag Brace) 2/4 2/10 3/9 23

Down Lock - F~ i. 2/4 3/15 3/9 28

Down Lock - Aft 2/4 3/15 3/9 28

Torque Link 2/4 4/20 3/9 33

St-rut -Trunnion Arms 3/6 3/15 2/6 27

Wheel 3/6 3/15 1/3 
______________

~W.F. — Weighting Factor

The “Torque Links” were again eliminated from further effort in Phase II
by a “very high technical risk” rating .
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Concept 2—B , see fi gu re 33, is rated in Table X V I .

TABLE XVI

PHASE I CONCEPT 2-B “M)DIFIED”
CONCEPT EVALUATION CHART 

_________ ___________

__________________________________ I II III IV
FABRICATION TECHNICAL WEIGHT EVALUATION

DESIGN CONCEPT RATING - RISK SAVINGS RATING
*W .L — 2 _~~l .F.  = S W,F, — 3 1+11+111 I

Drag Brace - Fwd. 3/6 2/ 10 1/3 19

Drag Brace - Aft 2/4 2/ 10 1/3 17

Spreader Bar - (Drag Brace) 2/4 2/ 10 3/9 23

Down Lock - Fwd . 2/4 3/15 3/9 28

Down Lock - Aft 2/4 3/15- -31-9- - - 28

Torque Link 2/4 3/15 3/9 28

Strut -Trtmnion Arms 3/6 3/15 3/9 30

Wheel (Same as 2-A) 3/6 3/15 1/3 24

*W.F. • Weighting Factor

-
~1 - 

-

Kinematics on both Concept 2-A and 2-B is the same , so desi gns from
either study have been recommended for the Concept 2 effort in Phase I I ,
based on their respective evalua tions.

“Modified” des i gns recommended for further effort in Phase II include:

I . Drag Brace - Fwd . - Concept 2-B - rated “good des i gn ” and
selected on the basis of lower
technical risk.
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- 2. Drag Brace - Aft - Concep t 2-A - rated “good desi gn ” and is the
same des ign as 2-B

3. Spreader Bar - C o n c ep t  2-B  - rated “moderatel y effectiv e
des i gn” mates with 2-B drag b race
and ratings are the same as 2-A

: 1 1
4. Down Lock - Fwd . — Coricpet 2-A - rated “moderatel y effective

- design ” and 2-B is same design

5. Down Lock - Aft - Concep t 2-A - same as above
6. Torque Link - C o n c ep t  2-B  - rated “moderatel y effective

design ’ and Concept 2-A was a
very high technica l risk des i gn

7. Strut - T runnion - Concept 2-A - rated “moderatel y effective
Arms desi gn” and selected on the basis

of being more we i ght eff~~tive

8. Wheels - Concept 2 - design on figure 31 is rated as
“moderate ly effective des i gn”

6.4 CONCEPT 3 - REDESIGN

Concept 3 “redesign ” stud i es were constra i ned by func t ion on l~i . Two
- 

studies were made for this concept , concept 3—A and 3-B , and they have been
- rated separatel y.

- 
Concept 3-A , see figure 36, is rated in Table X VII.

- 

Concept 3 8 , see fi gure 37, is rated in Table XV I I I .

- 1
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TABLE .XVI I 
—

PHASE 1 CONCEPT 3-A “REDESIGNED”
CONCEPT EVALUATION QtART 

________ __________

H 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I II III IV
— FABRICATION TECHNICAL WEIGHT EVALUATION

DESIGN CONCEPT RATING RISK SAVINGS RATING
____________________________ *WF — 2 W.F. = 5 W .F . = 3 1+11+111

Drag Brace - Fwd. 2/4 3/15 1/3 22

Drag Brace - Aft 2/4 3/15 1/3 22
4

Spreader Bar (Drag Brace) 2/4 3/15 1/~ 22 j

Down Lock - F~ i. 2/4 3/15 3/9 28

Down Lock - Aft 2/4 3/15 3/9 28

Torque Link 2/4 3/15 3/9 28

Strut - Complete 3/6 3/15 1/3 24
(cylinder ~ trunnion arms)

Piston 3/6 4/20 2/6 32

-

. Axle 2/4 3/15 2/6 25

Wheel 3/6 3/15 3/9 30

= Weight ing Factor
I

f The “P iston ” design was rated as a “ve ry  hi gh technical risk” and
- therefore is not recommended for further effort in Phase II.
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TABLE XVIII

- _ - PHASE 1 CONCEPT 3-B “REDESIGNED”

CONCEPT EVALUATION CHART 
________ _____________

____________________________ - t II III  IV
FABRICATION EQ~~IC\L WEIGHT EVALUATION

DESIGN CONCEPT RATING RISK SAVINGS RATING
*W F  = 2 W.F. = 5 W. F. — 3 t~II+III

Drag Brace - Fwd . 3/6 2/10 1/3 19
(structural concept)

- -‘ Drag Brace - Aft 3/6 2/10 1/3 19
(structural concept)

Spreader Bar 2/4 3/15 1/3 :2
(drag brace-3-A)

Down Lock - Fwd. 2/4 3/15 3/9 28
(same as 3-A)

Down Lock - Aft 2/4 3/15 3/9
(same as 3-A)

Strut - Complete 3/6 3/15 3/9 30

Stan (rotating) 2/4 3/15 3/9

Trailing Arm 2/4 4/20 3/9 33

Axle 2/4 3/15 2/6 25

Wheel 3/6 3/15 3/9 30
(same as 3-A)

*W.F. - Weight ing Factor

The “Trailing Arm ” des i gn was eliminated f rom further effort in Phase II
since it was rated as a very high r isk design.
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-j Both Concept 3-A and 3-B require a larger nose whee l w e l l , but the change
required to acco mmodate the 3-A concep t is s l i ght , while a more ex tensive
rev ision would be required for the 3-B concept. In addition , concept 3-A is
more wei gh t e f f ec t i v e ;  th e r e f o r e , it has been se~ ec ted as the redes i gned”
st ud y to be c a r r i e d  i n to Phase  I I , bu t since the drag li nks are simi lar , the
str uctural concept for axiall y loaded s t r ut s of concept 3-B w i l l  be used .

