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L_ne goal of this _ "_"o_ua_ %_z to provide an _..,.,.,.±,,._--'_"_c51._tOO1 _r the solution

of the deflections _ud inte_._l loading distribution of ring _s in cylin-

drical shells when the rings are directly loaded by out-of-pl_.ne loadim_s aud

are supported by the shell. In order to keep this stud), within mamageable

bounds, certain Zr._und z-.'!es_re laid down: only circular cylindrical shells

_e_ conslde._d, the fr_-mes yore _niform _round t._elr periphery, the _ualysls

_as limited to the elastic range of be_mvior and to a room temperatur_ envlron-

ment, and the _h-ame sections w_re considered to _maiz locally :Lndistorted

under load. Four loading cases _.re _nvesti_ted: a concentrated force nor-

m_l to the plane of the ring, a concentrated moment in a radial plsne of the

cylinder, a distributed force normal to the plane of the ring and acting over

a portion of the ring circ,_mference, and a distributed moment in r_dial plam_s

of the cylinder and acting over a portion of the ring circumference. By -_-Ing

f_m these four basic condltlons. Early in the investigation, it vas proven

that if the angle between the frmme section principal _.es and the pl2_ue of

the ring could be assumed uegli_ible, the principles of the superpos!tion

would also permit t.he out-of-plane loading conditions to be trea_ed completely

independently of in-plane loadln_ influences. It _as demonstrated by rea-

so.uably extrmme cases that the. effect of ass_uing the principal axes un-

rotated was indeed ne61i_Ible in the ring s.-lution (not calculation of

stresses) and, therefore, this assumption _as adop÷_d for the remainder of

the anal_sis, in the solution, only _hose inter_,_l i_ds s_nd _

only those deflections and rotations are solved for Vaich are directly in-

fluenced by out-of-plane load_ng. Unit loading cases and ,mit elastic/
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INT_ODU[NrION

Strength/welght efficiency in the structural design of aerospace

vehicles is essential to meet desired performance g3als. Ring frames

supported by shell structure and loaded out of the plane of _ ring

elastic axis are quite eom_n in aerospace structures. Up to now, frm_s

_ere analyzed for loads in their elastic axis p!a_e. Since this is oaly

a planar (2 dimensions) problem and, as such, is very simple, it lasts

to graphical sol._tions, used almost exclusively for _zer a century. The

out-of-plane loading involves the 3 dimensions of space and, as s.o_h, not

only precludes the use of graphical methods b_t also complicates unrea-

listically the corresponding tabular methods.

A fresh start may consist of setting up the solution of a curved

beam of variable properties and with a sk@w-eurved (n_n-planar) elastic

line with vector representation and matrix algebra. This is relatively

_imple _uu_ its generality _=-_I_ =_ .... _ _-_-^_-_+_ _ +_

problem which are of great value in the overall solution. In other words,

this first draft matrix algebra should be sear_./ued f_r _hese characteristics

and later the solution be tailored to their use.

The resulting theoretical method, which is presente_ in this report,

is of an even more general application than the skew beam case. It will

be shown that it applies to the case of such a beam supported elastically

along its length, provided the new factors are properly identified. By

generality it is meant that the solution of the elastic support part is just

another step of the same mathematical form and technical formulation as

the solution of the curved beam itself. As a result, the problem of this

1



program can be solved eiUher in two steps, solving the ring first and _he

ri_-ahell tie second or in only oae step where the individual rlng-shell

ties are only additional elements of the structure.

It is the purpose of this remort to present this theoretical method

with its applications f_r optimization of the soluti_, to give the for-

malated analytical procedaLre readily adaptable for use with _igital compater

programs sad to include optimization carves, coveri_4_ a wide range of

independent paremeters, with the method f_r u_sing them.

i__,il<

2
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PARTI

THEO_fI CAL SOLUTION

SECTION A

UNIT SOLUTION OF T]_

FOF_DRD

The analytical formulation of the ling solution presented in this

section, applies to any complete loop beam in 3 dimensigne. Very little

char_ze w__uld be necessary, and then only in the part called "Determination

of the Ring indeterminates", when it is not a complete loop.

As soon as we concern ourselves with "Practicable Optimization" the

mathematical model of the curved beam becomes the model of a circular

ring with constant properties. This model is presented now and will be

used hereafter, although most of the basic relations are completely

generai.

MATm_.TICAL MODEL OF THE CI_AR RING

G_

Figure IA shows the plane ZX of thc r-no elastic line, which _s a

circle of radius R. The center of the ring is ts/_en as the origin cf

the besic system of coordinates XYZ (clockwise system). The elastic line

circle is oriented like the _-rJ._Pnon-e+r'_ circle, starting from point

(Z = R, X = O, Y = O). Any point i on this oriented circle is identified

by the r._'-_.',:_.... : ___:,%e i _"_'_[t_ "-,---_.....,'_- X- = F' "-'.\n'_2 ,

Y = O, Zi = R Cos _i-
I

3
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can imagine the ring s_pported at S_tion 0 and cut from the support at

We

Station n (free end) and acting for the moment as a cantilever beam.

For the problem ahead, four types of running stations, such as m,

are identified.

i. Station m ("iL_m) at which a concentrated external load is, or may

be_, applied.

2. Station m-i (_n-l < _ m ], such that the element of the ring

bet_en them is __ca__e_ element m. s_ud may be subjected _o a

distributed external load, still _nspecified.

3- Station i of element m, _m > _i > _m_l at _l_h an e!e"

mental deformation will be computed.

internal loading and deflections may be r_q,lired.

ATI 0_ ID_C21 _ CATI ON

,_5_= IB shows -_he stat_n_ related to Station m, located "-A_

elements m a_d m * i. Stationl m-I is c_t inooard of Station _/qd
Iz_

..... , Im * i is cu% outbcmard. The concentrated load apolied aZ Station m

is between them.

_ta.m _ 5U _ _

t
1

Figure lB. Station laentification

5



Leading is either concentrated at the typical Station m or distributed

on element m.

We identify concentrated loadlng with the letter _, measuring incre-

ment of, so that _+m is the increase of internal loading at Station m,

thus an external lo_d.

We identify the distributed load by the (small) _, such that _m

is t_ distributed loadla_ on element m, for one inch of elastic line

tity so no confusion is possible.

When there is No superscript the vector --_m (=_(o))-- is in the

general system. In the element system there is a superscript between

parenthesis, usually (m). The vector/_m is always in the system m of the

cross section of the element m where the increment of distributed ]oa_i_

/r) ._W .. /_
"_ m _m is _,u_.ed. _.ht_.r_foreVeCT.Or T ne,_-dS no superscriptI n -

If we cat the ring at Station m, the load applied by the outboard

Dart of the ring to the inboard part on the face of the cut is called the
T

_o_ _o_ _,_o_ooo._too__o:_oot_f_od_ (-_°_),
in the system m of the cut as m) and at stations I and + i as

+(o_,m-_ 4_/°_,(°+_t
m and m respectlvely.

6



Dh_2I_LED LL_AD VECTORS

_ne !osd vectors_, _ ._ are vectors of order six; the three

components of the force and the three components of the moment.

x

m_n

_m

Figures P.A, P_B, Z_, and 21) shov the type of external ioadi_.

IvL

rlq

Nz
rn
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a ..... >neen _r_ted Forces

•__" ] ./_-- ....

d. Distributed M,omentg ever

Segment of Ring

Figure 2. _Fpes of Ring Loedin_
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E_LEVAL_E OF LOAD VECTOR

It is often convenient to select a basic system for this eq_ivalenc_.

In this problem, the system of reference of figure IA is selected. The

problem is to determine at Statlon p _he load veetOr_p which is
T_

equivalent to load vector _ m located at Station m. This is done _ith

the m_trlxT_..

41'

Plm

wL_h _ _
_,0_0
0 4 0

o o .d

O,O,O

0,0_0

0_0.0

We note that _$_4 /-- p Ir'_ p--u_ j ÷G- - Jp - ; b ,n- n

oi_!_ o]
I. ,--p

I 0
w

c?i]
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THE DISP!ACEME_FgS /_fD DE_fONS

[ LF_TT iON

Deflection is always associated with deformation. If a solid S is

deformed betwmen the origin _nd Po-nt A, _I _ ie_::at of th_ _olJ.} _t A has

moved relativ_ to nn ela_nt at the orig_n and _h_s r_latlve displacement

could be tailed _, 0 for orion.

Although a deflection Is a relative displacement, displacement is also

associated with solld body motion. It is always relative, sever absolate.

if, in the solid S, the origin 0 is used for the reference system, and the

origin is subjected to a displacement A O arbitrary and relative to a
A

fixed system, we _ find the displacement _-_A at Point A of an element

of solid S resulting from A0, urovlded _0, A A and the coordinates

of Points 0 and A use the same coordinate system.

Trne two previous cases can t_ke piace simultaneously. As the result

of the deformation between 0 and A and the arbitrary motion A 0 of the

m

zxoA
solid at O, an element of S at A has been displaced A + A relative

to the fixed system.

Finally, _ssumi_g no deformation betl_.en Polmts A and B of solid S,

the displaeementA B of B, relatlve to the fixed system can be found

A 0 * _ at A In Uhe s_e _er as A ".,'as found i',omAo.from A ' A A

10
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!::_Li

At Station m of the r_.ng elastic axis, the displacement relative to

© ) iu the system of the origin.

If at Station m, curvilimear coordinate/_m , _e tame a small arc

_S deformed, Station m + din, at _m + _m, is displaced relative to

Station m. This displacement is an elemental deflectiom. It is us'aally

computed in ,' _ system. It _ll be called _ (mm)_ --_ (m) since

g_m = 1 imch.

_ (m) are of order six; the three com_oneuts ofVectors m and m

the linear displacement and the three components of the rotatioQal dis-

placement.

A 1LJ,...,
/Z_.S,.._.,-i - - '"

1

'_'" rlq R X

I_,,! _. i _"I.
wi.thlira_ i l)' I ,_,_A )-f -- i R "f iI-:"l ...... .m .....!..m !

i-Jm'_ i zlt

and since _ (m) is in the system of Section m, urn, Vm, Wm (defined later)
m

_
w

F(nfl
rlq

_Fll ,

W nn -_rn

bb

rm

-- Tn,_
to

t"m

11
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E_LqV'T,J/_CE OF DISPLAC}_I_T VECTOR

•_ ._._._ , ,_," ;;v _Z-}_!

As for the load vector it is convenient to select a basic sys_m. In

general, the system used for the load vector is used for the displacement.

Our problem is to determine at Station p the displacement vector L_
p

resulting from the solid body displacement A m takimg place at Station m.

_( _ (m)This is done withThe same rude applies to o) equivalent to m "

t_he ui_tr:Ix P0

!

DA i

&_p-! .
-Rpi

,_1 A

w_ih
I ","'- I

i-i0 I 0 ian_i

!0 o I 1t _ ,_
I

"[ i m
T_lql

Q

Rm

,,...,, i ,_,-I
_-i o.o.o I

1t

j o,o,o

G % qand p __ and genermlly

Similarly with matrix } k m _ _q
° ._) b

i

oI_o p,',, pi_ p,*_

0 _-Z[_ _L

z_., o .-Xt
J

-"fi. ,XL: 0

- _+ _C,
-- -- I"L "- "-'M,

The proof of this,

12
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_ieh is given below, is similar to the one for matrix

o;! o
Note that

+f, o, I o4, 

_IC CRt_;S-SIgUTION OF THE RI_

The er<>ss-seetion of Station m is shown on fig_re 3. It shows the

I v' Vhere ,_ is the oriene_d tav_zent to the elastic axisthree axes u[.. m' = m

at point m, w' is radial outward in the elastic axis plane 8.nd_ / is

normal to this plane and u . v_, ":/,_form a clockwise system. We select

the prinelp_l axis of _.he section _hich m_kes wlth v z _ angle __m It

iS called % . _ (the other prlneip_l axis) makes mn angle of ÷_/2 with

_J and thus ,_-D. _ o_.I_ _ _ .... , ,- - k

The three axes _,, v aa._ _ f):_ h %:stem ,

m, _ .:c_, the _e,eticn prope_ies _ystem at m.

,4% - _ = X

it can be proven, in general, with bm - Cos _ m, e

(k_u(_)j.z.
A Iqq

_Um:

_m

0"-

: S!_ _m, that

o ,2o_oo,. __,: 2' _,o_:ltoc_.

1S
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Figure 3. Basic Element m
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{i/,_i !

}

5_ON PROPEIT_IES AT STATION _"

At this cross-sectlon (in the principal axes system m) the t_

principal bending properties NI, the two principal shear prope_ies GAs, the

axial property KA and the torsional property GJ cam be computed. _aree

of these properties _ related to forses resulting in deflection8 an_

the other three are related to moments resulting in rotations. These

properties are arr_uged conveniently in diagonal matrices as follow_:

D
w_tl_ m

R
m

:,:-hm superscripts D sLnd

!

k::_ 0 0,
I

o o t-
:o o _t:_l

_ l / r_ L_
!

!K_I,. 0 , 0

_0 i\m_ O
I _ "
' _R,',.a

a

0

0

--"111
I J

I "j a a

,4

j _ o
I 0 o n'
! _' _-_

R refer to deflectlou and r oration respectively,

s_uerscripts ", and _ indicate component dlrectioas_

tll tli
I •

,, _ m : ...,)m \ m m

15
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sec_n-;,1_pert_es az_ identified at Station m, as they may be

variable.

BASIC EI_mT OF THE RI_3

_'NTm

This element is shown on figure 3 and is the portion of the ring

located between Stations m-I and m. It will be analyzed as s cantilever

beam, fixed at Station m-i and free at S+_tion m.

!m-i ¢ m-I We want to find a% anyAt Station m , the internal load is m "

Station j ( _ m-l<_ j_<_ m) the deflection, relative to Station m-l.

resultir,_ from the load _ m-1 applied at S*_tion m o
m

At any Station _ (_), there is a unit distributed load applied

on the elemental ring Slice _ = Rd(_ This distributed load is

(_, distributed on the element m, expressed in the m section system
_q

,•i[]'[,L6_ , We want to find at any Station J ( m-i j m),

the deflection, relative to Station m-i_ resulting from this distributed

....

At any Stati:n i ( _ :._ (_l _ ;_ j), -- take an elemental ring

slice d_ i = Rd_i' at which we will compute the internal loading, re-

s_alting from the external ]oads above, and the deformation, or the dis-

placement of Station /_i ÷_i relative to Statio_ _ i"

INTE_N_ LOADING AT _NY STATION ._ ( _._,_ % _ _._

J
for distributed load between _j and _,. ( _j_<_m )

16
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_m

Lm_ and _j are internal load matrices. For concentrated load at

j. For distributed load _rA cant_'._ever rlag arc m,

-_,,,= co_,5_,,,t_;th _: Rd_e ,

] =

In general, the deflection of the cantilever beam m at Station j is

sum, at Station J, of the effects of the deformation of the slice C_[the

between the root (Station m-l) and Station J. in turn, t_ deformmtion of

slice _[ results _ the internal loading _i at Station i, which re-

suits from the external loading between Station i an,_ Station m. For the

e°ac_utrated l°ad_m-1 _m ' i --_T Cm-lm " Ii_m'lm . Fo, t_he di_Ccri-

,a the .o_h_z hand, the internal ioadzng at _tat!on i in the System i

i 0 i i = i "

_}L_ C' "_._.,_,_3._:._ .';_AS_ m-! =[_°The deflection at J is -- _ m _ L_[

0%=¢__,

_ fq_-_

17
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,_j Is the stiff_ess matrix of the element m, cantilevered from

Station m-l, loaded at Station m with _m-1, when deflection at Station J
m

is required. Obviously, Station J can be varied from Station m-l, where

_m-i " 0 (Station ,-i iS the root), to Station m, where _m is maximum.

1_mls of gemeral ,,se.

If we use the matrix Hm for the case where Station m-i is Station O,

the integral limits are from _ = _o to _.= _m and _m will I_ calL__d

The deflection at Station J, _j,is due to _ _) = _ re(m)applied

from S*_tion m-i to Station m. At Station _, where the deformatiom is corn-

puted, the internal loading _

t- o L_144

"qL -=
m and H_ is that matrix /_m (= Lm) is replaced byThe difference betveen hj O i

integral loading _uatrix _m.
1

il;ii ;

18
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As Station j varies from Station m-I to Station m, the stif_e_ss

m varles between hm
matrix hj m-I _ 0 (Station m-l is the root) and hmm

For a elrc_-_Lararc of any angle and constant properties, these intes_al

mBtrices can be computed algebraically and proud. The pro_ of

is used for Km.
m

SEPARATING THE S-DI_ION SOLUTION INTO T_E IN-I_ AND TSE OUT-OF-PL_

SOL_J21ONS

This case occurs when one of the principal axes is in the elastic line

plane of the rin_. On pa4_ 13 , g = 0 and b = Cos 9 - I, e = Sin _ --C.

m

"_ith Cm = COS _ m, Sm =5_n_m matrix _ 0 is aimpli_Aed. We have
A

Um I--

!

! all i

c ,o I X_n

Ym

Zml

Oe4

i

_m C_I,0 ,Srn

0,I,0

t

e_

Id, m

Dm

In _he in-plane we have 2ctatlor_ ....l__rs v,_, n_ ] . _':,--_lars

•-- =%. _ : % _ - %,%,...,,,,, = s, x, + % %

_m = m' Xm = C_ _ + S_ "m, Zm = -sin_m + cm 'm

I Lt.

i

,_- C- l,J×.i-7 1": ! --"

19
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J
]

In the out-of-o!ane we b2ve linear s_a-%z-;, ":

'm = Ym, _:m.= _qmXm" % _m, _m =Sm Xm + Cm 7-_

O' i are separated for the in-plane and out-of-

plane eases. 0 is made mor_ general, leaving in Station O.

Matrices , , , ' _J' '_m'hi, m

X_. = Xm- Xi

NOTE: In plar_r ring Ym = Yi = _i = 0

2O
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r_ 7TAC_JAL SO_,_fION OF THE RING

__F_.LI<I:L°J'Y?i/L_L

The ring is a curved beam supported at Station O until the 10_d

n-I
#n (= _n ) applied at _he tip Station n is determined. This load is

the "indeterminate" of the problem and is obtained as the solution of the

boundary condition. This condition stipulates that _ _n is the load which

must be applied at Station n, in order to bring Station n back to its

original position before the cutting. _n is = 0 if no external load Is

applied to the ring except at Station O, where the ring support resists

it wiZhout imposing deformation to the ring.

Therefore, the indeterminate /_n must be known before the ri_g solu-

tion can be coapleted. Actually, _ must be assumed to be known before

the deflection at Station n, n can be formulated f_r writing the

boundary equ_tlons.

The following solution will then pr_senL _/le _olutIo_ for _^ _-_---_

loading at any Station m (i<= % n-l), the deflection at any Stati= =

Cl% n) resulting from the application to the cantilever beam ofm

the external loading /_m (1< m %n)and _(m)m (I_ m _ n), all

given except the indeterminate A _n" The boundary equations then become

specific and the "indetarmlnate" _n is their solution.

In the ease where the curved beam is not a complete loop, which under

balanced loading needs no support, but an arc between two end supports,

the same procedure can be ased, selecting the right hand support for the

root and the left one as the tip of our cantilever beam.

_ ii_

22
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The complete solution c_'ers these consecutive steps:

Step One: Determination of InZernal Lo_dlng _mm'l at StationlT 1
!

Step Two: Determination of Deflection A m at Station m.

_r Indetel_nate .Step Three: Sol_tion of the Boundary C_ditions _

of Fi_ _mm'l from Statlon n-i to Station O.Step Four: Determination

Step Five: Determination of Final Am from Station 1 to Static_ n.

_n here should be used as _ check.

_ere ,_a_s
m) A

Step Six: Determination of Final _ and __j ,

That Station J is Between Station m-1 and Station m on

Element m, when Such Results arm Requested at a Specific

Station.

The recta'fence formulae at Station m are

Thus the final recurrence equation at Station m is

,..-/x l _-[ '" + r?].i _'_--" "F%: _,l"tl_ _,V_u_/'m+

If we want ¢_m), internal loading at Station J of element m

na .._.,_-uG r'_-21

By t_sing this relation, starting at element n and bui!d_ng up, down and In-

eluding element m + i, w_ ob+_ln ¢(_. + I) In terms of the external loading,

setting _ _n separately; then

u_Fl_lJ L _. u i _-,_

e_



NORTH AMERICAN AVIATMlU. me. / LOS AIIGELE$ OlVlSd_lJ NA- 69-1015

Now for J = m, = and since +;;'+"
- m m " :D

have obtained_ _- i in terms of ,pplied lo_din_ _nd _n' s!nee _mwe

ial

£ ' ;-' m z. j t m I +,
I,. = n-i

=I

Support F_actiou

At this point, an important relation at m = O,[(m - i) --i) can be

proved by this al_bra.

7"_ ri 'T"L'° t m..ld _o 1 should eq-_al #_-1= .A _t..,Since ( O = O =

we find

_,
A _0 is an external load a_p!ied to the ring at Station 0 and it shoul_

be the support reaction. Its expression shows that it is the balance of

A

................ ; ............ _ --r 2 ..............

' _" _ applied to the ring. As the ring loading must be balanced,'i_l

any Station i with an external !_ad_ng J_¢i can be taken as the root of

_he csmtilever, and all the other exi_ernal loading applied _o it. _¢i

need not be applied since it will be the support reaction.

STEP TWO: _IiATION OF DEFIIICTIOIi A m IN _ OF TH_ APPLIED LOADIIG

The recuuTenee relation at Station m is

- t i " • , t'il [i-+,_?

r,_ m- I"+t-i,_.++ _"__ ill

_U i¸

2t+



re_at_o.., star_ingat Station I and goin_ to Station m,Applyip_ this _ " _

we have

The previous expression of _m-i for m = j gives
m

___o

%qq /

but it can also be written, using the _, P and H'_ .

(_-i'_ [It"_ _-i _i_-,L_-i-_ _-\_-_ T_._ _"_
,., ,k_ -i o

[ '" I / ) 'J"t,l_

By compar;son since pm =]_ m = ]

Fij- }_, ,",ji'D --
.J=:

25
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We can also o%tain the H's in terms of the K's

m-1 m-1

therefore,

m m m-I _ m-i

NOTE: This relation Is important. It w_ll be seen later tl_tt t_ K's gdve

a simpler boundary equation for the ring. If these integrals are computed

and programmed, the more complicated version H need not be computed and

programmed for the f_llow_ng steps.

expression A m above, if m = n, becomes, _%_.

2__, u;t_-/_A._ +
j=t j 1"1

In zhe above expression of A n, using the value of < ed3ove

,,I c--_ tl

J=, H31tj -K"

• j=l

_"i i ___, I'! -- _ 0 _ i i-_ i _, '

' . ...,.,. _. "i .

.,_.. I n l-it] ,
i. _. lq -! "

-'_"K"( 4 -4"i" i " ' [ m,}•_ Ct, I , .,

26
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STEP THREE: SOLVING T_E BO'JNDARY EQUATIOffS FUR THE I_'_m_U_B

In the ring problem the boundary condition is /_n " AO or

_n " _ 0 = O. Therefore, the right hand side of the previous equation

m_st vanish. This right hand side is the sum of the _ng deformation,

(m) (i 4 m4 n) are given,,

this equation can be solved for the indeterminate/_n (_n-l) st the

cut Stationl n-l. This gives
,n

Cgmp_ting may require_ a different ayr_ngement of %he externmii_ _AppLied

loading, separating the concentrated loads _ _m from the distributed load

_m). It may b_ convenient to use the followimg.

For Concentrated Load A _m

,A@,.,.,
n-1

For the S_n of the Conceutrated Loads _-_ _ _m
(
_ =_
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(=)
For Distributed Lgad --_n

For the Sum of the Distribated T.,oaa:ts f_ %h,ftJd'l _'([;71=K;=O(rtl;,)

m=|

• • -- " .-- _Y,_ ,t,.___ _...,+t _rl n %, ! m

Th_s leads to a v_uviation of the total A _n, which follows.

i" _ ...,_q_, _'_ _ /r_r,,-'_-,/_t_1 rm vu _'] i_- t< <A < hd<

STEP FOUR: DETERMI_ION OF THE FINAL INTEFA%%L LOADS _ m + 1 AND -#m-I

AT STATION m

_oo°A __._n-I_,kn_.the internal loedi_ is computed pro-

m

ru. '_I

gresslvely from Station n-I to Station O.

Direct Computation of < + 1 M.'._t 5t-_ i" -- ./\_. "+ i. iq_ _;
--'Jlq-t_ l]-i t

.'----rl -I ,__11-2 htl-t {r_-i)

;tr,_z%__+C._zq;'.-_, a,_d [/r',.+.tii,.l

¢,; +,'-'-'_-"-'tt',+i,,+o,] o,,-,<o-,>- _" _Aq, ." ,, - +_,,_/p__,:'w{t:}_ _= "rl- -I _-2:" r,-z- ....

-, , ]

28
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In general at

At the root

Direct C_mputation of _i.

In general at

/k H_ 4-"

trl'_ '

Where & _0 is %he support reaction.

Computlug _ ÷ l, _-i, etc.... _S_ "i = , _. l.|lC_T_i_'k_

29
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STEP FIVE: DETE_4IN_ION OF THE FI:.WAL DKF_ON AT STA_ION m
_ m

Since _ 0 is hnown, Z_ m is computed progressively from Station i to

Station n. _n at Station n provides a check. At Station l,

C f(2At the outboard end Statlon n, _n /_ n-1 + _n ÷ han

STEP SIX: DETE_IATiON OF FINAL _!m)AND _ (m) AT _"/ GIVEN STATION j OF
j . J

ELEPhaNT m

Since _m = _j _m (m)m-i and _k m-1 are known, .j_(m) _¢ mj _zm-1 +

= m-I -m J

PARAMETRIC SOLid'liON OF THE UNIFO_ CI_

EEQLqE_fS OF OPTIMIZATION

h_
_'ne preceding solution is geseral. However, the matrices lj, j,

of c_--_ed beam Uhey can be compu÷_d a!gebr_i_aliy and prog_ammed for the

computer, in these cases, the study of these matrices may give some cl_es

which may simplify the optimization problem. In the problem of clrcalar

shell supported uniform rings with out-of-plane loadings, the previous

matrices are at the simplest. For this case, optimization is shown in

the following.

3o
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PARAMEtrIC FOil! OF _ BASIC _'_TRT_CES

This sabsection is still general, as applied to a basic element m

of the ring with constant radius Rm and section properties Km. This

means that, unless the optimization of _he whole rin8 or curved beam is

unde._ken, the parametric for_ of these matrices is still applicable to

cases of curved beams construc*.cd of circular elements m with the above

specifications, although of different Rm and Km.

The follow_ng also applies to the case, shown before, where the

3-dimensional case car. be split between the in-plane and the out-of-plane

cases becaase the angle 6m of _.e principal axes equals zero.

We nov proceed to develop the parametric form of the bBsic matrices

in th_ same order as in this report. The subscript m is omltted and

R, KD and _ are only shown, with their respective powers, positive or

• t

(ae_.e_tav.)

. ?!at ri_x/_ •
1

j ,L_

t]l

!

I _-,o ,m i
' t-1 kJ '
t

R I Ro'

_su_- ma[ ri×_ ]Oill! _C_! - _ t mtil___.O-m_ _ i --1_ --Jr)!! Do ! rD]Is _:I 0 t ROI_:he order R:I1

!0
I

i

Ro o j

0 Ro i
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f
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"-'-T

I

0 jK,_.

!

_K _ __ i

i Roidti 0 ,
i

I R_, R'

H H • | 1IX

I _'P

, ,j =i,, rj I( /_:a
Jm _in

L A,,.?, ;f i, " irl

v:

__ ie -

I i
I

__ _ ill

L

I ' II I '
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P._K_Y_IC FOB_4 OF THE BASIC VECTORS

are _m and /_m" With the parametric form of the basicThe bas_e Yectors

matrices, it is easy to obtain the parametric form. of the basic vectors

and to check that tb_se formm run true t_ugh the _le sitsation.

Eq,_va!ence of _p at Station s

s . p s' _s "

Vector _p p :" 0 '" P i:

i , - i..., i

t.IDol
0  °IIR !

" ' i i" "ui

Equivalence of _p at Station s

_s = _ s _p, but _s PO = POs, therefor_ _s = POs _0"

A
It is obvious that pre-or postmultipllcation of the vectors _s and

s by the mahrix_ of change of coordinates does not d_ange their R

parametric form since its form is I, the unit matrix.

i

3_



NORTH AID|ItlCAII AVIATION,INC. / LOS A_EtLE$ il4_V||IUl NA-65-I015

D_ON OF A _iC _f m )F THE RING

For cone Id. A j _j

are the most gener_l relations. We a!resdy have the paa_trle form of

and h_, bu_-me m_st prove tha% the eq'/iv_lence obtained by pre_.ultiplying
i

then by matr_.x P _oes mot change t.heir form. We rewrite them.

R'K e. :R°K _
1

For The Concentrated Ld. 3:-1

If _m I resElts fr0m A# r at Station r tJne_

but-_ _r = }_, rk @F_ £X _i_ R KR R .__ 0 _

'_ i R'K_ I R°Ke R' 'R °

i lR°!d_+Rzt<R' R'K R i
I _ '

J R'!"(R _ R°i<_ 1

Therefore tP_ par_etrlc form of/_j Is the same in terms af interns/ and

external loads.

Equlvalenee of Aj at Station s: _s = _ _j = _ Rl _ 7_ mr /_r

s m

pot=,!, _ t p, '_i, . I-_l _.tg[o.,_,_R K_ K ; _
---I

- -+--i'! - .RoI<_t

i

! tR':<_' _ R°K'_ I
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_T..erefo_, -_he equivalence operation does not ch_e ¢_e parametric fo_ of

._kj in terms of internal and exterrml loads @

For The Dxs_ribut_d LoaA

The proof in this case involves the equivalence only, premultiplyir_z

matrix H by _. By _slng matrix H, A_he proof for applies to bj.

In steps three of the "Actual Solution of The Ring" we solve the

boun_ry equation for L_n , whleh is aet,lally internal load _nn-l.

We now must find ander what conditions the _-rametric form of _n-i
- [I

is the same as for the basic vector _p, for both given !olids (external)

X-_m and _(m). The key to the problem Ls the inverse of stiffness

matr_x <. We can use the last expressio_ of _ _n and restrict oar proof

to one term of each s_n. The resulting expression of /_n is

l
A_ _-l_l-!_'_k"_'/\_'_'"-"'-"'-'*""F" '" ''

< ,, ,, l,,,j
From the previous stady of parametric forms of the stiffness matrices

,J

!st. Fm _ bms the form of Km =_ _iH.
m m

_m -_ R2 _' which is the form of matNx hj.

3rd. pa hm _ R_ H.
n m

_"e_efe'_e _n form is R'' {H)-I(RI HL_, ÷ R_H_ _(''_,d the problem

narrows down to +he inverse of matrix H.

has the form of R%

36
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Let ,as write the f,all form of _ as 'IO°_D',/D --_ '_ _

t
t

where _n a sree_f!e e_se _ . a

I

)IX

1

! P,°aK i
• b, c, and d are kmown matrices of the 3rd

e

order. Inversir_ this matrix H is not straight forward, if the power5 of

P are to be retaiued. Moreover, the determinant of H iS

so that the denomi_tor of the inverse rill be a polynomial of the 2nd

p.,wer in R. This r_s:_lts from the existence, of the section-prope_y matrix

KD. Should this matrix be__ O, or the effect of the KA and GA s negligible,

H could be inversed indepeadently from R and the_ optimization would be

simpl ifled.

Case Where KD _ 0

We start from _n = K_n _n"

n--_n ,,, ori { -- i '"

r ] C _ , nl

For t.he moment the vectors and _ are rescaled to

1p,°,,,t

iR°c
1

Let us r_plaee *_hls equation by a

R%

! c K _ t K _, !d
This matrix can be inversed independently ..'r:,:_ R.

'A !a< ' '-t[h I '[Let i '-- , . !. en

C D' K _ dK _' 'R%i i iC ; '

I
I

I leaving out m

_ AI I ,
15i'ia°r

51'



Now :.he vectors are restored t_ their origln_! form _ _x.

! P,% !P;"B_ 4

i 1

,x_,_i_A_ ni,=._-i(_)-i{_l

_O_

zs¢.,,..?\

R-'_A_R-'B

R-'Ci R°D

_2_}

lid _t ,,i JAP_mi l ii-_ ii' i i nl_ I

R_nerefore, the _ndeterminate _ _n = _nn'l has the same parame_tric form

as _m" As a result, all the products of the back substitution, namely

_(_) (m)
,a _d Aj have the same parametric form through the solution.

OPI'IMIZATIONOF T_E CI_ RI_

It was Just found that when the section properties EA and GA have
s

lltZle effect, the m_trix property KD can be cancelled end the radius R

drops out as an independent variable.

38
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it was also found t.hat when the angle @ of the principal axes has
Z

little effect, as it is the case with the our-of-plane loading, the in-

plane problem cam be separated from the out-of-plane problem. As a result,

the (EI)y can be made infiniSe in matrix K_'m Moreover, the inspection of

m shows that one property, for iastance,the stifi_aess n_triees K_m, ]_, and hj

_ Ca_ be t_ken OUt.

AS a result the matrix KR _an be written

i

I K_ 0

o
!

t

01=
,!¥ ,

t

0 '<zl

12o.ol
' %

o ,o, o I-K io o o i
' i

0 ,O,Kz i 0,0,K _
Originally we had nine independent parameters to consider for the

optimization of the circular uniform ring; R, the e]estic line radius,_m,

the angle of the station, @ , the angle of _.he princi;_l axes with the
_U

basic _yst._ a_ Station 0, and _he six section properties In K .

The precedip_ study has redaced the independent pa/n_leters from nine to

two, the angle _m and the ratio ¢_ = GJ/(EI)z.

obtained with R = i and ._. = i need to beThe final internal loads

sealed only for R, as 6iven in the "Parametric Form of the Basic Yeetors"_

a/u_" the determination of indeterminate _n"

= i and 4 = 1 must be multiplied
The final deflections obtained with R

by the actual _ = I/GJ and also scaled for R, as shown by their parametric

form.

It is inberesting to note that the internal loads are independent of

t_, depending only on the rat ia IC_z/K_.
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Section B

THE _/NIT.SOLUTION

OF THE

SHELL SUPPORTED RINGS

FOFa_ORD

_t__ion m the internal loadsIn Section A, we lesan%ed to compute at e -+

_:-i and the deflectionz _m of the elastic center of a ring fixed at

Station O. Concentrated loads _ _p were applied at any Station p of *_he

<lastic center and a u_it distribste_d load _P)_ along +_he e!ast_c line

of the element p. At Station C; we ass.ame a support which applies to the

ring s/l extera_l lo_d _ _0 _hich ba!s/_ces +.he others.

The reference system of the ring X_ Y, Z, at r.he rin_ center has its

ZX plane parallel to the plame of the contact llne between the ring and the

supporting shell. It is assumed that the supporting reactions of the shell

s_._e c_ncent_v_ted at points of contact located at the Statlon5 m and

a_suuued at the shell mid-su_'ace a_ _ r_d_ai d_sb_nu= _ + a _u ....... _ng

center, or at a radial distance a, ordented outwards, from the elastic

line point m. It is assumed that a is constant, positive if the shell is

outside of the ring and negative when inside.

. oF m LL

F_gure h shows element m-_ which starts at the middle of ring element s

and ends at +-he middle of ring element m + i. The an_le of this element

is _ (the shell-ring contact point at Station m is called m).

i
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d

D

Figure h. Shell - Rin6 Element m
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The concentrated reaction of the shell to the ring, equivalent to the

s.+esl reaction along element _, is , as shown. Assuming that it Is

_niformiy distributed alone the element m, letting the shell thickness be

t, the unit press_me on the shell is

If we assume that at a normal distance d from the ring contact lime,

the shell is fixed in the Y direction, _he displac._ent _- of the shell

_nder the ring load is

--5
-d

d

K_ = E (R + :a) (p; t
is tb_e spring cons÷_ut of shell element m.

In our present cage K s = O, as an approximation Justified by the

complexity of an elastic shell solution. However, it will be kept as # 0 in

............. _ .... _ ...... 2e-"_!b!e u__e in +_he futur?

P_RiC SOLUTION OF SHE!/,-RI_G STR_K_I./EE

The algebraic solution of the sh_ll-ring struct_e is very simple.

Ho%-__ver, we must find in what conditions the parametric form of the in+_rua!

vector _;-i and deflection vector /_m of the ring supported by theload

shell, "M_ieh are used for optlmizatiDn: remain the same as those of the ring

alone, or at least are compatible with optimization.

The parametric solution will achieve thi& result, while describing

clearly the so!ation +itself.

_2
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In,

_/r_e equivalence of the shell reaction A_ at the point m of the

elastic _-xis is _ F Y = Z_ FY (AmF;)
m m

and with a = £%,R, _M u = -a _ = - O( R A
m m m

O( (= a/R) ratio is an independent parameter of the sheli-ri_g sol_tio_,

br!nglngthe total to three, _m' the running station,

_/_ __/(_a__.
Now at aay S_ation m, the deflection A E_ p of the elastic center due

m

to the shell reaction A_ applied at p_int p of Station p is

i I=I _i. -
I -- @

R 1

The resultin_ deflection o£ the ring at point m of the shell is

- u__Y-=ItR-_9, )-(xRiR-_i-<-)l/___l-i

"_ere [_ is the um component of _m _p at Station m.

_lnally

yR, .v

Now _ ide_tiO" by t the exterr_al load A_ and (.p.

-IR 3 ! ZhFI}R-_' RT •
i

L_R,¢ lff,*r_ _ "U"l'U

'r Jt zx !

m i

Simile.fly

_3
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The resulting deflection of the _Ing at Polnt _ of the shell is

m F

- R_A F+ RzAH + R4-_. R_m

_na_ly, the equivalence at ooint m of an arbitrax7 displacement A O at

the origin, Station O, is

z--_m -- !