“Redes igned” part concepts recommended for  f u r t h e r  e f f o r t  in Phase II
include:

1 . Drag Brace - Fwd . - Concept 3-B - rated “good des i gn ” and selected -
on the basis of lower technica l
risk.

2. Drag B race - Aft - Concept 3 — B  — rated ‘‘good des i gn ’’ and selected
on the basis of lower technica l
risk.

The fol l owing are all rated as ‘‘moderatel y ef fective design. ’’

3 . Spreader Bar - Concept 3-A and 3-B are same design

L4 Down Lock - Fwd. - Concept 3-A and 3-B are same des i gn

- 
- 

5 .  Dow n Lock - Aft - Concept 3-A and 3- B  are same design

6. Torque Links - Concept 3-A required for 3-A concept

7. Strut - C omp lete - Concept 3-A more wei gh t e f f e c ti ve

8. Axle - Concept 3-A r eq ui r~ed for 3-A concept

9. Wheel - Concept 3-A no 3-B wheel concept

~iiH 121
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SECTION V I I

- CONCLUSIONS

The following conclusions were reached as a result of work done on

1 
Phase I of this two—phase program:

- 1 . The B-l nose landing gear is well suited to use as a baseline
1 syStem .

2. Baseline requ i rements and constraints for the B-I nose landing
gear pres en t no major obstac le  to the use of compos ite ma te r i a l

4 hardware .

3. More des i gn , analysis and evaluation effort must be expended
before firm statements can be made as to the expected results
of th is  program .

-: Li. Des i gns using compos i te material for landing gear hardware are
considered to be pract i ca l under all three level s of con straint:
fo rm, fi t and function ; fit and f u n c t i o n; and function only.

5. Usage of composi te m a t e r i a l  for l and ing  gear hardware can be

- - increased as des ign freedom is increased .

- ‘ 6. Methodo l ogy to provide and evaluate data necessary to illustrate
the pay—offs from the use of composite material hardware either 

s or has b~~~~deve lop~d during th is  phase. -

- 
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A P P E N D I X  B

DESIGN REQUIREMENTS

The B- i Prime I tem Development Specification (CP1O9L2001B) lists the
following desi gn requirements.

— A .  C H A R A C T E R I S T I C S

1. Performance: Performance of the landing gear system (LGS ) s h a l l
permit accomplishment of the air vehicle performance specified i~ the para-
graphs entitled “Flotation , Land i ng and Takeoff” of CP621L2002 and “Structura l
C r i ter i a” of CP621L2003 as modified by Appe ndix I l l , hereto , fo r MLG wheels ,

¶ tires and brakes . The LGS shall provide the following functions:

a . Absorb and/or transmit the static and dy n a m i c  energy  res u l t i n g
from the air vehicle takeoff , landing, and  g round  mane u v e r i n g
operations.

b . Provide directional contro l to accomp lish steering , turning,
p ivotin g, taxiing, and brak ing  of the a i r  v e h i c l e .

c. Prov i de ground flotation for the air vehicle during ground
maneuve rs .

d . Provide for retraction , extension and locking of the main and
nose gears for the f l i ght an d ground mode of opera t ion , and
ind i ca t i on  and warn ing  to the p i l o t  of gear pos i t i on .

e. Provide for towing, tie-down , and whee l jacking.

2. Landing Gear Operat ion The main and nose landing gear assembl ies
shall be hydraulically operated and electri cally controlled . Gear p o s i t i o n

shall be selected by means of the landin g gear contro l handle located in the
l qhr stati on . Sequencing shall be accomplished by use of switches , re l ays ,

s - I ~ n&d and/or mechan i ca l l y  operated v a l v e s . P r o t e c t i o n  aga ins t i nadve r ten t
•ra t on of the landin i gea r with the air vehicle on the ground shall be