I

oi
-- 4 _4

RO

The resultin4_ deflection of the ring at point _ of the shell is

:'?'J'J i

With

Finally

T 1°R' •,
q

Vo
_o
m_Z

m_

I
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i _

SHEI;_ RING DEFLECTION EQUATIO_

P
Usi_ the preceding values of_ , this equation is

%
- ,R-' R: otf

7_z

&ltho_ A_ are external loads for the rin_., they are internal 2c_d_

for the shell-ring structure. _"_,eirparametric forms, relative to R, for

A¢ and _ in order to prove that the whole expression of A_p check

t_z_m also. A 0 is solved w-ith the help of _he eq_libri_ equations.

NOTE ON _. If K_ iS not proportional to R3, R ==t be an additional

independent parameter in the optimization prsblem, bat only for %he part of

the. solution ineladed in Section B. Hove-¢er: if t decreases when R

increases (t = R-I 6), the element _ depends only on _N (n_mbe_r of elements

is fixed) mid d varies as the square of R (d = R_ _), then

_5
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In this case, R can "be left out and tae independent pe_u_eter is

It is _,een that acceptable optimization is stlil possible when Ks_
m

n3t zer_ (i.e., d _ 0).

RING SUPPORT _ATIONS

A_ the ring s_pport there is the shell reaction

at Station 0 is

_H vt __ --
O--

i_ _0" Its equiva&ence

Since the:_ is no defo._natlon involved = Y0 -

_R V7

0

_hich can be solved for YO -_

Z_F___--- K 5

K_

.Therefore the vector

_UILIERITJM _tIA21ONS

I __ T I !

IY _ l_kS_l

t-,_ 1 2X +
t

!-q_oi , ,

_p_x
.... "I'0

X

The equilibrium equations are

_q- I

l

,q-I

_N 7

/'

Fo=O

, i"__A R,_,+/_\Plo=o

_6
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SolvinC t_e first for ^-_Z_ar6 : A/_.o gives

_ _ _]AF o - (7_AF_-,-A_-,-,,T,,
e

No'_j the s,;c_nd is written explici_l_

- RAF- >,h.__ + RAF+AI'4 + +R_ = -z_14 o
P

but since the shell cannot resist _ at point

o - Co
the right hand side of the m_ment equa_lon becomes

-A'M' o =_,!?,Ar o - -_I2:A 7
I::'

If Ks, like K sU _ is proporti_nai to R 3, using the solution for /_ P

from the shell-ring equations, reduces the moment equations (specifically

the Mx and Mz) t;::O.

l fnZ
_"(oi

_hlch can be solve_ for _0 and

AN

O"

_p g_ves

Substltutir4E for their value in

I

IAM
I

which is the parmmetric form of _mm'l in the ring solution.

_7
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CONCL!_ IO._S _o

In the ri_ solution, Section A, it was found that if the section

property m_trix ? has no effect, which is the ease in our problem, or is
m

pIxxportional _ R2, _he parametric forms relative to R are:

For the internal ica_llngs

' 21R 
1

1

For the deflections

In the shell-supported ring solution, Section B, it was foumd that if

th,_ ahell i_ Inflnit_lv _'d_rld (['_-- = O_ or thet if _ _S nr_.r_r_n_] _ R 3.

the ring parametric forms above still apply and optCmization ca_ be dons

letting R = 1.

However, the solution, as presented in :_ections A and B, is general and

c_ be _sed for any values of Kin, KS_ aad R, even when these values chan4_

with the element m.

In the present contract there are only three independent l_mmmetere,

_m _ the station angle, _z/_x-GJ/(KI) z, the ratio of section properties,

and _= a/R, the ratio of the oriented distance of the elastic curve to the

shell to the radias of the elastic curve.

LD "_-]
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PART II N(_4m_--_Aq_l_E

A list of the more easily defined symbols for Part II is given below.

Symbols too complex to be described in _his Brief section are defined in

the text of Part II.

Am = cross-sectional area of element m.

C = radial distance-ring elastic axis to shell.

Dz = normal deflection f,results).

E = modulas of elasticity.

f is used as a superscript to indicate a f_nction0;Adistributed force.

F is _zed as _ superscript to indicate a f_mction of a concentrated force.

FZ = internal normal load (results).

G = shear modulus of elasticity.

I_- = moment of inertia ab_,!t t_e pr!nc'p-_l axis nearest to element A__xis_r0

Iw = moment of _er__a_n *: about the principal axis nearest to eie:nent axis w.

J : t_ist coefficient, (twist = (tc,l-q_e)'ilength)/JG)

k used as a subscript indicates the station m_ber of an applied load.

im = length of element m (!m is the distance from station m to station m + !).

m used zs a superscript indicates a function of a distributed moment.

m i_ the station number when u_ed as a subscript.

mx = applied distributed moment about the x axis.

my = applied distributed moment about the y axis.

[mx] = a _trix of dlstr/b_ted moments about the z axls.

my] matrix of distributed moments about the y axis.a

T_ is used as a superscript to indicate a function of a concentrated moment.
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M -- !n+_er_l moment (results).

[Mx_, = a matrix of c Jncentratedmoments about "_he x axls.

r
L_yj _ a matrix of concentrated moments about the y axis.

R = radlu_ of ring elastic axis.

Rx = rotation about the x axis (results).

R = rotation about the y axis (results).
Y

T = interual torque (results).

a _ element reference axis or lo_ axis of an element.

v = element reference axis perpendicular to u s_ud w.

_k = applied distributed load.

C_°I = a matrix forces.of distribu_ed

i7 _= a matrix of concentrated forces.

w = element reference axis perpendicular to u *_d to v.

X_ = the distance in the }_ direction from the origin of the re_ferance axes

to _tation m.

Ym = t,he dis+J_nce in the } direction fr,_m the origin of the reference axes to

station m.

Zm = the distance in the Z direction from the origin of the reference axes to

station m.

= deflection of ring elastic axis in the Z directiom,

@ = angle _f rotation of the principal axis from elez._nt axis v.

_)= angle from x axis to station m.

,_x = rotation about the x axis (analytical _olation).

,_ = rotation aboat the y aXiS (a__al_ical soiatio,_).

5o
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T T ri_rANALYTICAL SO _Jl _ON

_is portion of the study dea!s with the aualytieai solution employed

to achieve the results presented he._eln. It may be considered as the work-

ing model of the general solution descr!l_ed In Part I. Some changes in

nomenclature and eo_ventlon were made in order to better fit the computer

subroutines that w?re already in existence when the study w_s started.

However all qur_ntities _sed in this pa_ are fully identified as needed.

M::r ": T._ the coordinate syste_m and station nsmberlng systems are shown

in figLlres 5 and 6. Therefol'e this section is self contained and has _

the necessary equmtlons for prod/cin_ a c_puter Trog_; in keeping with

its practical aspect the expl_mations are brief and limlted mainly +_o

progl-ammirlg Information and data pr_senZatlon.

RING-_ SOLtYfION

Figire 5 shows the coordinate s;¢s_m... o relative to the station numbering

convenient for the compater progl-am, wms foun_ to be ansuitable for the_

presentetlon of the gl'aphieai data. Therefore, the stations were ren:a_be_red,

ms shown in fig,ime 6, for data presentation. This undesirable but necessal_y

eompllc_tion should cause little trouble if it is remembered that r_ges g_

through _ of this section ased the figure 5 numlm-_ring system with the

remainSer of the report depending on the flaure 6 station numbering sygtem.
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NOTJ_:

7

¥

4

!

2

1

21

UK
Element Coordinate S_rst__

and_r are in the x-y plane
_J'_s in the direction of Z.

External concen*_rated loads are applied to the elastic center of

Station ii. External distributed loads are applied over a 9" arc

symmetrical about Station !i.

Figure 5- Ring Station Numbering System for Compatatlon

i
52



. ;: : i?! ,: ....: .... :! _i q< ! ...... : f!i:̧ ;ii :: i?ii!:!i:ii_ iL_

IIHTN &MEIIICAI AVIATION. lilt. / LOS ANGELES Of¥1SIOll _A-6_- ,..0t_

13

14 I _2
\ /

15

15.1

Y

I!

I0

I

Ex_rual concentrated loads are applied to +_he eL_s%ic center of

Station 1. Extermal dlstrlb_ted loads are applied over a 9" arc

symmetrical about Station 1.

Figure 6. Ring Stati0n Numbering System for Data Presentation
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±._,- _ nnn_ _OLb'T_ ON

RING SOLT_iON

Each point of c ntact of the ring, with the shell is identified as a

station (see fig,_re 5). Each s÷_tion m has three coordinates Xm, Ym' and

Zm . The solution dese:-Ibed Sere places the ring in the x-y plane so

Zm = O. Starting %_ith these station coordinates the following quantities

are_ cgmputed:

Z_X_, = X'_- X__ I

-- //'_m(_ ,Lc ,15 _m /

quint!ties are:

_.a'var - ,o -. _X' ,_

- - c¢,., S IN ":i _ Lb" _ i . : "-'/|P

x ,- _.
dzL;

.54
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More _,_=,_T_T4_._ are o_talned from the elastic properties of ring

material. They are:

dF =

d F =
_m

dff._ =

d I"t. =r"r',

,\d
f •

@ tfflrl ----

.._£

d_- _

c-

T-

r" ==

i4

g._: =

m
f =

_r'On

i_-_ __

_/r ,_

,,I OA_ +

;.:i b__,,-\,.,.,

X fi_, i ot_

_2 r

Q&v_. i PC]

_, ,r---T
__/ - i _-_

_its _;'U- t/

7J
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_:._tri(:es are new fDr_._ed as follows:

IT]

i 0 "

t 1 0

O_

o

C

1

F"
4!

S ZJ-2o

,L

• . C?

_/2t r

•3 AYzo

-_ o

[,._ q [r--H l,_ys t[ jthrs_ L' ul j below are d'ag;¢_al matrices:

= !CX _CX , • - - CX"

CK_rzt } C_t_rZO

Cx_: 2

/Jr_" Z 1

,_3_,z"& :'

Y
u f_r _. J

dF__ ,

F
d ,.lr. 2,"

F
d _r& 2

d_J. '

= [dX_-Zs : (::X_rzo

= I?_

0

Lu_,j 'z, zo ,

[dF1= _-; F

r_F:, id F F

[ F" [d F F,.Ld,,j] = , d _,[ uJ'Z._ - 2.

[d"] [d"[_r = ,v'i: "_ d ;.,D _

£,

ol

o]

o]
0 1

J

c:]

°]

o]

o]

ot

<J

,- i
"_ j
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F_l'll = FAM ,_

. _ _/-,r" l 0

,c ¢ d: _zo

LIf F7 _. _ .F

----['_ _-I '_

yM

_._.TXLX eq::_tLoas Eb'e =C_er g_tlt.tes.

o-_ = {-:r _:,[-it_ L_YJ -'

_x_ = ox

L.Jy " ,_

i

o j

o

ol

/ /

_7
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In effect larger matrices are f&_n.ed by asing the above matrices as

scbarr_y$, it should be noted that the e3mputer progr_T, stgres only

i__ ' ["D ] etc. are stored as vectors.required da_. For instance _] , L :'- , ,,

[T]'s not f3rmed but its action is accomplished bx a subroutine, and null

matrices are never stored. But schematically

The * indicates that the matrix is transposed.

I_,,]_,3.,;_o - -,
It. _ r,_ -i 7,. -,

L

|
I

i
1
!

I
i

_,L - •i "_ '- LO..-J
._/

!
I

L "

:1
t

t

Ii _ :!__.i "k £i

I

:- lc _: .. • -

- _ ,_] .- .. ,C', ' Lr ,.. i

'_" '- t-r_j '," [_,_1 _'),
t- -t

-bT o o

'._. i t_.

C C ,:: q

C ?' '-" t

:2 .: C '

LTi]. . - ]
, IT: c,

- r
F "t"

,-)

(-,

"2 "_ 7

. r ...-. _j.-, i: i" rv.., ]L-T-_I -' _ ,,,-_

_S8
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Urd% concentrated extem%a! loads, k'one for e_hp-_ load component and

ring s_ation), are _grouped In matrices as follows:

; -_ r/,vi v ,, : L_ L, , AV ' • -2,0

,,ll _ _ ') - .

Z'V)" z. i

AM]

AM,]

0

A_ = <_
0

0
0

Unit distributed loads are applied to several ring se_nents, th,_s

r ] .gq = [zxm., " - ]

'!_.ese _oed arrays also become subarrays or:

- ?(, C _ J' f_ (b 0

-,", [v]<[_x]' "',-'° oc I,A_: ,_°,

;: _ ("_ (-" q.i C/

I ......

A _.._iuLlu'_ fur =he ring, _r_u_y fixed a-_ _T_=i_n i, -_Z bu_ corn-

•_ C Q ,'7 0

c, 0 0 C o

0 -.[Ofj ,,7; 0 0
0 0 _n_] O 0

_ce" F,o o ;my] o
r

C, C (." _' 0 _,

pl.eteiy free at all ot_her stations), is now obtained for the above unit

applled Loads. in matrix Corm the eq:-_etions for * "- sol u+-_

CF : TT.,_¢

A F = D,_{_ F

'!F" -

A:I = D_ Tr_

59
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Be ....... d from selected elements of Z/_ according toA :mtrix _ is :'_ _

are the elements of Z_ . Or, since the n_muber of rows and columns in

Aq_ is 6 ¢ 21, the bid _o_:

L C

u_, 5 o_,_ , ,j=,;_., , _ = -.) , = i.21(j-t;

Other matrices are for_,_ed fromZ_Fandfk ¢ by selecting out r_ws, or:

_'- "* _ " "_'_- 0_--_""-"F- _u_J I ,,i ,43., _,.... • F

"_' _ RCW 1,2 _ 4" ..... #_Sf_' -- _- , '-_ _ " _,i _" L._;i"-

Up to this point the ring has been tremted as a circular cantilever

beam clamped at Station i but free to move st all other stations (see

f/gui_ 5)- When loaded this beam would deflect in such a way that S_atlon

21 would, in generm!, be separated from Station I. The internal loads

at all stations, (for loads externally applied to this beam.) are given

_re given in =_Itrices/_,_ and/_ I . It now becomes necessary to rejoin

ring Stations i and 21. Tnis is done mathematically through the following

rmtrix operations.

.,_ :zi _ _,,.De _-I 21

matric_sA_ 2' a_d A(1) 21T_,e " RF g,f represent loads which, if applied

to the _mee end of the e!rcalar cs_qti!ever beam.; (Station 21), wo,ald bring

this free end back into proper contac_ with the fixed end, (Station I).

6o
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row n_li matrices. Thus, schematically

in effect, into 132

k_/

0

)

i)

A;}, RCW 4
_, ) \ O,. ')
k..

.- .(C<:_ -'

m

2Z

This pe_--mitsthe determination of the internal load, deflections

and rotations of the continuous ring as shown below.

_ = :X F- DglTFA(DRF
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F
Where _ _ contains _e internal loading due to unit concentrated

f-

forces and/or moments. _ c_n%ains the related deflections and rota-

tions, and _C are the correspondiv_ load and deflection matrices

for umlt distributed fDrces and moments. These .-esults are shown

schematically in figure 7-

The res_!ts obtained above complete the solution of a ring fixed at

Station i, 21 free at all others. These results are of value mainly in

that they a_ used as input data in next s__ps of the solution, namely +_he

determination of ,_actions at r_ng-snell attachment pDints and the finding

of the fin_! load_and deflections.
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O

O

O O

i¸

M Y
Vf

' 0
I

MMx ,MMy

0 0

0 0 ' 0 1

I

I 0 ' (2,

I _ i

ev %,x e,_,
X " × ' X

, Rv R.x i Rr,,ly
l

_RRv R.x MY

"_ 0 _ 0

:._-6%zo15

o I o ' o

0 0 : 0

- _ - " T .................

F_ :F_%,
Mx _Mx l_.X

_t- rex" qmy

I_Y_MYvY....

t o! o _

i
I

0 0 i 0

0 ; 0 _ D
!

......... !

!

RiJo- x il2mY

Ip" ipY iPY

t"f_r-_"rnxi ''mY;;-

[o o!c_ -

_'_igu_e 7. Res:11t 11_triees From the Ring So!_tion
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"F _ /"R_d_ SHELL TIE

?ne b_sic ass<_ptiou used in the solution of the ring shell tie

!s; the shell is infinitely rigid alor4_ its axis of revolution. This means

_t no deflection norm_l to the rin_ occurs where %he ring attaches to

%he shell. This condition gives a bo_darE equation which is the !_sis

for the solution, Symbo]iea!ly then:

S R _ ©
L"

where Z_ is the deflection no_-_al to '_he ring Bt th_ ring shell tie

Station m o

2_. is the normal deflection of the ring at the elastic axis.

C is t_ distance from. the ring eisstic axis to the shell at
m

Station m.

is the rotation about the elastic axis at point m.

In terms of the reference 6ystem the rotation _m and the deflection

-& (_x -Y ,Z,.,, + C r,, m SiN "Fr_-- @_.COS ,,f,,,)+ v!,

w

+ +@:'r"-',_,,_Y_)+c,,,,,Slr',,,i"Fj]

are functions of the loads, (forces.. _nd moments), applied to the ring

elastic axis. Thus to _tilize the ring-shell "tie" reactions in the above

eqtmtions these reactlon_ must be translated to the ring elastic axis. This

trans!at!gn prgd_ces moments Ln addition to the reaction forces.

_V z&M x= C z, ;_ SIN _V
m i'n r,,i

s n : -c,.
m

Or
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_:2: - /

_y_ng matrix no_tion t-_ the _._ndar_ _ e.qmmtions prod_ces the

fO_ _,.wlrlg:

. [z,_ix]AM_+ [z_],,,,K+[z_jm_+ = o
"_ [zs] _, _, % r-,+_ro-_-:_ _r_,_×_'V +,. (_P_X D["IY LY _L b '_-S' MX= ' - _V + _ Dr

are from /-_F_ of the ri_ solution. C is the distance _om the rin_ elastic

_xls _o the shell. D rand D
S C

Cos "F _e_pective!y.

kz] - [,,,,. •
r, 3
LK@yj [-C C 0 S uP21,(,XI

are _iagonal * __ - _h_ Sin,ne_r__e_ _f _ _ end

r.. "I, l- _

Lr,q:,×j= LL b_h:l"2t,

L_ = VK

.,]
x20 C C c ST2o _ - •

" • (×,-×_)-c ccs_]
L S_NT2o- !-Y,2c.), " "

. p c I I',j :+L., _ (y, _ y.,q

-f- C L_<, R k - DC FC_/K • -_.-h_r,= _:;_.." -_-:,p,.-"

k represents the c,_l_n eorres t_onding to the external __oad appli_tion

station.

[Z_,'F_] = [D_K "t-C (D S R_- DC R_)]

k] [-_ )][Z _ _-'_,,YK r L_s_x __ -,_,,: -- - _mYK -- '--'LI_p;YK

r_._LZ_ and [Z_J are :lot included here bec--use they

needed to o_c_im the graphical and tabular res_Its.

not
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i

[M: 57J

&V K

L,_Y

_ t_e matrix of ri_-_nel] r_ct_ons forces

is the applied c ;ncentr_ted force.

andAM ×
ff are _pplied concentrated m_mengs.

/q_K _s the applied distributed force.

m.xandm_l ere %he mpplied d_strlhuted nk_nts.

The _inkno1_ns in the bo_undary eq,mtions _ reaction vec+_or !AV'_ ]
J

a_a 2_C'eq,_stlons and 2_ unkno_mo. Th_._dditiona! equations are supplied

l_y ri"--_>'e_'_,__,. _ equi]ibr::_m. Vectors repre_entin_ t_he eot:ilibri__ eq_ations

r I

[nc_ fc _ ,-"-,s___o c'..q',F_ 7 o o]

[K_] = c[s,.%.s,.__o.

r_,'_,_ [ , K + x,,, , ]
L e _ = _XK _ I _ \i 2 .,,'; _ I

/"' " K+ l
: _ K + i'\ J

s _NT;-, _,, o, o i

] = I _ © , I _ ©3
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Matrices Q and R are fo_d firom the c_mponents described

im__edlat,ely :_a,. ove.

Is]=

[._-j, , ,

[4]
E Xe]_

L eJ
q

- r FR J

XK"

"J'_N or

._"'L:-.j + _rF<J--c Lb =- L' J

The internal loads, deflections _nd _otations can now be determined

!_ER!_J. LOADS, D_Im__CTIONS AND ROTATIONS

First tP_ reaction forces are translated to the r_ng elastic exls, or:

i_'.14y_i -- -C DC /_V::

i. 67
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Rotations about the x and y _xls are:

,,vv _ 7 ^r,,IX r_,Xl ,-,,- r_X .l \
,-h K.,..,. K . """..,L'_.PI _:.jK __ K ,_i.:',",r j K_K _ i:'l#_¥jK t_'_y}

.:.q.= Lnvj[._vs7+ r_.'.7[:..,_]
+, ¥ ,_ _,,, q,,@,,]_',,<.[_,_.,,]_._,_t,,-]K_, [,_;,,,],,r,,,,,]+

At e_eh station two ad_itional quant:/ties _r ":'r%...... - ._.yeo'c _.:,-

torqme about the elastic _xis and the moment about the axis normal to the

elastic axis and in the plane of the ring. Or:

][r._= Pc]_.,,,
r ] O _t_: = [ c:¢.x

- -: _MX
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P_T _T_T

• _ T _ T,C'',/ "T _-',_r',,T.,',. _'_'r',,r_ - _r_T _"TT_

....;,_t...,n:!eve!c_ he_a!n !s an ,.__e--_*e.....__. znd p._a_t '.'a___....

within the framework of the conditions and assumptions sti_uiated, For a

!_argo nt_ber _f c,_-rent _er_'s?_-ee _pp_ ........_, e. _¢orhab_e tDo] of [_OCe_t_.,.L-

-_--t" gr-,:'nd_ v._¢ or, if_o_ himself whether hi_ _*_,_,_ hies _fthin the ..... d

:{_:t. whethei-_-:_.._ &_vis.tlon is _ _iglcant..,.. _e_ ,_...._-.'_._.re._..__.___"_,_.:_._................ _r .P,'r_._. i

and the Drzmcipies _nderly_,._C':_it are ._-_.u,_-,,_n_,-_and _.n_ed-:ta_l anc_]

P_.-.,.' !t'_ _].,:_V'eiOD-n ..... _.....d _ _ pro_Ts/n is only orfe _-x_]_ of the _ny _ -_

_cnts wh!eh e:)t_!dbe b_L_t tqDon this fo:_mlation.

It is reeom__nded t/_at serious eong__derntlon !_e given te next extend"ng

an _]_t_e zhe!l into one _rob_em t:._rer_i_ee _).,_!de_iT-e _ _ of _" "

...... -r_- or a _+"_y Df +'_:_ inte_.ction of the r_[ng _ith the struct,n'e _:hich

]_oasis it, In contrast co _he ideal_ point _._,:_,.v'.,.....-r_d_vect?r feed_ e,_oiica-_

tion used herein, Another direction _o treeconsidered in furti_er deve!oF_K_nt

of thi_ analy_!s is in the experimental w_rifieation of both the b_.sis and

8C£.;_ "._C>'_"..L/ _:_2 _*" W_ " _, ..... ..C_].._.._ rl_ . ..... V .......... _ ..,. bllC cd.r_etl_.
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A ring cross-section is formed by passing through the origin a plane

which is parallel to the Z axis. The elastic axis is deflned by the llne

Joining the centroids of the ring cross-sectlon.

C

E

FZ

G

I

J

KDZ

KFg

KRX

Kn

KT

M

radial distance from ring elastic axis to shell, (inches),

= normal deflection ,(inches) . See figure 2.

= modulus of e!_sticity,(pounds per square inch).

= internal normal f_rce,(pounds). See figure 2.

shearing modulus of elasticity,(pounds per square inch).

= the moment of inertia of a ring cross-section about a radial e_xis,

(inchesh).

= t_st coefflclent,(inches_). Twist = ((torque) (length)/JG) .

= normal deflection coefficient.

= internal normal force coefficient.

= coefficient of rotation aboat the X axls.

= coefficient of rotation about the Y axis.

= internal torq,_e coefficient.

= internal momentj(inch-pounds). See figure 2.

See figul_ I.

See figure i.

A _ = applied concentrated moment _(inch, pounds).

,IK¥ _ applied distributed moment j(inch- pounds)

R = radius of ring elastic axis ,(Inches)

RX = rota%ion about the X axis.(radians).

Ry = rotation about the Y axis_(radi_ns).

T =

A V K =

See flgur_ 2.

See figure 2.

interaal torque,(Inch-pounds). See figure 2.

external concentrated force _(pounds). See figure I.

_V
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Appendix I

:'L,• +

FJ" E

x

Y

z

= reference axis in the plane of the ring. See figure i.

= reference axis in the plane of the ring and perpendicular to the

X axis. See figure I.

= reference axis perpendicular to the ring. See figure I.



NORTH AMERiC&II AVIATION. INC. LOS ANGELES OlViSION

TABLE OF CO_TEItrS FOR O,*_tPHICAL HES_TS

!

1. c/R = c.ol, c_/_ _ _.oo,o._,o.o2 __c_/_ - 0.02, c/_ - o.ol,o.o5,o.o9 i
2. c/R ,. 0.05, c.j/m: - 2._,o._,o.o2 5. c,J/_ = o.2o, c/R = 0.o,,,0.o5,o.09 t

_BCE MOMENT ,

CO_TED:

'sZ̧ iFz 2

Fz 3

Fz 4
Fz

"Z

T

T

T

T

T

T

M

_4

M

DL_TRIBbTZ_) CO]_TED
t ' ] J' '! ........

2'
Z_ _ 2O Fz i 2 2;
z5 _& 2[ #z I 3 z

!IF.16 Fz 22 ii_ 2i

5 17 7z 23 !½ 5 2, _'z
6 , 18 Fz 6 24 _Fz 6 _ Fz

5 4! i!T _ 5 _7 T ' 5 i 53 :T

6 6 , 6 i

' _ i _ 7 #, !_*A2 62 i_ 2 M _ 2

I _ t

]_ESta_T P. SET

Fz 2

?z
5
6

!

2

3
4
5
6

2 !
3 81

32_
33 :

" I

57
, 58i

...... i " , 1 91 ._D_ _ z . 97 :D,- I _ :Oj
Dz 1 2 I 86 IDz _ 2 ; 9_ Dz _ 2 I 98 IZDz 2 i !Oh

:D: _ 3 i _7 iiDz } 3 i 93 _Dz ] 3 I c_ '_!Dz 3 i 105

D_ I 5 _ 89 :;D. ! _ - i _ i,-, ' -
,.," 1 _ I ,_ _,.," i 6 i %' #Dz i 6 tlO2 il Dz 6 ;IC_.4

R;; ! 1 !!33 i!Ry l :139 R_. i I lh5 :JRy l i 151

i. I _ I _ " . Y 3 { -- %" 3 { -- _ i V ' -- " _

i 5 I:L43 _:,, 5 x_? ',tRy 1 5 i 155
• _R O _._I i u ,144 R_ o 150 I' y I I " J

vi



Appendix I

_&BLE OF COB'T_KNTSFOR GRA/_ICAL RESULTS

201

2O2

203
20_
2o5

' 224 i

2 225

1_ 226!

5 228 i
6 229

2_h9 '

i 251

I 252 ',
253 ,

272
273

_ i
275

Rx ! 5 276

297
298
299 '
30O

v_i



NORTH AMERICAN AVIATION. INC LOS ANGELES DIVISION •L4-65- lois

Aj)]endiz I

TABLE OF CONTE:_ _'R _ _""' _

P_')_24ETFAR SB.__

_. c/R = o.oi, C,/KI = a.oo,o._)o,o.Ga t _. (U/E1 -- o.02, c/_ _ o.cl,o.o_,o.o_
2. C/R = 0.05,_J/m = 2.00,0,_,o.021 5. C_'/SI= 0._0,c/R = c.ol,o05,0.o?
3. C_R = 0-09, GJ/EI = 2.oo,o.ao_9:.qa1 6. GJ_EI = 2.00, C/R = 0.01_0.05,0.09 !

CONCENTRATED

t
< i̧ I-6
T i i
bl i !

Dz _ i

Ry 1
i
1

t
l

t

DISTRIBUTED _ COIICENTRA_"ED

301 Fz
3&> T

313 Dz

317 Rx

321 Ry

6 3o2506

I i 3io
314

3i8
i-6 322

_-s:A%P. s_

Fz i-6

1
iiRy 6

P_ SZTS

PAGE

ji-

3!5

319

323

II

DISTRIB_ i

RESULT P. SET

T

M

Dz

Rx

_76
i

_.PAGE

, 3O8

i3!2

32_

i . ;,0.09i. -e/_= o.o_,_/_ = _.oo,o._o,o.o__. _/_.__ o.oa,-c/_= o.o!,oo,'
2. -c/R 0.05,C.J/EZ = ,_.c_,o._-_,e.c__ ! 5. aJ/'_ o,__,-c/R = o.o!,o.o5,o.o9

rO I_CE _' i, iO]42/iT

.................... ,:-- ............................ ,-V- ...................... ,-w ............ 4

CONC_.\T_ .- D!g_iDb _'TED " CONC_;TPJ_ ![ D!ST_ZBUTI_
| %

.'LF_-.S._...I P" _ET PA_,E_.P_SUL_ P. S¢;*IP_,u= RESLaT_,P. SET 'PAGE RES'mT P. SE'I' PAGE I

iF-
_T

Dz
%:
Ry

' 26

;330

li31_2

I- i346

Rx 3h3 Rx

Ry I o 3h7 I{Ry

328 _
3321

336 _
3_ :
3_ !,

3k8

Tot<
.9_- w

329

333

337

3h5

vii _



NORTH AMERICAN AVIATIOOL INC. LOS ANGELES 01Vi$tOH XA-65-t0!5

Use of Graphs

There are two hundred and eighty-eight pages of graphs _nd forty eig_,t

_es of tabulated values in the appendix. These pages contain the quantita-

tive output of this study. Displayed are the results for three internal

loads, two rotations and one deflection at each of eleven stations for four

types of applied loading and nine vs!ues of ÷_he two parameters. The internal

loads _ tJae normal force Fz, T the torque about the elastic axis, and M

the mg_zent about the axis in the pl_.e of t_ ring p__rpendic Llar to the eias-

t_ _';is. _e deflection D z is _aeasured _ _ " _...... pe_pen_.cul_ to the plane of the

-_a_iC aXlS.ring a + the ring _ _
J

y reference suxis r_spectively. Fz.-tcrnal loading is cc_posed of a unit con-
.......

_entr_ted force _VK, a unit distributed faroe fL/-K, a unit concentrated

torq,_e Ag_, and a unit distributed torq_ 4"

Each graph has three curves vhich are f_nctians of either three values

Ro_tions _ aac_ P.. am relative to the x and

of the F_ra_etcr C.I/EI _th the parezneter C/R constant of Caree -_aiues of

o;_ • " n.TITrr _,_¢._¢. AI_, each Z._ph contains the _%rtico_lar result

. . plO_. _re _rc twelve o _ these ecuntions; t_o

each for internal force Fz, internal mc_.ents T and M, nonna! deflection D z

and ÷ __ ..ro_at__n R_ and Ry. These equations are +_he same for both concentra+_d

and d'istributed loading but differ fur forces _ _ments. _'_ -"_,ed are:

Applied Force

F z = KFZ

A__I ied Moment

Fz = KFz/R

T= KTR r=r 

Dz = KDZ _R2/'EI)

1



NORTH AMERICAS AVIATION. IN{. / LIIS ANGELES Dl¥|$ilOll

l

The graphs are arranged in the appendix according to, first the applied

loading, second, the result type and third the parameter type and value,

(see the appendix table of content_). E_mh page of tabuulated s_swers con-

tains output for one type of resa!t d_e_ to a single loading condition but

for all stations and all parameter combinations. These pa4_s list not

only the points plotted on the g_ but in addition the unplotted

symmetrical point v_lues. Where results are needed at discrebe station

points either *_he g_raphs or tabulated results will serve equally well,

bu%-for v_!ues _._en stati__u-_ t_ =_raphs -____m_ co_nient.

Values of the parameters @J/El and C/R will not, in general, coincide

with those sho_a on the graphs. It is necessary to interpolate twice to

arrive at a result when neither GJ/EI nor C/R are represented by the curves.

__/_.._sinter_D!ation can _ acnn_n] _ahed in two ways; either by interpolating

with respect to GJ/EI from a page with C/R constant then interpolating

between p6_6 for the C/R v_l_e or by using the pages w_th GJ/EI constant

and interpolatin6 between curves of C/R. An interpolation table is in-

eluded for the convenience of the user. It is explained below.

Steps:

i. Determine the vnl_es of C.I/EI and C/R for the structure involve_.

2. Enter the value of C/R from Step i. in co!_mn_)of the table.

3. Eater the value of GJ/EI from Step i. in column_of the ÷_ble.

_. Frsm C/R of O.O1, 0.05 or 0.0 9 select two values such that the

one smaller than C/R of Step 2. goes into colmmu(2_and the one

larger than C/R of Step 2. goes into col_mn_

2
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5. From GJ/EI of 2.00, 0._O or 0.02 select two values such that the

o_e smaller than GJ/EI of Step 3. _oes into column_and the one

Isxger than GJ/EI of Step _ goes in%0 column<_

6. In column _ enter the K values, (from the graphs or %_bula_ed

resultB) ) that COrTespond to the colmm1_value of C/R and the

col_m_value of QJ/_I.

7- In column @ enter the K val_es that correspond to the column

value of C/R and the cDl_mn _value of GJ/EI.

8. In column _'_ enter the K values t_mt correspond co the ccl_

valu_ of C/R and the eolumm_value of GJ/EI.

9- In_ eQl_ _ e_%er the K values that CoITesDond to the colt_mn _ ....

value of C/R nmd the column_value of GJ/EI.
i

IO CompleZe the %able according to steps shown the_on Column _ 1

now contains _he K values for C R and GJ/EI of Step 1.

Ii. Use the values of K from Step _O to obtain internal loads or

de flecti 3n s.

An example, shown below, is the procedure to be fo!low_d to find

KF,Z where C/R is 0.06 and GJ/EI is 0.15. The completed example table is

_'¢en on _ 6

Steps:

11

2.

3-

c/rt = o.06, =

0.06 Is entered into col,.uan

0.i5 is entered ±nt_ eol_n_

0.C5 is entered into eol_mn_and 0.09 _s entered into coiumn_

0.02 is entered into co!umn_and 0.20 is entered into coluam @
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6. From page 301 the va!ue_ of KFZ for GJ/EI = 0.02, C/R = 0.O _ are

entered into c_iumn @

7. From page30| the values of K_ for GJ/EI = 0.02, C/R = 0.09 are

entered into column @

8. FFam page 30[ the values of K_ for GJ/EI = 0.20, C/R = 0.05 are

entered into column

9. From page 30t the values of' KFZ for GJ/EI = 0.20, C/R = 0.09 are

entered into column @

I0. The table ks completed as sho_ on page 6 .

II. Since KFZ is for a concentrated force Lt is equal to Fz. Thus

.... PZ for II statio_ of the ring _ve been found for ca_ in

question.



NOmTH AMEIICAI! AVIATIOII, IlIC, / LOS AUG£LES 91VISIOll

F

STIA" i

@
K I

® ® @' @ [ @

Iol

2.1

,..j

4

G ..... I .......... ! •

o. ! t

t

' I

1

®t

t

i _j X _ ,i I -r - ,i"_.,, _: •

i

1
i •

1

t

i

.......__ _I_.
::_.g+ r*,}C3- {_O_!

(_MG]/r:_<G]/_._ or-tz;'

@",.- n F_on{_%_ @

(_VALU[ 0_: K F oR

c/_ _r @ ,_

i
I

i
}

I

I
t

t

........ ! ........

• t



_IIIIICAI _IMIINL Hit. / UII _ XA-6._-_ol5

-.95t

- c;.¢

-..)kO

- ,.3:HY

-- FIj

....., .+?;-,--

-012-

-.d..-'-cSo-.

"-. {X,_' +" [

_344- .C5 o

- / / 9 r ; ,.

•%f i"
, • -C;-'"

-. c_.?,....

-.0,'7

-.C( "

,U' t3.

-. _,'_ 1

.5_4 ::

- (0 60
r ........

-._.

_,_' _'

• b',,.2_

,eLk

•" , _ I

....._:t4

1 _L + i" '

+- _ "l e " "/-.A_SZ?; _',-.:.7@- '_""_ ""

:2 I ,', d_

-- +.."_'_.,, QACTUAL VAUK, Or _J_.,_

-" " _:_r

'.:;'6?_-

- .r.:::_3

-, _::?Z3
_ _

@co_. _ r_ ® _ ®

_)VALUE OF K FoR

¢_',,'zz o_®.

6



Practical structures us:_al!y have loads applied to several !ocetions

around a ring. When this occurs superpositJ,_n of res,._its is necessa_ and

it can be accomplished by using ,_he tabulated or graphical results presented

here. Examples 1 and 2 of Appendix 2 require s'Ich s,/_perposition. 1"nose

exsmp_es &r_ fully cornered in A_pendix 2 but the method for superposltion

is also described below.

Case _. 3uperpositi_n of Concent.-ated Loa_s

Steps:

_. Sele:t a siation nt_Ibering system such that each point of load

2. Let Station ! of the tabulated or graphical results co/no, de "_ith

a load point station.

_. De,.terv_ine the K value_ at the other selected st__tions from the

and _ei_cbe _] "_,,_<*[3ns. r_y "[.z necessarY. .

(Note t_mt gr_yh-.oa! re.suits ar_ for i/2 of

_Le rim;,, so tabulated results sh,_i].d be cons_ited to i'in2 the

signs of ,anplotted syc_etrical points.)

h. Multiply the K values of Step 3 by the load applied to the load

point of S_ep 2.

5. Let Station i of the tab.,_!ated _r _raphieal res_[t coZnclde with a

load _oint station lif_er_n_ f_-'_m that of S_cD _.

6_, P_.oea% S%_._a q and 4 f3r the l:_ad point .of'Station 5.

. Repeat Steps 5 "z"_-_,. o unt _ all of the load point _*n**o,'_._...,have

been operated on.
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i "/] 4

_. S,mn for em_h station the values of K frgm the p_cedi_4_ steps.

_nese s_7.s are the K valises for the msitiple concentrated loads.

Csse 2. Superposition of Load Diztribated _;er Part of A Ring

Steps:

I. Select a station num,berlng system ssch that the ends of the lo_d

bearing segments coincide w_h stations•

2. Let Station I .] coincide with the end of a segment that is _:" *

encox_tere.d _n a c__,c__,se s;_ep of the ring. (FJee figure _)

Determine the K v_-iaes at *'_ _r.+=_
.J °

cr gr-_phica! results. If gra[nlcal results are ,as_d consL'_t

_ _= gns the symme%r_ca] points not shown.... __a_d values f_r th,_ sJ of

on +me g_aphs. "* ,_ _%'_'_ _eces_ry t_ inLei_polaZe between result

stations snd selected stetlons.

h. M_ll]p]y the K v___e of Step _ by the ]oed applie_ over a nine:

_bi-_, sediment starting a t Sieti2n !.i.

St,2_c, 3 and _.

6 Repeat Step 5 _ntii Lhe i_a_ __t_._.nt end "pposite _o the starting,

point is enco<_ntere_.

7. Sum for each station the values of K from the preceding steps.

These s,lms are the K values for the load distributed over the

ring segment.

q Repeat Steps 2 thro,igh 7 for the remaining ,_r_o__d load

se_ents if any.

8
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NOTE i :

S_m K values from _!I d-;s*ln,_* load =_ _= _....... __n_=. The z_us _ the K

values for +_'_ _"stri_ited _, _'_n.......... .n...g condition

A set_aent., in g_neral, will not '_"_'^ evenly by nine d ...... s

"Fneree_re, the method described above can _ in error by _h_ effect

of h.§ _r fewer degrees of load segment. This error can be

greatly red_ced by approximatir_ the remaining load bearing seg-

ment as follows:

_,u_tip!y the !cst se_ of K va±_es from Bred 6 by the ratio

of angle of sez_ent remaining to nine d-=_r_c

i. "so these. K values with those of the p_ce.!ing Darts of

............ the load segment jn Step 7. (See f!g,m_e - _).

N:._I_E2: If the load over a se_ent is _uiforrl _;he necessar/ work can be

reduced by using preceding results to increase the basic arc

covered on each pass through Step 5. _n_s after the first pass

through Stel_ 5, the results for an arc of ,-" ' _'_"..__gn___,_ degrees is

available. TT_is t,__,:,_een,_e_r_.. arc can be _3ed _o _bLain the

res_llt6 fcr _-:*h_ " " _........_r a twenty seven or thirty s_v degree arc, etc.

Ni)TE 3: If the load ever a segment is not _nlforu. it must be approximmted

by averaging over each nine degree arc se_nt.

o
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Concentrated Loads

Di _,'_ _',_t_'dLoads

Figure - Applie_1 I,oetds
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• _. _.._ -'_r_ _ _".. 1-

Ring _,__gm_nt Showing I_si ,_.ve Intern,.n!Lgads

D Z

..---"_ - ....... I....... x" -'_-.

Deflection and Eota_io_ Convention

Dz, Rx, and Ev are meascred at each station
....... e directions shown.

×

Figar¢_- Re sal_,s
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.....' i:_:_i:i : Ļ::: _ !i:_i: ¸_,:¸¸¸_¸i:::::::i

- j
el_T_ A_I|CMO AVlATSCIm, |IK. / LOQ A_t&,EL.£S OlVtSl_

CONC£MTIIATE'I_ IINiT TOIlUE: tit OYATION | (I.iI!T|C C(1111_111

I1_ I_mtAL II_IF._T _@OUt j_lS WOllelA_ tO fJ.AStlC C_Tr-.41
C#11 • -UolII_ IJ_rl_l VltlIIAit.(

NA-65-1Of5

Appendix 1

t1111I ii/I1

' I:I
I i._

iT( • llt(lltlL IlONl:lil AilO_t &Ill IlOIIIAI,. TO ELAItlC IllS, II • Iii



_J

"7

elolllm MIEIICAN Avl.tTIOm+ INC. / LOS AIl_:&£S D:V[SXQN

¢q_CEIITlillr[8 UlIIT TO_li_A_ AT STATION t (t.ASTZC CIENT_Ii
N,, |llrrEIl_AK NGNKNT ASO_T J_IJD Ni_JMML TO £LA_T|C CENTLrI_

Cl| z -_.l_J. 04/[! VAfZaJ_l[

$o•

-41.£

Appendix 1

0.0+"0.£0
1.12+0

_uIOT[ • INT[RN,tL NCIN_NT ADOUT AXIS NG4M4AL. TO ELASTIC &Xl$, 14 z K N

[-



.A
mom_ A_elcsm avlsTzou, IN(. / LOS AiV_._L£S DlVlSlOe#

CON_[NTItATI_ I/NIT TOReUI_ AT $TaTXOel I ELASTIC L'F_T£E

me |IITI[In£IL PlONENT Mt_JT jtXJ$ IIORlUL TO ELASTIC CIrlITER
s -_0.0_ o G J/E| VANJAItL.E

o

i...... :!....

I;t/ll_ E4ZE1

qsllOT( . IIII_IINAL NOII_NT AiIQt/T AXIS NOIIN&L TO ELASTIC AXIS. Iq = All

-1

219



l_- _5- _0_.,

Appendix 1

I.I

I.I

F-



_i

-1

I011_ ltllllll i¥1AT|OI, INC. ! LOS li_[I DIVISION

C_N_TI_TED UNIT T_IU_ AT STATION I ELASTIC C£NTEM
Ms INT_L _T A_T AR/S N_4AL TO £LAST|C C£MT_

GJJq£| s O.MO, C/M _AM[AaL_

1.$

l.I

O.I

0.8

D.7

0.8

@.S

INIl_ _£ZL

*NOTE . INTtWL NGNEMT _KNJT AXIS N_iL TO £LASTIC AXIs, i s EA

Appendix ].

221



_J

7

imonlr, iN AI41rRICAN Av.IrATIrON,, |MC. J LOS AIII@[I.[I DJVI$I_

COmC£nl'ltATI_ IXNZT lrOt_e{,_Jl' STATION | £LAST)[C CIZ/_TIZR

.II

.so

i

.I

..... + ...... * ...... t .... t

I
, t' _:-'_ ::[::ili" _ ' ' _ _ _': :i :_IT ' ;'_ i

| • r •
I_TION

_I_ _CZI.

! -$.
I -o:_,

_IIOTI[ . INTt[IINAL NGI_NT MIOUT AXil NO_IAL ?0 (L"STIC AXIS, el • Klll

i-



I
I_II_11 AIIKIII¢I_I AVlITIOI4. II_. / LGI 1411_L£II DIVISION

C_t • 4.I_I • iJt[| YAIIIAIII.IE

£.0

i_+_+:+ _+ .... ++.... +
+

_++++++++j" _ ++-'+ .+.+ ,.: +_++++++

+ •

-_++- t.++..-++._ .... ++.+++_+.-+!.,.++,++-+++ +
+ }-i++++++• + ........

+ • , :

+.i.:!i . ::.......... !:..... :..++
i+i,+ _. ' . ,_

._ + + +. + + + . + + + ÷*A * _P_k_ + * + + • "+_" - .k. _. + ,
• • m ml, + + ._"

• _ L _. + + ..... "
+........ +.,_/j_.. ...... ,... +.+++_,, +
L+ +,+* ++,, _, ,+++ o+++; • +++ +.,+_, .,_ i .... ,++,- + ++++'++. =;++++.,+

+ ++_+ .+. + +

_lOTt[ . INTERNAL 14a4[NY AIIOU? AXll liOllN&l. TO [i.ASTI¢ AXIs+ 14 • Kll

_3



• .0£0.£0
l.OO

ilNOTI[ . INT[IIII+IL lION[lIT AIOUT AXIS MOIIftAL TO £LASTIC AXIS, N I= X N

F"



_J
1oOItTH Ale£1tlCAI AVlATICIi, INC. I LOS AOfG[L.[S DIYIS|ON

INIY NON[OfT AIOUT lr AXIS DISTSIIulI'.'O Oq_N (L_I4ENT ;

Ofj iNTI_tIML I4K_J£OfT AJOUT_XZS NG_HAL TO ELASTIC C_NTI_N
CAt z -O.DJ, I;j/Irl VAt|AGL.[

I.I

....;............:.++:_-+._

l.O

O.S

I.I

1.4

-1

g°£

4.1

.-0.4

--0.1

.................................! il+_i:i_i.......... +_[ + +

I i:I_
4_OT[ • INT[INAL NON[NT &IK_/T AXlI llk_HAL TO [LASTI¢ lZll, N • tie

2.2.5



.--J

-"I

leOQT*4 AN£11ICA*I AVIATION, INC. / LOS aWG(L£S DIVlSIQm

UNIT I_OI4£NT &IK_JT Y AXIS DISTMIILIJTED OV£N (L(NEMT I

Ms |MTIERIM&L _MT A_T_AX_|S NOINAAL TO ELASTIC £(NTEt

SJ_qEl = O._. C/11 VA/H_L_

......T_

!.*:1:: i:.-:::?: ._:::::_! ::::':':: ::i::::: :::i::::: ::::::::: ::: :::::

221. '!12_2: 2!2_1:2i_2['.i2.'_._2 :i_ii2_.2; "22:_*._2: :2222_::i 2:1_:iii

_:t__........• -_!_===========================================================., ..... =....

I;

"4;.11

; A. • , , * ;* ..... *.. .

I "0.01

t -O.OS*0.01;

i_lO?l[ . |lilrl[nNAL NON[NT J_OUT AXIS NOR_AL TO [LASTIC AXIS, m • K N

e26



_I

-'I

oiatlrw AN(iUC488 AVIATION,, IM(. / LOS AliG£1.[S DIV|$IOli

UN|T I_I_NT &eOUT • AXIS OISTIIIDUTI_D OV£il [LfN_NT !

lllll .g_'8.

t -!+!I
4_IOTI[ . Iti11[Ihtl&L lit AIIOUT &Ill NOI_&L TO (LASTI( AIll, II =_ KII

2.27



IIORTN JUHfNICAN A¥|AT|CNtl, |llC. / LOJ AI_.LJ[S D|VlSION

uNIT NONENT ABOUT Y AXIS DISTIIIIJTI_ OVI[N £L_I4£1IT |
N, IIIT[RNA/. lIQli£NT AleUT AXIS NOENAL TO ELASTIC ¢£NT1_

t_J/(I = £.DO, CtN VARIADL.I[

°SS

_-65-Io!5

Appendix i

.310

_27.'*:2] :71" :7::: ::7!

.15

-SD

°_

!I..............................,

J

_'''_j: ........... _. _ : ,
• • 4 $ • • 8

ST_TI_

I -O .0_
-0.0_
-0. O_

+lllO_ . IN_NNAL /iOI_NT AI_JT AXIS NOI_AL VO ELASTIC AXIS, N = K N

_8



.,._I
IJiOItTlN JI_II|CAN AVIATION, IN(. / LO_ AIKr(L[$ OlVi|lCil

(OU_iITItAIED gilt FOItC[ IT STAYlO_ ! [LIST1( C[N1Yt

• IllOINAL D_rL_CTIQLN AT £LA_STIC C_t_T(N
: "IBoOZ e GJ/[I[ VANIABLI[

-+- ++ • C++ .;+ I *+ .+

; +

4

..... 1111'11 .......

+.+,!.o_ .........

i

2_

r-



,i!i__y"i _ • • i_ "

>i" _:,i_ i_

_J

"-I

I
,,_m ,,,,c.i¢......_, INc. ,* Los ,w._L.i ozvisz_ ___g_'l_l_

CQ_NTIL4TI_ @N|T FoQcr ,aT STAT|_I | [LASTIC CIENT[I

• W_IAL I_FI_CT_I_ AT r_,ASTIC C[NTI:'f

c,'.--_.us. .,/EJ ,,.l__e Appendix i

-i-_f_i-+-+-_-+-+-.+-_,++_.i--++_ +-+++-+!+-+--+-+-_,-+++......++ +.+-_+,.i*-+- ,+-+-+-,....+' +.>++-+ ..... I*+ ..... +-

i

""*-+'-++ '+ _ "'"+' '++ -'F+" +" _ + +*''_* _-''_ .... +" _ "+'+ ' ++ '+++_++ "+, +- ...... ;+ + "'" '+" ' ' +" _ iZ i _ " _ +_.

-++a|......l........,.+I........ +I.........,I.,-....... ,......... I....,....I......... I
.oo.0 -.+,+i..... ............ ++......i....... +.i...... ;+, ....._++ ....................

........ :_,+ +-. ....... _,,.++TI++ +-+t ............... 11+.,, ...... | ............ |+ ..........

*_ez +: +.:;;-+'++::;; ":;'+*+ :':+:++';] :++++.;++ ++++'++
+ +,+,+ +-.+ .+-Jr ..,, o + ,; +++,.- + + .- ++ + ++ ,I-+ + + * + - + , . +

.- ++,-+*+ + ,,, * + + ,c.-.,+ ,_- .+'-<. +, + o - + ";-++-$ • • ++ +o+'_ ',. + +. ++-+_+ ....

N ' +I.................. I ............... +.......................• '*,+ + _ + ....... , + + • . ,+*_++ +++ - ** .-t--+ +" + -_ , ++ + ++, + +. ...... + .... + - .,.r +++
+,;- ,+,. ++ , .. _ ..... +; . j ++.. + + .+,i. J_ ;,+++.....|+..++.+++ ,+++_;+ .,,. .;,;.+++++.+ .... +.+.+
- , ++ .+ + +* + .+ + " _..+ ++ +I'+ - o+'+ _ ++ + _'| + + + +o +++++ +..+*';+.I+++'+*°+'+}'+'++o*°°

=================================================== ::::::::::::::::::::::::::::::

_::I ii _I::_ +:I::I::iti I !i i I::!ill I¢Ii i_ii+;!i_i::il i ifi':ii :,i ; II:: ::_1:.+ii ill _::_I _::::_]

..... +::++::++: :::+::++=::+i:+:+':++:::I;:::+:::! +'++:+++:::.....................................
++ + ++o .... _ o. + **._ ,+ .+ ÷ • 7 +.. *-I++ +.. + +.+ +_

__:.'/'[: : : : : ; : : ;r: ._-.: . .. ::.t ::': :::+ ,++ "+ + :.+ " :++ :+ :--+ : : :+ ;

_:' ..... _t_':'`t: .... :/t .... ' .... _," ................ ""t: .... -_::::::::; ::::::::. :::':: _ :::-;::_,_ _:::+.._..-......+,_:=:::::; :::::::::

......... .......+........1.........I.....i!i;l!ii!ii.............1.........,-. + + + + . . + + . : ....... ....+_! .... + , . . . + + _+ . + .+ + ,+ + + + + _ + ,, . + + +._ !!il _ + '; + ++" + + " + _ . + .,t. + _ +

++.;.÷.+ +.,. • + _ + ..... + +.+ ,. + + .i+. +. + + + . + +.,+ +. ;+ ..+ + _._, ++ + + o _. + + + .+.+ +.++ ..... + .... +
_++ + .o . ,+.. , . + . . +. , . . +++, ,+ + .. + ,. .... .. . + .3 + ++ + + + . + .+ + . + .++ +,_+ _ + .... .+ ;+ . ; ++ . +++

++ .... +... + . • .... . + . . + ........ ,,. + o+ o + + .+ • ,i.+ . +. + .+ ,_ +., • , ,,; • . • + .- . + ++ .... . . +.+-.4N)10 ..... "*''t_ .+++_:+jt +.` ..... + .... + • + t t "-+ ..... t +''" .....

_,+,.-+ + .+ . + ..... + + ......... + . , + +... + . + + ++ .+ ,, o++ + . . + , ++ + .... + + . + + + ..... +. + +.
+. ++ + ++,, + + +., + +. . . + +.+ + . . +,++ . +.. +.++.. + _ ,. + ,+ + ,, .. + . . ,_ ,, +..,, ,.+, .+ + , + +, .;, ..... . + .+.+,+ ++++

iii ii.... "+'+ *+" " ° ++ " " + " ° " ..... + " " "* ++ * ++ * " '_ * " +'+ ' * '_ + " " ++" +-° " r ++;++'+ " "+ ' " "" " _+++

-.+..,+... +.++ .+ ....... +.; ....... ++ +..,..... .+++_+.++. ++++.++... +..++++++

L..:'+:: :" .... .. .............. + ..... + ................... :.+.. ++. + .... + ..-

++++++++++
GIR_ S4LII

_OTI[ . NORNAL DI[IrL[CT|ON, 01 s Kl_z(l_/l[1)

[-



_i_ii!7;!F_!_/i :::II/MQ ! ";2!i i ¸ _- i<;:̧ _ ¸¸ :

_.!
II_ltTlil lltNiliiCAti llVllAlflOiti, iNC. # LOS illll_L(lt DIYISIIGi/

.lli

-.1111C

COiiCEOITliiITIED UNiT IrolIcIr AT STATION | I_LASTIIC C£1iT£il

it • OlaiNAL DI_LI[CT_J(_i AT I[LII,,ST|C C,_NTI'R
• CJqt • _l/.Dlil G J/It| VARIAIiL Ir

f_

_IA-_>- i01_

Appendix 1

ltlllll[ lllZl[i
l 0.111_

t
ItNOY[ . NORilllL l£1rLIlllGN, l l z iI/llr_,,_ll



_I

-I

I *O,DI

-0.05
I -O.OI

OMOTar . NORMAL I_I[lrLECTION. D Z z KID]r(II_,,_I)

2_



J
e_llTN &N[alCAN JVZATSON, INC. / lOS ANGEL[$ DZVI$1011

(ONC_TflAlrlEO UNIT P'_C.£ AT STAT|OW I ELAn, TIC CENTI(II
D Z IIORNAL _JrJ.£CUON AT _LASTIC CIENTEIE

&J_q_l s D._eO, CJll VAIIIAIII,.£

• s I_I)/¢II_III)

ii_ ii i



_I

"-I

*t

-I

I

CU_ .CLI.

-0. Os,-o.o$
ooo

I_101'1[ . NOIIMAL DKIrL[cTIoN, 0 z :I ILOZ(IIJI_[II



iiiiii(__'] __i _ _• i

I
NOIITN AMEIII(AII AVIA?JON, INC. I LOS AIII, EL[Ii DlllllOIt

I/NIT FOItC[ lPlSTItlIII_T1P.,IP _11 [LEI41_PlT I [LAST|C CEIITI'II
Z plOtl4A4.. _trLI[CTulQII AT F'LAST|C (:_,itdTl[Jl

(/11 s -O.0|, GJ/(II If&lll|JMll,,_

+i&-cy;-+0!2

Appendix 1

oM . +_ + +..'i............................................+++!I ...........................I.........i...................+_++_+ o...._ . + . . + . +.,++ . +_- + + + • + + - ++- +++ + ,+ ..... +... + .... . +
.+ +.; ...... + .,; + + . _+_ + ++, -++ _...... ++ +[ .+ + _++ ++'],+'_ + _ _+" +++ _ ++ + " _+ _ ] "_ _ ++ ++; _ " +'; _ _ ,] + +

_ .:+++_ ................ ++++++. .]+ + ,- , - ......... + .............

.... + + ......... + +,* ,, + ++-, .... _-+ ,.'_ •+_++- ,-'+ " + + • ' +_ ' + + ......... +_........... +,+"_i. .......... + .... I + • + . +_-+++.+ + ,+ ,,t+.-+ ...... ._+-.++++ ............... + * + 'P" +':+ ..... .

.1_0410 -- + • " _ , i , • J L . , , . . . i d " , + .

L+-. ] ] ++Y] : ......

. O00,11d; • , i

+++ [] ............................... + : _. .+'+ .... - .................... _ ......... ++++]]
• I_ ................... ' ....................... " .............. + ...........

+i+++i+......................................++++++++++++,+++++=+++.............................+
.I_ "+;" " " °+ '+ ++

. + + .

!+ +++++++ ++.+ ..... .+ + .... + . . . ++_+ . .++++ ++.+4.+ + . °++. +._.-_

411 + + +°°++_+ * " "* + "_ * "+ + ' + " + '_ + + ++ *-_

::- ::: :++:-. :+.! _.+:++_i_
_ooolo

.................. !i!!] ! !] ] -"............... ; ..........++-+-+-+..... :-:+_ :: ++..........:'-:+:_]:-:_ i_:-[_+++.: .+-+ .... +J: .............. ++ ............

t ..... ": _ ..... - ...... : . • - ...................

+_.,_++,_ _ ++-+, ] + ] ] • . , + ..... +...................................

! ii!:+ + ++!+!:+ +++!_+:++t: :::: +: + ++:+ :++:: : ::::-:+:: :+:;:: :.+

.OOOSO ._ ..... '+' . + . , ...... + .......................................... ._
.... +]:- .. .................................................... ++..........

...... ++++++lii................................................._: :; :;+:+-:-: :++++2::112 21+:+112: -++';::+'_ 111_i++._2 i.++'-io:.+;_+ +'_I++TL_+-_ +

.......... "_...... N +,:.:i':+++:+ - +++i:-+]++:i: ]:.::,;:].+

++]+++++++++-++;+:+++++++++......... ].......... _+.;.I .......... 1,.... +++_._+:11::11 :1:11;-:+ ..: ..... .+ ............ -+_++

+... +_+*++ . + ++ +" + _ ° +_ ++_ + + " '+" "+ + "+ ++ ,+ ++_'t " "<++_ _ + +'+ + _""

..... +............. + : +:] +++.F"_ ++ ............ . ............. -+-

._ I _. ____+" + +: : : : F"Y'. +" ++: +'++_+:i+++++_ : _.++-+-++-_-

.+ 1 ...... ++++......." ...................... , .................. .-,,+ ::.+_+-: +++, , + j+ + ++" + +++-+- 21+-+: + :,+ + + + .+-......... ', ......................... STII !
..... • + + + ,ii • • + • .... +l ................. ' + " ° + " + + "

:::::+ ............................................................ "i ...... + ]:
. ++ +....................' I ......... i 51 ++++++! '+ .... +:;1::3:.i ::+++: .... :+::11:1 2: ........ ._+-I.:++T.

......... ,, ............ +. ,:,+: + + ._+_ .... ++ ....... -,-+.++.+-+.+
-.am, ;+::::,:: :::::::++ ::::+ :+: ....... +; +++;+]+_ ++ _.... _++... , + _, • . . ? . + • + _ + .+ ++ + ,+ + . ,;+? . _.+ + +

-I

I |+I
e.JO'IT , m04t1_1. D(IrLi[:CTIC_, i)z • F+D/Ir_,4[I)

e35



I

7

,me., ,_.J¢.. ,vlaTI_, x_. • Los ,,,_l.fs olvnsxom _.-_-lnl_
UItX!P FOICE DlSTlIll_JT£O Ov(ll i£LiEHE'IIT # [L,A$1r|C C.£11T(ll

I; • IIKINAL. D£1rI.(CTJ[_I AT [/.J+ST|C C[NTi[il
C41 -" -O.DS, r,J,IE:l V,tRI_i.,E Appendix 1

i++ _-+ + .• , T_ ++':+.'If ' '+_'-' + *_7 ',i_+" +.._++.+'++"_++_ _T_+'T_. +'r-" _-_+, _+_"

+ 1 tIP-'l t_" "+ +P + *+ u+_+ ++ +*-+ +++++ " * *+'++'I_ + S + +-t ++ +tf * t_ + <'+++'} +++ + ++I_o+-+ + +.| o * t + +*+ + +- + + + + + • + + ++
--_._I *_<+ + • + + . +++ _++ .L +i +_I+ ++ i + + +L+ p .+ + + + I + + + + + +-++ + + *_+ _ + + ++ + +++ ÷ -++ + + * .+ + +t + -+u| + . . + + + . + + | ++. + . +_ • + o . +

_Iiltl_l_ _ -_+I .++'+ i ++ +_++ + t +++ + + _++ ++ + .++ + +I+ + + + + +#+. * + ;+++ +.+ ++ r+ + +++.+.+ +.. ++ + . + . ++.+ + + + ;+ ; ++.

--+!A_ +_+,+; .++++i++-u...... :;..++ +l++r+++-+:._i ++++.'+ +4!:+:.... --.+I ....... :+.,| ..... +.,.
--t+:,_i:, ++++ + ++;; ,+::+.++;; +..+,+:::+. +I:+; ; ; ; ;:+ I : • :+'x:; l + +++-:+;:;-;:; :l; ": : ;++'-t : 1: : : : : : ; : :
-+t'+_'+, _ + " + t-_ +'+ +++'+++ t + +, ++4+ + !-_ +,+*',++ , '+!'+ + i+ + +, ,-, ,+-++, + ,,+-+, -I .... ; .... I ..... - .....

+.... , ..... +.... +.......... ++,....... +.... _++ .....+.,+ ........... ++,....... +.._ .... .. .+
.ooeo-: _+_+_,, +_:+.:.:++ ._+_ ++!: ++.,|_:++ _+; +"It, _+'+' t:. _':: .... _ '|+ :+, "+'+ +| ..........

l ..... I +I ....... +-++-+ + -+++++ +4_.+-++. + + _ t+ ; .+;+-+ • . .++o+ + ++ + • • ++++e,- -+- • + + ; + + .... + ..... |I i• _ _ + + + + , + +- + +.. + + + , . . + +++ o...++ _ ++.+ .**++_.++. +..++'.o++ . +. .... _+ + ........ I_.,.+++...... ,,++........ +...........,+.+++.............. ,., ......... , ..... +.._

.........!i.........++.......'++..................+.........+..........,+÷+ ++. +.; + + ++ , + T + ++ . ++ ++ + ,-.. _ ;, +++ ++ + . . + +. : ++ + ;+ +++ + . ++ #, + + . ........ . .......

-- + * + + . + + . + + " _ + + + .... + ' " + " ' + _ + + + + * + + + • + + ; + + + + + + + + + 1 " * + + . + • ' ; + + + • * + ..........

-+ ++ . + + . + + . + ; , + . .. + + _- ....... + .+ + ++ I + + + .- + ++ , _+ + +.+ + .. + ........ _ ++ ++ + + + + .......• I_ +-_+ I _+ I + + t + ++ + + + * • + ..... ++ * + t + + . + + + , + ..... + ++ • + + + + - + + - ++ , , .................
+++-o++++++.+_ --_ ...... _+_++ _+--, + , .. + , _ . + + , i + , ; , + .,
-++ + + + + ;+ * + .... ' ..... - + ..... + +-+. ++++ + + + . -# . - _ 4 + + + + ; +; +_ + ..... _ .......... _....
•-. + _+ + + + . , .+ + + ..... , +. ;.. ++++ . ++,+ . +, . . + ++ . +.+ +. + + .. ....... . .... ; ...........
-++ + + • -+.+ , ++ + .+ + ,+ + ++ ..... ++ ++ ++_ +_-.++ + + + + .... + + ..+ . + o_. + ++..+ ++_.+ ......... 4

.11040 ..... ,_2j.&.;_t]: + t,: ;; -i; ++t_T;;+-++-+I,+t,+ ..... t+ +,, , +? , t] 1+ -.t+ I" , + + .... | .......... •

++++++++++++I-+++++++++'+++-++++.++I+++ +++++++++++++++++++++.+++++
"_ ; + _+ + I + ' + : ' + ; + + + : _ + _ + + : + + + _ + + : + + + ; a+ : 1 + + _ _ + ; : + _ : : + + : + + i + + : _ ++ + :I : ; + : ; : : : = : " : : : ;+ : m

.... • .-+ . + + +.++ . +_++. ++++ + + +++ . +++ i + ._. ++ + ..... + .+._+ _

_... + . + • + +.. +o . + +.#. : +.. ; +i ++ + . ++ . . I I .... +.+ +.++_+ +
++++ , + +. +.. . . ++ ....... .

:::::L ............. "::+':::: +++:++::'+';+ :+:.... + .... ;"
.oo,o_-+- l::!:_:_!+!:_:'::!!::!!;::., !:?::_. + +_"!ii :'+."'_:.-_!-tiii]i'i_

++ : _ ; ; T | } ; ; ; +' _ |, : T ; t++; ] I ': ; + ++'_" !_'_] ; ; i +Z_T'+] _ 7 .--T.+++ + 7"T] TTT++'-+-'!--_---T+i-7+--_TTT"T_; + :

t:;:::+':. ::::::::::::::::::::::::::::::::::::::::: +:;::. i:, _:::;|::::: .:

.,+,,,:--:-:::- :::::-:t-:::---:- :::::::::::::::::::::::::::::::::::::::::::::::::

• 41 ..... '- .... .

.... i + . + + I! ....... i. ; . - . : .j[+ ;, ... ; +++ ..... : • • _ ...... + ....... : : .................

+o -* ++ , + ..... + . + . + + . +, ..... i...a+-+ .+ + t _+ +-+ + +i _ *, + ++- ; _ . + *+ , , * ++ 4. + ,._.. + +_
-+_+ + + • - *- + ....... t ....... , -*+ - -+ • +t + t +* *+- + + + . * + * * + -+ * .. , ..++ + . + . . + .... +

++.+* + -- ....... ++ - + ............ + ++ ++ * - +++ +* + + * *+ ++ + • .++ * + + + ++ , .+ + .+ + .4+ + +

++ . + o ..... + ........ + .... + . . * . + .. + + . ++ .++ + + + +++ +._++ . + +. • _.. +. ... ..... .• -001101" ....... ; " I ....... + "' _I"._++_ + "+, ......... ++ ++ P r " + + ' +* - ++ - + - + + ..... + ' ; ....

+++2!++++I+ +i++++,+i,++,++i I+++++,++-++ ? + ++ +.+ ,. + . . . + + + . ++ + + ++? + .... . ++ . + • + + _ • - + + + ++ , ++ + . + . ++ + ++++ ++ +. , + + . + + .
+ + * + * + + + + " + _ _ + " ' " " " " * " + + + + + + ' I 1 + _ + " + * * * + + + * " + + f + ' + + + + . + + + . . + + + + + . + . + + + + +

+'+ ......+ + +__.... +:*+ ...... +''++i *'+*'+''* +'+++t; ;+ +':'1':'+ "'+ ..... "
+" • * _ ++ + +t * + " ** * + ...... + * "" * + * + + ' * "+ * + " " + t+ t (+ + +'+ " t *1 o ++ ++ *+ + + ++-
. . . + + . ++ + .+ .... +.. , + ..... + + ..... + . + . + +++ .o + + + + . . +. + o . ..+ . .o + .+ + + ...++ + .+

"-_L"!+!i+i:, "+ ::: :" ::+: ++:++++;+.++55::;+; ":::++f; +:5++++::,!++?:::::

!i!iiiiiiilli!ili\/iiiiiiil!i!iii!iitiiiiiiiiitiliiii!iilli!ii!iiitliiii!ili
-._o r:::.+,'::: ::2"++,.'--: '::' "*':' 2+1: t: t ;:,'.j';:;; +'t_+'_::+" .+.;+-_:_1- t.++t:::t:

"1I.

1
! 8:,'_£.m2

llllOlrl: . MO_MAI. oLrlrl.[CllON, O1 • All/Ill'l/Ill

236

/

i-



• --i

..!

-I

i

IIoIIll_l A_IIICAId AYlATION, INC. • LOS ANCACL,E$DZVlSIOm
tJ|T FORC[ DlSl_|BUT(D OYlER £L£NENT jr [LAST|C C_IMI_R

D Z III_H_L III_I._C1LIQII AT [LA_TfC CI'IIT[II
(/11 s -t_.0tl, GJtlE[! YAlUJUlL[

NA- 65-1015

Appendix 1

- . ._• ..

..................... z .... ._
• ................... 4

.0it| ,:_
i1_1"1_ . IIO_NAL D[FL£CT|(Xl, D Z * gOZ(lt3/(l)

a_



_..I

-.II$0

GiRl'( .CZl_

i -O.OS-O.OS
-O.Ol

INOTI[ . illO4lNAL O[IrL(CT|ON, D z • KDZ(I_J'[|)

1-"

2_



7

]

j

Nomlr_ A_IIICAN AVlATI_, INC. / LOS AI_[L_S DIVISION
llJllI_ F O_[ DIS TR|I_Tlb'O OvICR £LICI4CNT I r_AiTIrC C[NTI_II

U Z _L I_yL[CT..J_It AT ELASTIC CENTf..R
GJA[| 8 U.EO, C/R VAE|AilL.[

d I

!!!].!
..... ||
i | t i i | l
] I II 111
| 1 ll | | |
]t l| Ill
I t I I 1 it

! !.14-.t-| _

?-!_77!t

1-I-14444-

_,4-1-1-4-t- 1

I2t ILI1_1

IN/:T_ !:?

FTN3I.. !-

I I I _b.t I I_

_,- 4-
±

-I

2_



__I

-I

.0010

om

"" i

| -_..,
ltiOR . II(XII_L KFL[CI"IOM, O l s I_l/ilJ/l[il "O'Ot

2_

1



IIUlII IAL_I

I I.OI£.00

I_IOTI . Itl_IlUl. HIrLECTIO_, III T KIBIINISI_II

I

I-



i_̧̧ _i _ _ __ ?,_!_T,_,¸_,¸¸_¸_!i_ !il i_ _ !! !

..1
u_llm ,_[IJCAN aV|ATJOle, Im¢. / Loci _mtrd[L£S DIIVlSJ_

CONCF_ntATIED _IWITTOR4_ AT tTATIOJt I £LASTIC C(Ul_tl
8 I IIt0ENAL D(FLJ[CT.,I(_I AT ELASTIC CJ[NTIER

till z ...g.SS e @J/Ir| VAil|tiN..[

-16

-$4

Appemdlx I

.so

.o@

-1

-,04 ...... t _ " . ' i _" '_." _ ' ; 'I" " : "' t -r ...... " _ _' ..... "- " "i' " :'_ _ ?;'_ "' " • _' I" " t " " :_" ..... !

!!!iii iii i fill iii _ i tiiii!i! !;!i! _ !i_i i _i iiiiii _ii!iii_i Fiiir! !ii !_ iiiii! !iii

_.::::::: :!:!!!!!! !!??i!!!! :!_!!,!!!!l:!i!!!!!!.!!!!!i!:!]

' B:_
I If.DO

_I11_ • _AI. II£FL[CTI_, DZ m _OZ(II_#'(1)



_J
llallTN ANEIt|C411N AY|&T|G81. INC. / LOS AOIFA[LJ[8 D|Y|SI(_I

CO_ZT1L4TI[O WIT TORiLI[ AT _TATJOR t £LAST|C
810mlIAL _[irLECT_ON AT [/JI.,I_I'|C (I_NTCII

C/ll s -0o1_, @J_q[l VAIt|_lSL£

clrNT[J
NA-65-I015

Appeadlx I

H:

.8

-.@S

-.tO

-.111

cut_ |d_t

i
_t_ . _AL _FL[¢t;_. _Z = _Z mz_x)

2_3



_J

-I

Id111 kl(lllll lVilflON, lliC. I LOI IUS(L(I DIVlIIOM

iJ/ZI • O.O_, C/I Yall_

CF..II'rlPJI

--4,: 4 - _*'-.-, 4_ _ 4 -_ - _ ,* *-4 & 4.4" _ - 4 '_-,_ &--* --4 .~t *--" 't . - * _' • - '_ + . * " 't .... {* ---, ................. * ...... t'*

Z _L_.L| ; ........... _ .... _- ; +, I ......... , .................. 1 ......... [ .........

= i _ ; : :_ . _ ...... ; ........ ' , + . 1 .......... I .................... t ...................

h:ii' ======================================================:::: :::::::::
) . + 7 i + . . + . . . f .... + _ _ D.°i • . t _ . _ # i . ; . ...._, i . + ............... ! .........

._::!._:::j:::::::-::::::::::-::|:::::::_: :::::::::::::::::::::::::::::,:::::::::;

=:::::_:: t:::::::: ::::;::::t::::;;::; ::::::::::::::-::::::::::::::: :::::::r: i
:::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::

!'i!i!!_;_,::!!i!:!-i:_!ii!!!{!iiii!_!!!!!!i!::!:!!::iiii_[;!!i_.l

...._'....' ................................. '........ _......... _......... I

........... " ...... 1r .......... _ ............... J .................. t.,........:_..i,............I_ :-.7-../ r___,. .................
......... ¥- _t ........... t ...... -,',r, _•i-:_, " _• •"-'_'-__: , "_: • : ",,_...... _• _"Z "_' ....... _ ...... .............. l ....... *'- ..... -'_'" "':" +''" :2::;:;'

--_-::::::7::.""7_"_: : ::::/-: ','':':::::'._'t: .... : .......... • ..... :::"
............. ._..\ I ........... ._ ..................... _ ....................

............i\............I/i .......................t..................

I
_loTl[ . IIO_NAL I)(FLI[CTIOIV, I Z • llD|lllZil_(ll

.I_.1_

-O.OI
.05

-8.09

1-

2h,h



_.1

-1

1Oillt'1 AIIGIIICill A¥|ATIIOIll IIIK, / LOI ,4di_l,.[J DIIVIIIION

TED UNIT TOIli'u_ AT _TaTXON I ELASTIC K.F_T(I
L DI[IrLJ[CUGN AT ELASTIC CJZNlr[R
@J#I;ll • U.ZO, C/I ¥1UlIdUIL.[

NA- 65-1015

Appendix !