Ø f - ~~v 1.d.

~~~~~~~~~ and Extension The main and nose landing gears shall be —

4 ahI~ and completel y enclosed when in the retracted pos ition . The
.. ~ ‘ 4 ~ . ~“ar cal l’y lock ir , t h e  extended and retracted posi tion by means 

e • — .c’ar~~ca l locks . Locking the gears in either the extended or
- - .-‘ — - ‘  - - -“ s ha l not be dependent upon hydrau l i c  pressure . The loc ks
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shall be des i gned such that they shall release the gears prior to or at the
same instant the gear extension actuatur receives hydrau l ic pressure. The
main nose gear doors and gear up lock mechanisms shall be un l o c ked by hyd rau l i c
power. Fairings and cl osures shall be designed with adequate clearance con-
s i d e r i n g  f i a t  t i r e  and f l a t  s t r u t  c o n d i t i o n s .  I n t e r r u p t i o n  of the control
sequence or driving power to the landing gear and fairing door actuation
system during norma l or emergency operat ion shall not result in system ma l-
function or structural damage to any part of the air vehic le. The landing
gear and fairin g doors shall continue to the selected position upon reappli-
cation of hydraulic power.

Li . Retraction and Extension Time Retraction and extension time for the
main and nose landing gear and door assemblies sh all be as show n in Table B-I .
The main and nose landing gears shall be retracted and locked before the air
vehicle reaches 75 percent of the gear structura l des i gn l in t speed (V LF )

at the maximum rate of acceleration .

TABLE B-i

• R ETRACTION AND EXTENSION T I M E

Max i mum Al iowab le Max i mum Al low able
T ime  to Open Doors Time to Retract

and E x t e n d  and and Lock Gears and
I tem Temperature Lock Gears Doors

a Above minus 20 F 15 Seconds IS Seconds

b M i n u s  65 F to mi nus 20 F 30 Seconds 30 Seconds

5. Structural Oesign Speeds The main and nose landing gears shal l be
designed to withstand air loads resulting from speeds up to 3140 knots equl- —

va len t air speeds (EAS) for all  extension pos i t ions to fu l l  extension , and
shall be capable of operat ing (retraction and extens i on) at speeds up to
280 knotts LAS. Actuators and linkages shall be des i gned to wi ths t and the
loads i mposed by these des i gn operating conditions , including the effects of

hydraulic surges and pressures .
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6. Emergency Gear Operat ion An emergency extens i on contro l sh all be
prov i ded that is Independent of the norma l gear oper ating controls. It sha l l  - -

be po ssible to extend the landing gear to the down and locked position i n  the
event of any sing le  hy draulic or elec trical component fai lure. The landin g
gear shall be capable of emergency extension to a down and locked position ,
independent of the a i r  vehicle hydraulic and electrical power generation
subsystems . Prima ry means of eme rgency operat ing power shall not be depen-
dent upon b a t t e r y  power.  Emergency extension time shall not be greater than
tw i ce the maximum allowable operating li mits specified i n  Table B-i.

~ 4 7 . Free Fa l l  Capab~ H ty After uplock relase , th e nose gea r shall have
the capability of free f a i l  extension and lock. Free fall extens i on and

- 
- lock of the main gear sha l l  be a design goa l , with the assistance of sprin g

bungees and/or stored hydraulic energy as requ i red to assure safe oper ation .

- 
, 8. Jackin q Whee l Jacking provisions shall be incorporated in accordance

with MIL-STD-809 .

9. Towing Towing provisions sh all be incorporated in accordance with
- , MIL-STD-805.

10. Attachmen t Provisions P rovisions shall be made for attachment ,
routing, and protect i on of electrica l wire , switches , door operat ing linkages ,
valves , nameplates , and hy draulic lines .

1 1 .  Mooring Provisions The nose gear shock strut shall incorporate
mooring lugs for tie-down of the air vehicle.

12 .  Pro tection from Damage The effects of rocks , ice and other forei gn
objec t da mage sha l l  be cons i dered in the des i gn and installation of hy draulic
lines and components.

13. ~pare Strut  Piston Seals P rovis ions shal l  be i ncorporated in the
des i gn of the lower bearing and g l a d  to carry spare seals as rep lacements
for the lower piston seal.

B. RELIABILITY

The LGS shall i ncorporate those des i gn characteristics essent i al to the
achIevement of the quantitative and qualitative r e l i a b i l i t y  requ i rements
specifi.d for th. a ir  vehicle.
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C. MAINTAINABILITY

I . Quantitative M aintai n ab iii~y The LGS shall incoporate those des i gn
cha rac te r i s t i c s  essen t ia l  to the ach ievement of the quantitative maintain-
ability requirements specified for the air vehicle.

2. Qualitative M ain t ainabi lj~y The standard Air  Force pol ic y of three
levels of ma i ntenance (organizational , intermediate and depot) shall be
emp loyed for the LGS. The following qualitative requirements shall app l y.

3. General

a. The LGS shall be self-sufficient to the extent of permitting
prefli ght inspect i ons to be performed without prepositioned
AGE , and permitting pos t fli gh t inspections to be performed
wi thout prepositioned AGE , excep t for step ladders or work-
stands , and ground safety locks/devices .

-~ b. The LGS shall permit all maintenance to be accomp lished
by Air Force technicians 5 sk i l l  level maintenance per-
sonnel , with occasional 7 ski l l  level personne l , using
existing Air Force facilities arid for most tasks , existing

- 
• AGE . Des i gn for repair by Air Force technician 3 sk i l l

level maintenance personne l shall be a goal.

c. Equipmen t des i gn shall reflect thoroug h con s i d e r a t ion of 
-

the c a p a b i l i t i e s  of human resou rces available to maintain
the equi pment and the utilization of automatic test equi p-
ment to support maintenance personnel.

0. MAJOR COMPONENT CHARACTERIST iCS

1 . Shock Struts - General The main and nose landing gear shock strut
shall comp ly with the requirements of MIL-L— 8552 , MIL-T-6053 , AFSC DH 2-1 ,
and the eng i neering critica l item development specifications . The shock
struts shall be des i gned suc h that the passage of oil throug h an orifice
shall absorb the energy of i mpact and in wh i ch dry nitorgen is used as the
elastic med i um to restore the unsprung parts to their extended position .
The shock struts shall be capable of withstand in g the loads derived from
MIL-A-886 0, MIL-A-8862 , MIL-A—8866 , MIL-A-8867, and the load cond itions
specified in CP621L2002 and CP621L2003, including static strength and fou r
lifetime fati gue requ i rements. The ai r vehicle desi gn sinking speed sha ll
be 10 feet per second at the target landp lane land ing desi gn weight and 8

feet per second at the target max i mum des i gn landing we i ght. The shock
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struts shall be capable of supporting the air vehicle on a flat strut (loss
of ni t rogen) through the complete landing cyc le , at norma l landing cond i t i ons ,
without damage to the shock s t ru ts  or carry-through structure . A comp le t e
landing cycle at norma l landing cond itions shall consist of landing at a
landplan e l anding design target we i ght at a s ink  speed of 8 feet per second.
The landing runout and tax i des i gn l.oad for the f l a t  strut condition si-~a 1 l  be
the static gear load at maximum tax i  wei ght t imes a dynamic  f actor  of 1 .2 .
Compression ratios shall be compatible with all applicable LGS des i gn and
performance requi remerits.

2. Nose Gear Shock Strut The nose gear shock strut shall be of the con-
1 - ~ ventional air-oi l p iston type with provisions for mounting t w i n  free rotating

wheels on a fixed axle. The shock strut sh all withstand the l oads induced
by the steering and damping unit.

3. Stroke The nose gear shock strut shall have a d e s i gn ve rtical stroke
of 21 inches measured at the axle centerline and a des i gn 7-inch stroke from
the static to compressed position .

14. Torsiona l Spring Rate The torsiona l spring rate of the nose gear
shock strut , in the static pos ition , shall not exceed 1. 14 x io~~ r a d i a n s
per 1 000 inch-poun ds.

5. Sw i ve l Angle The nose gear shock strut shall a ll low the no~e wheels
to caster through 360 degrees rotation without requiring mechanical disconnect.

6. Nose Whee l Centering The nose gear shock strut shall be capable of
centering the nose wheels , prior to retraction , to within plus or minus 0.25
degree of center.

7. Interface Compatibility The nose gear shock stru t shall be des i gned
for interface compatibility with the following:

a. Nose wheel assemb l y.

b. TIre (~see fi gu re 8-1 for tire clearance envelope dimens ions).

c. Steering arid damping unit , includin g all fittings and mountings
required to route hydraul I c lines .

d. Air vehicle structure. The air vehicle structure shall provide
adequate space to permit retraction and ext ens ior~ .~f the nose gea
assemb l y without inerference or blinding. The doors shall operate
propertl y without interfering with the retract/extend cycle of the
nose gear. Attachment p rovisions shall be provided to reduce the
tendenc ies of gea r shimmy .
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E. WHEEL AS SEM B L I E S  - GENERAL

The main and nose landing gear whee l assemblies shall comp l y wi th the