.|I

.@i

olii

.OT

.ol

.oI

oG_i

.Its

.14

.Ii

.ii

lltIllll .£ZI.

I
4_O1_ . mL D_rlrt.£CTION, • z • illlCll'/l[ll

._i:!i

21d



I
1011111 I/_RICAm AVi#TION, IIIC. I I.O1 _LE$ |I¥IIIO11

.IWAI

-.++ .+_. " y +, +g + . ++ i- -+ -_++ + + + + ..... ++ ++ +++ + _" **-+ + + ° _+-+ + " " _ " + ..... + ,

• i T +T+ + +++ • ! ++ : .++ • + .......... + ..... +.....+. +_+., + .+ +.-++ ++ , +++_.++ .... +, ..... ,+ ......+.. .+,I.,++++++..+.+, ,+++....... +...............+
+++_+_,_++i_+++++ 4+.+,+_H++++rH._++-+-+++..,++-,,+++++++:,-++,:+**.+,-+,+++,r + ++. ++_+- .'+'-+

.-l+-g+ +k+.+_,-+ ,-++++-++_++0 _+a++_ ++-+-+-,_l++-+-+-l--t ++--.-++4 ++t . +-+++-<+++ , +'++ ++a ,+, +++-_.+ + .+-._++ +.I_+ + .... +_........
A-3A-._4_4-+ [+J-+++- ++++ ÷-+.-+-+ +++-a_-l-+-+++ + + +-;++ ....... +_--+.+_ _+.... + ..... ++ .... +1 .........

, + .+, - ; ++++ + __, , . + . + , + , + , . , ; , + - : . _ + t , • +++

_4_+++,_tl,t,it-+.+i+_.j+j,+,+++-++|+-+++-++-,++++-_+_+,?_++++,+Tl_++++++,+ .+ +- :-: ++-:.-I+ -.+ +_-. -
--_-+-+--+_k + + + [ +:+ +,+-+ + .+*_ ,*-_,++, t "+_,++ t +++ I TM '-1 + + '++ _ " + t + + ' • +++ | "; +++t ", + " + ..... + ..... ! ; ........ +
-_+-_ --_.+ + ,+ [+: +-_*.+++-+ + +-+ +-+ ÷-- +-+ + +-- - I+ + + + + ++++u_+............ I+ .... ++ ........... "'l ..........

+ + [ ' : :_* ' r " I _ ' + + i I , • • ' i | , I '+_' t _ ; J t _ ++ : + , • + ,'+ :+ +' ++ = ' I :t : + ++ ....... _ ........

+'+I+_+_+ "°+ °_++'_ " '++_+ ++-++-+" ..... ++++'+_+++ "+ +*+t' ++'++ I ++_ ++T"-" +_ ' "I.++.+++,,,.+l++++.+,+-.l++.,-+-,J-+.,..,. + + +I+I +++' _ +'++tl:+ <++ '+'+ +I++'_ + m_ ++ +1+++++--_+ ++ ......... .........
--+_+-,;++'k t;++ +*-++++F+++.++++,+-'I,+_ ..... +'+'-++;+-+'I++'++ +'*+ t ..... ++" + .........
--_-_-+ + +_++++_+÷ + +-+ _-_++_+_4+_-*+*+ ++ + + +++'_ t+ +.+ +] ++*-+- _+ ,+| + _ ++ +++++-+ _ .... : .... 7+,1+ ........
_++_+-;_<+4++_|-++---++++;+++I-++++-+-+'+++++'I+-++++++++I+++-++:;-I'+++,+'++ "+++" "++I .........

+ , , , . , + : , : + , . + + + + p + + , < , ' , , . . _ p ' ...... .. +-_+ .-+++_>...+ .... ,++I+ ............ l+-+ .... _÷+-I+++++-+++,-+.++,++ ....... + .... r+++++++l "+'
_..;.+ . + ++ *++. l_k._ ;+ + ; ++ +_+ + _++ +.;+ . : ,I .t+ +.: +'+ + + _l-+ + a;- + .+-I +++ + ; -++++. ...... + ++ -+| .........

=2++++?_+++_:_!.::+:+:i::::+::+:+|::.::+4++:::=::-+++-+++:':++:+.+.....++++-+............

--,4:--,"-+'+_+;++ ,+_.+'+'t,+i+:+-:+< +++ +'÷+.... +"+_-'+++++++++++"÷+*:++_'+_-+++ i+'';++"_.'i "212:Y:::
---_++ - +++ + t" , • +_k,_+-++_ ++ ++_++ ++ * +++++'++T' * "'++_+++Tt +++_ ++ ,*-* f *'-+ "+*_, •

+, - _ , + + : * : " + + + + , , + , , - . . + + , +__ + + .........

-,-++.++.+-+-t+_ _+-++_..,'++++-*++.+-++++.,+ +,++++++-+_ +=-;-*+_-+'-" "'-++'2+_", ..... ;'_-'-I
...;._++ ++e-+_p_-+ .r_ ++_ +_iI_ +_ +++ _+, +++ - ++-_-++'J ++ ._+++++"_+++'++'t+++'+_ + _'-+_P" + .... *+'+ " ** | "*" ......

__+++.j,+.++++_ +.+.+_.++'+__I_+++: ++.++++.+_+ +_-:-+++'-"+ :+_ .... +;+-" ......... +_+'_++*+_ .... ++.... +I+ ........
._._+_+__+++___+_ +**++_+._+_ ...... +.+_,_ f++.+-,.+.++_-_ .... ++ ..... + .... ++.... ++ ,+ .... ++++ ............ ._
_-,-+-+_.++++- .++,-+++_t; ++;-++_+_.+'- ++,_+-'+r"+ti_++++++"+++ ..... ++++++'f:'::++++++++ +'+*_.... +'-

A.__ :._ + : j +_,_..* _ , +.+'++.+_.__.+ ÷ ;+_+ J++++_4++i ._,+-+++++_+ .... +++** ++......... +++ .........
:++,:+_++ ++++-_+_--+\i'-.+ ..... +- ++_-+.'+'-+ _+'÷-+++++-,+++-+ .... ++" + "-+* +" ++-_' ,*-'.... ++'-'+'++++

+ . . ,. i _ + -- + "_ • ..... - ....... + + + " . " -" . ' ' '

%+ .... +_+, .... + .... | ......... , ..... + ........... +_,-+ ....

: ++__+" +£ + ' +; _+_ + ' " + : _+ - , - , . ; - . + , + , , , + _ + _ :
, :_++.,.+++.;++ . .... : ........ , .... +,+ .

+ + + ; " -- _ + + + + + _ ' + + +" + J + _ ; ....... '+ + + ++p+ + V I p + " ' " " " + " ++': I + + "+" +" [I+ +" + " + "+ + +'_'++ h -- _+_+'%. + +. _-_4. : 4 +-+ ;++.+ ++I.-+++,-+++-._-+++. +_4"-+ _+++_+'-_++'"-+ .... t++_+'

+.'+_'+' +;+'t'++''+' :I L++'_..+., ,...+++_,.|+;L+_+.,_-+-_+:+-+:..+*+ "+--*.'++++++++-.+m +++++:_, ................ '++.+•+++- +N,+++++-+-+ +++ + • ++ + ..... +,+ +++" f+,*t++ " ' " +"+++ ++++ +++_"+*

l

.ols

.I|I

"-I

.41

I

++++ .... +
_i +, +-. ++t

• .*;.+;+ 4.+_.++++

+t.+.+_++g

I+"

+'!t+'';+ +;+'t'?''

4 ITA_GN •

IIIIIIII .fill_

I
4_NOTI[ . II_IINAL DiCFL[CT|GId, Ol = r_Dz(l_2/[I)-._ OI

? ++_ + 4 + + + ++

;_+,.+..,
++_. +. + o_+

* + ? ++ - + +- - + * * i t _ ...........
• '_ + + - + _

m_6

F-



J

-I

I !_

I

I-

_7



• .................. _ , L¸ / ...... :_--_--_ ?_ _, • ; ;

i

_1
usIIM JIJ_R|¢aU AVIAIrION, INC. # LOS &m6ELJ[| IlVlSlOII

limit NOIIIENT AIM_T Y A_IS DJSTRIISUTI_ OVl[i £L£N[WT I
I

.4r - -_ .... lq .,.., t

°÷"_ ................... | ....... ,** "l .......... | ..........

*iO

[iiii ii:

.............. J:-:: : ...... , :?.!:::.: ;;]i2_]]{;]]?__ _.:!.2fi!2!

' *:!}!i?!!ilj_!!!!?!fi? ii!{_?!!!t!!!!?i::_'

-41

• " • , : .....

_IiOTI[ • IlOitlML DI[:FI..I[CT|ON, D t _ KDZ(W2_/I[i)

[

[-



_J
llOlll_ Ai_IlXCO, a AVlJTImW, I11¢. ," LOS AII_I.I[$ DIVISION

gill :: "UoOg, @J_l V&iltlAIKk,E

_-65-1o15

Appendix i

i:::, _ ........

i -_;_ii

£tm_ 14ZC[

t
_lOf Ir • NO4_NAL DEFLECTION, D I s Kolll21[II

21_9



ii

._I

-I

_m a_it|caN avJ_y;_, rNc. / LOS Jmr,,_L£S D/VlSI_

UNIT I_UENT AI,_/T Y AX|$ DIITNJ[SUT[Q Oq_R [L[N(NT J
I • MOIINAL D_rLI_CTJQN AT IrLASTIC Clrl¢T_l

&J,_| = O.D£+ C/R VAR|ABLX

_uIl_ .CLI.
- .Of

I :S..
e_o_l_ . mL I_lrL£CT_O_, I z " I(Oz(_¢£1_ "O'OI



_.i
IOlITII ANRIIICAN AVIATION, INC. / LOll dINGi[L£S DIVISION

I/NIT IOll[IT ABQ_T Y AXXS D|SlI||UTf.D _ ELl[fliNT I
J • _L KFI.£CTIQN iT r.&ASTIC CJ[NI_R

4J/E| • O.ll0, C#I! IF&II|AIII.E

.1111

.'IA-65-io15

Apl_ndlx 1

-1

GMIII _6tl.

I
tlOTl . IOI_L KirI.I(CTIO;I, 0 z s iDllll/l[l)



_.I

"1

°m

o#

$T6' JJIGN

gl/Itg _ClS_

| "°:Zi-"_. OB

i_OTl[ . NO_(,AL D[lrLfCTl¢_, OZ • KOZifl_'g£f)

I-"

252



I

-I

i'_ _;_ii_ _i

i_I_

+ ++ -+ ++t-" ++l_i+'+'14[ -.o00_ ++ :', + "" + +'+
"RX l_l.++_+ +_+.!i._._+ _+++|.+ ::+:++j+ .... _+:+++! ....... ++++ .... ].++.+++.+ ........ + ........ +

+++++\,.+++i++++++++:+++:!:++++:,+++++:++++++++-+,+++:++++++++++++:+++++++++++++++;++++,.)+t_+_ ii_:i ::::':]+:.:+:::_:::::I+..............._ _::::+:,::.+:.,++"......_"+_........................+++_.+++,+......... +,+
._:: +:+ ?:.+i+i+++++ +,: ...... +:++_:::+_+/::++. +:+ ...... :+:+:_ .... ++.++

-.oo,o ..........'+ ++ ..... ,.+++ ++.+;+::+;++::::: .... Y................. +,.............+++-+'+':::::::::++
,+_ +++++--++++-+:-++++ ..........-, ,+-+,+_+ +-+5.-:+-_i+ . +_+ + + + +:+ +_++++| +-+ +_

,: .... . :: ::+;+::+: ++ ,.,++i ++ "
,+ . , + + + , . +.+., ++ o ++ A +
+_++;,+_. :_ + + + ,i + ++ +i +

++.++ :!
-.oo,+ ,+ +:!+++_i_

1 0.9Z

0 .IPO
3 _.00

_NOTI_ . ROTATION ABOUT THF X AXIS+ R x = KRx(R ;L /Irl)

25_



J
NO41TIt AN(IilCAll AVIATION, INC. # LOS ANGI[I..[S DIVISION

COPlCI[NTtiATI_.D UNIT FORCE AT STATION I [LASTIC C_NT[i

Ill, ItOTAT|ON AIIOUT TI4[ X &XIS
¢#11 = -12.O5, GJ#E! YAItl.*481..[

-+-+:+t-:_t+;.*+'I :;++::_+::_,_tt;:_:++:_;_ +.:;;:i;;: ::::::::::::::::::::::: .................-!

- _,÷-.+++.+,++,J+_+.+_++_+_l ......... I++-:..... +_I-, ....... I ......... I ......... :I ............
-+++ ++*.. ++.+_ -++_ # ++I_+4 l,+ i + +i+ ++I+ • ,. i +++ _| + +; +. + • ++I+ -+ -+ _ .... I++ + + ...... i .......... '_ •

.oss + .+ ;+ _ :+ ++++.3+ _+_;/+,+! i + :.T_ : *;I;" +:;" ++ _ "}7 ;" _ ++'l ......... 11 ..... .+.+ "+| .... +" • :,+ "

........+,++I++++ '*+.....I.........i..........1..........1.........1.........--'+ r+ ++ ++'+'I +" Ip++,.+_ ++,+++++, .+: .... +, , .... + .....................
"+++-+ • t - * * + + + * + + • * +_ + + + + + + * + + + + + * -++ ++.+ ,+ + * + *+++ + ....... * ..........

+++,++++,+ +.,+++ +-..... +++++ ...... + ......... + ..............................

""++ 'I ........... ".+...."I'"..........' l....... l ......... l .........+ "I........." ....++ ++_ +++ _ + _* * " _ * + +" " I + , _+ • • " + t + ''* + + + +* ...... * ....... + "
++ ++ + , + + + * i +< * + , + + + * ,+ • . + • D + + + + ++ + + + + ++ , + + + + .... + + +. - + .................

.O_IO_ + • + + _ .... ' + + ++ +" ' ' + _ + + ++ * ' ° + +. * '' + ............ ++ + " " _ .... T :,,_ .....

+++.... I......+ I "++'"I:..... '+I......... l": .......... +; .... + + .+ ..................... !+,,+,++ £ .... : ........ ;+:. .
.+ ++ + i ; + * + + + + + + ;+_ _ * + " * + * " + _ .... + - + * + +, , + + + - * . • + + + - + ,+ .............-+++ ++_-++ +_ # + + + _ + ] * • + + , + + + + o + + . • + + + , + + +* ..... + .+++ - + • + + _ ................

Ii.......'+I............'++....+I".......I.........+..........I.........t..........n_s . + + +, +-++. ;. _+ ...... ++ _ + • • ;+. ++ + , : + + -+.. _ : + + . _ ++_ ..... ; ...... ; - ? . _ - - -; +

"++++-.'"7.+....i!l+:++I++.+.++........I +++....i'+.............._! S+ 4 .......... +. "+ ' + , ........ + + ....... + ....... _-I ..........

+ .. + +++ , ,+ i + p _ . + + + + . +- o + -+ ;+ • i . + + +i+_++. .+. .... + ...................

..... ++++ .... + ........ ++++., +.... + .... J ......... +.........................
_+ • + + + #-++ + ; * * _ - + + , • + • +. . + • • . ,_++ + + i +,. + + + .+ +. + +.+_ ,+ ...... ++ _ .+_.*_.+-* ......

r-:"'+++++.+li...... ......+I......... I........"+I.... ++.... I.......... I.........• + + + , + +_ . + + + + ._ . , +; ++. + ++ _ _+ + .. ; , + . + . +. _ o . _ . + . .+ _ + .+ ++ ** + ......... + ....
+. + . . . +++ .+ + + ; + + + , + + + .... ++ ; • ;+, . , . + + + . + ++ + + o + . + . + + + + +. ..,+ , ..............

O_O ....... ' * + • + ' * + + ++ + + +o " + + + . • -3 + * + * • + + -+' ++ ..... + .....................• . . + + , + + , , + , ++ . . - . + . + + _ ......
++ + o_ ++_ • + . + . + + +, , + + . " + + _ _ + ++ " + + < + + . + + + + . + t + + + ++ , + + + ; +.++. . + ; ........ + ................ +. +.,+,. +..++_,+ ............ l,+ .... ++,.+I+......... I .......... I ...........
-+ ,* t++ ++ ++ _ + I'_++ + 1+" + +, +I++ t ,- .++ i + .... + + + + +* ++++* *'+++| *+ .... "++ + P+ .... +* ........1 +" +...... , + ,. +:+_+,, ...... ++..+++ ........ ........ + ......... , ..........
-+ ++.+. +++ + I++ t ++*++ ++ +i+, + -++ "t.+,+-+* .* +*++ +,.-++ ++ + -++ ..... +- • +, ++_ ..... -. .....
.+ , ++++t+ + _+: + .+++_ + ++ ,I+_ + ++ + ++..+.+ _ +,+ ,+++++ +++ . .+ +T-++ +,.++_ .... t+.: .......
_+ ++ + _- ++ +, + + +. +t + • , -, + +, . o* + + + + - + + * .+ -++1 +-++* + +* ..... , -* ++ *+: ................ P+.... +...... +_i ..... i ............ l++ ......... , ............ I ..........

"O_ .'+i'++++'' _ + + . + + + + @++ ..... ' • i + " * ' " + * _+--. _ ' +, " + + ......... + i + ++ + + " _ _ "_ ++L v + + ...... ..... + " + + " + ....

.... ++'++ 1+....... ; ........ +:-;++ ':: +'......... :::+ ! +,l+,+;- + . + .T++++ ++-

" ++ " "*++"i ''+ +++ :: ++ , ' ........ + ......... ......... + + o . - p _ +-++ . + . +- •

.':;,:'::t;i-: ++l ", +++7+:+::, [.7+++ ,-; +'+-'+,*++.+-!.:.;+++_._+7+7+._+:+++.;-7
i::;:::;:;l! ........ I "'!]I .......

.ol_ +" *'" ::11 ............... !, :;" ;'_':]+-'+'+'::;-'--l:;::+;-;+l+;;::-' ;; -i

.... :-! ........ l .... , .... i ......... _ ..... ;+._
!. ......:::::::: :'-;!::-::::+,I: .... +.::+::,;: .... io-::;::-:l::++,++.:i

7!!_ii: 7_iiiii!i !:i2ili)i. 7 i;;_iii;iii:7-ii:+.i
'+ . . + .+ T + , ; ,+ '.+ + ; :. ;; ; <.: +'; ; ...... + ......... :+. .... ; . +.: .-; . . - -:-]++.... +... ....................!+?!!!i_;l!!::!!i?i :::i?? :::::!!i?i!! !!!_!; i !i !!!!!!+!; - !!!-S:--:i!!

IO

,+ ; : : ;: : ;:: : ;'" ++: :; +-'+ ;; _: ;:_ .+r .... ; : : ; :+" : ;: _;i ;_" ; ............. ;4

,-_+ , _+. _' + /.;7:;:1:+ + .._+..:+. _+++, ......:-:++i:+__+ +,'_;-;+..._..:+;.:+++._+++H++_+N+._+++
.++_t:+_+ +_i+++l+++,:+,.i,++.+,+::+:+:+:++,.+_+ +++_+;++
'+ +', + .+ " " if" ... " i :+.: ,;i" ,:;+ .... ;+++',+++ i:;+: ,+" + ,++ +++--.OIO--+.. .:.++N_I '...++'++++++I ....... ++I ..... /+ ...... +_+ "._++I';'+*" ....

.... ,,+++,1+ .... :+,. +.... ++.l ..... Z'. .... +...... I+;..:+.++t ..... ,,++1+.-+: ..... :

>" "+ + : " *' + I '+ ........ +'+ .... +I" ......_++ + .... " ..... I''' ' "; .... I• ......... I' ..... "'+ '

,* , + * + + I i * + + p + t • I # t + + + + I + • . . + + , . f + + + + + , +, + i + • * + + _ f + # i + + , . + i + + + ++ +++ + • . + _.
>+ • " + + * ++ * * " + ' ' * * + t * + ++ " * " + + * * + + , _ + • i - * + + + # * + * + + + * + + + + + , * ,- + . + . ? , +. £ + + + ,

• + ; + + I + i i I i • ; * i * I • o + i + + ; • , + t ' , . ' + , + + . , , + # + , + . i . . , , , .+ , + i. ; i + i . + +. + + + , + +
. + ......... + ,# ..... : + . + • +j_+ + *_+. ..... + ..................... + ...... +..

-.Olaf + , • i i +_ . +. + +, , + t+ +. + _, , _ . .+ + . + + , i.i , + ++. + +. ...... ..+ , ++++ ....• :J[ _ . + .,. ...... _ _ _ + + .... + ...........

" ii +++ I ! I t r t +' .+t i t I : I J: ! t,_ t +, t +++'t ! ;++," : _ ++_ :++" +;+ : +: +3 : .'I.+..

titlittl t,t_ii
l O.Oi

! i:ll
lliOT( . IIOTITION lll_T llt_ I AXIS, I i = Ii1111 #Ill

e5_



_J
1011711 Atlllllll(Atl IVlATlOii, INC. / LOS Alilt{Lrll DIVlSlrCit

.llil

CO&V;_PlTIIA_ UNIT FOICI_ AT STATION | ELASTIC CI[NI"[II

.,, .o,,,xo,,¢flll = *0.09, i j/it!

-.Oil

-.04

-.Oil

-_-;li.l J_ ! i_I_141, ._ _+ ;i t _ _ +_ ;-_ *-, • _" _-_*_--:I i_ ..... _ " " j _ .... :" .... I ..........

.10 !:,::: = :::';, '4' _ -. : , "%-. • : . _ : ;, : , " , ,. _, ' - , , ; , _ ' -

_ _ , _ : _ ill i ; t+ _ .t, i --, * . I . t !_ _ ;i; ;,-_t--, + - " ,'+l "'" ' " " _ "I "-_ ........ I: .......

--ii.i,;i. _. ;.,,!i_ 7 ll,i,-': t; "_,::it*;i_''+;+*/'_ ....... I _ ........ I .........
.... _ ..... ';, l;:" _.+.._..i; I+;;_,:_.i._., .... :i _ ........ I ....... *'i .........

-+#447 {..' i • i : _, +_- ; _ • ; : , ' • ; ...... I # , - f " f * :+ • : ". _" " f'" "_ " ....... : + ' " ": ::_1: " :

t _,_ t + =i" i i" " _ f _ i I " "-i _ I _ ? t I t l

..._i_i;! ] _i_ i .... i _ .i i ii, % I f +4 .... 4 . _.*+:. +_. l,+_.li+i, = ... _ ..... i+. ........

> • . • - _i ,, 1144 t tfli_;+ ,7-_. ;., ,.7 .-# tl -_ ..............

.... : :::[: : ...... :t::;: :--i!;!::!:: :
: " I i ......... i

, • .............. i"- i .... ,I"':...... ::::::::::::::::::::::, ,
............. _ . . + . .

..... ,i, , .....

• _i..iil,i:7.;,..-,,l;*_..+,.'l''*, :'-'i ,_.: _.. +'I,-'1.:,-:I:'.:++::::I:::::::::

. , ;: -', ,,1 .............. ,.,, _,i:..%... if' ....... ! .................

tIRli ti_|
I O.Ot

I 0._0£.00

(IN0111[ . II_TATIION ABOUT Tt4H[ X AXIS, R x : KliX{R]L/I_I)

L

?

e55



J
IIOIITN 6elEtICAm &VIATIOW, INC. # LOG ANG[L£B DIVlSIOW

C._k_IdTIIAlrI_ UNIT FCnC[ AT STATICW | [LAiT|C ClrNT(ll

Ill_ IIQTMTIQW /dIOUT TN[ X AXIS
6J/1[1 s O.OZ, C/I! VlIRIAlii.[

I]Ili!

illllll!
1!1111II

llItllll
_l]IIllt

N
_14-44444

dA-65-1u_

_ppena_x 1

-1

tlliilll ._ll.

_IiOTI[ . IIIOTATIO_ iliO_T TH( l lIll, II I s I_llllI I A[li

a_



7,__i

I,

_!

-1

lEITH LLtEHICMII aVlATIOII, IfIC, / LOll AIK,£L.[$ Dl¥1||Oll

CONC(NTI/TI_ a|T frOIC( AT STATION | [L.AST|C C£N1"£1
I x llO &TI TN£ X X!

f
NA-oS-IOI 5

Ap_ndix i

tUIlll .I_1_

t
_111[ , IIOTATIOIt AI13t41' _ • AIlI_, I I z IIIlll ,_[ll

257



i ¸ ¸¸¸¸¸¸ !i • ii i!ii iiii  iiiiiil

/

I

GVB_ .CzZ.
-.o .o_

t -0.05-0.0aP

4_NOT( . /_OTAT|ON ABOUT Tf'_ ]f AXIS, R X _: RRX(R3"_I_[|)



li441tTNAN(Ill|CAM6VlAT/Qm,IMC./ LOS ANGI_L.ES D|VIs|_

Idli|T grlMIU_ D||T|Z_ln_ OV(R £L£N(NT t IrLAST|C CEMlr(ll

m]l t mOTAT|_ _BOUT TN£ I( AX|S
C.Aql • -O.O| e 6J.fE| VARIrAm*LL

.lleom

°oNSJ

7

gUg_ |,t _T.X

t
_40T( . IIOTATI_ dlJJQq/T _ If AIII, I! i z gltx (il_ _i)

_59



_i!i!ii!:<:i_i! ¸,!I_::_ :: i, ! !_<i_< _! :

_!

-1

IIOtTII AN(II|CJlt AVIATION, zllCo / LOS AIiGEUES DI[VIS|ON

/lit,IT IrORf.J[ D|STRZGUTED OVEtE iEL£1iENT ! ELASTIC CIE_iT[Ii

It x. IIOTAT|(_I AISOIJI Tfi_E X AK|S
¢/11 s -O.OS_ G J/IF| VAtilAIlJJE

.O41

I o.1_
I o._)

t[_olr'£ . IIOT&lrlON AI_4JT Tt4( X illS, I X :_ llll(ll_'/l£|)

r-



i?

_!i̧?

[

|

_J

-]

CI,m_ t.l_l

t o.1_0._0
$ _.oo

%OT[ • ROTATION AS,0_T TI'_ X AXIS, R X : KRX(II_/[|)

26!

;i1



__I
IOOMTM AII(.IIICAII &qiATICMI, 10IC, I LOI &MGl_lrJI Di¥1$|GM

lIMIT IrOM _1[ DISTMIJJ_Y'£O CYVEI ELF_NENTj| IIrL.AMTI C C._NTEN Append!_. i

_III_ ._II.

e*MOTI_ . IIOTITI@II AI4_lr Tt41( I &Ill, 1 x s I(.ixill:l" #'l(l)

-1

l

/!i

262



Q

..J
110111111A01EmlCAJl AVIATION, INC. / LOt ANGEL($ DlVlsIGIJ

I

Iti

-°IWIW _

|i1

N
III
111

-.ONOI I I
III

-3

11101'1[ . ilOTATION /lllOQt 11( X AXIS, I x

-I_+[L

• IlllxCll 2 #Ell

7

263



i_::!+i!:7/:_ _;:: :i::i¸7:i_iI!ii_)!I'!!71::I)7:!::,

_J

-I

IIOIITN A_R|CAN ,t, WIATI_I, |N(. t' LOS ANG(LES DIVISION

um|T FORCE: OISTRIIIUTI_ OV(R £LI_tClENT 1' I[I.ASTIC C£NT£R

RX4, IIOTAT|QN _4_T TI'E X AX|S
GJ/_| : Z.O0_ C/R VAti|ABL[

°.004

l;l_llfll[ .£_II_

i -o.ol-O.os
,-0.09

lllOtl[ . IIOtAlr|ON All.OUt TNI[ I( &XlS, II x =: I(.llx(ll _' /(|)

261,



_J
NORTtl ANEJICAN AVIAT|ON, :i_. • LOS ANG_LIr$ DZVISlO_

C_C[NT_AT_D t_|T T_0UE" AT STAT|ON | (LASTIC C[NTIER
iX, ROTATII_N AID_I/T THJ_ X AXZS

C/i = -UoD| : _.J/1EI VAR|ABI. IF

!iili:

I O .0_'

$ 2. OI;)

4_MOT( . I_TATZOii A_DUT TI'I[ X AXIS, R x : KRx{R /l_J[}

I-

265



_J
NOflTll AtII_iI|CAN AVIATION, INC. / LOll, ANi(LIrS DIVISION

COWA_IiITiiATf.D UNIT TOIIIIIU( AT STATION 11 (LASTIC CENTER

ill( , IIOTATION AIOI.IT THJ_ II AXIS
C#ll s -0.05, I;J/l[l VAii|AItL Ir

O%.

| O.Oi

t O._Ol.O0

llNO_ . _iiYl_ AIOUT l_ I AXIS, R x : KRx(R _I)

-G

266

7

F



_J

--i

I_, .....iiiiiiiiiii_/,,__ _i_...............,.....................,

i O.OZ0.8*0

8WOT£ . ROTATIO_ ASOUtY _ X AXIS. N x • KR_(tN /g'|)

i/il¸¸¸ 267



J
IOGRllN &iEiI|CJN AflAyIOel, INC. / L04 ANG(I.(S DIVISION

| .4

1.8

l.O

0.8

O.O

G.i

0

OOlllIIITlllT.I) tilt TOItllil( lIT STATION | (t.IIITI(
R K AT| T A |

-.0.1I

-0.4

-O.I

CEmT£1

" ltllll" .Ill.

*l_lr( . NOT6TI_W AIIOUT Tt4( X llXlll, I11 • Illx(ll #1111

268



/
1101111111aN(t|CaM AVXATION. INC. / LOS A(_£t.£S DIVISION

f.OMz_lrlUl"l_ iMI|T T_ll(J( IT |TATI_ | _.AST|C f.ZMTI_Ill

MWLIIC/ffAT|_Id AJiOUT _ X AXIS

l'JJ(I • g.lm, CJM VAMIABI.L

glllll .gill.

_dOl11( • Jlt_llTIOld AIIOUT YI4( l llll,, l I s Illll 11_1)

269



:: j_: i ¸ _i

._i

-.O!

| -|i_
_lrl_ , IOllll(_l 180_t 1_ I IIii, i i z 11111 /1_II



/
NORTH AI_R]CAN AYZATION, |IK. / LOS AMG[L[S O|¥1i|ON

uN|T MON[NT ABOUT ¥ AXIS DISTRZBUT[D OV[R £LEMgNT |

R x, ROTAT|ON A_T TH[ X AX|$
C/R s -O.O|, GJ/EI YARIASLE

.O

- • 02

i:':::;

gVS_ il #'ci
1 O.O_'
£ 0.20

$ _.00

4_IVOT,I[ . ROTATION ABOUT TH[ x AX|ie Rtr = KRX/N 11[|)

27]-



_.!

-'1

lIOITH AiIERICAN AVIaITZOI, INC. ! LOS A#I(I.($ DIV|$|OI

.go

VIiiT ttON(NT ABOUT • AXIS DISTRIllUT£D O_#[R £L£KI:UT !

Appendix I

iiiiiii!itiliiiiiii'iiiiiiiiiiiiiiliiiiliiii

oO

:'< :- :- : ::

;iiiiiiii
!ii!i!i_!

l_l_ll tlliI
1 O.l_

I •. _O£.GO

i#Ol[ . ROTATION AiiOUT T#( ! AXIS, i x = KIx(I #IS)

272



Appendix 1

$.0

0.4

i

0.6

"1

B°4

l;ug_ ILJL'll

t |_i!
_OT( . iiOTaTION _T TIq( • aXIS, I x : i_RTLt o8:i)

273



. H

J
101111111 AIIEIIICAU AV|AT|I_Io |inC. / LOll &MGf.,i_li DIVISION

UlI|T IIalI_NT AIIOUT ¥ &Xl$ DISI_XBUW£D OV£11 £1.£_II7

II.II

ll.g

0.II

I}

t :s:si-IlolPlt

dl_ . _TATIG_ AIBOIIT TI41_ II AIIII, I 1 s KIIlI¢II t11_1)

-1



i /

_i
UOIITII AII[IIICAU AVIATION, INC. / LOS AIIG[i,J(I OIl*IlION

MIIIT IIII)lf_T AIovlr T AXIS DIITIIIIluI_ OVl_I £1,[m£wT I
lit. IIIOTATXQll AISGIJT TI_ X AXIS

IJI[| z U.JL_I0, C+'E YAIIIASI_

.04

Appendix !

-.|4

-]

t
"1101'! • IOI"ATIOII AIOU1P !"141( II AXXlo I I • Itlll(ll /1111

ql

-W._



iii_i:_,_+,_:+_i++¸_ _!_++,, i_?_,_ ,i' :'+ i̧ ¸_+! '__i_i

- _1

,/

! • -_

-o.ol-0.05
-0.0t_

m_OTIl . ItOTATION &l_Y TI4_ Ill AXIll, I I • KI_IiI_ /lllt

e76



_J
IMQ_ AN_I*]CAa AVlIAT|C_, ILK:. J LOI AtIG£L_$ DIvlsIOId

(_ • *V.Ul I _,JJtll WmlR4_IIH_L

NA-65- i015

Appendix 1

.m

.m

._zm

I

ol

i |_il
. IlOlrAlrl_u AIIOI/T _ • illlil. Iy • llyIIl2"tl[ll

r-



._I

--I

11Ol1'11 Jtlll|(ltl A'IIATIOIIo ILK:. l LOi AIlG[L(S [}|flS|GI

C:ONCI[IITIt, lrI_D IAIIT IroItCIE: AT STATION , J[LJIIIT|C C:_.TI[:,

N.y, CAt --'O._J_.•/I[NOy''(ll P, JOIn" jTHI[ I , All,v_kll i AIIA[

t_li liJllll

t
IT[ • NOfATIOI! AIOUI' TI'I[ Y AXIS, I v • I1¥(I l i_l)

2T8



_J
INIITN AtI[lUCAN iIIATI_, IlK. / LOS ,llIG[L(| D|¥lllOil

_TlUT[D llltXT FOI_CE AT STAT|ON I ELA&TIC _Tl[a
Rye IIIOTATI_ Jl_lOUT T_ T.A_XJA _

¢/I • -'0... ,J/£! va,*,m._

..... : _ "..FA_..-_.t .-; . _-. _ _-._._,.-;A--_.__ ,. ;-I÷_-: _ - ",_"| _" *_- r _'-__ |" - _-_-_- : : |*-_-" 4-..... | .........

,...:;l ........ ,. I ..........I_.........I ........,I...........i....,....I.........

:T: T].i:_.".T[ .....,-t_*, •

......... ! , _i * ....... f ...... ' ' "'1 ....... _" :: "_I I _ : " : _l'_',, _ ........ " .........

.......... _ i ........ , ........ ! ....... I" .........t

-I

OoN

• ,,i,ill

[_'_'*--- !t-', " .... ;'"

!?]] ......;'ilili_' !'il;'i;: _:;l+i :'" "

tilllli ll,l_llll

t
. iiOTAT|ON dkll¢_fT 114( Y m%ll, lilt

i.I

,:tt
lllll (II #Ill



_.I

-I

IIGam aW[IIIICAN AVI&I"|QI, _NCo ¢ t.OI &I_I[L[i OlV|Sl[Oll

C(_¢I[NTIU._ bINIT F_tnC[ AT STATION | [LAST|C C(MT[R

ilr &T|QII T l"fi[ ¥ A |S

I_A-65* !015

Appendix I

.M

.£I

oi|

_+,_,._4,',_-_i._I!_-,_,_4._ii',_-i_'_ _i_+_:--_-l_-,_:; _--- '.,'-...... I.... :.... _.........

-s_,_+.,.ii_:-,... _. _-_._.,;.;_.. l..i_,_.... i_,.: ..... _i-.._..... i........ i.........

°. .....

-.II

'_.; ;_:;-;|;v::c., .-_-_...... i........i. :--,---;_.........Y-:.::: :-

-0.01:_:_
_I_TI[ . I_TATION ASOQT TH( Y AIII, lily : lllr(i_'t[|l



.d

7

Gill AililI]CAII A¥1ATI_II, I1_. I LOS lill[I.[li Dlq|JlOll

CONClilTllAT'I_ UNIT FOIICIr IT STATION | ELASTIC CEllTIrllt

:_- o5- iOi_

Appendlx i

I Ill
] m

.i m I ll

,il ,,i
I11 1

Ill I

,_; ,a+
i; ii,i

iiii ,
: . L I I1

:. ]i

i! l-

l._t!:

i;i;

i111

!:!_: f

iJii
i.;ii

ii!!

: : :

;] i, iil
.... lli

I ! ! ! _ I I I

[ I I 1 I 1 J i
I I !1 ii I i
I I 1 I Ill]

i ' I I I I nl I ]

il li 111t_[I I t 11 I i
I1' [I II il I 1

i 11 i 1 J i i I 1
_ |1 l I , | Jl i

*_ L I i,I ! i I'il I

i i , 11 I _ • _1

• _-._ .i,-_,-_ Fl_ ._. _-l- _ .,_ i

iLtMt H

i]I : J i ,.-lil-_,
i i i _* i i_a!l!

i :iHi-i 

f _---_,_:i::i-l-l-llIi-i

.aS .i i I : : : *q-_+

-i-i-iCi-i4
I ! I 1 1

1

4: -i i i i-i_/i

lllllli ._11.

ll_ . NOTATION AJ_T _ i AXIS. I T • Ilillll'i_ll

t



.J

-1

i_anl ANIIIICAm AVlATlalt, ENCo J LOt &t_,.£L£$ DlVlS|ON

oWll

6_11! t+ I.II0, {/11 VlIIIIILI

C£IIIIIII

£1_Ef. .C+I.