requirements specified in the engineerin g critical i t e m  deve l opment speci-
fications and M IL -W -5 O1 3 , excep t the wheels sh all be capable of being rolled
a dIstance of 2500 miles , includin c considera tion for combined radial and
side l oads corresponding to those produced by O.25g turns.

1. Overpressure Relief Valve A pressure relief valve shall be pro-
vided for the whee l to prevent overpressur ization of thewhee l and tire
assembly.

2. Tire Change Counter. Provisions sh all be incorporated in each
whee l for recording a m i n i m u m  of 50 tire changes .

3. Tire Pressure Ga~~ A tire pressure gage shall be incorporated
on the outboard siae of the wheel assemb l y. The gage shall conform to
MIL-G-830l6 , except the gage shall withst and exposure to ‘.- ibration and to
a burst pressure of 625 ps i.

F. NOSE GEAR WHEfi ASSEMbLY

1 . Structural Loads The nose gear wheel assemb l y shall be capable
of withstand i ng the structural loads resulting from air vehicle takeoff ,
landing and ground maneuvering operations.

2. Interface Compatibi lJ~~ The nose gear whee l assemb l y shall be
des i gned for interface compatibility with the nose landing gear shock
strut and for installation of a tubeless tire in accordance with fi gure
B-I. Stops shall be provided in the nose gear wheel well to prevent
rotation of the nose whee l after comp letion of the retraction cycle. The

- 1 physical interface shall be as defined i n  the eng ineering critical i tem
deve l opment specification .

¶ G. STEERING AND DAMPING SUBSYSTEM

The steering and damp i ng subsystem shall comply with the requ i rements
of MIL-S-88l2. AFSC OH 2-I , and the engineering critical item deve l opment
specification. The steering and damping subsystem shall provide electri-
cally contro lled , hydraulically powered angular disp lacement of the nose
landing gear wheels to permit directional contro l of the air vehicle during
ground maneuvers , including tax i , takeoff , and landing operations . In
addition , the subsystem shall p rovide effect i ve shimm y damping to assure
dynamic stability of the nose land i ng gear under all ground operating con-
di tions.
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1. Swivel Range The steerin g and damping subsystem shall allow the
nose whee l to caster throu g h 360-degree rotation with ou t requiring mechan i-
cal disconnects or los t motion cam mechani sms . Loss of steering power
shall result in the nose wheels bein g capable of returning to a neutral or
safe position . The nose wheels shall caster in a safe trai l pos i t ion , w i t h
damping af ter loss or powe r and shal l be capable of free caster to with i n
the powered s t e e r i ng  range , from any parked p o s i t i o n , with forward motion
of the air vehicle.

14
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APPENDI.X C

E~C~~~~AL LOADS

The following pages present a suninary of nose gear loads for the B-i

A/V #4 from the B-i System Definition ?‘bnual.

- I Included are:

1. Landing , Taxi , and Handling Loads

2. IXial Wheel Load Distribution

3. Ulti nate Load Determination

j 4. Fuselage Support Structure Defl ections
5. Temperature Condition

6. Drop Test Requirements

7. Actuation System Loads

8. Nose Gear Upiock Loads
9. Nose Gear Door Link Loads
10. Nose Gear Steering Torque
11. Repeated Loads Design Requirements

12. Nose Landing Gear Support Reactions
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NOSE GEA R LOADS

(Reference L287C2037, dated 30 January 1976)

1. LANDING , TAX I, AND [{ANDLLNG LOADS

Tables C—I, C—I l, C—Ill , and C—IV define the loads attendant to the
landing, taxi, and handling conditions .

TABLE C—I

lANDING WEIGHTS AND S INK SPEEDS

Sink Speed (7 )
Item Landing Condition _ Welght (fps) ~

a Landplan e landing weight 263,330 10
b Maximum landing weight 346,500 8
c Min imum landing weight 161,700 10
d Flat strut landing weight 263,330 8

TABLE C—Il

NOSE GEAR “ DESIGN ” DYNAMIC LANDING LOADS

V (Parallel 
- 

D (Perpendicular
Item Landing Condition 

— to Strut) to Strut)

a Spinup (StY) 61,100 47,000
b Springback (SB) 98,500 —42,000
c Maximum vertical re action

(MVR ) 98,500 +24 ,600 , —~ 2,000

TABLE C-Ill
NOSE GEAR “LIMIT” TAXING LOAL S FOR

W TAX I 395,000 POUNDS

V (Parallel D (Perpendicular S
It em Taxi Conditions to Strut) to Strut) (Side Load)

a Three—point bra ke d roll 85,296 ——
b tkLsynis.trical Braking 61,621 tl6~8l4c Turn in g 34 ,02. ———
d Dynamic taxi 93,500 —— 

—— ________________

135

- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ I T ~~I~~~~ 1 ~~~~~~



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

TABLE C—IV
NOSE CZAR HANDLING LI~~ T LOADS

- 
- PARALLEL AND PERPENDICULAR 10 GROUND

FOR W TAXI — 395 ,000 POUNDS

Item Condition (Pa r~:~~- ’ D (D~ r iendicular

-~~ 
_____ to Strut~~_ to Strut)

a St atic reactions : i
WL no rmal 263 ,300 36 , 630 Q
WL maximum 346,5OO~ 39,150 0
WL minimum 161,700 - 18, 270 0
W taxi 395,000 34,027 0

b Towing 34,027 Ft rnaxicum — 59,250

c Jac king (side load = 53,~ l0 tlS,910

_________ 

±15 ,910 _________—_________ _________ 
__________________ —

General Notes.

a. Sign Convention.

(1) +V is up
(2) +D is aft
(3) +S is to right

b. Landing Conditions.

- - (1) StY , SB, and MVR loads act perpendicular and parallel to the strut
centerline and are applied at the centerline of the axle.

(2) Strut is extended a maximum of 85 percent at desi~~ load ; t i res
are ~itatic.

c. Taxi and Handling Conditions.

(1) All loads are perpendicular and parallel to the grot.~d line andare applied at the ground contact point. (See Figure C—i).

(2) The strut is in the static posidon corresponding to the airplane
weight being considered.

(3) Tires are static.
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- d. Handling Conditions. Towing arid jacking load combinations shall be in
-accordance with MIL—A—8862.

e. Secondary Loads. The load analysis shall include the effects of elastic
deflections.

f.  Actuation Loads. E ffec ts  of actuat in g cylinde r loads shal l be con—
sidered when critical and applicable.

g. Side Loads. Side loads should be distributed to the trtstnion support
- fitting us in g a 60/40 distrIbution. In addition , induced equal and

- 
-, opposite side load s equal to 15 percent of the total (left—hand and
-- right—hand) vertical trunnion load shall be applied in the inboard

direction to the trunnion if such a l.~ad combination Is critical .
- - 

h. For taxi and ground handling load conditions at W taxi — 395 ,000
pounds, the def in i tion  of  ultimate shall be 1.5 times the limit
external load applied at limit load de flections.

t -
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2. DUAL WHEEL LOAD DISTRIBUTION

The nose landing gear loads specified herein shall~~ distributed to the
respective wheels noted on Figure C—] as follows:

a. Symmetrical Load Distribution . Landing gear loads shall be equal ly
distributed to each wheel. -

b. Unsvnnetrical Load Distribution. The follo~’1ng conditions riced not beconside re d for t.nisynine t rical loa d d i st r ibut ion :

(1) Unsymnetrlcal Braking.

(a ) Unequal Tire Pressure Conditions. Individual wheel loads
shall be as follows: (See Figure C—I)

Case Nt MR

A 60.0 40.0
B 40.0 60.0

Where the above values are percents of desigu or limit load.
For the turning condition , side load to the right , 60 percent
need not be considered on the right wheel. For side load to
the left , 60 percent need not be considered on the left wheel.

(b) Flat Tire Conditions. Individual wheel loads shall be as
follows: (See Figure C—I).

Case Nt NR

A 1.00 0
B 0 1.00

Where the above values are to be used with 60 percent of the
spec i f ied gear load for landing conditions and 50 percent for
taxi conditions, except:

The reaction shal l not be less than static.

For thre e—poin t braked roll use V b i d  — 64 ,150 pounds
limit.
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(b) Flat Tire Conditions. (Cont.)

For the t urning condit ion a vertical load factor of 1.0
shall be acting at the center of gravity (CG) . The
side load factor at the CG shall be the most critical
val ue (up to 50 percent for one fl at tire ) of that
resulting from the moat severe condition specified for
no flat tires. For this condition , refer to the following :

— 
For W Taxi 395 ,000
145.41 inches
174.00 inches
618.82 inches
677.75 inches

FORWA RD

RJGHT

LEVEL LAUDING 0 I0 1~2l

OLEO TAX I CONDIT IONS 0 — 00

Figure C 1 . Nose Gear Geometry
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L U Lr u4A r E  L~)AD DET ERII LN A TION

Taxi and handl i ng loads a re “ l i m i t ” loads and must he m u l t i p l i e d  by l . ’~
to  ob ta in  u lt ima te  L ads . Landing loads are shown as “desig n loads ” and
ultimate str.ngth requirements do no app lv~ however , the de t o r m at t o n  limita-
tion of Ml l—A-88 t ~ 1 sha l l  a p p ly .  “Des ign Load s” will be checked versus yield
a t r eng ths .

.
~~. FU SELAt F ~UPPORt STRU CTURE DEFLECt iONS

rh. angu lar r o t a t  t on  of the nose landing gear shock st rut  from i ts
undeflected ~ero—~ at rp 1an~ loading) pos it. ton due to  fu se l a ge  bending  or
t or si on . in addit ton t .~ local deflect Ions are shovn In Table C—V .

~~BLE ~~~~

- 

1 
‘~O~ E t F..~R DE FL EC rI c~N s

— 

l~endtng Tors i on
Item 

- 
Condit ion ~ ~de~ rees) 

________ _____

a ~~ taxi (1) I ~~• ——
h Sraked r o l l  ~~~ -4~’ ~s’ ——

Tur t l ing  t i )  tb t~~’ ~~
d Sp inup  ~~

) 
~~~
‘ 58 ’  ——

• a Sp ringha~ k ~~ — l ~ 1~~’ ——
f Ma ximum vi r t i c a  p lu s

d rag ~~) I 
~)° 

~~
‘‘ ——

g ~a x tmun  ~‘ert  Lca l minus
drag i.) I —

~~~~
‘ 

~~~~
‘ —~~

NOTE S (1) Baso ui t~ mat i ~~~~~~~~~~~~~~~~~~~
i.~) Ib ased on dest~n loads . t~oS t t i v e  t n d i . a t e s  ;~n a~ t goar r o t a t i o n .

S . TE~4PFR A r U R E  C O N D I T I O N

Components of the shock s t r u t  sha l l  he designed t or a temperature ~‘on—

d l t i o n  of tb () F at t i m e  ot app l i ca t ion  of l an ding  *nd t a x i  loads . T h i s  con-
d i t i o n  is subsequent t o  313 hours of exposur. t o  an ambient temperature  ~ t
2t~5 F.
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(~~ . t~R 1 s t  RE q I ’IRFMENT’ 4

Drop t e~~t~ s h a l l  be ~~‘udu ~~t~~d in accordanci .  w i t h  Ml l , — 1 - - c~ t~ I . ex cep t
the t •~ t t o%td i t  ous sha I I  b~. t*5 shown in  lab  ~~ C —V I

TAB II C-V t

DROP TEST CC~4D1TIONS

contact Contact
Ai rp lane Attitude Vertical Velocity Horizontal Max G.sr

Use W.i~~~t ~d.gre.e) (fps) V.loci~ y (fp s)  Load Factor

a UL noreal Leve l 10 242 2.40
b WL maximt~ Level 8 279 2.24
c WI. minimum Level 10 193 4.80
d WI. nnrmal Leve l 8 242 2.40

• (flat
strut)

Additional Drop Test Raguiremants. During the drop test , loads shall
• not reach a peak value unt i l  at leas t 15 percent of the total stroke baa been

used. The shock strut dynamic characteristics should approximate the dat a shown
in Table c-vu

TA3LE C—VU

DYNAMIC CHARACTE RI STI CS

Item 
— - .  