' _:88
I -,0 oi11,

_IOTI • IIOTATI_ei LLIOILIT Tlll ¥ .4111, ly • III¥II_SEI)

28m



i'i,i,¸_;;_i,!?ii_i;_!
i_iiii_;_ _ ,
i'

;!if!i;¸_̧i,: .....,_ :

_J
ilmlm A_alCAW AVIATI_, |11¢. / LO6 AlleLES DlWiSi_

UIIIT F(;I_[ DIS_IilUTI_ _ll [t_m[_ ! ELASTIC CI[NT[R

ItT, llOT'&T|_ _llalT TH_ ¥ AXIS
C_I : -a.U2, 6J,'k'l ¥i1IA81._

Appendix 1

JI_S

ii!iI

i e:eo

_lOTl_ . ItOTLLTIO_ _ttk_T I_E Y AXIS, IT • ttllv III _" _q[l )

283



_i
IOITH lllif.illlCiuil ill'|&TllOllo lliI(. / L.OI tililiLEI D|VlS|_I

IIIiIT FOICI; DllSTilillillTl_ OV(ll Irl.l_,lEtllT t _,.AST]IC Clrdllr(ll
liT, IOlrAITIl(tliJiJkl_T Tl_ Y LixlS

CirI = "l.DJl, Gili_| lfiltlll,[Alll_
Appendix 1

.14

.I£

.If

.O4

-I

i
I_ . IIOTATIO_I AilO_T Ttl_ w lixll, I T : I1_ II 1 #lEl)

l-

2_



J

-I

llOIlm 41_E][CaN i¥[tTlOll, INC. • LOI ANi_LI[8 D|¥1IZON NA-65-I015

Appendix 1

. ,._--: .... :21 ,-+"'._ __
! . , : ] ; " I ' ; " " ] ; .... ::''"

.........

-Oil

.ll

,,ll}ls I _Itii

"77:: ....
......... 7--_;7;

o .@l

...............i + '+'t½ -_ .... _,'t'"

;ll,ilLi _.ltt._t <<.l. llili !l :llil l_llll,li

l_ll tl£il

i
_OTI[ . ltOTATZON AIOUT _ ¥ AXll, IIq I liI(i 1- /Ill

i ....

28_



tlol'nl AI_IICAN AVIATION. IN(. # LOS ANC_L[S DIVI$101t

J

limit Ir,mK_ DIITItlIWTED OV_ fd.£1E_T ! [t._.S/iC C£nlrl[l

oOtl ..... '

2

7

-1

_l_lll _cLI.
o oOlit

lllllt . I_lilill _ i#l[ I lxll, I l, • Illll I #ill

I'-

286



.J
110111111 LI_NICLIII A¥1AT|CIj ilJC. I t_ AIIG_L_J O|TTISION

UNIT FL_K_ DISTRIIK/TT.O OVl[N £L_N[NT I ELASTIC CENTIEII

Appendix 1

"K.

,'4

llIll ._,I_

I
_lOTI . IOTATION ADOUT TH£ _ AZII, Iy t lill lill #Ell

-]

2_



_I
NONI"N AI_RICAN A¥1ATICII, |NC. / LOS ANC_Llrj D/VISION

UM|T Ir_.J_ D|STRI_TIKD _flER F._EM(NT | _,.ASTIC C[NTI_R

MyL IIOTAT|QltY_OUT _ Y AI|$

M.Jl'_| : Z.I_D l (/e VMM|A_LJ_

.o o o o

I

!
4';_,11£ . MOTITI04_ ASO4JT I'N( Y AII$, Ily

.Cll.

sc IRy(M & t(l)

l

I-



>!!i_ii_ii_-:_ _ifii_

C

._I

-I

0.$ _ '

1 O .D2

3 £, O0

4_IOTE . ROTAT|ON ABOUT Tfl[ Y AXIS, R t, : KIII,(It /(1)

_9



!/

!,

iS _ ij :

_J

7

NORTN AN_RICAN 4VIATION, INC. / LOS ANG(L[$ DIVISION

CONCIrlliITI_TI[O IIPNIT TOt_et,l_ AT STAT|ON | IELASTJC CIZNTER

a T" Ib_TAT|ON ABOUT THE_ 1' AXIS
(/R = -U.UD, GJ/El YARIABLIZ

r_A-65-iOi5

Appendix 1

.0£l [,o
$ J_.O0

41NOTt[ . NOTATION AOO_T THE ¥ AXIS, my z Kj_ y (11 /1[|)



7

I_IR_E li,l,_l[,It

'I_IOT'[ . 101111011 all<_t 114[ _ llll, I v • RNyII _tE_I)

I-



. I .... - .... i ......... t': ....... I

'"_":'' * - :''" ;_i'';*;''''';:'.... I i i-'_i!_ "' *:_'i_"C"l' !'''''''*';7-'--TT;''....... "_ZTI";-Z;........._;_cT--T'' -""7;}'"7;'.........L"TT;-'-'-I_'

}ii2 i: - : i.:.......i.........i...... i:........i

°,i_i _ , IlliIiiiiiiilliiiiiiilliiii_ii_ ;;iii

:''";''_i' "': *' "'; .... : :*::::[" :::':':': :::.:::;: :''::'-:: :':''i "':__,_-:::::::_:_::-;i:_.::i:.I-:.... ,....:--I-,_,,,-,,t,::-:....t-:.: i.

I "0.I_I _:o,
_TII . ItOlriTlOel AIK_ lr_ v Ills, I v • lit (I ,_I[I}

.i;a.

iL! ¸



...I
geGmlPN AOGIIICdl, U AVZATI_, |_. / 1.041 A_I DIYI&I_OU

_i- 65- I015

Appendix 1

-I

|

I .:t+fi
'I_IOTE . IOTATION ADOUT TI4( T* AXIS, I! T s ILIT(I /(ll

_3



i
_TN &M[RICAN AVIATION, INC. / LOS ANGI[L_"$ DI¥1[SI(_

COI_I[NTRATED UNIT TOReUE AT STATION I I[LASTIC C[NTI_R

Ry, NO TAT|(_4 AIK)UT Tt_ Y AJ(IS

GJ,fl[l : Z.O0 t C/ll VARIAIIL ir

+',A-_-lO!5

A_pendL_.+. I

2 -0.01

I -0.0$-0°0_

4%0T( . IIQTATICW ABOUT T_( V AXIS, R v _: I_llT(ll tKl)

+,H:



/
NORTH A_i|CAN AV|4TJOel, JMC. • LOS ANr_[LF'S DIV|S|ON

UNIT IqOI, ENT ABOUT Y AX;S DXSTRIBUT[D OV[R [L[MIr NT

El,, ROTATION ABOUT THE Y AX|S

(/11 : -0 01: GJ/[] VAR|ABLI[

30

%,

F

295



J

-1

NOHTW AMI[_[CAeJ AVlATICW,, INC. t LOS ANG4[L[$ D/V/SION

UNIT NOI_NT ABOt_T Y 4[IS D|STR|8",JTI[D OVIER [LEM[NY i

liT. liOTaTlO_4 NK)UT T_ Y _,XlS
C_ll = -D.OS. GJ/[I VARIAeL[

Appendix i

£.$

_;VE_ t4Z[l
1 O.O_
| _:_

_lWOT£ . NOTATION ABO_T TH[ Y AX|S,, fry = J_ftT iN /£I)

[I

[-

2_



_.J
NA-65- i015

Appendix 1

|.l

CUI_ td£1[l

i |_H
4'N011[ . ROTATION _IM_T TI_ ¥ AK|M, M T : KMlrCM t111)



:_ ; _:+: :: r ¸ _!:i :_

_J

7

IOIl'N iI_IIICAlll AVIIAllrlOII, |NC. / LOS IIIK,,_LIrlt O|VIIJIl_l

LIIT NOI_ItT AIOUT • AXZS DIISI_IBuI"[I) OV[R £L[PI£NT 8
lit, ATI /_IOUT 1" Y A ItS

IoI

$.I

I.!

II.I

_u_ .C_l_
1 -o.oi

I -0.0$-o ,o_

_r31OTl[ . ROTATION AB_JT THE ¥ AXIS, R T : gRy (R ¢111)

2_



mOitTU 6_llZCiill AVIATI_Ue |NC. J LO@ AmGIIL_Ii DIVISION

O.fi

I I

£W_I _gzL

I _I!
clOT[ . tOYAYlOIl _T _ • illS. Itv • lift v Ill ,till

299



i_ ! '¸¸¸_¸¸¸'¸ !i!/' _¸
/_ _i_iii%_il;i!ii_!ii_ili/iiiiii _ i!_ i,; i̧ i_i_̧!i!!/_ii!

._1

"K,,

NOITI4 A#_RICAN AVIATION, INC. / LOS ANCrEL[S DIVISION

UNIT NONENT ABOLfT V AXIS DISTRIBUTED OV(R EL£1_NI" J

Ry. IEOTAT|_ _BOUT TH[ Y AXIS
GJ_[! = £.OQt C/ill YANIAGL[

|
_i01"[ , iIK)TATION AII_JT TH£ Y AXlJ, Ny

.CL|_
-0o01
- .OS°S.OS

:: K.it V IN /1[|1



!

kOaTN AVEm|C&N &V|&T;_, |It,. / L¢_ A_I[_ I_VZI|Oll

¢C_C[*mlATI_D ,UI_T F0_¢£ AT STJT][ON I ID..ASTK¢ CJOmrl_

1_rIGl'l_LL _ _ _T _ IDLJUITIC _, M _ P'EJP

Append_.x 1

i

-I

301



_.J

tlJJl[|= OoOm O. TM 0.131' O,J_P 0.Jl_ D .IL'O t.aO B.O0 8.00

C,rll m Oooi O.IM; O.M 0.1_JI O.IMt O. 1311 0.01 D.DS 0.OI)

IITAY_

• . * o .• I + _41 +.+ +.O+ +._PI_| ++_Zi +._+ + ++ + _ll+t+ + _tlJM

J.O +.i +.I +.+ +._5_ +.O1+ +-_I:'m_l +-+_+ +.Oi+ +.lli I

4.O +.II +.I+ +-+I +.+IM_ +.+1_1 +.OiII_ +._SPl i +.O_i;I +++llPd

I.I +*I+ +-_ +_+ +-+ +fill +._1 +.IP+ -O.I+/f +.OI M_

e.o o.oooo_ .-o.ooos_m -o.,oow4m; .-o.m_mz_ -o omU_ --o.oos41,s4 -o ooxmoe *o oosrJ_ -o.oloa_.s

IP.O O._Sql_ O+O_ll_,lJl_l O.tJDlll_141) O._ITIZ _._ _.nnl4 _ _._| _._l_ -0. _lO_l_lHP@

_.o o..... ..+. ...... *. ** .... -**--* +''*'* °*''** .... °* " *" ++ "

II .O +.+_ O.+i+ O.+_ 0++ _._M_ O. +I+_ 0._lO&Of 0._ O.+IOIMi

ll.O 0._1 rm'j 0.O00P141 0.++_ 0.+ O.+|ll 0._ O.O0:ITi O.+_4P 0.01MtM

J_.O 0._14_ O._4SM O._I O._J_ O+_l_J O.OJ3_3N O. _5_+t I O.Ol_3ls S O._;_P_

X4.0 0.+ o.mx_4m_ o.o_osmaS O.Oo3$rM u.OJle4s_ 0._s34_I O.ou_rxs o.ol41,eo_ o+ozill

11.0 O.+M+i O.+ O.O+_ O.+Pl_f _I 0,0_1441_ 0.044TSI_0 0.004_4 O._;/IJ 0.O3PIJM

II.I O.Ol+l 0. OSI_S_IO_ O.l_ O.IDIJIJP4 O.OHP|_4_ O. l+_l O.+ O* rJ_J _ii_t O._ltt

zl.z 0.0_1_4_4 o.lJ3ms O.IMI I_ O. nm+'J _ 0.III_ 0. J'+J'_ _+_ t O._ 0._I+ O.OMIIW

11.1 +. • HI+I -O.01P4K_I_4 -,O.0Hz4k,3_ +.+A_| +. l_l _ +.OM+ +.1+ +.+Pl +- • M+

_2



_J

*_:_TH A_R:CAN JVIATI(_J, :_C. / LOS A_ELI_S DI¥ISrON

Appc u_Ix 1

CONCi_NTRATI[O UNZT TOR@tE &T STATZON I __&$TIC CI_IT_

COI[_elr I¢ Zk'l_ fOR

INTl[]l_jt_L NOItNAL rORC_ J,Y TI41[ [1.ASTIC CL'IW'r,R, _K SUB Irz!

• j,'l[1= 0. I[31_ D.I[2R O.¢;E 0.LJ0 0.Lind 0.1_D _.13O £.GO £.ID0

C/It t O.Ot O.OS 0.09 0.05 0.OS O.OI) O.OS 0.OS O.OIP

STAT|_

_.0 E'iS._OeTIS3 8.141e681) 4.SG_'rg"r4 13.44651?'I T. Oz_949e 4.4 TtXX)84 _. 147"_ _._41S4 ?._4[350

|.1 6.T_O_4rZ 4.51D_'r4fl 5.14137"40 1.1555"r6_| ,_.8_3,_ W.45_1 0. 536:[ 0¢X:I 0. (_:[ 9_[ DT_ 0.8_S _i_4

T.O o. _[x3t_ _ O.GOt 430T O.003_S4 0.o_ _S_8_ 0.01694_1_ 0.0_03_13 0.O7[_65_ O. O_i_goI) O.06_SI_T

• .o --_**. -*o*.o *--o.. **-*** --o--* - ..... * ..... *o---* *'"*'*

21_.2 -e. ?-Z_)SO4_ -_. 5|05 ?&S) -_. _ 4123740 - _ .ISS 5TisZ:l - £ o t_C_ZL_IS -Z. AS88_3S -0.53_1D00 -O.6| 9_0_'| -O. 8S_3 _a

_3



+ 4

J

ivorrN Ai_R|C,N 4VlAT|ON, |WC. / LCI8 ANGI_E_ D|VIS][ON

WIlT _ _ Y AXES DISTW_ _ I_.I[_ENTS • _ '16.8

comr/rzC |[_r

Im'IZI_L _ Iq3wcE AT _ I_AtTIrc C.[KrI_, m SUB irZ)

_- _- tC,_

Appendix 3.

• jJlE;l= O.l_' 0._ 8.ale 0.;1_ O.IJO O.alO 8.00 8.00 8.00

¢,m w 0.01 O.OS O.OD O.OS O._IS 0._ 0.0_ O.OS 0.0_

8TAT

• .'* @. 4t,141)P131 4.4_tZ'l)Tl _.8+* _ 8.818_ _.I_•3 E. _lSe_OJl S O. _s+_r _I. _Ip_Ir7" 1. I_01

1.11 l.t_It I.M_II I._ l. l_4ss'• I. I_II_M "*. l_ O. i_fl3 0.41414_41P11 O.4t4M_di'&W

l.l +o+l_ O.ll+_ O._l 0._ O,l+Pllll O. MI4+ O. _+II 0._0_ 0.4•_

1.0 0._III 0.I_0 O.IlP_INI_41 O._JII_JIP3PII O.,L_II'S w'_ I_. ,l_ll]_ll_l O.l_+ m_' 0.31J_41"81 O. +11_II

4.+ +.Ol+_l O._MI O.O_t 0.I_ 0.1_II 0. I+ O+ O+4P_ 0.I_I M

1.0 0._II O+_i O.O_Pllr'&8 OoQ&4)&+rvJ_ 0.+ o._l o.l_ o.l.il 0.1_

1.0 8.+I O.++ 0._0++ _ 0++ 0.+ 0.+ O. IM_I O. • 18_• 14 O. ll_

1.0 0._III O+_i 0._ 0._ O,_It O.+lOJl O. +_ll +. rJ_l+ O.+'IM+

1.0 . ..... ... .......... .... ...... . ........ .... ..... , ......

J_r.O -.O. _14101 1 --D. Oi gO_4NI -O. GI_OT_ -O .MFS_ -0. OT341_1 0 --O. GtT_ ;r_ 1 -.O. J 4141_8 _ -O. • tP• 44LII .-.0. I _'Oii

II.0 +.+1_ +.II+_ +._MI +.+ +,_PM +.MS+ +._H +.+_ +.410T+l

II.I --I. ]r4134_1 t -|. ll_r]l.si -1, ti&'/klF_l J -l. I+41+I -I.IlIM -I. 1 +141gM_ -'O. S_H,llJ -0.441484T_ -O.4 P,I_4SI_

ll.l --l.4•ll_lJ _._IPI -J.81 i_M +.81_ -_*I +i] +. _I_I +. tM+l HT -I._I+ -I. •+_01

II.8" +. I+_PI +.i_M -+. I_1_ -3.+ -+. Y_+ -I .l+•J_ -•. _MIM -I .AMPI -l.l+

I-



_J

mlITW &IIEIB|CAM &¥|&T/ON, gNC. / &_ AeM, l_.rn DltlZ_I_

¢QM_mlrl_Tl_ _IM|T FOl_l[ AT iIT&TlrClR J ID.KIITIrc ¢I][MT_E

GgD'IrZ¢ l[im, IrOR

_ _ lrN[ ELASTIC _, m SuID 1')

App_md!x 1

_5



il

Appendix I

_ _ _ EL_iTIC C_IITI_, U SUl T)

e, jrl[l= o.oE o.oe o._ o._ O.Io o.,1_ e.ou I_._ _.oo

C,_l_ = oo_ o.os o.#e o.o_ o._s o.oe o.o_ o.o_ o.o#

IIT_T I_l*l

• .O -O. OGm*4S31 "O. M4 -O. UODt_41 -'O. [X_l_rl -O. nm41_+lll -O. I]GqlIIINII' -O. O_T94S -O. OOSlPO43 -O. O_l l'+_l+l

•. • -.,ll. It_O_ 414MO -O. I_3_II:I ._4 --O .013_ st ]t'*O "'O. O1_ 4141_I -'O.OZl]Oll_ "O. Oi J+IP_" -'O. OO4MZS -O. 13I_L_ :I 4 "0 .1331J..tll_l I

I .I -.O. OOD'_l I 4.Ol:l_J_ IIP -'Oo l[X_ 7"i _'_ -O. I[113_4,_ -"O.I]I]IIIM_J+ --O. O13MO4 -O. OI_)SI_I -O.+l[]'Jl III dl -'O. 4[I_'_I

I.I -O. DOI_I'31Sll 4.OOJ+ lSSlP -O. I[3OIL_I.4F +-O.010.I,,141_ "-O.11 -O. OSlIIILI_I - D. O(]l_klll -O .O1 4+SH_I '-O.IMM _

3.O --O. OI_IS_ --O. II13131_IP .,O. rm141_'14 -'O. I[IOI31M_ "O.O1_I li -O. (_M, JI+IIT_ -O. O_41_i+Z -O.OJ I64M -O.OIE_LII=I I '+

II.O -,O.Oml_'S -,ll.OOOOSlm -O.OO1_O_ -,O.OOOJI+S4 -O.IX3_r'J3 +'O.OO141_ -O.OO_14_ -O.OOeO_Sl -o.0J+mmls

1.0 O.I "_._ -' O +OO110_ -O._IM -O.O1_ -Oo4[]GIM_IIIP -,O. OOINIS_M + - O. OCI_ II'_O -..II. OOFI MI

IP+O O. OOlll_t_ O.IM]OI;II_ O.I;II_31301_I O+I_IIOO G:IW -D. ODDIOII ",O. Ol]_lliO '-0. _[]_E'S;_4 "-O. O1_I 13t"l "-O.QO4OIII

_+4_ .o... ..... .. ....** +..++ ..... .+ ........ **.+ ... ..... ***o

IS .O -O. OOOO1_ O. 00000r41 o. 130003_ 0. o_ool I14 I_ o 0G133 ii13 0.000334rr 0.130Dl, s_ 0. Ix_l.Mu 0.00P.t 04 ,*

111.0 o. i_00_I 0.41_00_iii 0. li_l_O,llo o. G_lOlZsll 0. J[_[M Ps.3 0. OCl_ 0411_ o. 0_i I ilJl_ o. 0(_I041 i0 O.OlI_F3 1

ll.O O. QOOOJII210 O. 4_O1HSl, O .ol_J,41_l GI. O(X;][_OPI O.O121P_III O .aO_41.1..IIO O. I_T+I PII+I O._411SI_I O. O I .sGolt_

14.O O. 4;IO1_I_ O .O(;Io_ l'Jl" O. GIGt141,E£ 4 O. J_I3OME'I O .QG¢I/,I+ I I O. QI_.I I It'J O.OalE4 rl_IP O.Qi 141,4M O._OIM I"

111.O O. O_I_I_ISl O. OO1 .lJ_P O. (3_PI 4P 0.+114 0. _K;]_I ([:1_ O. O] OJlJ_l I O. 00_1_._11 121. Ol 4+il_S 0. _lE'J414_ P

II.I O. OOO11_I l O. 4_IIPT'JII i P O. CI_ 31_ pSl O.+41311 O. OGIS.I_j O. Oi._44104 O.Ol_li_l O+OJI+IIMI O. l_k_l IPf, l

II.I O. OO1 411410 O. l[_IplS .I 4 O.OG_I 7U O. OO:1416ZI 0.0101_441 O.O11STIIP O. I]IM414_I 0.II_I_31141 O. O, II 1 lk_ I

ll.l 0.I_01"41,II O.Oi_Gl_4 O. QOOFII41I O.Ol_O4Fl O. IX]81PII O. I[_IIlINIP O. O1]II_ PI)4 S II. OO,ii, )'O,Ikl +. O JIJl'4141_ I



_I

II_tTN AIrm_ltlCmll LiVI&TII_II, |IC. _, L,c_ llmlDl.llr, DZVI8101I

C)_lCl_iMlrlm uiiIy _ AT 8TAI_|Cll I I_AI_TIC

COmrV[ClE_"

JNlIITEII41k_. _ _ _ _Aslrlr C CI_MTIm_. _K 14JID T)

OjsllXa, O.lie O.IM' O.IBD O.RO O.m', O.JIO 8.1[_ 8.00 It.liB

¢,_11 _ 0.01 II.SS 0._ O.Ol O._lf 0._ 0.4L1 Q.OS 0._

I_lr'A y ION

l.O U. lll_l O. BIL'TIIFIFr4 _01l_ O..II_Q'J"JII8 O. II T4_4 0. O_l T41 g. 141ODV D. ldHPs6crP O.IDII_I

I.II O. 1 411_411hl II_OIlIR3 lqi I O.IIatNPI IE _ 0. _IMI_'tNIII O. I!IIBIIDlr_ O. l1341411l_Fg O. 41_S10| lrlll O. 4Oti)SlrlV4 O .._ illll_41_

l.l O. OlNrlr'T_4 II.ollS I_NII O.Ildll & all 0_I_" l _I O. IMIrrlJl' 0. I_ 0._18_l 13'..t St_ 7"S_0 O. 340_0l_

I.I O. II4_KI O._lO O.l, O. IIITII_ O. I_DI O. llllH O.I ll_h_ 0 .liTSl H a .l_l_k14_l

31.O O. 1_I_4_]P_ T O.4_IIINII_ Ill O. Oil II_l_dl O. O_415_TII O._T411 41 O.QII_O4_CI O.14Ul tk4.11_ Oolll TIll O.l

...... ..... ...... = ..... . ..... ......... ... .......

ssP.O -O. _1 ITS -,O.Isu_4114 -O. 13Gf]441_ --O. OI 41@_4 -O . Ol _.IS 4rap -*_. £_,(11_ I I_41 .-_. IJ_/'llT]l -O. llJI 4 . JIJrl3_ INlll

ll.I --0. llr_ -II_.I Ir41_ --B. _41 1 ll41_ --_.11 1/"J -'-I_. l IMIl_'ll "_. 1_ -0. _llllp]_l -II_.I SI_ Iml_ -O. _14Otl_l 4

l_. • -_. 14_ --O.l_J_3 I"J I -O. 03Sl)l SIR -G'. 3.1101'!N_ -O. Jti]IM)_TZ -'O. I _4_J1_'t_ -0.43_I T_ -O. 4OIHITr4 -..O..I_ S41Z_40

• _7 ¸



_J

NOITN A_:RICAM AVIATION, 1_. I LOS ANGELES DIVIS|ON

UNIT tlON[NT ABOUT v AXIS DXSTR|BuTEO OV(R £L£NENTS 2 AND J6._

_FF 1( lENT FOR

IlII_RIIAL IIION(NT AIK_T _ (LAST|( C[NTER, (K SUB Y)

_I,-65-Io15 i

l;J/[I= 0 .OZ O.Ole O.OZ O.ZO O.L_O D.IPO 1.00

C/ll : 0.01 0.05 O.OI 0.01 O.l)_ 0+09 0.0|

ITA T ION

1.0 O. 0662S3,t' O.Ol $| 95g' 0.0079469 0.|11 ISiS 0.069.1128 0.04.03931 O.Z_443S|

1.1 0.1438015 ID+O_ _ZIO! O .03SZ4._D 0.3Z4Z451 O. 1cj4_755 O. I_8B080 0.4318Z'_2

| .e D. D69 r_53 0 .[}54_48] G.041298_ 0. Z238466 O. |8414t3 D. 14 J'949g 0.381¢48_.

£.| D.D,_313$S 0.030939-4 O. D_00956 O. 13C_4_35 0.It10_-19 D.;118,79! D.313_:55

S.O 0.0058118 0,01_68_3 O.olflrr91 O. D¢_8666 D.DI57693| 0.068_468 0.241351/'

4.0 D.C, OlOg88 0._0398_4 0._D61189 O.03D53D4 0.035C)256 0.03/8935 0.1 {69J'94

5.0 O.DG0188I 0 .OD/,I_60S O.O023&BS 0.01.41 _'82 O. 01 ,fgO3..,S D.DZ06811 O..t 25&88 t

®.0 O. 0D00535 0. O00.,I030 0.0009106 0.00,64333 0.G0_9_83 0.0109969 0.083_863

t.O 0.0001088 O.00G_ _,06 0.0£_330.4 O. 00_6.4 re O.ocul1554 O.OlD_32_ 1 0._66_5

8.0 0.000_Z48 O.O_004OS O.O0OO:r_4 0.00055_4 o.o01el3,e 0.0015968 0.0_558,4D

10.0 -0.0001088 -.O.0001_,0_, -O.000_;_J04 --O.oOL=_4t_ -0.00415_,4 -D.00_3_81 "0.04:'£t655

19.0 -0.0_31_5 -0.0309_,9,4 -0.0300956 -0.I_0.4B35 -0.]_0119 -O.I 1J8_'9! -0.3133155

15.1 -0. Oh-9 _'25._, -0.054Z_6_ -O. G-_ _ _'985 -_}. _2384f_ -0.18_I4_3 -0.14 ;'9498 -O._Bli4BE

|b.l -'0. I 4_6_15 -O._,5/ZIG1 -0.O35Z49C -0._24245| -0- 19,d_ 153 -0.|_880_ -0.4 :_/' _'_'Z

l_._ "(}. 06_bZ53 / _0.01519#9 -_.0_¢94&9 -0.I{|_515 -t_._694 _ _8 -_.G403931 +D._'_44331

£.00

0.05

0.1G1|998

0.3896217

0. 36093{36

O._grO_6_

0.2',31 _644

O. 1/l_@6Z

0.1_2_2B

0.08_6

0.04 r4003

0.015,11808

.o....

-0.04 r_oo3

-O.DS_46P6

-_._3156z,,

- O. ;_ g {O_b3

-0. _962'1 _"

-(]. |611998

IB+09

0.1_11946

D.5]_681:

O.541_r_r

0.22Z850_

0.115,66380

O.i_OZ_O@

0.04e_o9o

0.0152855

...oo.

-0.0a_809o

-0.G6114t4

-o,s_O?;o9

+G._633_50

-0.33_14

-_.IZ_1946

3o8



I

Illll"N dkllil_|CAli AVIATION. |lm[. / LOI Ali_l_[.I DI'V|$|OII

¢lmICIL'wrl_ll'll_ UNIT _ AT STAYIrCNW • IPI AIIl"lC Cl[3mrEII

_1¢i1_r Pore

|MlrI_IW_ _ ImOUrr AXZ8 NOItlPML TO I[_ASTZC CI[_TI_R, _ SIAl N)

_9



I k _ k r • -

..J



_J

/ImlITN A_RICMM &¥1AI"|ON_* ZNC. / LGB ANS4CLE31 ofv181row

¢mr, JrJn_..,Alr1_ mZT _OReU[ AT STATION S ID..ASlr|C

_EFFSCZ_ _M

|MTIDIWAI. _ _ AX|S mORtaL TO I_ASTZC CENT[R, a[ SUl N)

XA-_9-!0:5

Ap_ nc_Lx I



;5 _ • "

_.I

_'rN A_/_IICAM AVXATZ_, INC. / LO& AI_I_I[J D|V_mJOM

W_T _ _ ? JXZS OLST_[JUTi_ OV_ _i_RENTS Z Am I#.R

COE_r | C ZO_r

|_I[I_ML _ MOUT AXZS _NAL 1"0 I_TIC CEWT_, m SUB N)

Appendix 1

SASIE:Z= O.aE' 0._ O._Z' O.MO O.MO O.I_E_ £o00 _.O0 £._0

CJ'll _, 0.01 O.O'J O.Gg 0.01 O.G_ 0.0# O.O_J O.oJ 0.011'

.lIT&T ZON

8o0 _. laL'llOZ S 1. #D_QalEXB _[._ISi_8_D J .J_J I[_ |. | 11g_S_1_ I. I_P_I I INl O. 3116_dll I 0.4_11_ FlIT O. 441/'_1,1s1 I_

m.| |. 8F_0,1 me |. 441 dIT"J j 1 ._II_IM41_T O. S74TXIIO | o01_1'_[_ 0 oSF4,1_410_ _ O.SAT_I Oo 5 1'_41X04 I_...I tNp/14 S31

8.S O. IOT4_II O.z_srJ4s 0.5304_HNI O._STSlEZO 0. _ ldl4LI O.S 1 _O'Jk_ O.ZJ_I | O.Z4.S441)T o.Jr_T_8

_l.dl Ooo_l_O_ki OoO_e'r_lB O.I_IPlO_O 0.I_ O._l_&_l) 0. | I10111_JI O.MtN_O:LM 0.1SH_OI_S O. llk_4_lB

4.0 0.00PIINNI O. IMPII_I,M O.M - O .4_PO.141_ O. OIM,,IMOT O. OSlI4.1 .,_g, 0. lllJ+13_141 O. _I S411ml+l O..,1TrO'I, SO

I.II III. 4_o141_I • O. I[]O101 1,1 O.O1_I_I O. I_ 3t'lll_ O. O41_J41111 O.l_il_lOP 0..I.MMZ_II O.+ O. IIS141641

I.O O+ OGO+,_IT Ooll_Sl14 O.I_IIIE_ O.O1 PIT'_ O. 121_MI O. ll_la_l O.IDSlMJ O. lo"r'_l_ 0. i 011,,I_I,"

I,'.0 ..-0. o_OJl INI:I 0. iM30+pl141 o._P 0.0011141P, Ii o. OI_ILIPSNII D. O'Jl T41401 O. OWSlFJIII O._ O.I_MP41

9+0 +'r_ +OOO1BIO "'O. O13OO_ O O. _I_D4 O.I_17_0 _. ;:X_S.SOOO _. _PTIX_ o. o'r P.il,_l Q. G_II.I _II_ _. _+.'s+sooo

Ii .o -o. oOOI M5 O. I_OP'I_IIS O. I_I_,.1_41P O. I]_iI_I Pi 0. l_l] I,IpSI_I 0. I_I 7'_lil_ O. I_0PI II O. OISI_W,44_ o. OS, M I_'+I

JIJr.O O.+l]lP 0.041_5i,I_4 0.+ O.OiP_PS_I O._MI O. _G_I_I O.JO$|M5 _. ,S0 lrJl_S_l 0. J_GIl_kllOtP

II.O O.OO1411_P O .l[]l_J[ + I O. OJ llOilSl O. _I Pdl,i_ O+ I_41_14.SlI O.O_,_410_ O. I I'II_ PS, I O.I_+ G'. i_'HJ+H

14.0 O.00"r"_iffl_ O.I_IMM O. G144-,_ l O.OPII3,_ O. O41_,,_ O. O11_4 1 .,I il_ O. l II I_I'I I 01. i M_I.41 _ O. I _"_SO

ll.O O. ll_lllOilll 0. Oi_l, Zli.13 O. l IPSI,II i_,O 0.1+I,.11+ 0.1110_40 0 • i _OS,ll/l_l O,.J_I_O_IP O, I HIIO_I O.._ S)4k4.41 1

It _II. j O. JIIT4HI O.,I_PSI_.,_4S O..]I,_I_I_IM O.._STi_O O.._Jl l N O.._I l PO,J,4_ 0. _I_S._PS_ Jl O.Z4M41T 0..I_.14T'I)II_

II.I O. SlqlllNJ O. PIIIJJI t O. PGI_7"I_ O. _,II_SlIO O. J4_i,l_ O. _15,44N_ O.IIT+I,.I tl 0._ _'44_1Pl O.11++,11

II.I 1.13_I.SI' l..4.411T'JJ+I I .JPOMP O.IT4PI_ I. O114 I"O11 O. S141_41_I O. _,II t.141_ l O .,_i IPII411011 O..1104.1143.1

--I

312



_J
_TN MUEmlC&N AVlATI_, |inC. / L_ _lEd_.l[_ OIW|8|_

_11_ _ _OnC£ AT STATZON i saM_rl¢

_LmrTl(_ AT I_ASTZC CDtTI_, m 3Ul OZ)

ejJ'l[][m 0._ O.al 0.1_ Oo/lo 0._0 O.L_O &,nn t.ClO e. nn

¢/11 I, O.OZ O.aS 0.011 0.01 0.05 O.OB 0.01 O.OS O.GB

8V&VIOM

l.o O.OOOS4,WS 0.0_4,11 Q.,S)OGS518 0._080 D._IZS)J O._SOg08 Q.O_OO3X.I 0.0004_I;4S 0.OOESi_S

S.I O.o0_JO_8 O._lO5 O.DOILIdRB O._SS 0._T434 0.004t3]_ O._JOZ_4 O.Oo_u4_ 00Ue_S_

,S .B O . iXK_4R" S e O o OO z _ O . OOS J T_l o. _ ;r'o3 0 . OO13,80 S 0 .1_1 O . ,_£xx_,'i;4 o . ,_J_o _ 4k4 u . s[x_z 81"l_

m. _, o.ooolJ4"_rJ D.OtX311_SlO o._ O.O£M)O4S4 o._,t3D O.OfT/_!_4; 0.£_ O.O_x_drJ; O._=I)S;:,_

a . O O . Ol_ l'lkS O . _e TO 0 . 00_[ 4_ 0._ O . O0_S l ilS O . _ ,I) TOT 0 .O_OI M O . O00 SJ _O O. _OZ 414;S1

4.0 O.OOOSSlII O. OIKII_I O.8OOll_ 0._141 O._S O.OOS13441 O._S SO O.OOO4S3S 131. OOIJ4PO

l.ll O.ISl -O.OO1_ O4 O. Oal_41_ IOl.l_lOl_ O 001:11+]11;1 O. 4_PSlO O. OOOOJIJP4 O. llOl_lql O. _ll I_I

II.0 0 _S "0 0000SDT 0.4_00J+.I_4_ O.O0001M_ 00IXlOPSS O.O00_,INII 0 01;)171_0S 0.O01FIPPII4 O.000SlS@I"

_P.O O. DOI_II_ -.O.aOO[_ O.+ I_lO_l GI. O1]OO41_ O. OOO_ III_ O.OOOIX_ O. (III_41_ O.+

I.O O. (_II_IO1 O._)OOi i O. _31_1 _r O.Gl_iO(]O_ O + Gii3Gl_ _ll GI+ G[X;)_I_ FI n.+ +. +O_t +. +PS3+

. . . . . -

l| .O O.O0£X)S4T -0._I O.IDI_)O+SM_ O.IXXXX)I4 _.O0_O, IIO_ O. _| SI_9 D. (_](X_ O. O1_41_ O. G_PO S

+
ll.O O + i_[:ll_l I +.+lOP 0 O00l _ O. 0_000_4 O. _(X)Ti J O. O(]131_I_ O. i[_lO_l_J O. 4[XII_ _41 _;). O_I P

II.O O.II_O11M -O. 4[X_i O4 O.+4_ O. OOOIX)I_ O. GIGIGI+] 51 12. _I_IITIIGI O. OO1_I14 O. OOl_J _tl_i O. _[2i I _411

14.0 O.OOUlS;SI+ O.OI:X)O,411I O.IX304K_ O. OOl;3Ol 4_I O.I_I_6L$ [_. I;10104_ D._XSO O. O1;)O44_; S O. OO13+_

ll.O O. OOI_TII3 O. OOI_IPO O. GIOS 41_I_ O. OOOl_J gl, O_[_;i IS O.O0_IIF41T O. OII_IM O. _OJl SlO ID.OOIMSJ[

II.I O. OO1_47GI O. OOO41S110 O. IX]IE_I_ O. IX_I_IIM O._I_II_B O.OGO4_41 O.+ O. O1]O_I_II O. {X)I III _I

ll.l O. OOO4LI_II O. OOIMSl)O O. DOS+/q_41 O. O(]ll_+ O. _S.3MS O.OO41_O_+ O. OOGII]M_ O. OOO3PZM O. O(_11_

II.I O. OI._SOTI; O.O1_3105 O+ OO_J14141_ O.OOO1_;$ O. I_ IP4_I 4D. l_lll M O. I[X_I_INII O. I[_r4041_ O. _l_4lll

3_3



_J

I, J ,,'11[f _ O. rJ_ O._E' O.nm D.EO Q wJ 0._ t._ t.OO 8. I_IQ

¢,rll _ O. OZ O.OS O.I_D O.OI O.OS O.Q'J 0.01 O.OS O.mP

STATISM

s .8 O. DGO_ItIIO O. Q0_3 zlr_ o.oom_04_ o. [X:lO_ a4e o._x_ Jr1 F3 0. oos0401 o._B u.uoos.sz_ o.o_/_$s_o

s.M o._;rl)l o._o|esdl4 0. Do,slz dNI.,1 0. oocx;14_ 0._40s3 D. 004_ O.OCI_BJ o._Jl_ o. (x_r_Jo'rl

II'.s o. oo0_1_14 o. ooo_416s o. 130SSl]l_l o. OOl3OS:14 a. OlXll_Po o. i[x3qios,4o o. l_lx_o_4s o.ix)os3os o.oo_O_lOO

4.o o. ooos41_ll o.oolx_4411 O.Ol_]_J_ IP4 o. I_:lool a/. o. GI31_sl,9 O.GOIOS_4 O.rmrml4W O.OG0411_l 0.00J_+.t41311 +

_1.0 O. O0010+LI "_._R_I 0._4 D.12_I_OIIST 0.1_31CI 0.1[_ O.OIX_O+Ji41 0.01_04141411 O._411,1tJO

41.0 O. IOlOOl_4q41 *,0.01_1004P4 O. OI_S411S O._l O. nam"771_ 0.131001_1_41 Oo OOaOsl'4 O. OGOIt4MI4P O.l_0011mlO/I

r.o o. O_m_ _ o. ooo_ o._ •o. n_mm'm_ O.OGoo4s_ O. DaORS JL_ 0.00001.1131 O. aO_ll_Sl_ 0._

li .o o. oG_o_ H o. o¢II_o_ o. olx_F o. OG_O_ oo _41+ O. OOG_I IJE 0.0000113 0. I_IPS_ O.+iH

ll.O 0. O(31X]k141S -0.000(X)414 0. O00,t 4,_; O. O0000_l; O. +P'O 0. IXP.,,_i3M 0. O000JIJ_4 0.4E;10_1_414111 0.G_10119 sl

tJ.O 0. DOOIOI_ --0. Ol_O_l O. 001_J4 0._7 O. O(]_&9_ 0. O00SI4H) 0.0(I_01 li D. 01X_44; O. 001J+_4_

ll.l O. Q_I_ T_I O.lllM+ OoO_JZ M_ O. O00040S 0 .GIOJ 4k_3_ O. G_I_M O. 13mmll 0. OGO'rJ _NI O. G_k_tl

II.I 0._04_ I O.OG_I_P 0.+I 4_14 O. O00IOIP O.OOJ P4mJ O. Ol_ll_ o._]o_s J I o.ooo_1441 o.oo_IO_I

31h



J

I_mTio AelERICAN AVXAT|OU, ][MCo / L_ ANGI[I.IC.B O|VIS_

¢_l,ICi_'Tl_lrlm mET TONGUI[ AT IITAT|6W I EL_TI¢ CJ[_lrr_

¢_zi_r IC film" I_W

_FT._*TIOId AY ID.JLSTIC CE_T[R, m SUO OZ)

NA-65-_ 01 a

Appendfx i

,i



J

IlOllTN AI_II|CAN 6VlATZCW, |1_. / 1._ AI_ID.._ D|VlSI_I

lIMIT _ _ Y AJr.,r8 DLSTIt]_I, UTI[O OVER m £)l[m'l S JND IO.Z

[U_rLI_T|ON AT I_LA,ST|C ¢I_NTLrR, E M DZ)

@jJl[|s O._ O. _ D._ O.&'O O._ O.MO I. 00 •. OO •. Oo

¢._m _ OoOS O.OS O.1_ O.O$ O.OS 0.09 OoOZ OoOS O.O_

#ira lr j4_i_

•. 0 --0. OImOSTS -0 . m_kIl# T# -0. _IT1)40T -0 . _# T4.4 -0 I[_NI;SS rf -13 . DS S ;'1;)44 --0 . a(I_4TS# -0 .OJ_#zal -4m. _T_e4_l

I. l 4._IJ 4 .04T4fSTI 4.0011eSJ8 .-O. _8:i, .-0 . J_l.q_7 -0 . OS41_ITO0 .-.0.1_2_4DST -0. Ol_JJ 4 .0_1"41"_Jr4

M..I -IIoOZ 14.11Xl -O ....GIPZOI PI_ -.O Ol_l+Y';rsr| -o. Oi3_4SO1' -o OSl_I_I J "'0 1_114| TJO -.O. OI/41OrJ -O. Oj_P41od_ -O. 13_mt_4j z

m.O -O. 1_441041_ ..-O.l[3OlIos_ J -O. OS S_OI3 -O. 13130Pd_T -O. Ol.t I S/"P -*O. l_l_lJI rll -O .,131]M./JIPI_ -.O. QZ O,4,t @.g --O.ua 414_110

S.O ..4)._ ..O.O0.LI_O_,O -'0.0_1_ 0._04W,4_,3 -0.0_ .-0._ ,.,O.ODX_a_M -O.O0_17taN -o.oz,l_tms

s$.O --O. OC_1PS41_ -O. £1GO1 4_ 3 --O. OOO't_li S D. OOOOf4X_ -..O. OCI045_ $ -0. OGr_ JI tNi41 ..-O. OOOS_ S -O. OO44143 S -O. OOS, Jl O1U

IJ_. O -O . O121_=I .I 4 --O . OOO43 Si_ -.-0 . OO;13+O1+" _ . OC_ _ T4 _ -0. O01S41_ T -0 .17/03_ -,0 . OOJ QII3 4 .,.0 .00_ ,.,0 . O l o_3r, r t r

J._.O --0.0_44NI70 --O.I_PO30 +-O G0333_ 0 £R;X_4+3 -0 13C]_OL_I -..0.O014_.IIO -..O GOI.._J_Sll O ootr&,4)4 -o u_p_.zPl, II

1.1;. ,11 -..O . O1 _.41_I_+ .-O .4_ J.Ol _'II -.-O .4_ TT'STI --O . O_41 _,_E + -40. D ssl_'l I -,_ . O31411"310 .-_. +l_gO;_ --O. O|,,MilK3kl_ O Q_r04 1Jl

II.I .,,-o. oi MtSO -.,o. I_I_,IIW_ P -,o. OMI 711_ -6t. GIO44141_ -O. I_ T_Z.II ",'0.04P0,I_II --O.l_i31_41Sll -,O. O 141411=I141 -,O _Jl_3tl I

II.I .-o. G_41_I 1.11 -0.04P417_II '-O. O_II_11 1 -0. OOPIJ_II -O. I_.,_O_P -O. O,M.41+PO41 -O. +=IMP -O. 01013 --O . O_* P/P41,4

-I

316



__I

emllYN _NEm|C&W AVIATION, INC. / LGI AN_[2.ES O|¥|S|_

C_II¢I[IITWATI_ I_J[T _ AT* STilT|Oil • I_ASY|C ¢I[]_CR

C_lflr I c | l_r

ROT&TII_I _ YHI[ x AX.I[Sw tic _ RX;

Appendix: I

3_7



I

mmlTle mlrcAm AVI+tTION, lilac. ,,' I.¢:B ANG4[;LI_II oJrv]r,sl_ .L_)"_;+- t_;_-- tj]_t_ _

Appendix I

WIlY _ DI_iYItIIJUYI[D _ _l"rc ¢l_eY[m _ I[_[UE_rS • _ ll._g

¢aBrP'rC tDly

lOT&TlOm d_o_r T14[ x &XJ[$. Or, I4AB +Ix)

i

)--I

3_8



r

_I

NOmTN _lCAti +AVlJTION, |NO. ! LCI A_F.S DIVISION

4_II£1PIIIIATI_ 41MZT TORel_ AT ST&T|ON i _UTZC CRNTE_

¢_FZCZ_

mOTAT|Om _ THE X AXIS, m _B WX)

Appendix 1

i

ej_E|m O.OI _.OI O.Oe 8.ZO O.ID 0.10 8.00 2.00 B._O

¢_ • O.oa O.OS DoOI O.OS 0.0_ O.OD 0._ D._ 0o0_

8TiT|Ore

• .O O. oaoSmoo O. O(IO_X30 -0.0000000 --o .o1_o_]0 --O. OGODOIX3 -O. _[XXX_D O. U_XlUO0 -0. OO_XZ_U O. momz_mao

s.l -O. SMS|g_i -O. I_I_$ -O.l_ -O._ -0. OSl_ rJ41S -O. _SZ# -O .O_S)SOTO -O. O3 S=IIM)Z -O. _#_ItOa

S.R -0 .B3h44mO4 --O.M_Z_ -0._.11#_1 -0.14_]_k; -0 _ 41_PS/'D --0.14_ -0. OTZ SOS _ -0. _)_4TO -0.04_40#S

I.I 4.111 4.144[01 nn 4.10F 4.14i4_L_ 4._ 4.1_4_'_1 4 . I 111JMPl -0. llal_ 4. l JE_4_]_I

1.0 -0._ -0.14_0_4D -0. IS_l_ -0.14_14_ -0. I T4S_ -0. I Iq_4_O -0. I _OIR_I -0. J IJJ_40 -0. • m"Jl

4i.0 --0._ -o.8_Js4_t -O._SM_ -O.ulSaOS4 -O.(_'lSJO --0.0_S_144 --O.OSS,Q4_ --o.z0_44rl_ -_.s_4

Y.O -0. OC_+I -0._011MO -0.0_!_ -OoM -O.OIOS_ -0.01440T1 -0.0&4_1_14 -O.O_lP4314P -0.044_11_1

II.0 O. O_S# O.OOSll O.Ol_lli O.OilIOS4 O.+lJsO 0.O_lA O. OS_I_ 0.12++ 0.1+14

13.0 O*_14_tf O.Olltdll O. _M+PO O+04_M_ O. 05_1_0_ O.O_T14_ O. 1 }l_O+ O. lJ+JS3 O. JJM_:l

II.0 O. 04_4_ 0.14+141 O. I l_J_l O. 14PS_II O. i PIM_O O. I _4_0 O. i_l_+ O. I Si_40 O. l _S3M

Jll.l 0.II+ 0.+4_01 _ O .ZM_k_ O.l+ O. +_dlSI_S) 0._I O. illlHl O. lllil O.I,I_J_,I)Q.II

II.I 0.I]4_ O.IMi_I O,l]llJll 0.I_ O. I I_PO 0.I+ O. O_SOI+ O. O_rO_Pl O. 0_0_II

II.I O. IMIIII O. IMI++ O. |_SO O. OS_ O. O_F_4_ O._Sil O. _JSOtl O._MHt O. _IPMII

)-I

319



J
m_lYm 4_ICAN _Vi_TI_, |_. / LCM A_ DZVlSI_

_T #_#J_r a_oifr y AXIS OisTmrJu'rEo _ a._ I _,_ sl.8

COEFIrlCII_If Irc_R

I_'AYI_ dmokfr Yf_ X AXtS, IK _ RZ)

I



J

elomTw A_J¢4N _V:AT|_o :IWC. / L_ A_ s'_ DIV:II_

C_qcI_rwATI_ _IY _ AT ST_TIm = _AS_|C ¢IDxrE_

¢Gg_rlr Z ¢ iEwr troR

IK_ATION ABOtff TH[ v AZ_II, I_ _ RT)

NA- 65- iC__

Appendix 1

@J/Ills o.me o._ o._ o.a_D D.aD Q.&_O £._ a._l t.am

¢,m 8 0.OS 0.OS O._ O.OJ 0.0S Ootl_lD 0.01 O.D_ O.O0

lIT&Tl_

S.O --0. Otll4Tl_ --0. OSl;_Mi_ -0.010S4,._,1 --D. ou/Ni4r43 -o.o3?416s -Q. 0_14r,_43_ -.O. OO$ SSSr -0.01t6441G -O.0_SEIPP

• .J .-,0.01811tlMJO --IGI. 04 i'S_J8 -0. OOOS[_4_T 4._89 -0.1_31464S "O.Oa_a_43N -_._]lA3J -O.DJMJg 4.g21_T_Ptl

I.B 4.4m_Jl_m -O. O._I44LE_ J 4. J_.._i_ -'O. OO_PDIOg "-O. l]_t'_J 4till _.I_4._I._UI ..43. l_l'_4]flCl -O.DZdlOTII -O.O_dl_SlO

I.I 4. CIOIlM 4.OIMTI t 4.CI_$41 4.O1_113 4.0IQO_l_lll 4.+ 4. +_IrJo_ -o. ol I1331M 4.oi IJ IPl

31.o ..o. ooDl T4o -0.00,I_'4 --O.OlaI,JNll --0. _13k_J_ -O._T_ -O. OZJ_44KIIS -O. OO1 411_I -0. OOT_ Gs - O. OIJ'4040

4.0 O.,O_IS_O -+0.0001*1'I_ +.O.+llO'Jl+ll_dl -0._ -0.0_I_474 -0.00;L'I14041 ..+0.0001_13 -O.IX:IL,_SlII -0.001014_

I.O O.IIII_14_ O._l _13 O_I O.4CI131_I I O.1213_1441411 O.O_II_P O. 41_I01_1 O. OOO141_ O. _O_I 3PO

II.O O. o_rllm, lloillCll_ ll.4_gl_l Q. 0oO01_ 0.0GO_4,_ O.Oo1_II O.1300411_ 0.001_I_ o.a04114,1

P.O o. os_l_l stsll O. 0130_S O. O01_3wl O, Oll3_qllZ O.OlX_I 5 O.CIO1T'JS4 O.IIX_Sl J 0._0_43'r0 O.oOl_OrZ

lJI.O O. Oc3oIe_ O.ooo1 l.q3 It).Ooo_ B O. CXlOGI31 • O. O01_4/I_ D.GOZ IOll+P D+ _OOOSS 0.0OO1411NI _).O0_S, m

14.0 O. J_Ol ._IO -o. Oo1_1M -O.OOll _0 -,O .l]lOl_llOdl -0._II MP4 -O. GI_14041 --o. GC;]I_ S:S - O. 131_ _,._14_ +.-_. J_210_IJ

11.0 -0. 001:11P40 -0.00411_EP4 -0.05 I:l_Sff/l ...-0.4_1:11 _101_ --0. CN_IIP40 -0.01ZM_ -0. nn14811_[ --0.00Y1.11 $_1 -0.01t404o

11.$ -O. OOllS,a_ -O.OINTI T -.O .I;_41_SI ,O.131_113 -O. O1+IO_IO1 -O. 27'I_,4._ -0. _.3_ -0.01 sOliDI --O.OSlIITI

ll. Jl -,._. I_I, OPO -O. I_4141_II -O. O_I._II -,_. OO.41_1_ • O. I_+I14141 -.O. I]1441._J _l .-O. I;_41TI_ -+_. O1 4tlDIP._I --I_. (_41_ I11

Ill. Jl -O. O1 4/NI_ +-IIo O4T'J_S -0. _AT -O._STi_J_ --O. O.I144141 -O.OS.M_M -O+ OC133_ICI l -O.OI4NT_L4_ -O.0_+Plotql



--I

_.I

Appendix I

_ZC ZlCm" Ir(I

_AT_ _ T_ T UZ$. E U NT)

C_ m 0._ O.OS 0.01) 0.01 O.I 0._ 0.01 O.OS 0._

ITATZ_

I.O -..O. OI allOl_ .-,0.0I.t -.-0. O4igCVkl_g -.0. OO,J4;4_4 -.0. I_l TZ,t'S_4 --0.0S4,4,1 mF -0. a03 rzs4 -0. Oz I440'r -.0. ol_&l;01 o

s.e -..a. Oolr's@441 --0o _IlMS4J .-.0o Os341.| n_ -0.0012444 .-0. _lk_r SSZ .1[ -0.044TI90 -.0. O(;I(S z tsz.tl -0. O.l. 48g, z4; -.0. _1F45 ;'v4

8oS -._. 8aIO4Se -0.01@1401 -0. _30_ll_j _D._413Zr --u.01_774 -*0. I[]_dl_S _rw -0. IXl4 TSlI -O.OS _10 --U. Ol 1.t,51)4

S.O -0. OmmlM_ -O.00SCI_ -o.ojolele -0.0013401 -0.0014_9 -o.oJJ_4 -0.0014140 -0.00r1_48 -o.ozsl_oJ

I.O 0.0111_4 8.1IIIO O.OII_I O. 000114 O.OI4_P O.OOJ 1010 O.OaO001I O.O00IS_ 0.01_I _I

4o0 0. OI411 I._I_II 0.000141 O. O001_SO O.OIPPI_ O.GOI I_I O. O_4klSS O.OCI_I _I 0.004314_

P.O o. O0011_I 0. _OI O._III O. _I_ll?O 0. G_T_J40 O. 00|IMl O. O_C_I 0._4 O+ +TM/

1.0 O. 0014131 O.O_I_O O+QGQ#+I + O._IM+ 0. G_G_PI++ O. ++i_NI 0._I O. _"_4_ Irs _.++

11.0 O. 0_11_I O. oo00IOl O. _001300 0._1_ O. G_O O. _l lS_II O. G_OI O+ G_IM O. _oelrS_l

+tJ.O O.II_l 0.00011_ O.GIX_IS3 n. DOOG_4 0. G_I4$r 0.0011G_O O.I O._IPI O._osJ I*

l+.O O.ll_ +.14t +._l_l +._I_P +.IMIJ +.+ +.IM -0. rrrt+ +._SI]M

IS.If +.I -0.00_IZ -O.Ollll -0.00134_I -0.0_I_4_I -O.OStlMS4 -0.0011=+ -0.00_'_ -_.OlIMII

II.I -0. II_4II -0.01+I -0.+ --0.01_43_t -0. OIlT_4 -.*0. I_IINI Pdll -O.OOIIPII -0. O] l_J_lll -0. Ol I_Ikl

I1.1 -O.4_TM -O.G_HMI -O.O_tI+ -0. _M_414 -0. G_III l -0.044P_JO -0. G_I_] -0.014_Ill -O.l+lr04

aO._ +-O.O_lJS --O.04mSl +"O.I -O.O0_PS --O.03mS +-O.OS4_S_ -O.Ommr --0.0x_344 -o.o_rer_



_I

II_II"N &lllf.A|¢Al# &V|&TIOM: INC. / LOB Al_D_f_l OI¥ISlON

_OnLI_NTRAI_D U_T TQ_eU[ Ar ST&TZOm J i_.ASTI'C CE/rr$_

IIIO_AYlON _ TIC T AXI.ll, (It, U RT,I

II.O .-O.OOmO_ "-O.OO14_ - -0. OO1_I_I -,0 .GOal SEJ_ -O.01'm_JOl _l.l_'l SI_III -O. O4LI TJI III -+O.l_Jli_41 --.O. O4 rlm_

IP+l 4.OO_M 4._II_41 4.01_ 4. OI31MI_I| 4.O1_III 4. GI_I_413PJI'_ 4.MIH -o. 4_l_$S+rl 4.oTJSlll

1.0 4.4_,410J_ 4.01_I01_151 4.4_i_411_ii_i 4.130,Ulk_ 4. l_lil3P'_ _I 4. l:Jtt _l PM 4. _P+M._ PIS --G+. _il+l Pd 4. G_I4GIM

11 .O - O + OO1,III M -O+ OO111_41 -.0.00M 7"_ -._. +1_t I -_ + OL._ illll_ -.0. OE _417_ -O. I_IP_ SJSl -O. I_9_IS Tl -O + OT_+.,_ SI,I I

JIJl'. O 4. OO_IOPSl 4. OGI3141_ 4.4[X_S_,SCI_ -O.GO41MI 4.OJ._l _J_ 4. O1_1 lk_l.1 4.041&_i)i -O. ID4.._G_p4 -.0.04t110_11

|4.0 -.4_. _Jli_ O. O|_l_ I+I_II 0.01344111 G. I_.I+4_ 0. _:_41_.]I _I, O .I_+KI POll 0.I[_II_41_P4 O.OSilOMil O.I)+_I,J,SS4

lJ.O O. l_]Jl I 13P O. O11S4_II+411 O. l I g,s,44111 0.,II.,I J ill lJ O. | _llSITrlll O. |.SMI l.'i O. 141_IM O. 1 41ZlI?'III O. 1+,I r_l_l Jl

II.I O.IPOSIIZl O J,_4sl_ O. ,,_.,II P,JlI_ O. _ilNl_ O..,_ Jl_lo O._llOlilM O. I_P_II_ 0. IP,_ rl_ 0. I JLIL'_44

ll.l O. It'* 4kll I_ O. MS4JI410 O. SSI_II.I O. II_41_I O. +4_ItlJ+411 O. 41144111_II O.J+il41_ 4_II O.II+14P4S O. I_PO_I II

II.I I • II_MII_ O. I)4141_ O.P4111M O.ISill MI O • I"G4_I I O. l14_tl 414, O.J..._ _ISl,4Sl 0. _1411_ O..1OM4_II

-I



__J

@J,_d[l= O.Qe OonW O.GE O.MO O.J_O O.MO Z.0O E. r_rj 8.00

C/N 8 O.OS O.O.S O.Og OoO• O.0f D.OJ 0.O• O.01 O.OI)

.II*T'A Y ,T4_4

• oO •. 1POO/JE3P4; O. 177SIMSe O. ?'SS)_4CI S O. SM3 SD00 Oo ]'MAPS413 4 O. #• lrtrtr• • O. $4SSM rO O. Lit# Stile OoS J[_Si'

1.• S o4IIIllOOD 0. dP_d_O_l_ 0. ;,"Jdr_lr411S O. 8_D45e O. 6dP'O43& 9 O. SdP'_lf.111 0o33 dHIdkgM O..11 • IK)84T 0.304001T

di .,li_ 0. _'4mgO44D 0.64MD0| ; g O. S'JIMJi O. _Ir4_DIp Oo 54,•_ _l_dil 0 o 4g_Nl_ 7_411 0.k_404| 0 Q.ZJ•MTJIG O..,T Is04MI_0

M.• I.MIMSPI_I O._4N_I_4e 0.5_018T4 _ ._Z'_I_ _._•_4PO 0._I_13414 O._FO O.EE_M,.NSD O.MEM_

•1t.0 O+03NI4Jk_ O.OSHNk4i41 O.IL_L41P4"_ O.•_SJMISP_J D.•JTM_q_ O._JM_4P O.J44P•lr414; O.•48d_;a_ _.•J_4TO

e.o ...o. i_il ,, _11 ..0. *'_rm OM• .._ -0. O00,_aP_ "-0._I 1.5 "-'0.01_41_1, .-0. OM&'G_SS ,...0. f_41 _SdJ -'-0.0441_d_i' --0. 04.4_ !,

t".O -.0. ml_M_ I¢ -._. _CiOIJ_ SP .-.0. rJ_53_Md --0. O(]I_SLI_ -,0. 013E,I03 -'0. OS 953_0 -0. _OdlO --0. O_aloo_ --0. OFS.SSO,a¢

ll.O O.O_I+MMI O.OIM_4dll 0.1_ O. IM_+_ Oo IJPM_ O. 3_I O.l_l_ O.•_H O. •i.l_

II.I O. IP411_Idl41 O.+IlB O. HIM_I + O.H_ O. _'I_l 0.+_I 0.+I0 0.III++I 0.i_

ll.l I.I O._JI O. _I+II 0._I 0.I_I O.+II O.]IMI O.]l+t O.J_l t

i+_,+ ,



_J

IlOitTlt ANEA|CAN 6YI6TIOl8, INC. • LO8 dIJeE_Ltr$ I)IVISI01I

C_QmC[mTitATID0 UNIT FOl_l[ AT STAT|ON t (LAST|C CIENTER

CC_rlr I¢I£NT IroR

|01T(NNAL NORNAL _ AT _ ELASTIC CTNT(E, (K _ FZ)

S J/El= 0.0_ 8.0Z O.O_ 9.1_D O.ZO D.LPO £.00 It.nO Z.nO

CJll - -@.gl -_.05 -O.OI -0.01 -0.05 -0.0_ -0.01 -0.05 -O .1_1

STATION

|.0 --I[J._7_ -0 odJ SZ4Z51 -O .4 ;r280|5 -0.0gS_M[_ -0.50| 56dlt 5 -0.4155865 -O. OGfI34Z5 -0.1T38751 -O.Z r6.q4 $£

1.1 0.11_64 -0.£51)_r_5.$G -0.3535678 0.033Z_ -0.0?98600 -0.1970940 O. 008_al65 0.0317510 0.000_63

$.Jl 0 .ID4S3$1H_ 8.1_J45938 -G. 08381],45 O.D|49LP3S 0.0883549 0.0390_.119 0.0057639 0.10354s' 71P 0.01,3 T£1r_

I_.t -.O.o0_Jl $1 O.ZS;O:IZ77 O.Z4410T3 0.010Z9| 14 0.07_7 rLt_O O. 14_Sl 0 .O0489.slJi 0.0Z'03_ O.ID_,Y_I6 F

_l.O 0.00061P_i6 -0 .ID, t4 _144 7 0._755M3 0.0033511 0.0L_)3408 0.0855Z'L"5 0.0036414E 0.01t)r314 ID.O-_r4sz 7i_

4.0 -O.OOOI_H) -O.OSSl_133 -O.OSS, lZI_i O.DO|Z_D4 0.00366il;6 O.O01STS_5 O.OOZ6Sl_ 0.01402_0 O.Okq_r4S

S.O 0.0(X)O3J)'- _ 0.03@1594 -0.17ZP.ZO_ 0.0100'J83 r 0.001 !r,094 -0.00455_ 0 .D018815 0.04)94308 0.01115383

ll.O -0.011001_5 D_ --0. O_31D_lkl 0.1_Dq3_90 0.000,4050 -'0. O0_L_JS05 O.O0| _4f_i 0.01[)_4417 0.01t0037

r.o 0.0000009 -O.00_1540 O J034|£4 0.o001011 D.0001_4s? -O.O00Le_9_ 0.000T115 O.O036549 O.OO4_4rT

41.0 -0.0000J.SS D .00_4_ I) .04UP_t O_ 0.0000L"05 0.000051_ 0.00009418 iO .000_0_ 0.00| S J'9_ 0. O0_J e@4

_9.0 _O O000Q_'JI O._Pl1940 --G. 1034124 -0.00010|1 -0.0(_01e67 0.O0_DE99Z -O.0t)07115 --0.0056549 -_.[;0674FT

sm.a o.ono,3_s_ o.o_5843m o.os,w+z'_, -0.oosaa_,_ -O.oo_,r,_e -0._7_55 -o.oozsssZ -o.ozeozTo -oo_z4_e_,,+e

14.0 --0.0006134 0.04d 384 ]' -O.J_T5361;3 -0.00:)$511 -0. OZO_lO8 -0.0835Z_$ -0.003664£ -O.01_)_354 --0.0_SZ_£

SS.O 0.0039151 -0._1J_ _;r -O.Z4.410T3 -0.00 F51114 -0.0 _ 7 _J_ID -0.14_@68_ -0.D048934 -0.0_G_$69 -0.051_t Sr

Jiis. t -0.0455396 -.0 o094 $_$_ 0.0t_361[_4_; -0.0149Z35 -0. OIH_5_ll S, M0.0390_49 -0.005)'t_,$ 5 -0.0334_rll -,ID .I0t_ YI_G,$

le.S -0.|tO4HM)4 O.£555656 0.35356?5 *O.033Z_ 0.079844SO 0.19¢0940 0 OIWl_dSS -0.031r510 -0.OO05813

|0.1_ 0._i1_4J_5 0.4_4J_51 0.4 7_8013 0 . O_4S_,O(JO 0.361_4t_5 0.4155865 0.00_341_5 0.1 ]'38rS1 O.£TI_4St



/
,m,,.,A,_tt_,, ,vlJtzo_.,,,(.i Lol Jx_L(s ol,zsz_,, NA-65-!015

Appendix l

kwlY Ironc[ DISTRISUll_ OV[R £J.AST]¢ C_11[R OF [L_If_VT$ Z AUD Sm.Z

G)£FFI CII_/T FOIl

XliTS'..Ii&L NOWNAL F01KZ iT THE I[LASTI¢_ CDITI[N, (K SUe irZ)

6J/(Is 0.0/_ O.OZ O. 0,1_ D.LDO O.ZO O.L_) Z.O0 Z.OO Z.DD

¢nt :,, *O.Ot -'0.05 -'0.09 "-0.01 -'O.OS -0.09 -0.01 ,.'0.05 -0.09

&TAT|ON

1.0 -O .St 7_OlY -O .4dZO151 -0.465 P646 _-0.]_4461_7 -O.3TZJ118 -0.416464t -O.ZOTdOTD -O.ZTI $534 -0.3Zl t67£

t.t 0.0 rIOriO -0._574E5£ -0.3492_Z4 0.Dt67071 -O.09F:94_[Z -0._01 ?189 0.01)6604 0.0184935 -O.O$_eSO

t .8 0.049t_01 O +OO?611Z -O .0838614 0.014_F5 0.083¥£59 0.034@35_ O.D04 YO6O O.O_4ZSSZ 0._8136

I_.| -,O.O04tilll O.t825S98 O.E396TB7 O.OOT4Z4tD 0.{3_348 I).|40L_DSS 0.00483£F 0. O_St974 0.09_5340

• .0 0.00073r$ -0.04113Z6 0.£¥$_T@ 0.00.q_37 0.0Z03896 0.083Z31S 0.00354_$ 0.0_87 0.0_4_40

4.0 -0.000_441 -O.06431SS -Q.O5599Z3 O.O01L_Z3r 0.003_11 O.OOvg3S_. O.DO_@?Ir 0.0_40364 O.GZ_SDO_

lt.O 0 +OOGi041 | O. 034614_; ,..0.11FO_+471D 0.000_i54 0.00] T_4_ --0.004_3118_ O.OOt S8 }'m ID O0_ll S64 0.0S J41r lr_

4i.0 0 _OO&4 lr -0.0005263 -'0.0Z0'1_34 0.0005|50 O .IDOO(,,_| -0.00_.,q_ Fll 0.0014_ O .00#e6_8 0.01_.4_H)

• .O -O.O_OS De1 --8.0051 _P$ O. 1_4_345 0.0_J065 0.001413_1 0._31J_5| O.O0tO_| 0.0_4_ 1 |0 0.00_145

0.0 O .4100ORS | G.OO16_J9S 0.0S#3859 0.0004|_? O.DIX)304NS -0.000910# 0.0006r09 0.00141_4 O. O0_t _H_4

_*".0 _*_.D,(_,,_ll; +_.P..:,+161.$3 "J_._7+G3.+TG -_.G,_,6_ -_.P-_i_+.34,i _+.OG6_9,0G '-G._IS,8_'6 -O.b'.,.+_'S*s,e,4 -'O.OllJ6_+_'z

1_I.0 0.000+4.4,1 O.DM3ZS$ D.OSSlgZ3 -0.0_I_3r -0. G_),3 7_4s1 --0.00 PO3S$ -0. IDOLe'e l'i )' -O.OI4OSM -O._Z

14.0 -'O.O00T.qT3 0.04215Zi -O.£PIR_'6 -O.O_BZ_3P -0.0_3896 -0.08+Z$1 + -O.OG_S4+| -G,0|9668_ -0.038d)40

t5.O 0.004 |8tl "_ ._8,1_| 5 _,8 -O.Z3_@TS 7 -0.00 rdZ48 "-0.07ZZ348 -0.140_5S -D. O04EL_Z 7 -O.O_Sl_ _4 -G.OS_$_I_

_l.l -G .04_£401 -G.D87816Z 0.D8_1614 -O.D1411Y5 -G.DB37Z59 -D.D34@35_ -O.D04 rD_O -0.03dZ55£ -0.06_815_

1111.1 -"0 o 0 PI, OF60 O._ IP4_S_ 0.34_.3Z4 -"0. OL81J POI'_ 0.04j_gdt l J_ ID._'O| ?|lJ_ .'.0.0138_I_II -,'0.01 lJ4g3l 0.01 _,,_'IISO

+ oII.I '-'0.II18441+ -OoO_l_'iP41 '-'O.03dllTl -"0._+$_17H --'0.1_H3 "0.0413i+40 0 _)J_4_9 O ,_L_f_3lPI + IFI+M



_J

mOaTN AtlEIII(AN &VlATIOII, Ili¢. / LOI AIiGEJ_S D|V/S/ON

CONCI[NTIIATI[D MNIT TOiHliJ[ AT STATION J ELASTIC CI[NTI[R

C.C(_FI ciIrNT F041

|WII[mNAL I_RNAL _ AT TH( i_LASTIC CI[NTI_R, (1( _ FZ)

SJ_q[8= O.O_

(/11 : --0.0S

9TATION

S .0 -$Z. 9(_64L_

1 .| tl ._£305

t .;_ 4. S41HlOe9

£.i --0.3_''_,JI4 SG

$.0 O ._101

4.a -0.0139611

• .0 0.00_IL410

ll.O -'0 .ClOI SJItM

F.O O.O003_St

0.8 -0. ooR:oolrd)

9.D ......

:C.O -0. i;_3Z39

_I.G _ +_t SlFS4

sZ.O -0.0034410

1.t.0 0.013/H_1[ 9

14.0 -0.0444101

lS.O 0._14J454

19.| "4. s464r4)49

JG. 1 -| 1 .&L*S23GS

G.OZ 0.01_ O.ZO O.J_O 0 .L'O £.00

-O .05 -0.01) -0.01 -O.OS -0.09 -0.01

"0 D4891_60 -S .ZS5|981' -9.90G6t)8 - F.Z3D_L_t_ -4.6| T4504 -D .8Z95684

5 1908947 -3.9Z8599 n 3.5Z58536 -1.5966588 -t. 18_P540 D.9313Z66

1.891 S440 -O .9311168 1.4482467 |. 76F169_ 0.4399502 O.S 765_495

S.9019493 Z. FltgO36 O. Fggl'lt5 1.499891t I. 5851t55 0.4893444

--0.88749m 7 :i.014_z49 0.9951L,00 0.4064408 O._TM D.JH_SSO'Z

-: .31 &SilO1 "-0.9_6J_1_49 O.I Zt41;St7 D.07390i_ O. O "r'JSlD619 0.Z638653

O. _,_J rltZO -1.91,_575Z 0,0911_344 0.09,34747 "-O.07Zt_l'/'G O. 188_76Z

0.0144_85 -O.s'SSl;8_ O.OZ_S/O O.00_lSO4 -O.09ZT_8 13.184436_1

0.0484m O .c_19014tl 0.001_0r5 O.o00_rr6 D.00_0964 D.Ol_t049

1.319_01 O.G_G8445 --G.1£18597 --0.0795069 -0.07501_| 5 "-0._658653

0.88;,4997 -3.D59T_49 -0.9951_00 -0.4068408 -0.9£79900 -O. _i4_50Z

-9 .t1019499 -Z. 71_903G -G. 78971L"5 -1.4558.qlZ -| .5851E55 --0.4893469

-1.9915440 0.9915168 - 1 .d 881_4G7 -1. Tl_711sgo -O .43395(_ "-D. S76543S

S . 1 _OIH_ P 3.9L_33_10 -9. 9£585_ l , 93)_$88 £ . 1998540 -4).831 _1_9

9. 048_1_69 S .£9919_ 9 .IH00_8 7 , ZgOI_O/_Z 4.41 ;"4504 0._S_84

£.DO £.00

-0.05 "-0.0tl,

-3.4 FgIGIZ -3.0705494

O • (;393Z6_ 0, OOe,S 800

0.11_8_4 D.TO815S[_

D.gJrZI51 0.58_)8ZSZ

0.594¢_505 0.4_9149_

O._05£SS O.£gIHf_7 r

O.J_.Z79 0.£060370

0. _ Z88386 0.13_

0.079|G_8 O.OMlgO

0.0_33885 O.O_ll4SJ

...... oo**o+

-0.079102_ -o.OrSol I_D

-O.99d6595 -o.4z4_43r

-O.S_l_25! -0.5858_S£

-0.468_1k_4 -13.7DSt 510

_ .4 !'81_|_ S.0709494



_J

emmTN _lucAu AVlATIOU, ILK;. • LOS ANG£LI[$ DI¥I$10U

traiT tml_trr _T v Axis DISTItIBUTI[D OV£E t[LICN£NT$ I &i_ 16.8

|NTI[Ill_LL NOR_L _ AT THE IrLAST|C C[WTLrR, (g J_B Irz)

-0.05

-O.70_45E9

0._1300.39

O. rOd_951

0.5Z180;_0

O .$gS_d ;'8

o.£eo,', o93

0.$_S393

O.O_JOSZS

0.0Z35_),_

*****.

-D.£8_ID53

-O._95ZdF8

-0.5,f180;'0

-O. ;'04095|

.-O.Z 130039

0. ;'0845£9

£.00

-0.09

-0.8329 _1

-0 .Z_keZl 3Z

0 ._95_J4_

0. S858948

0.4£_07

o.£9_r48

o.o_4m?