Nomanclature ~uiractertstics

a Static position Inches from extended position: 14

b Compression ratio 7.41; stroke zero to 14 inches
3.47; stroke 14 to 21 inches

c Damping coefficient See Figur. C- .’
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Figure C-2 . Damping Requi rement. for Nose Gear Strut
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7 . ACTUATION SYSTEM LOAD S

a. The nose landing gear assembly shall be structurally capable of
withs tanding  exp osure to  340—kno t airload. without sustaj~ j ng dama ge .

h .  The nose landing gear assembly shall be capabl, of ope rating (retract ionand extension) at ai rspeeds up to 280 lutots.

c. Wheel , tire , and steering and damping equipment  weigh t per nose landing
gear assembly shall not exceed ~39 pounds (t i res  and wheels 259 pounds;steering unit 180 pounds).

Act uation Load Conditions. Static end fat igue stre ngth condition~t are
as follows :

Condition I: St atic Strength Conditions (see Figure c-3).

a. Yield Requi rement s :

tAlC Piston driving, cor.ipressiort
IA1T Piston driving, tenston
IA2C &trload p lus inertia loads dr .ving, compression

b. ifltinste Requirements:

IB1C — (U.lc]

IBlT - h AITI

182C — (IA2C ] (1.501

Condition II: Fatigu e Strengt h Requi rements (see Pigure C—4) .

Where : ft — Retract ion phase
E • Extension phase
lIft + lIE • 1 cycle
6 ,000 cycles — 1 life
@ Scatter factor — 4.0
Total r.quirement • (6 ,000)(4.0) — 24 ,000 cycle.
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8. NOSE GEAR UPLOCK LOADS

RUt. ~~US
• — 

CON DI T I ON (POUN DS ) (POUN DS)

(1J VERTICAL. GUST (+N
~

) 7 ,126

ACTUA T ION SURG E PR ESSURE --- 5 q69~ (5 , 400 LB—INCHES)

- 

I 

O 
ACTU AT I ON UL T IMA TE PRE SSURE --- 6 7772 (6 ,000 LB-INCHES)

VERT 1 CAL GUST CONDITIONS ARE LIMIT LOAD CONDITIONS.
ULTIMATE — (1.50) X (LIMIT)

® EQUI VALENT TO ULTIMATE LOADS

YIELD LOADS

Fi gure C-5. Nose Ct~~r ~
‘p L’ck I.o.t~Is
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9. NOSE GEAR DOO R LINK LOADS

DOOR LINK
SUPPORT LUGS

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

- STRUT DOOR

GEAR UP POSITION SHOWN

t :4 
___________ _______________________________________ ________________________ _____________________________

CONDITION VERT I CAL LOAD DRAG LOAD
________ ___________________________ (POUNDS) (POUNDS)

DOOR OPEN GEAR DOWN AIR SPEED
________ 

340 K1* -2,760 -950

DOOR OPEN GEAR DOWN AIR SPEED
________ 

280 KT -1 ,865 -640

DOOR CLOSED 2 PSI NEGATIVE
PRE SURE -1 ,100 1.230

• ‘AIRSPEED OF 340 KNOTS IS A DESIGN LOAD. REFER TO 10.3.7 a FOR REQUIREMENT .

• . OTHER CONDITIONS SHOWN ,~RE LIMIT LOAD CONDITIONS .

• 
. 

LOADS SHOWN ARE FOR THE LEFT-HAND SIDE . LOADS OF THE SAME MAGNITUDE ALSO
ACT ON THE R Gr41-HAND SIDE .

Figure C—6. Nose Gear Door Link  L~ads
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10. NOSE GEAR STEERIN R U E

The “design torque” to t  nose gear steeri ng shall be ~SO. O00 i n c h — p ounds .
The ulti mata torqu. shall be 390,000 inch—pounds. Steer ing “design torque ”
shall be reacted by a static scrubb ing condition of the tire s and shall be
dis t r ibu ted  t0 /41) with the higher load at the leading tire. Assum e a total
vertical load of -~O,7O0 pounds also acting at this t ime to he distribut ed
oO/40.

Steering Actuator Out put To~q.~~~ Th. shock strut shal l be cap able of
• withstanding a steering actuator rated output torque (rated load ) as shown ~~Figure C— ? • applied , about the shock strut centerline. The per cent of rat ed

output torq ue versus th. cycle. spectrum is as follow.:

a. Ful l steering angle (73 degrees right and left ) at 100 percent rat ed
output torque ; 50 ,000 tycle..

b. Fifty percent steering angle (37—1/2 de grees right and 1.ft) at
50 percent rated output torque; 25,000 cycles.

c. Ten degree . steering angle e~~b side of the shock strut centerl ine
at 25 percent rated output torque; 23,000 cycles. 

.- . —  *  

MAX IMUM RATED OUTPUT

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

0 10 20 30 

- 

40 50 60 

~

STEERING ANGLE (DEGREES)
(TYP . ABOUT ( Of AI R YfIIICLE)

Figure C-?. Steering Actuator Rated Out pu t Torque
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11. REPEAT ED LOAD DES I GN REQUI RE .MF~ TS

The requirements are based on 269 ’ landings .

Loads Specç.~~~~ The fo l l owi ng l anding, ground handling, and tax i
spectrum (Table C—V I1I) comprise the repeated load design requirements tor
one life of the aircraft. However , a scatter factor of ..0 is requ i red  f o r
both the fatigue analysis and test  pr ogram .

A c t u a t i o n  Sy stem Re~~u ir e m e nt s .  The nose landing gear shock stru t and the
appropriate actuat ing mechanism shall be designed to withstand 6000 retraction :
extension cycles .