0.0_413S_

o..o**

- 0. _ __5,_ ;

-O._gBdr48

-O.4Z? rgO ]r

-0. SBSe948

"-G. (_99_$16

O.fJ3L_ ;'10

328



• ___ +

_J

IIOIITN &II_NIC&N 6VI&T|GN, IN(. / L06 ANGrL[It DIVISION

CONClrNTtATI_ UId|T FOIECi£ AT STATION st £LAST|C CENTER

CO[FIr IC ii[NY I_

|WlY.mMt. UON(NY AiJa_T _ ELASTIC C.£NTEJt, [l_ 8L4S T)

@J/lit= 0.0_ 0.01_ O.D_ O.LP0 O.L_D O.LPI2 £.00 £.00 Z.OO

C/ll • -0.01 -0.05 -O.0'I -0.0| -41).05 -0.09 -0.01 -0.05 -0.09

ITA TION

51.0 0.001 lll_16 O.OO|S8_I O+DOI 7088 0.0037_4Z 0._55 0.00_119741 0.004 lg34L 0.0158958 O.Ol SPS7l, d

| .1 0.0035 FOT O .O05T866 11.130GSZdl I O .DO4D37! 0.0167641 O.OZl lJOOll 13.0049753 O. 0_44037 0.041@7]tO

I.£ O.l_OOll F?l D.DIOSTS9 0.013|£83 O.OGZSOBT 0+D177715 0.0_[_)5r7 CI._/+1 0.0_531Z0 0.0415840

£.1 -'0.0000910 0._135 O .01Tl'gZ7 O.O013eSZ 0.0096004 O.OZd6ll(_ O.O03t£r@ O.O! T1804_ 0.0555J_1

]l.O O. 131_IO03111 -O._O$_0 0.004J41OS_J 0.0OO63|Z 0. Cl1_t_l109 O .0OllT_IJl I) .10OZ4 ?_13 O.O11_J4J_ 7 O. 0Z41H[; 79

4.0 O. 0(](J0031 4.1_0Z 113641 "-O. D09_651 G.OOG_?8 O. D_[_ 7'3_4 -0.0001470 0.1_);IJ001 0.00+5103 0.017H15

S.O -0.000O050 O.0OZO868 -O.O0rlIO0_ 0.0OO11_01 O.OOOL_IP -0.o01t7_4 0.001£715 0.00650(_ 0.0111411

I.o -O .Od_OOsl T_ --0 +l_J41 0 ._I_133_ 0.01_ _rP 0.00(]IO 70_ -O+0OO31 _IS 0.0GO84_IS O.DO4ZlS4S3 O.OOTrSt8

1.0 -O,IDOIN_Si -49.0003111 O.OOSOSi7 ().0OO1)315 I).000019_ 0.I)5_GO1_4 0.OI)04FH O.OOl_dl15Y 0.OO_Mg_

1.0 -.0.I)0_0_10_J O.OQO_l)111, I) .OO_O_)i 0.000011L_ -O .O0000Zd O .00003_7 0.O00J+_O 0.0_Oy+ I_.OO| _H I

0.O .+o.,, .,..,. ,..... .+.... .....+ ....-. -.+--. ,-o++. +- ....

10.13 CI._51 ID .I=_O_I I| --I_, 00501GT --G.Ol_i_131 $ --0.00001_J+ -O.+4 -O. 01.)4D4 PSH) -O.OQ_ilST --O +OOdl.q451+

15.0 -0.00DOO3T 0.01)_ 1Cl(,,d O.O0_ZG5/ -0. _'OZ_ 78 -0 ._0_730d O.O_lrO -0.0018001 -0.009_1103 -0. _-; )'35)63

14.0 -0. DOGG3111 0.0053680 -0.0088099 -0.0_631E -D.0_9109 "0.0087"_144 --0. DOZd TO3 -0.01Lt_9@81 -0. Ol_4@lO 7t

lS.O 0.00O0510 -0.00_4135 -O.OITTSZ7 -G.OO1365Z -'G.OD9600_ -G.OZ4etI_ --0.003££r@ -O.Ol;rle04) -O.O_3_z£e

15.$ -0. OGOII 7 ;1'1 -._.0105 TSI -0.0| }1_'85 --0.00Z5087 -O.O|TTrTvS "0+0309S77 -0.003g,471 -O.OZI $1_8 -0 +D&158+I0

lO.S --0.00.5$r0? --0.005781_S --O.O065J_4t -'0.0040_1 "0.016r64+ -O.O_llJO08 -0.00d5]'35 "-O.OZd403"J' -O.0416FZ(; I

|1.£ -0.00111341 -I).00158tt -O.OOlPOll8 -0.0037£_I_ -O.006_955 -O.00414JgP8 -O.O04TS_4 -0.0_589511 -O.OllSr_4

_9



I

1

G J,,rl[ l = 0 .Of O ._ 8.0_ 0._ O.E'O 0 o,1_0 t.O0 _.OO Z'. I00

C/I = -0.01 -10.05 -'0.09 -0.01 "O. OS -0. O,I --0.01 -O.OS -0.04)
8TAT|ON

1.0 0. DCI09411,8 0.00i r854 0.00198p8 0. O[_Z:II4 ;,'_i 0.00S441Q ;r 0.0065199 CI.OI_POIO 0.011:111439 0.13153,_5e+

$ .l 0.003049| 0.D054 T34 0.01]_3_$1 a.oo3rl1_ 0.0157PI3 0.0L_41315 0.D044195 0.0;_._48+8 (I. D.39413+ I

|.1_ O.DDI_)5 T| ID.OIOZ333 O.01Zl165S D .0024046 0.0174571 0.0._03985 0.003F561 ID. IP_| i gO5 0.0d| _I;|G

£.$ -0 .DGOQ$09 0.009433 T 0.0| P0441 ID.00130_7 I) .0095 P06 0._Z44 |4SO 0.00)1054 0.01 rO44T O,03$Z+JII__

31.0 0. D000406 -0.0DS1454 0.DD417¥40 l). O004kD4s5 ID.OO_9| +p$ 0. OOI _Pf_)ll 0.10102408 9 0.0|t9108 0.0_44300

4.0 0.0000040 -"O. OD_7 F6 -"G .I_D_ 138D O .0OGII,48 0.O00T_6T -0 .IDOO71)OT 0.00|8068 D.OD931"O0 ID.01 Pall 1S

S.O -0. O0000SJ_ !).00_035 _r -0.00F603_ O .00013_41 O.OOOZ}'541 -0.0011/1)4 0.01)13456 0.G04_810 O .OSZOS05

e.o -0.00001,3_ ,-'O.0GO4,SII4 0.0_,'0Z95 0.00010_ O.O001lZ_ --O.O01_S4e 0.0O09900 0.00,44£_H_ 0.00P,_I •

l.O 0.00001+ 0.000341,4}' O .i)131_d_9 0-001)05441 O. 01131]_N)_ 0.000_38_ O.DO0411_ 0.0011+5,5 0.001 I"31S0

'_,0 +**+.. ..... o --+..+ .o .... ***,.. --.oo. ---o*+ ....... *-*+o

1_1.0 -O. 0000Gt0 0. I)O_PO p71 0. (_t;131_0 -0. O00_'M+ -0 +DL-'t_Tml _. 0. O00POOp -_) .00| 1104_tti -0.00_ ,__sp[]_ -_.0][ Pli | 5

14.0 -0. O(X)(_4_ 0.1)0S|454 -0 .DQISTT40 -0. I_DO4506_S -0. O0_):t 1"5 -0.008_P698 -0 .JO0_41)lll) "0.01_'91OII -0.0_46301D

_[S.O 0,001)0909 -0.G09435_' -0.0170441 -O.O0_t 30Z? -O.DD95706 -0.0P.441 _0 -'0.0031054 -'0.0! P044 }" "0. 0551SlI_£

lS.f -0. O00_5TI "0.010Z355 -0 *(}|£8655 -0.0024046 -O.O| Y45rl _1) • 0303_N!5 -0.003]'561 -O.OZl ISleS -0.041_1e

14t.1 -0. OO_O, lll | -0.00S4 F34 -0. 004._3_) -0.003 _ii | $ "O.01ST_P83 +'O.IDL_O_p,_p3 "0.00441 t$ *+0.0Z3411Sll -0.03083r1

ll.£ *0. OI_)S4S)I -0.00][ ;'dl S4 -O.121_lS)O_P8 "0+00Z|4?4 -0.005480T -0.0065|9_ -0.00_ rO|O -0.0:101451 -0.0153£$11

!

F



/

II_tTII J_[RI(All l¥11lll, IMC. / LCI AIV.[L[| IlVl$1_li

CON_iMTI_T1CD UNIT TOiHM_ AT ITATION I r_.ASTIC CENT[R

CC[FIr 1¢ |lilt FOR

/ITI[IW_L NOI4[NT JdlOLtT TH[ [LASTIC C[NTI[N, G[ _ T7

eJ_q[l- O.OZ O.D£ 0o_ 0.1'0 O.J_O O.L_O £.00 £.00 £ .O0

¢nt • -O.Os -O.OS -0.0t) -0.01 -¢I.DS -O.Og -0.01 *O.OS -0.09

8TATZCm

l .O 0. l L696gS 0 .D316r.M4 0.018SHtT6 0.3 _£t TST O.|Z595G8 D .0T66S94 0.4 TB39tS G.317e_DI g._l rsoaD

1.1 0.S56GT_S 0.5157G20 O.OTZ4?fID D.41[_t386 0.335ZF5_ 0._42Z4_5 O.JlST_987 D.dSBO_J9 0.463D44D

I.Z 0.0_B29 G'.]_I $_ 0.|4584t| 0.,_51F039 0.5554918 0._4398FS O.3S4FOS3 0.4Z_4 TO 0.4_f_1;4

Z.I -'O.DOT| 1 IS 0.2B_8420 O.|S22|S3 0.2 5744S8 0.191_397 0.Z734609 0.3_$3 0.543@0|8 0.37_Z$I 5

].0 O.DOZD4SZ -0.1D?3SZ3 D.OgTSS05 0.0638183 0.0S8|584 O._FO6T8 O.Z4_93T G.£SO369S 0._451_0

4.0 -"O.ODOIST_) -0,.,04_IS11 -0.10L_)640 O.OZ6t)94! 0.0|45154 -O.OOsZgO4 O.la_OG_8 O.186Z_,L_ 0.14353t;'S

S.O O.DGOILT9 O._ll Yt_S -0.0@44_0_ 0.05| T4L_ O.OO5_OS -0. OS _3.1 0.1_;tg$$ O.l _D_OJ O.13ZgSI"

#.0 -0._ -'OoOOl_l| O.Ol_:_ g.O04_Sl_ O.OO2"JIOT -O .003_S$ O.G4k134e2 0.M$35119 D.OO6L_T4

Y.O -O.O_OI84S -_.l_Ll_l_ O._SS_3S4 O.OO_StSS @._ D.O_C_8 G.O481L, Z4 O.o4rJso_ O.D444Z_O

#.0 ,-0.D004134 O.DO43T41_ 0.0_K_4_8 O .GOGS_'Z_ O.O00l _I O.OOO_S 0.0| _PO$ O.Ol S64gO O.G2S4_LO

0°0 .o..o. -..... o.o... -o-... --o-*. -----. ---*-- -o-o-o o-----

IO,O 0 :_1 _IL4S O,O0@_| r_ -O,OSS_gSA -O.O0|_S -G.O_OSZSB -0._ -0.0482_4 -O.G485SM -0.D4_4£;6

iS.O O.O00|8_ 0.04£1_| 1 O. |0_9@40 -0.0Z_9_41 -0.014S_34 O.DGSZg06 -D._ -0.18_1£5 -0.1933175

|d .0 -0. OO_*04 S_ O. ] OY3gZ3 -0.0SrIS05 -0.Di3811} -O.OSII S_4 -0.09 _Oe rlS -0.£46_3 _ -O.£S#5HS *0._ 7431 _0

lS.O O.OOYi tlS --0.I 91_ZdlO ..'-0. | 9Zl 153 -.0.15 _'ILS8 "0. I_1939r -0.I_r$460_ ,-0.3L_ FL_5 -O. _d3_018 -'G .3 rOZsl 5

2S.| -O. O_4_| 9 -0._$ | SZO5 -0.|4584T| -0,_51 ?059 -0.5554_I _ -0,543_8T5 -0.5_4 _033 -0.4_4_S -_.4_0584

ll.| -0.3SeOT$_ -0.| |S_i|O "O.D?Z4?*_O -0.404_3_8 -tD.335_T5_ -O,Z4,_t_d_ZS -0,45rZ_Jsr -0.48_0_9 -0.4630A4D

|e.£ -O.l IeS_S -0.03|_Z4 -0.0|899_S -0.37Z| ?S7 -0. |_S_S08 -0.0_i6S_4 -0.4 _}_ZS -0.3| TI808 -0.8| TSO_O

i _-

z¸

33!



_1

liOilTN A_RICAN AV|AT]ON, INC. I LOS ANGrL(50|VII[OM

UN|T 1_31_NT ABOUT Y aXIS D]STRIBUTE.D OVER FLFffJ[NTS | AN[3 |S._

CO(FF IC ]ENT FO_

INlri[RNAL NONENT ABOUT TH_ £LaSTIC C/_NTER, (K SUB T)

Appem_x 1

G J,,,'1[ I = 0.Or

C/It :z -O.Oi

STA 1140_I

1.0 O.085,S f._O

1.1 O. 5039195

I .2 O. J 0:_114_

_.1 -0.00t_95

3 .O O . DO_28_Z

4.0 -0.0001863

S .0 0.0001561

6.0 -O.13000Z r5

/'.O -0.0001863

8.0 -0.00/3_ 190

B,O ......

10.0 0.00018_3

11.0 0,0000_'+'$

tZ,O -0. _0015_1

tS .0 0.00:_695

15.1 -O.)0311&Z

16,1 -0.5039155

Je._ -_.{J858 r/D

0.0_

"0.05

0.0349881

O.lOSSZr6

0._0464S9

0.1£983_9

-0.|0_4543

-0.04_55Z9

-0.0_64_5

-0.CC_19._$

D.DO4EE13

+...o+

0.0084115

-0.D_D_888

-D.1_fSZ{6

-0.D_988/

0.0_ O.ZO 0._0 0.£0 I'.00 £.00 l_.OO

-0.0_ -0.01 -0.05 -0.09 -0.01 -O.O5 -O.O9

0._Z_805 0.191_S8

0.0702_r5 0._8_9r55

0._4E9074 0.E563989

_.1893_46 _.137/154

0.0915335 0.0_>438b,4

-0.1009_3 C.OZf1363

-O.0_3/O_8 0._11831t

0.0_lS_66 O._C49§BZ

0.0ZE6605 0.0003_4_

**.o.o ,°°...

-0.05_23rZ --0.001909_

-O-DZIgZ_ -0.00495_?

-0.189564_ -_.15//_54

-0.14_9014 -O.ZSfi398%

-0.0_01/_5 -0,_6/9_55

-0.0_16805 -O.1910_S8

0.]0_,384_ 0.0115519 0._399_1b 0.2045185 0.16_1646

0.31_4_B5 0._31_45_ O°45_Sb_Z O.465_E_1 0._39389_

0.35_0_64 0.5_BJ_'I 0+3948003 0.&2_939/ 0.4609_5E

_.19,54917 O.E/ZZ999 0.5ZE3946 0.54_056_ 0.3_C_450

0.0590544 0.0981]9Z O.E468_r| 0.259Z36/ O.E_41EO_

0.01480_1 -OoOOf_egl 0.1_9864_ 0.| 860639 0.J9_1_5_

0.0_5335_ -O.O|zg_rO 0.|Z_0984 0.|_99_95 0.]3P8596

0.00_545_ -0.00558_Z 0.084E615 0.085_95S O.D_4_r

o.0oo5z55 O.OOOz_z6 o.o4so859 o.o_s31_8 o.o,8588_

0.0001464 O.O0050JL4 0.0156584 0.0155_80 0.01561_e

...+o° °.+°.. .+.o.. +....+ +°o+..

-O.DO05Z55 -O.O00|rZ6 -0.04_0859 -0.U.,4_3158 -0.048_88Z

-_._53_8_ D.G_2_O _O.I2(G_ -O.IEgeEg_ -G,13E859_

-C,_I_41E5 -0.Z51¢456 -O.a5465r_ -0.465Z_/I -0.4395_95

-O.]ObSS_E -0.0/155|g -_.E399_6 -0._4528_ -G.16_1_46

t

33Z



_J

molto Ai_IUCAU AVlaTIGiti, /SIC. / LOS ANGI[I.[S JKVlSIOll

CONC_MTRATI_ _Y FONC£ AT STAT|ON f F.LAST|C C_NT[R

C._FF f¢ X[NT FOr

/NTI_IINAL NON[0fT ABO_T AXIS li_OL6L TO £L&$TIC C_NI_N, (K S4JID M)

S.I,'IE:I = 0.0£ O.Ol_ O.Ol_ 0.I_0 O.Ei_ O.i_O £.00 £.00 Z.O0

Cflt s --0.0| --0.05 --0. DS -0.0| --0.05 -.0.09 --O.Ol -0.05 -0.09

liTi TlOml

1.8 0.001 g_i4e D.OO_4Zl £ 0._14a7 0.0403340T 0.0014F$9 O.O011e6T 0. O021_Z_ f). _94bi5 O. 0084ZO0

t.t 0.0tF6501 0.0380976 0.03)'4361 0.0I 138Z0 0.030580T O.O_i309g 0.00_69£Z O.D1 T8969 0._ZS6811;

$.£ 0.0015264 0.07986S )' f).Ogull | | T4 0.0067805 0.D45_!11 0.0688415 D.DO306$Z O.016;r4nz O.D_I_I _ll

£.| -0.0010027 0.059t)783 O.t lrO6Z6 O.OD34¢4Z6 0.0_88896 0.06(_51i G.DO_6ZSO O.0130¢Zli O.OZJSIOT8

3.0 O. GOOL=_134 -D.n_88800 0.045_t141 O.O017TO_ 0.0088T81 ID.OZ95Zr4 ID.DOZtO01 O. 01094_S8 O.OZD76d3

4.0 -O.GOiX_IIZ -0.01536S$ "0.040851Z 0.0006894 0.0019450 -0.000Z£54 O.IX)16Z49 O.OOllZrS4 O.01SZSiIS

S.O 0.0000046 O.Ot IIHIGZ -0 .D4i_FI_O 0.G003109 D.OOOTT64 -O.DG3Z115 0.001_834 0.006.5990 O.Dl148rS

e.O --O.O00010G -0.00| 55 T3 O. OZ_J4I IUI O.O001L_3 O.OOGZIOS -O.OGlOrt4 O.O0|D4OIP 13.00_0 r40 O.O04sSr14

r.O -O.O0000_S -o.oo_msss O._ O.O000S¢,_ 0.00000_ --O.O000_l_ o.ooo84ms O.O04L, o4s O.Oo_rl me

II.O -0.000G044 I). 00_J4114 M_. OID_ 7_ti_1 0.0000_lr_ O.O0(X_9 0.00010_4S ID.O00Tl_4J 0.0087|$5 O.006_sa

• .0 O.O0000G4 O .OOGOOG4 -O.Ol_4100D O.O(X)GO04 0.0000(X_ 0._ 0.0_07640 0.0035600 0. O0_,gL,_O

|).o o. Od_oOO4e O.O| 1 _sJ4J_ MO. 04_13 F_O 0.00(_31_ O.DO_Fre4 -O.OD_| _S 0.00I_834 O ._ODis39_l_ 0._114d1_9

$4.0 -0.1_11£ -0.0133503 -0.06083J Z 0.00_6894 0.0019450 -0.0002"_ 5.4 0.0016Zd9 0.008Z754 0.0|52585

|$.0 f).O00_S _4 -0.0Zl_ll410_ 0.0d51_141 O.OOSFF_ D.OCI88TSF O.O_)SZF4 O.O0_IG01 G .otog._$e G.DI'gF643

SJ.S -O.O0_C_ 0.059_s5 O.s I rO(,ZO O.OOS_4_'_ 0.0t888_6 O. o_,_ss o. ooL, q_Im o.o_ss_,_s o.I)_s_oza

10.1 0.00_$Zl.4 O .011_811$ F O.D941t ¥4 O.Ol_;r80S 0.0459_$t O.O_l1841S 0.00505,_ O.OslIT40Z 0.03J_|4811

le.l_ O.O_7_SO| O. 054J0_ _r(_ 0.G_¥4_6| 0.011 _lJ_O 0.03G_801 0.0:$43859 0.00_"_ 0.01789_k9 O.OL_E41 t IJ

333



._J

•_,,. ,,_a,_. av,,,,o..,.c. , Lse a._Lz, .,,,,,o. i_A-65-IO15

Appendix 1

lilt FOIIC.I[ OISTIIlIlUT_ _ £LASTIC C£N1'III OF F.I._NF_TS I aUl I,i.Z

C41(FF IC ilINT FOil

IMTEtlMAL 1II3NI.NT _ AIIII _ TO I_,..AI/IC CINTE_e I1'1i _ 14)

SJ_l: O.OZ O.OZ O.OZ 0.11) O.ZO D.I9 l.O0 1.00 l'oo

C/m s -0.oi -o.os -OoD9 -O.Ol -O.Os -0.09 -O.Ol -0.05 -0.09

STATION

t.O O .O| $Z_JDI a G.OZDsSGO 0.019_:_| II 0.0I044JZ_ O.O:l 7_348 0.0|e9941 O.OOT£Y_ Y 0.0115974 O.OIOISPO0

1.1 O.OZtSl4T O.O_ISTTIZ 0. 03133.4S O.OIOZlO0 O.DZT]Z|_ O.O.q_|e/8 0.004|44T O.lOt$9463 O.OZ'_94_BO

|._ 0.01051'09 0.077| $33 0.09Z30|8 0.0066032 0.044dl345 o.oerlls5 o.ooL_egoo O.OIGT311 0.031_34

J_.$ -.0. DO| 06SZ ID.OSSB.qQZ O. | 15| _MJJ_ O.O0}E,_O4 0.0_F413 O. Ot_J_J,l_t 0.1_4650 0.0|}135)7 O. OLsqi, Fl_l $

i.0 O.OOOt_e6 --0.01_ T5S$0 0.0446T39 O.OOl 1_911 0.0088080 O.lOMg$53g 0.00|9| _ 0.010a037 O-OLPOSgaO

4.0 --0.00(]04tlZ -ID. 01 _Y.39_ -0.0598')?3 0. O00/_llll 0.001 _ITS -'0. O0001aJO 0.0014t_113 ID.OOill I S1 O.OlS|O_S

I.O 0._ I.O| lSlg'l -4D .ID41Z581 G. OIDOL'_ T3 ID.I_DO_Se/I "-0.0011464 O.DOIII81 0.0CkSM3Sl 0.0||$$1e

Ii.O -O.O0000'JO -0.0014.40,S D.OIP.3411_D 0.0000_84 O.DOOITII3 ..G.DOIO(_ 0.00086_T 0.oo4_r9_I @.O0_S, tS_I

W.O --O.O_03d_ -0.00140e0 O.OSL_,,l_r "-0.00009S,1_ --O.O000P.41 '.'0.000P.42_ 0.0006r5| 0.00400S£ O.oor_r3$

II.O O.IDG_O -O.O00i _111 -.,0.01018_100 -,_ .000_11| | -'0. O00_HI .-0.00058.$1 0.1D00S$33 0.00_113M5 O.O0_l|Jt

e._ 0 _00000;_1 @.00000_'_ -.'0.01_'10_0 O._rJ O.O0000TI O.O00COT_J D.DO046;,O O.O0_3L_CI_ O.OOST_IO0

,_ .O -D. _0_0394S --O.O0|,801MD O. 0_4_47 -0.00,0C_$_ -O._| -_. O_Z4,_'l 0.0_0_1_ rSl 0.0D4DO_' 0. U__G_9,_' =iS

|l.O O. ,D'0005_5 0.0115199 --0.041 _r_l I 0.0C10_673 O.OQOTSB6 -0. DI_ I dl6all O.ODIIIS1 O. DO6Z_IIII O.Oll3llt

|4 .O -0.000049J_ "0.D11£3_)£ -'0.05_8975 0.001D4_185 0.00194 F5 "0.00001S90 0.1D014643 0.0081151 0.0151043

II .O 0.000Z38@ -O .0ZW$550 0 .G446 F$9 O.O016g11 O. 0GI_898,_ 0.0;_955_II O.OO| 91T$ 0.010110_17 0.01"D5980

IIS.I "0. IDOl O_Z 0.0588_ O. l ISl_lS_ 0. O0.q_.,_04 0.018748} 0.064S_i_ O.O0_diSO 0.01 }l}l'F O.OL_J ;rl_4 S

1#.1 @.O$O3YJ_ O.OYrlS31 0.09_301JI 0.0_3_ O .04.44 _.45 O.OeF_S$ 0.00Z6900 O.O|iTl_el O.O3|&l_ll

l_l.l_ 0.01141]'4]' o.osSFrl_ 1_;036._34s O.OI{_r_|O0 0.1_r3£1 $ O.O3£111rll 0o004|44 Y O.O|St4_ O. O_I't,BeO

"1



/

IN IJEIIICJN tVIATICU, IMC. / I..135 AIK_Irl II¥1|l_l

COm3[ld11_Tl[D UNIT IOI,m[ JT STATXON t [LJSTIC C_TL_

_iC|I_T FONt

IIITI[I_J.L MON[MY ABOUT **X|$ NOItNAL 10 [LAST|C CEJ_TI[N, (K _ I_

_J/l[l=

Crll :

ITATICW

t.O

$.S

loZ

£.1

3.0

4.D

S.O

6.0

Y.O

8.0

I.O

10 0

:Z .:

1_1.0

:14 .a

Sg .O

III .1

le.S

_11.£

O .Ol_ O.Ol_

-G .CII --G.OS

0.1900)_J5 0.048.574T

£.rSgSSS$ O. T4J19333

O.BSJL4831 | .51)TZ413

-0.101Z885 t. t995TD4

0.0£1S531 --0.5T74 lZI_

-.0, (X)4£SS3 -.0.£6PD8 PZ

O .001_51 0.Z31414_5

-4).oooorsr -0.o3t4354

I.DOO,JI41_I o0.O4|aO£1

O .12OG3S_I 0.O|II)'5511

-O ._ -G .GGGGIG_

O +4_105_S 34 O ,0|87351

-O.O000P_? ...O.O$+a_34

0.001 L_51 O. Z_HLqI84 5

-O.OG4_SS5 -G.26TDeTZ

0.01r15131 --0. ST ;'41Z£

-0.101£185 I. ?.91IS tO4

0.11S448] T 1 .SID_41]i

£. T$1)IStS O. Tel J.I_13

0.0Z 0 .L'O O.J_0 O.Im £.00 I_ .DO £.00

-413.01 -0.Os -O ,05 -'0.09 -0.01 -0.0_I -O.O9

0.0131T3_ 0.$£_)5_8r O, DLP_I_HS 0.f215| T33 0.£6191315 0.059_183 0.0_P0443

0.416031d 1.156W?SO 0 ._3FSlZ3_ 0. $8Z0409 0.31_4 Y@03 G.3580141_ O.ZSf_tZ3_; r

1.0454J _04 0.6761190? 0+91L_0_36 0._'4_18r0_ 0.$0S8835 0.3548348 O.3_rl"Tr4

1. _OOFI| _ 0.341JI1915 0 ._ YYetf_3 D.7435F_J O .tll@S&Z5 0.E_1455_ 0. _911_ TtS)

O. JO,Lr_ 741 O.1 7rsrO0 O o$1FSi316 O. 3ZSOFI'S O .Z| 0(2_0,1 O.li 9Z90_ 0.£304NI41

-'0. I_r59505 O.oeel_98 D.G]SP854 ,-0.00_1841 O. t4_&_H_I O. 1654er1 O. se_48_8

-0.46TS4_1 O.OSlOr_8 0.0153493 -O.03St4ZT 0.1£834G4 O. I£TS_88S O.tl_wSTeO

0 .L_01505 O.Ol _$6_5 0.0041_ -0.0118S34 O. ID4OdO_ O.iOfdSS4 O .01)850| S

O.3_3_ O.O0_3lOt 0.00141181) *O .I[XXI_I l O .O1111_OO_ 0.04141 flail O.OPll_Jl|

-O.DII_IHI • O.8051_9T 0.0005530 0. OGIISP.41 O.0 F88OSJ_ O .Ol_i31OSS O.GG_IHI

+O. _"T_OG_ -0.++_ --0 ;+q_8 -0. O000dOd 0.07S8000 O.O Fi IG(]O 0.O19+

13+Z_.D_ 3G5 G._| $36_+ 0 ._r+_+3+l1L_,J_ -G +GileS34 _+, _ C40-_3g _.+.0#++5i+ P++_;_++_,;+

--G .4675444 O.931S;rS_ O.Ol S_193 -0,03564Z_ O. | JPII_I04 O. |1_)'_485 0. t £T5 ;_IMO

-0.6759505 O .06963_18 0 .G38/OSd -_. O0_iJ_J | 0.|_4911 O, I iS41_rdl O. | _4J_JSSdJ

O. 50J_374tl 0.I P75700 0.1115011 O.3980£rl'5 0. f 10041_4 O.Zle_P_5) 0.1_30_4_11

S. 300 _6|i_ 0.31_4 | 9_S O.5TYl_3 O. Y435 WF_l 0. J_(kl_4_ S 0.ff7?4555 0.£98_ F]_S

I. 0d1$t11_04 O.iWMgO7 0 .JlL_l_l_36 O. TIJle _ O. _DS8835 0. }3411341 O .]IS ;r_l_ 14

O.4lliOJ$/ |. | 34r r_O 0 .li0 IP_IS 0.311L_[_IIO_ 0.3114 ¥4_O_ 0 o_ISllO146 0 ._8[_sP.Z r

335



j
iOIIN i, litl¢lli IVlIilOI. IK. # LOS illt(Lil PlVZii_

IIII IT IT Jill IL TO L_IITIC C4_l. II ill I

6J#l[I=

C#ll I

ITATI_

i.O

i.i

l.ff

l.l

$ .O

4.0

I.O

tI.O

r.O

t.@

It ol)

II .O

14 .O

IS .0

l$.l

ll.l

lt.I

O.(I

_.01

1.3L_Yl

I_. 11 $1tiil

1.11#tig5

O .C_r$$Sdll

8. OGOI3Ot

Oo_q_Ot341

0.8004430

G .ilg

O .G_)Otll

i .lilltl

I.llllt

0.0£ O.Oi O.IO 0 .lO O.lO £.00 _.90 £.00

-0 .iS -O.Ot -D.DS -0.05 -O .Ot -0.01 _D .OS -D .Dt

0.3ii_t O.iKi5 O.tgtttSl 0.30341)tdi 0.1K1516 O.3Zglllfl_ D.IIOIi6S 0.1SilOli

O.lOS/l/i D.iDDIli3 0.944Q818 0.S_l #51)t 0.35,40fi$ O.31OII_4 O.3Ol (diSC 0._495410

i. 5,13_110) t .D/4)914 O. ;10$$3/ O.ltl Sl_l O. #4 r0461 O.liOi_64 O o34t_t$5 0. _593tt$

i. ie3_l_4 i.Zi IZ49IJ4 0.57114_ 0.5812758 O-/3/lffl O._l1451) O._l(_0174 O. L_Btld S

_._!H)715 (l.SOl 3IPi4 O. I BOittl$ 0.18_615 0.3_K3_144 D.£1DI8t 0.1193951 0.£15081

_.llll -.0.663309,4 O.Oiit4t4 O.O_13$irl -0.0064804 D.IU54 O.llSZifl O.16'lSl_r

O.13liJ_0 -0.4d_1451 O.O_ll 0.015$198 _.03$i_1 O.ll_l_# 0.11#8*Yli O.illiirl

-_O.lll # O.ISl4741 0.0154M0 O .004£190 -O.olil_gO 0. i O._ISiZ O.lOt3r31 0 .C_314 $_i

-O.Oit 3SOt 0. Sill040 0.0065104 O.IPOliittt_l -0.01_ O.Oi_i3,1g 0.014091_ O.orat_st t

O.0ili$1_l "..0.06_41_J_ 0.003L_95_1 O._l 0.13_ilii 0.0rSriSS O.Otr4_S4_ 0.04H_i4_t

-.o.ulxiv_lb_ -G.3F..;GG,_. -_....,J'_D"_9.* .,.o=0t_040_ -O.OOCOIOS O.OISIQO0 O.O')'llO00 O.oill

-O .£141_ 1 i 4.41_:_ 38 if4 1).164S 0.0_l?t _ .tllk4 0.11/_ _. lt$/llll O.ii4)l_#

_.$4St0115 O.tOl _894 O. 11_63 0.1113 0.$_148 0.£i01863 O.II93931 0 .t3GSG#I

1.11]/41_i I. lBfi9tl 0.17t54_ 0.9811151 O. I_1#! O.t61dt/_ O.1710174 0._etOlt

I. 5d3t3 1.0243t-- 0. Yl_S35T 0.lilSl_l O. 14 _ll O.$101_ 0.341_15 O.Sli16g$

O. lOltl 74 0.4001BT_ 0.t440_11 O.t$l/tOg 0.$$40_8_ O._40il_d O.lOllt34 O.lit$41O

"7

]

)

r"



/

.J

NOeTH _Jl_lll|CAle AVlAT|QN, INC. / 1.06 Aff61[L.£S O|vl$|OII

_All[D MIIIT Ircx_C.£ AT I, TATION ! i[L6STZC C£NI'[R

C41U_r |CI[JT ¥OIt

IIOIHt, AL DF.FL£CTIOII AT ELASTIC CJ_lrER, (K SUIB DZ}

4.J/[.1: n .Of O.Ol_ 0.01_ O.L_D 0.20 O.LeO £ .DO £.00

C,rR : -O.O 'e -0.05 --0 .DS -*G .Of -0.05 -'0.09 -0.01 -'0 .O5

STATION

Z .O O. GmO4TTI G .0C45643 O.OtglB89 0 .DOG1235 G .ID0_938_ 0._586r 0.0000568 0.o009_94

1 .S 0 .DO04| IT O.ODr91_@ O.OZSP.4Z8 D .OQOI(WI O ._)'9 _'0 O .OGg,_gST 0.00003.49 D.C4)D@I 67

| .Z O.000|@SS O+OO4_861B4 0.0_4951; 0 +0000TT$ O. 00_;_D8._,8 0.0075168 O.DOQO_14 D._|6]

Z.| 0.000|$4D -O,OODeT1 # O.DO4& _ 0.1_0(_495 0o001048S O.DG59r89 n .D000_88 0.0006@48

_.0 O .D001386 -O.DOZ_I_3 -0.01l_r605 O.OO00L_gG 0.000341e5 g.OOmSS03 O.Di)OGZ18 O.DOOS445

4.0 O.O001S_ 0+D008085 -O.O0'JPTSSS G.OOOOln 0.0001383 -O.O00424Z G.OOOOS ro O.DOO4SZ4

9.0 O. O00DTllO 0 .GGG4I 5_' O .OG+J_t07 O .O000098 0.00009 T6 ,.-0 ._5,Z 0.0000134 0.0005t80

@.0 O.OODOSO0 -0.0063330 O.OOJHI$13 O.O00(X)SS O.O000ZS7 -O.QOOO3S4 O.DOOOzO8 O.OGG_519

3r .O O .OOOO130 0.1301;I_II O +IX)I_+rS9 O.oO01X_ O .0000_ O .O00Osos O._ O._

I .o o .0000009 O.oo00_8 -,,oooosl_sll O _ O .I]io0oo_ I0.0l_u_ O .o0o0oe0 0.O0O4.-14£

;_.o -,_ +_+_,o:t_ +-_. c)0o_._44s -_._L_4_ T;+_r"_ O .o, oolx_ O .OOO01_ O.OI3OOOPT O.OOO1 :i'14)

1_I.0 0.0(30074;0 O .OGO,413 _' O .O0_+9|0; r O._O O .OO(_5T6 -"O. GtO_Z25;E O.DOD_| 34 D.0003|80

_L4.O O .OOO1 |_5 0.00_0415 --O oOO'_TS+I O+0_0| T| O.O00|_I_ -0,00D4_4_ O.OO00$ rID 0 .(_OO41_6

Ss .0 O .O00s 344 -0.00_dPll_3 -13 .G_T_D5 0.0D00_94_ G.001_8_3 O.DOOGSO_ O .ODO0_+ 8 O .DGGS443

IS.S O.O1)0| S40 -'O .OO_II TI II O .OOISTOS O -OOOO49 +s 0-00+104+85 0.OO39TII_ O .DOD_G4 O .OGO4S,lS48

$1.I O,OOOSllgl O .OO4111_ 0.0Z'14_15,11 O .O(X)Otr5 O.O0_4_+8 O.OOYJlIM O .0_OO_|4 O ,DODS|I|

ll.f 0.OOO4117 O .OO+I'_I Jg + O .GP..I124,_.8 O .DOO_Of)| O.00_rgFo O.IDOg_sr 0.000034@ O .O130_111'

£,00

-0.00

O.DO3_gSY

O .Of,_, l S_PS

0 .OC_ rgs$

G.OOIBI_9

0.00155£_

O .00OTT@II

O.O0041_

O .12ODS$'J4

O .OOOS+I+310

G .001 $5_]

O.DG18D_9_

0._314|

O.O0_TI)S$

0.OO_11t1

--I

337



_J

•_,, A.Z..CAU A,lJ*'_. *._. , LOS *._LZS OZ,+S*O. _{A-65-I015

Appendix 1

.._, ,¢mc_ Dz,mleu,to o_, _A,,,¢ ¢_._, _ tL_.z.,s, _.o ,..,

C(_3rFl C lINT F_

IIIOIINAL I_.FI.RCTIOll AT [LASIlIC CF..JlTI[R, It[ IkklB DZ)

&jill|= O.OZ O.OJ_ O.Oa O.L'O O.LPO O.L'O £.00 It.120 £.08

C/It = -0.01 -0.05 -O.OS -0.01 -0.05 -I) .O9 *O.Ot -O.Os -O.Ot

IITAT|ON

| .0 0.00044S_ +3.00411594 0.0ZI171 $8 G .ODOL|_I 0 ._8S80 0.0,09,4319 0.0000_5._ 0. l)aOS_'S I O.GG3145G

1.1 0. I)004041 D .OD77+Z4 0. OZP'ltl|4 ? 0.0001080 !:1.DOZP401J O.l)D9169JI O.GI)_SZ3 I). O009,0Z 7 0.0+0"J_1$t

I .t 0.000211S_l O.O041mS O,.OtlR433 0 .OOlX) 7_ O. I)OZl)65_ D.DO745SS 0. I)000Z89 O .DOOimD$ 7 0.00Z¥71_I

£.I O.O001+S+ -0.000 71S) T 0 ._04_ 0.001_H O.O0|_4M D. I_S+ ]'l_ 0 .I_46 O.O00_P_ O.I_I'P

3.0 0.0GOIM8 4 .OOZ_.Z+ 4.OlZlSgl O.OI)Ol_7 0._X]13tll 7 0.00069119 0.0000191 0.0005351 0.1:1017tM