I
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NOSE LANPINC I EAR TEST SPE CTRUM — ( C o n t t n u , d )

NOTE S — Coni thued

3. L~’ads application Points a~d Strut Setting

All no’.e gear load s except towing l oads are applied at the ground 1ft~e. T .
iowtn g loads are applied at the towing ett achmsn t , 10.13 inche s above th~’I axl e center l ins.

An average S t i u t  st roke settin g of ~.0 inches ~neaeurcd from full y extended
I p o s i t ion ) may be u.sd for the lendin g s.gnent s,and a strut, st roke s*tting of
I l.e.U inc hes may be umsd for all oche r segu~ nt a.
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12. NOSE LANDING GEAR SUPPORT REACTiONS
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Figure C—B . Schematic — Nose Gear
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NOSE LAN D ING GEAR SUPPORT REACTIONS

DUE TO RETRACT ION ACTUATORS: (Sheet 5.1)

During normal ground operation (landing and taxi, not towing or jacking )
the retraction actuators are pressurized to extend the gear. ~4OO psi en
the net area).

Net Area — 3.9 .~7 in

Pact — 3.9~ 7 x 4000 — 15708 lbs. each (LIMIT)

The resulting support reactions are:

Drag Brace, Pt. E DE — —4533
S E—  0
y E —  5849

Left Trunnion DTL — 17851
STL — —50
VTL • —4887

Righ t Trunn ion DTR - 17851
STR — 50
VTR — —4887

(Ref. 5DM 116—10.2.7.2. Sht. 5.1)

.1-
I
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APPFJ’~DIX Li

ENVI}&N4ENTAL DATA

A. ‘fl~ I~~)DYNAMIC PNVI RCt~’.1EWT DATA
The B- i System Defin it ion ~~nua1 l i s t s  the following external environment

data.

The te~çerature, pres sure , and conta~ninant conditions to which the air
vehicle and subsystem equipment will he exposed are defined in t h i s  section .

Time of exposure and equipment operational requirements f o r  both ground and

flight conditions are defined, incluling alert, start , takeoff , and i n - f l i g h t

4 normal and emergency ECS operation.

1. System Surrounding F.nvironment. The weapon system shall he capable of

meet ing specified worldwide condit ions of weather and climate. Values

for the extremes of worldwide climate shall he as specif ied in MIL-ST 1)-210.

2 . Storage and Transit. The weapon sYstem (air vehicle and equipment ’~ shall

be capable of being started up af t er warmup to minus tss F and performing

as required after being subjected to the following storage and t rans i t

t~~~erature and pressure conditions:

• a. Temperature Minue 80 to plus lO F

b. Pressure 1.68 to 15.4 psia

c. }-kmiidity Minus 65 to plus 85 F dewpo i.nt

d. Rain 32-inch rainfall in 24-hour period

at 70F as shown by Table C-i.

e. Blowing Sand 10 to 1,000 micron diameter with

predeminant diameters between

150 and 300 microns; wind, 40 nqh

160 
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e. (continued ) at 5-foot height; ten erature,
100 F; concentration of sand

10 pounds per foot cross sect ion

f. Blowing [~ist 6 x ~~~ grams/cc ; 1 to 10 micron
- 

- 
diameter; 40 nçah at height of
5 feet; teWerature, 70 F

TABLE L’- I RAINFALL P1~)PERTIES

Appl icable to packaging for storage and transit and to air vehicle

CCt4DITICN

IT~~1 CRITERIA 1 
T - 3 4

a. Amount (inches) 12 2 11*

b. Lkiration (hours-minutes) 11:55 0:05 11:00 1:00

c. Rate ( inch/hour) 1 24 1

d. Drop Size (nii~) ,  mean 2 .25 4.0 2.25 3.2

e. Standard Deviation (nm ) 0. ” l.bS ~~ 1.1

* Wind speed of 40 mph (35 knots) during this portion of cycle

161
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3. Ten~,erature and Altit~ ie (Pressure). Installed equipment shall withstand

exposure to the surrounding steady-state and t ransient t mperature and pre-
ssure conditions specified below:

TABLE D -I I

- - AIR VDflCLE EQU~1PME1~-n SURI~)L.NDING TEMPERATURE AND PRESSURE CC~4DITICt~S

~~~VI 1~~1’~~~~NTAL Lf~C0OLED EQUIPMB~IT

C PARfl~~~FS
TEMPERATURE °F WHEEL WELL BAYS

H G~~~~D
Nonoperating -80 to 203

Operating -65 to 203

-

- - INFL~~ f~
NO~~ .L
Nonoperating -65 to 265

Operating -65 to 265

~~~RGENCf
Operat ing and —

Ncnoperat ing
5 Minute
Duration - - - -
Extended
Duration - - -

TRANSIB’4T °Ffsec 3.0

PRESSURE paia

GR~~ND
Operating and
Nonoperating 10.1 to 15.4

Cclllpartment
Pressure Test - - - -

162
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AIR VFJ!ICLE EQU1F~~~T SURPJ)INDING T~ !PERATURE A~D PRESSURE CC~4DITIONS
(cont inued) _________________________________________

UNCOOLED EQUIPMENT
ENvI RcrI~iE~IrAL UNPRESSURI ZED
PARAMETERS CG PARD~4~~~~FS

TEMPERATURE °F WHEE L WELL BAYS

-
‘ INFLI(}f~

Normal
Operat ing and
Nonoperating .65 to 15.4

~~~RGENCY

Operating and
Nonoperating

-j 5 Minute
4 Durat ion --- -

Ext ended
Duration - - - - -

TRANS IENT psi/ sec 0.5

4 . Hunidity. The hi~nidity of surrounding air will range from zero to 182
- 

- grains of water per poiu~d of dry air , inclixling the condition of moisture
condensation in the form of liquid or frost.

S. Rain. The ground rain environment for the air vehicle and external
equipment will be the operational worldwide ground precipitation
extremes~ Inflight rain shall be a design
consideration for erosion , leakage , and vision through transparent areas .

6. Icing. Air vehicle components and equipment exposed to the external

environment will experience icing conditions within the aircraft operating

envelope bounded by airspeeds up to mach 0.85 at sea level , mach 1.1

at 8,000 feet , and mach 1.2 at 20 ,000 feet~

7. Salt Fog and Spray. The air vehicle and installed equipment will be

exposed to salt-sea atmosphere having particle sizes as small as 1.0 micron
in diameter. 163
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~~ 8. Hail . The air vehicle and externally mounted equipment may be exposed to

hailstones having a diameter up to 3/4 inch.

9. Sand and Dust. Dust particles will vary from 0.1 to 10 microns in diameter,
-:  and sand particles will vary from 10 to 1,000 microns in diameter, with

predominant diameters less than 300 microns , at a veloc ity of 1,750 plus
or minus 250 feet per minute. The sand and dust concentration will be up
to 0.5 gram per cubic foot of air.

10. Fungus. The air vehicle and equipment will be exposed to fungus growth as
encountered in tropical climates.

B. VIBRATION, ACC1JSTIC NOISE, SHOCK AND ACCELERATION ENV RDNMENT DATA.
The 3-1 Pr ime Item Development Specification lists the following data:

1. Vibration. The vibration levels to which the equipment shall he exposed
is specified in Tables C-3 and C-4 and are composite curves of the predicted
maximtm vibration level encountered during air vehicle operation throughout

the flight envelope .

2. !.~ ss Attenuation. The air vehicle vibration levels in Tables C-3 and C-4

shall be reduced for equipment weight in excess of 80 pounds.

3. Acoust ics. The max imun aircraft equipment noise level encountered dur ing
operat ion within the flight envelope shall be as shown by the internal and
external operating noise levels in Table C-7. The equipment internal

levels shall be based on the external levels and structural noise

transmission loss.

4. Shock. Equipment design shall be based on the requirement to withstand and
operate without malfunction during or after exposure , for a duration of
11 plus or minus 1 milliseconds , to:

a. Sawtooth shock pulses of 20G peak magnitixle for rigidly mounted

equiç*nent weighing less than 300 p ounds , or
b. Half-sine wave shock pulses of 1SG peak magnitude for shock mounted

equipment , or equipment weighing 300 pounds or more.
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TABLE 1)-lu

SINUSOI DAL VIBRATION LEVELS - EQUIPMENT OPERATING

Frequency Range Double Amp litthi e (da )
Cycles per Second (cps) Acceleration (G)

Nose gear wheel well
Nose gear (shock strut)

5 to 10 0.2 inch da displacemen t
10 to 100 1G peak

TABLE D - IV

P.ANDCt4 VIBRATI ON LEVEL - EQUlP~1ENT OPERAT ING

Frequency Range Acceleration Power

— 
Cycles per Second (cps) Spectral Density

N.~se gear wheel well
Nose gear (shock strut)

20 to 300 - 3 db per octave increase
300 to 1,000 ~~~~~ per cps

- 1,000 to 2,000 6 db per octave decrease

i65
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TABLE D-V

SINUSOIDAL VIBRATI ON LEVELS - EQUIPMENT NONOPERATING
(ACCELERATED TEST)

Frequency Range Double Amplitude (da) /
Cycles per Second (cps) Acceleration (G)

Nose gear wheel well

Nose gear (shock strut )

5 to 10 0.27 inch da displacement
10 to 100 1.356 peak

TABLE D-VI

RAND(}I VIBRATION LEVELS - E(~JIPMEwr NOf’1K)PERATING

(ACCELERATED TEST)

Frequency Range Acceleration Power
Cycles per Second (cps) Spectral Density

Nose gear wheel well

Nose gear (shock strut)

20 to 300 3 db per octave increase

300 to 1,000 0.03762 per ~~
1,000 to 2 ,000 6 db per octave decrease

~66 
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TABLE 1)— V I I

-~ MAXIMJM OVERALL ACCUSTIC NOISE LEVELS (PB )

( REFERENCEI) It) 0. 0002 DYNE PER SQUARE CENT!MFI’ER)

- 
- EXTERNAL EQUI IM~’tF I NTERNAL EQUIPMENT

ZONE OPERAFING NC~OPE~ATING CPERATING NONOPERAT INC

- :  Nose Gea r 14’ 151 132 13c,

TABLE D-V 1II
~!

SINUSO IDAL - RANPC1~1 EQUIVALENT - EQIJI PMENF OPERATING

• Frequency Range Double Amplitude (da)/
- 

Cycles per Second (cps) Acceleration (C)

Nose gear wheel well
Nose gear (shock strut)

5 to 10 0.2 inch da displacement
10 to 1.40 16 peak

140 to 200 0.001 inch da displacement

200 to 2,000 26 peak

167
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TABLE 1) -tx

SIMJSO [DAL - RAND(N EQUIVALENT EQUIPMENT NONOPERATINC

Frequency Range Double ~\mp l itude (da)/
cycles per Second (cps) Acceleration (G)

Nose gear wheel well

Nose gear (shock strut)

4 5 to 10 0. ~ inch Ja disp 1ac~ nen t

tO to 140 l.35G peak
4

140 to 200 0.0014 inch da displacement

200 to 2 ,000 2.16 peak

TABLE t ) -X

SPECIAL ENV I RO~~tENTS

• FXFENPFJ) LAND I NG (~Ffi~R - UNSPRUNG MASS

Frequency Range Double ~mp1itude (da)/
- - Cyc les per Second (cps) Acceleration (C)

Nose gear (axle assemblyl
Sinusoidal Operating

S to 24 0 . 5 inch da displacement

24 to 2 ,000 lSG peak

Sinusoidal Nonoperat ing

5 to 28 0.5 inch da displacement

23 to 2,000 206 peak
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TABLE O-x (Coutinued )

SPECIAL ENV I RON FS
EXTENDED LANDIN G GEAR - UNSPR( !NG MASS (continued)

Freque ncy Range Double Ampli tude ~da) ‘
- ?  Cycles per Second (cp s) Acceleration (C)

Wheels
Sinusoidal Operating

S to 34 0.5 inch da displacement
34 to 2,000 306 peak

Sinusoidal Nonoperating

S to 39 0.5 inch da displacement

3~’ to 2 , 000 406 peak
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