4.0 I1.000111_ 0.000141414 -'0.00_Z ;' O.OIX)OI TZ 0.000131'$ -0.0G041,16 O.OIX)OISZ 0.000404r 0.0013S_O

S.8 0. OOGOI'41_ 0.0004153 0.00371_'9 G.OOIX)099 O .01DG0567 -G._ O.IDIXX)I S T O.ODO$100 0.001_1863

II.0 0.04C_I]396 -0.0003£46 O._SP 0.00000.+I O.O0001S)9 -0.0G00532 0.0001X)90 0.000_451 O.000rSST

t.ll 9.OOGIIZ JO II .000041S 0.800430Z O.801X]OZl 0.001XI014 O.OIXX)OSO O .O001X_+ 0.0001_I_ 0.0004_41

1.8 0 .ll_O00_i O .801X)I$ t -O .00|gSIMJI O ._IX]R)OOS -0.0000_ I_ -0.00(303_5 O._i O.ODO| 715 0.0IX)+ISll

# .O -4) +0,_ + .+5 4 ._;_= 1,3_ I/I. _,Ym[1_+ 0 ._31 0 .QOOGO 73 O .000004S 0 .O00lilO0 0.00044130

Is+_ _+&-O0000_ I).001_619 --O.DOS95_ D.OGOOG_ -43.000_+_r0 -O.O00U+e5 G.G+_GG_++ --._-_-+r++ o.oooslss

|$.o o .OO0G714) 0.00041 $3 0.003 ?'6_t 0.0000Dg_ 0.0000_67 -0. O00ZI_ZG 0.00_01 i 7 0._316_e_ _. D+_,_+)_+6,_

14.O O. DOD| :1L_I, 0.000 ]'444 -0.1309_9_ 7 O ._4)00| _ 0.000|37S 4.ODD41IG 0.1)0001 SZ 0.0004041 r ID .OOl31SO

lS.O O.O001_l -D.00_5 -O.OtZ48Sl 0.000_1 0.0{X_1_17 0.0_S989 0.0000191 0.00_$351 O.O0_.re_l

Ss.I 0.0001 IS2 -0.D00 rSS _ O.09+eZ_S O.001X_t 0.001046Z 0.003_/eO 0. DOOOZ46 0. O004S_SZ O.Om_,_e _ _

|1_.| O .O00JgS._ 0.00441J_S 0.0£1_133 O.OGO0710 0.01_0455 O.IDOTISSS 0.0000Z89 0 .I)O0410S 7 O.OOarrss

te._ 0.0004041, 0.00 _ ;'S£4 O.Ol_]'4_S4r 0.000101;0 0.00Z/4011 O .D091+t_I 0.000031_3 0. O0090Z 1' 0.00304SS

i_̧ ,

33S



I

01OIIPll AI4EtlIC.AId dkv|ATIOII, |ItC. / LOS AIIdI_L[S DIVISION

C.OleCXNI"ttAI'I_D UNIT TOm4HN[ AT STATION ! ELASTIC CIrN11[R

C_EFF ICllUeY F_t

NOIMAL DLrYLECT|CN AT I[LASTIC C.F_.NTI[Rm (K _ OZ)

_j,,rlCi z O.1_ O.01_ O.OZ 0.EO O.113 O.Im Z.OG _.00 £.OO

C/ll s _.Ol -O.O5 -0.09 "0.01 -0.05 -0.09 +O.O1 -0.05 -O.OO

STJ t ION

l .O G.O471'41GZ 0+ 16Y6SSF 0.51959T7 G.01 E3,460 0.0567561 O.lO6gT|e 0.0035798 O.OlSg{)liO O .D35£6dO

t .$ O .134116117 0.2 _Z770 0.$0118996 0 .D1081|9 U.053939? 13.1D3 T36_ O ,D033egG 0.018J_4S$ G. D_L44333

$ .1_ G. D 1115_0g 0,041_367# O .£_4UZ_5 D.0077496 U.1_397188 I) .08_9633 0 .DO30E9_ O.D162"355 0.03G4141G

Zol 0.0154034 -0.02745_1 0.0496178 0.0049.508 0.019|4Gg 0.0446Z85 0.00E5664 0.D1_827g 0.0ESSl)t19

_l.O 0.023114_8 -0.0506454 -O, | 456035 0.00L1957tl D.OOGIOZt O.DDFg] 6t1 G._8 ID.O108t45 0.0198994

4.O O.OIII_.SS O.OllJlgSPO °O.1 lllSZ6 0.13017135 0.0QI _51_1 "0.1_4L538 0.OO2 tJl_S O.OO81_131 0.014_?9,S

5.11 Is. OO+£'+I_'I t' o.oo4_r3 r 0.041,13LP. 0.0oO98_L_ 0.00_810 --0.0GE3451 O.OO|£681 O .00_3585 O.Ol l O3_'I

I.O O .003_B13 -O._q_ O.O_51MI 0.OOO50_5 0.OOO1 IS41 -0.+31_ O.GGlOJSI O.OOSO3GO O. OO85_'TO

r.o O .OO130111 II .OOll_J'J_ O .O1_I140_ O._l 0._ 0.0001397 O .0OD4838 O.OO41 wl£ O. OO6SI, O4_

l,,Jl O.+II O.OO|LmJ+l ,-"O .OEO_i_ 7 0,,OO1)0546 0.O0001+1 0.0OOO ?'I"2 O .OO0]P+ P_P I) .DO34_141 O .II)Q_H_;_

10.O U. _4+ _ ,OO+ZSS| -O +O;_'O95_? + O .I]_X]IOS40 O. O_)O1541 [I .G_3GT71 O .OOOP'_7+' O :GO _4p,.Sa+41 G. OO+_,_,.55

13.O O .OO75g,511 0.OO41+75+ 0.04113,.4Z O.000_.8+$ D .009481D .+-G.DOE34 $1 O.OO_£MI 0.0063+85 0.0110$Z$

IL.O 0.D21£6,_1 0.011|6+0 -O .| 11|5L_4 O,Oi)| 715+ 0.0016.$79 -0,00445_8 0.00IGOI_ O .I)_41+131 O.Ol41tll

_g.O 0.0S_1424; -,9 .GSgG4 54 -0.2456G55 0.00L_571) O.O061GZg O.OOrS168 D.OO_O641S O.011_lS_ 0,019115_8

$$. | O.O1540.11.4 -,O.01 74_IS_II 0.0dII,_I 741 D +00,49SO8 0.0191169 O.04LGZe$ 0.00£56e4 0.01361 _T6 O. _5$_)99

ll.l O. Oll$_)O'l 0 .i_Jl P_I,_ Pl O._3JIO_jJ 0. OO ]"Tdl0'_ O.,I_97J 88 0.011_4)63_ O.OO_IOE4)_ O. 0 | ill_ _h,_ 0.03,OllJl | 0

llol_ 0.1)4| IH7 O.| +t1_771 O.3dOe+ O.OlOe|lO 0.053+++7 0.1037}G7 0. O0_iSIP_ 0.0| 11+4+'_ 0.0_443_1

339



.J
II_ITN MI£11CA" AV|ATI_, INC. i LOS A_LES DlVZJI_

UMIT 14QI4_NT #AIOUT Y AXIS D|STRImUrlrED Ow£11 (J_NENT$ | _ IO.£

C_m'FI C/£NT FOR

_Jrl.l_CT|_ AT £LAST|C C_NTEN_ (K SUO DZ)

-'_.-65- i0!5

Appendix 1

S j/(! s: O .OZ O .OZ O .IDZ O.L"O O ._0 ID.L_O Z .IX) I_ .OO £.00

C/It s "-0.01 "0.05 -0.09 -0.01 -0.85 -0.09 -0.01 -0.05 --ID.O9

BTATIOM

1.0 o.o44505z o. le_,son_ 0.31459f0 o.ol _[57_1 o.oss$0$z 0.10$4T16 o. 00_w.809 o.01a_ _'rR o.o_4e;,5 s

|.| 0.0404903 O. S 5/,6.476 O.3045933 D.D 2DSG_ 0.0531t_3 0.10Z5747 0.0033850 D.OI415ZS 0.034F_31

1.£ O.ID| JlS_lO$ O.OS4_5 _D4t ID.Z3|6571 0.01D77978 0.0597"458 D.I_I3S_ O. 003,0_ T_) 0.0|6f3_ 0.0300115

ft.| I_.OJ $$|4k6 .-O.IDI SSS-4Z 0.0504046,4 D.GU_4S 758 I_.[$g$60 fe 0.04483_$ O. Ol]e 541.q4 0.0|31f01_ O.IDI_S4_I_8

S.D 0.013840e -.0.D5844 J_l -t0.14_7146 O.DD_Hi'! 0.00619S! D.DOSZ144 O .IBIDC_T_ 0.0108164 O.Osm$_

4.0 0.01 |l_S61 O.O| 53683 .-0.1101Eal_ 0..100|7|83 I_. 001 ¢_B39 -0.1)04349Z 0.00|6015 O.OOIZ_ 71 O. D$ 44k894

S.I) 0. O07SI_s_r I0.008.q4) rlCI O .041D6ZJ_ 0.000_8$3 D.CI_04897 4. O0_I,_g_ O.IDO$_JTI 0.004_340 0 .Ol $11]_46

e.O 0.003t1114 | -0.004_9t4 0.064431_S 0. BO_JI O_ 0.0001 t4S --0. CID03_| O.OIDSO3$D O .00S0_414 ID.0045_11

Y.O O.O01L't_t O.OGOIITG4 O.DO3L_ 0.000_O_r_ 0.DG00335 0,0001_$1 0.00080,$t O.O04J_e41 0. OoI;8,11_s

_,0 O.O000SI_T 0.001£340 -0.01_069_4 O.IX)IX)S_I! O.O0001(i_ O.O000TT$ O.OGO_'9)'I O.O05e4t21 O.OOSg_

_O .S '_- S-_O0- _Z T O _ 0C,1:_3_00 .-0. D_'C)692_4 O .O000_vlll_ O .O0(X)I_ O. O000r )'$ O .O001r_ wl 0 .DO34rrSZl 0.00_,91_94

S$.O O.OOTSS147 0.004130 rO 0.0406Z4Z O .DO(:),_853 0.00D489/' -.0. OOZ.q.q99 C).DOIZ671 0.0D4t33_0 O.OSSO_44S

14.0 0.011£S4,1 0.0153683 -O.f 101649 0.001 ;r1113 0.00164139 -0.00434gz 0.0010013 O.O08ZOTI 0.014414i,_14

S_l.O 0. D 1 _IqHSO_ -0.05_4454 -D.|4_1146 0.00"_96T8 0.0[:)619S1 0.004)_146 O.O_FJ_ I_. OJ 08 | li,6 0.01 !)41.459

IS.$ 0.0159164 -.0.01_$_4Z 0.050406,4 O.DO497S8 0.01 _3f_l_l_ 0.04483_S 0.00_5_al4 ID. 01 $404S0 O.O_sat_8

10.$ O. 051)_05 ID.OIH_SS06 0.J_|1571 O.O_T_71) 0.1D)_74]1_ 0.00$$8L _0 ID. O030Z T3 ID.O S 41_33_ ID.O$_I ][3

$e.£ 0.0404905 0.1S44_4_ ID ._kD45935 0.0|04100_ 0.1D531123 O.lO£SrdY 0.D05_$8 O.Oli;S SL _J D.OS41_ZSS)

-1

[I



.J
11011111 alIEIICAII IVIATIO;I, ILK:. ! LOS AII&EIJ[S DIVISION

_IITIIAITO t_ItlT FOiltClr AT JI,TAT|(Xt | ELASTIC CENTER

C,(/:FF 1 C l(lil" FOI

NOTATION AllOI/T M X AXIS, (K IUB IlX)

NA-65-1015

Appendix 1

@ J/'[l'S O .OZ 0.0Z 0.0Z I).L)O O .l_O 0 .|D Z .OO t.l)O | .OO

C/II s -.0.01 -..0. I)S --O.Ot -'O.Ol --O.DS -0.1)t) -.D.01 --O.OS .-0.0t

STATION

$ .0 -O. DO00000 O. DOOOOOO --0. O00GO00 D. O0000OO O J)OOOOOO 0. DDOOO00 -0 .GO00000 -O. O00OO@O 0 .DO000OO

I .I --0. OO09G$_ -0 .DOsZ395 --0.0011DOZ -0.D005183 -0.00114S1 -O.OOlZA05 -O. 0(]0Z3811 -O.ODD;r94g -0.001 O _'£ _'

Iolt -O.ODOSDS7 -0.0GI$1 _r7 -G.OD06| 40 --D.DGI45BO -0. 0049Z58 -0.D064710 -IJ .DO0 TOA8 -0.0051Sg_i --0 ._S5£

t.l -tD.OOO2e65 G.0_11317 0.034.4648 -ID .001 @9Z8 --0 .GD_4136 -O. 00110858 -0.00117TI -O.D05 TSI4 -0.130tl_ $4

S.O 0.00004e9 0.1_405@_)11 O.| lg'055? -'0.00131TT "_ .O039TZS -O.OO| 7S36 "0.0014944 "O.I)_ ?'3 T ?'F -O.01_IOTI •

4.0 .-O. OCK)OS4_ --0 oOl S@S$S D.O931Z| | -O.i)OO7S 15 -0.0016533 0.004164J7 --0 DDDI 5Z06 -.0.00T4834 --O.OlSl_l ZO

S.O Or. I_IDOD| tS -.0.00 FSZlJ5 -0.045 T63F -'0 .IDJ[]03_i_ -.0.000S8.49 (I .OOt_k4 _.6 ,.'0.00'130Z1 -0. _01,.Ii40@ -.0.0| J I]_StS

I.O 0. DI:XX)J_S I).OGSSOT5 -0.06_850S -.0.0001491 -O.DIX)I SN 0.00036S_ .-O.DoOgT7 T -ID. 00,1 )'DO3 -G. 008069 T

r.II o.l_lMm --O.IDOOZSSO -o.OOBstsl -0.1XX)0533 --O.O0003SZ -O.IBO009_ll -0.0001_38 -0.0030019 -O.OOSOStl4

8.0 0.00000/_ ",'0J_10@441 0.00S01'_3 "-0.1010001_1 "0.000001_ -O.O00GISEL! -O.O0030FS -O.O014alr3 --O.OOLML'O0

SO.O -0.00000t8 0.0004441 -O.DO&O?£3 O .OISGD_.I-,I 0. DOGO01_ D.DO00461 0.0003,0 TS O.DOIS'T_ O.OOZ_O0

lJII .Q -0.0130011_S I_ .Ol:) TSZ35 I:).D4| T63 T 0 .DO0_iO 0.000584t) -0.00_1|_ O. O01:_H_I_| O .00_5404 O,Ol loSS6

14.0 0. ODOOS_d_ 0.01H_3_I -0.0_11_'$1 O.O00?'tl_ 0.001_!3 --O.O041_T ID. 00| _OE, O.OOT4SN O* n 13_11_10

lS.O -.0.00004@S -0.D4096_16 -.0.:119055 F O.OOI31_T O.O0$S/'_S O .001 rS.l_lt 0.0014944 O.DOT$¥T7 r]-GlS.0rl 7

IS.I {I .DOG.SIS -O.OZIIll 7 -0.03allStr_l I O.OOltHr_8 0. OOlal | 3it 0. OOSi_41Sl O.OOI$ TTS 0.005 ]rS 41d O .00_94 A4

II.l O.O00_H)_I1 O.OlDI Sl }';' 0 oO001_|dO 0.00145S0 D.OOSSZ$8 0.00(_ }'| 0 O.I)O@_DSI 0.0ID_I 1_3 O.OO$Olll

1@.£ 0.000905S O. OIDI L_'_l)5 0o005 IOOZ 0.0005183 0.00114S| O.OOIZJ05 O.O00_$SS 0.000/'_4 II O.DDI olrl_ r



_J
ilomlrN ,tNENIC6N A¥1&TI_. INC. / LOS ANC.._L[I 01¥Z$|_ "_'-_"J--'_'_'J

Appendix I

UNIT FQIIC[ DISTIZlK/TED OrS[It IrLISYIC C.[NIT.It OF [L.[N_PITS I A_ |1.£

C.CU'Y 1C IENT F_

liOTAT|GN AllOb*T TtM[ X Atr|$_ IlK SuB ItX)

Sjrl[I* O.8_ O.0Z O.CP_ O.LPO 0. sm O.EU £.00 Z.O0 £.0o

¢/11 .: -o.ol --0.0s -0.00 -0.01 -0.05 -0.09 -*o.Oi --O.05 -o.oo

&TATION

S .0 --0. DO00000 II. O001X)O0 --O. 000001_ O. DOO0000 0.00003100 O .OOO00OO -0. OOOIX_ -O. OODO000 0._

| .| .,,.,0.001'18,83 --0.00163ZI -0.001566;' -O.OODSZ18 -0.DD14051 -.-O.O01b"3Z5 .-O.OO018_'S -0.000e;'86 -O.oot£Srs

l.Z -O._lllll --O.DOI;rZI4 --0.00113_11 --O.OOlSl_ -O.OO49r00 --0.0066304 -0.OOD66_1 -O.D031311 -0.DOSGIIST

l.l 4.00034 J_ ]P 0.0L8'014_a 0.05_I,Z 74)Z +-+0.O{_16565 4.0014 ]IlJ6 --'(3. OOil 9.d.O -'0.1)010866 -0.01056541 4. OOglli+l

3.0 O.O00010l O.039TIDI 1 D.I|M?$9 4.001J_S17 -0. D039 TllO 4.D019314 -0.00137¢1£ 4.00T£5t4 4.01t911ZI

4.0 -O.J_[X)GS04 -.0.0t50353 0.09Z6_111 -O.DOOTOSl -0.0016330 O.0040r_) -0.D013671) -0.00r334_ -o.ol30_tr

I.O 0.01300069 -.ID,OOTP650 --ID,O4,01Z,14 .-.O.DOO31Z4S ,...,0.0005r57 O.OG_311_ .-.0.0011354s -0.00e1116 .-,o.olo,IBOS4S

e.o II ,ooooI_0 o.oo_5ot -o.011_4i, sI_ -,O.o_t ..-0.0oo:t_I04 0.0oD341_ .-0.,0ci081oi, -0.oo, sS_15 .-O+oors)stl

r.o O.IX3Ol_rJ -.O.O004_DS -0.00_I_7'47 0.0000540 0._ --0.0000PS)6 -'0.OO041_ +...O.4ti=t_14s4_ -'O.O04+St+

t.ll 0.0000101 4 J_OSI4_ I) .OO/TL_It O .OI]lG1315 0.000C1_9 0.1_[_O3Z8 --O.CIGI]_I It -0.001 _ISt_ "0.00_$1 lrl

• .O -o+om)l_ml -o.ooc13801_ O.lXXXX]t_ O.DIXXXX_ -O.OOOIXl0_ -O.O00OOOD -.0.0OOOOOO -O.OOOOOO0 -O.DOIXN3OO

+t+_.0 _,3 o r..+o00_ 13 0.00061 G$ O .0041_P47 +-0.000_54D -0. _.5_ G. _Eea,_ 7_i+ G. GGG_SG3 D. D+O2,PL,66_. --_+_';_9_ _ 6

S3.O -0.00000eS O.OOr _eSO 0.0401£44 O.DO031_4_ O.O00S_5_ --O.OOZ3 ll_Z 0.0011354t O.O0_*l'e O.U*{_

14.0 O.O000SD4 0.0tS03S$ -0.0S_6611_ O.ODOTOSI 0.0016330 -O.OD4O _60 0.00134_r9 0.00_331t O. Ot 30Tl_lr

15.0 -0._041 -'0. O,3,S,_PID| 1 -'.0.1168739 D.OO1Z$I 7 0.0039?'80 0+0019314 D.OOiSTOZ O.O0:r_S94 O .O 1JL'S_ISZ6

lS.l 0.00034£3' -O.OL_Ol4J_ll "0.0331_79_ O.DOlJ165 0. Oi_ 111_ 0.009| SulO O.DOIOllS6 O.OOS4_S41 G.GOgi14S98

tll.l 0.000,1e18 0.OOt rZl4 0.001 I$Z8 0.00138ZZ 0.001111_DO 0.0066504 I).ODOetS4 0.005t$11 0.00S0£11'

III.£ 0.0011841,$ ID.ItlO163Z_ 0.00154H_ 0 .OG_SZI8 0.001,1051 O.OD141,$I'5 II.000111 _S 0.0008 _'II O .lifO1P'S TI,

-I

i;:_i: ¸ !



/

ilmllrN 41NEll/CAN AVlMT|(_I, INC. / LOS ANGI[L£S DEVZSIOS

C.,I_C£tl'RAlrlZD UN|T TORIU£ AT STATIGN $ £LASTIC C.£NTIZIt

CC£FF IC/ImT IrOm

IDlrATION AIlOi/lr nil[ x AXIS, _X IU8 R1t)

I_JSl[I = O . OZ O . CR O . DI_ O . ZO O . ZO 0.80 £ . OO £.00 £.00

C/I = -0.01 -0.05 -0.0t) -O.OZ -O.OS -0.09 -O.DI *G.OS -0.09

8TATiON

| .$ -O.OtDSt_44 -0.0Z4¥909 -O.Q2ZZ_ I "0.0_259T8 -0.0P_282 "0.014_Z56 -O .0_384_8 -O.O| _OlZ -O.D|IS)ZMd_

2 .£ -0. GSOS_ -0.0_S$190 -0.D_8815 "0.2LSS_S8 -O.DgB58_ -O.OT189_ -O.D_Z63 -0. Ge3 ?Sgl -O.OSel#06

£.| -0.(3Z8_ 0.42_6851 O.SllZ;'8?S -0. |_4_4E15 -0.1 _83999 -0.1_337 -G.11773_5 -0. | |4 ?_46 -0.11GS180

8.0 O. DO_II85Z O.s | |ZS)84 11.5s'gd| 8S -ID. | _04814 -O. 0/'S)_HS -O.DIgTS|S -0. Sdg&O09 -0. I L ?_1_89 -0.$4SZ$19

4.0 -0 ._38 -0._| _9 | .0336_3 -O.O FS_ --O.OSJ_ O .0411_ _19 "0.1S_Z93 -0.14_4_ -0.146400T

S.O 0._2_4_) -0. ISX64S3 *0.4_44_ --0.0334S549 -0.01_W91 O._S -O.I_K)1 r_ -0.2Z_1_9 -0.1_43L_

_.0 G.08_13_ -O.013,I_S O.oe_r.4a_ -'0.00:12990 -.O.l_OlIO8 -O.OOOSOOO -.0.030,445 ..O.o:Ps,JM&S --o.OCqM_4_

.0 --o.ocl_O_ -O.OODOL_a,_ -O.O00_S9 -O.DO(X]O;,O -O.OOO00_4 -O.DO000_ -*O.GI_OOO_ -.O.O000O_ -O.OOOOO_O

|4 .C 0._9_$8 0.$151_S -1.053_$63 O.O _3_ 0.03_ -0.1[_63SJ9 O. | 9_3 O. | 4_798 O. | 468_?

lS.O -O._$s_ -0.811 £98a -1 .$ZZdIBS 0,13_81/ D.O rs_69_ 0.019r$18 O._['_94DOS) G.14TSM9 O.ILSZ$1S

|S.S D.G_$O_ -G.4_i_51 -0.$8Z_479 0.1_4_e15 0.1ZS3999 G.1_9337 O.liTr_4S O. |iarO_t 0.1105180

|e.S O.O_O_ O.OZS31SO 0.C_)6_61 $ 0.1453Z58 0.0c_8585_ 0.0?1S9_ 0.0_04_3 0.063FS92 0.G_180_

S6.1_ O.O_O._q4_r4 n._4Mg O.Ot P_L_| G.0515_)7S 0.0_$1 O.O14_54J O.DESBIIO8 O.OlS_l£ O.DtI_L4

_3



_I

-I

I)OaTf4 &OI[IIICAN AvlATI_, INC. / LOS AII_(LIrS D|¥|SI0iJ

LIMIT NON(NT AtlOUT Y AZIS DIS11118UT[O _T! [L.[N[NT! ! IND ll.t

C_[Irr| ( I£NT FOR

liOTATIGN AiiOUT TH[ X 4X18, _ SUB RX)

@jll[Is O.OZ O.Ot 0.08 O.L'O 0.1_0 O.LPO £.O0 £.OO Z .OO

Crll s --O .OS -O.OS ..-0. O4J -0.01 -O.OS -'O.D9 --O .OJ -O.OS --O. O9

STATION

S .O --O .OGOIXX_ O .OOODOOO -0 .Dl_ll_O0 O.O00OOOO G,OOIXX)OG D.OOODOGO -O.DOOOOOD -O .GOODDOO O.DDOOOOD

| .l -0. S141414t95 -'0.0356T9_ -0.011141_$ -G.DI_TS611 -'O .D30_93 -O.O|91t?3 "O.OZ4@TT,_ -O.GIgDlZ3 -0.01469D8

| .le -O. 1_16| #++-;_l -'-I_.G3 F39_.9 -0.01 _4_ "0.|43 T551 -0.10311008 -0.0744677 -0.DPIDOZ84 -0.D63ZSg7 -O.O_ZTO41

E.S --0.034£#;r| O.41N)I194 G.369 ;rl ti41 -0.1 7113354G -0. $50|314 --0. | 12Z+9795 -0. | 17T41)7 -10. f 141'13,1 -0.1 |O4331t

]11.0 0.004811-4S 0. FgTdSlS Z ._._1'!D_590 -0.13 |a_l_O -0. OS_t_ P'_ -0.0Z| 9_SS -0, tldI94_lDSO -'0. | 4 7+111_0 -(]1. |+llSl _6

4.0 -O.OGSG4SS -0.£14185311 :1.0fSISSI_I -O.OT$11T96 -0.0534T_15 0.D454096 -O.I_|S|II -G.1495685 -'G.t44r_t@s

s.G O.OiSO/H_lr -,O.ISIIZPflS -G.4SIg_H_9 -0.03381t1_1,1 --O.OI2ZS]'_) O.13_61)f, eO -0.|31_0734 -.0.1£6)'P54 -0._l_S'_'41T

I1.0 0.00_|_t'4 G. |l_3_lOS --0. ti;Sl 1'_43 -0.0|$40_1 --0.0G35tlt05 0.1_D4_66 -0.0_ 76@3_1 .-0.093940_! -0.04_5119_

IP.8 O.OI_TIPI -G._]l_lr -0.098£,4G;' -0.0044;'_1 -0.O00S_XS -0._ -.O.OeSJOZS -.O.D_OI4tlG -0.12slkt_lt;"

li.@ O.OOSDII_7 -0.0111431)}" 0.G873_3 -G.OG11_O_r --0.000|F33 -0.G0049_I *.0.030;'I_07 "-O.Ol_J_1_ -O.o_r4e_4

• .,_ _ .+nC"0009+" -r_._"_"+_l'_'_ -'0 +_m,_"mse --o+0o0o_8 -..0.000000e -O.O01XX]tO0 .-0.0001XXIO ,--G._ -,0.0000000

++rt +_r+ .,-_ +_ +._.-'_, 0.131:)_ I ,II;,+ ,n. 091S r,,,l O + _ .+4J+ 7_4 '-';. 00_+_.+5 G +000'_@_'_ G .++.33P.._i _.+_1.£6 + .OS619S"t

+_,.: T ++_I;74 +"_--o | Z+5+O+ -_ ++._? _++ +_ + +St -_"_+_+r_l + O++5@,_+ -G. _+++_+Z'+ +. ,_ + ;'+IS+G.,_'_ + ._;,_+ _14 O+ + .+_+9_;$96

tS.O --G. 0G041417 0.1592¥93 O.lSIH6S 0.03 _111_1_4 O.O_L_5 ]'9 -0. OLd60 _;_ O. 1 300T5,1 0.It17£$4 O.2P.Z r47_

1.4.0 0+00S0,13+$ 0.ZSlXllS311 -I .0£56561 0.075SP941 O.D33+4;P3S -0.041_III)g_ O.|ssg|l_i 0.|49_IIS O.|4G,6g_5

|_i.O "0.00101F45 -0.TgF4s|+ -|. IP4J_9+_iJ9 0 .I _,I 0'_ 0. DX'_ }',P. 0._| _;+ O. | 49P.65(] 0.2171150 O+t 41_Si S_l_

IS.| 0.03,4L_I_7| '-O./OOl'S 94 '-'0.._69P I II.8 0.1P03_IIi O. | ._D"Jl.,q|.4 0. | ID_) I,'_:S O. I | )'plOir 0.114/IS4 O.i 10453£

II.I 0 .It_kllil It9 O.GIJ,¥3939 0.0 t 3Z'_'4+ 0.|4_17S51 0. i O'Jl IXIO+ 0.0P441+I'? ' O.OI"O_M 0.063+19/' O.OSGJ_ ¥I)I

11.1 0.| $111_3 0.0_I_H_ T9 _1 O.OIMIZ5 O .O@O'rSil O.OSOS_J$ O.GIIi£T_I 0.0£493'1'£ O.O|IG|IS @.0141901

31+4



i/

/
illaml"N aN£mICAm &V/AT|_, INC. jr L06 ANGI[L£$ DIVISION

cxmc[srntAi'lE_ WelT FONC.£ a; StATICW 1 £LASTI¢ C£1III[II

cGLrfrFl CI_NT FOI

NOT&TIOIJ ,tJJOUT _ • AXIS, (K $MB frY)

6J,rElz 0.08 O.OZ O.Ot O.L'O 0.8'0 O.tD £.mO £.00 £.00

C/It = --0.01 -O.OS -O.DS) ..0.01 -0.05 -0.0t) -0.01 -O.OS -0.0_

8TATI_

1.0 O.O$| 7567 0.1_$647 o.$|98rt3 O.DtD97F9 0._5r0744 O.|D6931:I 0.005647J D.OS it|35 D.O_S53_Z3

t .1 O._St I)O0 0.1585503 D.310Z41Z 0.0094:S3! D.DS43.q46 O. lD391CAS 0.00344S5 O oOJ81_d6r 0.034513r

I.Z O.D_73St O.0996D4J5 0.Z&09903 ID .D0_._89 O.O3_ O.OS47S61 0.0030| Sd O.DI Sg3J_I Oo030S6Z6

fro1 -O.A_O01914 -12.1_08g rSO 0.0736_87 O.[_3Z3Z$ 0.018S48g 0.G4_4177 D.OGI3531 0.01£3691 f)._Z3_3 r

]l.O -O. 00057_6 -0.D44|081 --0 . O84J4J413 D.DD|L_O4G O.DOSO|ZZ 0. f)09.5 Y/_4 O.O015|44J O.IDO ;rg$ FI) O.O|S_ilO

4.0 -O.OOOfSS8 0.0035614 -0.0654050 0.00CT$71 0.000859;' -0.0016094 0.0G0641£ O.GO34aS3 0.D065$68

S.O --O.DOOZSOJ O .DOZZSOS) -0.[317FOSl -0.0000444 0._ -0.0005493 CI.f_[XX3OM) O.OOOZOZO O.O00_03s

0.@ -0.0002841 G.GO3014G -O.OlSlltml -O.OODOJ|9 -O.GOO01 r6 -0.04:X)01341 -O.O003_JlO -0.00571)86 -O.OOt831e

r.O -O.O00LI4e -O.DOOS3r_ 0.004C, d_4 4.0000rio -0.000004_ -O.O00tlS8 -O,oGo_llO --O.DO_8_edS -O.DO_80_

tl.O -O.O00Z3rZ -O.GOO81SZ D.OIS4557 -0.0000455 O._(XXX)O0 -O.O000r3r -0.4_073415 -0.0_3.168_ -0.00S4_48

lo.o -O,O0013T_ -O.OO08IgZ D.DlS)455r -D.000_415 O.DO00000 -O.00f_r37 -0.0_D_.583 -0.0033_86 -G.GGSa64d

13.0 -0.0D01_889 f).O_ZS_9 -O.OXrrO51 -0.000044_t G.OOODSM_ -0.0005493 _.O00GOr_) O.ODGL_ZO _.[_OC_G3§

i_.O -0.0Do£f)_g 0.C_3S_14 --0. D_S4OSO f).OOOZ3 _i O.O[_08S9 r -G .OG160Sd 0.00064 lZ O. 0034055 O. OOGSS_8

IS.O -0.C100]_£4_ -0.0441061 -0.D864683 0.00_940 O.O0_01/_Z O.OOg.qr64 0.0015148 O.DOr,JP3r9 D._LS[_SLD

1S.1 --0. f)J_]l _)$4 -O.f_C)89¥_D 0.0_r36887 O.O0_Z3Z8 0,0185489 0.0454177 O.O(_t_355 | 0.011_3691 O.D_l;_3J 7

t4_.l O.OOZTSSZ O. 0_)9G_)83 D.£409_05 0 .l[]_8g 0.83998.54 0.D847561 O. 00.50154 0.0150584 O.O30Sr_6

|IS.£ D.0_I80_ 0.1S85_SD3 0.$10Z41£ D.OIDJ433| 0.0S43.q46 D. lO_lJlM 0.003445tS 0.018_417 0.0345157

i_

31_5



/
_ f_ maim

1101111+

Ap_ndix !

u., _mcE OXST.ZSU_ OVa* (L*St_¢ _.Tf. OF (_.TS _ ,.0 _,.t

_ICII_T FOI

IIOT&T|ON ABOUT _ y AXl$f (K SUB IlY)

&J/(l= 0.0_ O.GZ O.Ot O.IPO I).LPO O,EO

C/ll : -0.01 -0.05 -0.01t -O.Oi "0.05 -'1). Ot

STATION

t .0 0.0£73'1155 0. I f_G32S D.$144_55 0.D09837_ 0.055+1999 0,|05t1|9

S .| 0.0P353 T6 i). l _13@1(_ O. 30S136._ 0._8ST54 D+O53ZI49 O. | 0_48_1

J .Z 0. O03EZI_ 0.1[308134 II O.£379B'i'O 0.0059476 0.0_17 !) oD840| 8Z

£.1 -0.0000 PO0 -0.00763S I 0.073749? 0.0030834 D.DISSZ33 0,0453ZF1

s.O -0 .It)OD$174 -0.0429839 -0.1)_13419Q 0.00||471 0.0050197 D.009519@

4,ID -0.0002411@ !) .ID033474_ -0,134_4S74_ 0o1_1 O.O00tlSS_i -0._|54PII

S.O -0.01X_4_ O._Ol -'0.017r_54 -O.O00041r O.O000_#l -0.000S440

e.o -8.D00_41_.4 O.oo_lor36 -0.018sz15 -0.0000651 -0._ -O.OIX)O6ZS

1.0 --0.0001440 --0.0010083 O.OO345L, t 0.1_00355 O.OOOOe4$ -O.OGOOSGO

8.0 O.DOOJl| S4 -'0.0010795 O. 0_'_ 5,4 0.000_4H111 0.00035|9 0.00041.57

_+, +,,# n +r_m+ ! ?_ -42 +0050+'_5 0 .OZOZ534 O.0OG3L_tt O.Ol_lS G .00G_157

l_i.o -O .000_45Z ID. O0_P_Sl)| --O._+ 7M_4 -0,0000417 I).DOOOg_i --0.0_44_!

14.0 -O+000ZdSt 0. O05_I T4; -0.0445 F4£ 0._! 0.0008583 -'0.0015478

15 .O -0.0005174 -0.041_39 -0 .I_B4138_10 O.DD1147| O,O05Olgr 0.0095118
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APP_!X 2

_o _?_cific rlng ex_mFies invoiv'.ng four cases of loading (one for

_'" _ _ - "_" _ ,_ P_fe_nc _ 4[ These_-<_,_p_,e ± and three for _--_xamnle 2) were , ,cc_v_d via ......

rlui[ ex_ples we_ ansiyzed using the method of this report and %he c_-

purer progl_Uns ,speelally developed for thls method. The re_sults so ob-

tz!ned are given b ....'_ with exr, lanat!ons of the steps req1!red in the

s ,_:L _,_tions.

..,,,.CJZ .,] ,_ ]_

/-. _ ) "

"_" _ arid " crDss- _ ~. '-' - _;_--'_ the stati-_,ns__,>_. ng r:_ng; sect_'3n z f Exs_,np_le _ F_gure z ......,_

se/ecLed c'--,-_ __se -_i the _ _ -_'_

h L h
ix = 1.2)/_n. , i, h.271 _n. _.e t_,ist - -"_" : = ¢-- = _e_e_cnt, vas J 0.,2Z_3_ in, .

R, the radius _asured fro_ the reference axes or_In t3 the r!ng eiast_e

...... _,:. ,_:n_ =" ,">.q -'" - _hC" ._ ._'_L[_-:C -;,-_-_,_ _ .... ¢2 _'-] _7":t "I'_,.:T,CC;&I,r;_.:.,-:,,'_

.'_>-°_ ""-_ ...... " :Y!'" :2I]5 ":>-' r-_(" _.!t,{] " :;D].f'_c-.'>_ -LibeL'J, ( .-r'k. :',:_:_ {'r_ t;::'2

• :_LsT-t.'C ;--_ a_]e : ..:p_acc:a.'nt 2r.cr: _:_c elastic "*_Yis ",:.<4.;.ccd a t-rq:ze at

• ci_ _'..'>g.(_ -: L.,:: _"_q_. Dr ;_q.-..; ,'.--_ r'/._ C:<d ,,.,o'"*.-_r_. ]z_d v_.i,._,eS" .__..- <,-..r_= ,._ a4_, r', C¢c'A

....................... ._'nge :_f %he res,Lts of ._pD2._d_x q. _"'_

OJ/gl, unf::,rtL;nate'--_a ,_as less than the lower GJ/EI ilmlt of C.O2. it was

necessary, theref?r_ -, to run the r_.r_ s_.,]ution _ising the above v&_,._es of

_x'_ J and g. ?no tie s_l,;t_'on w-es r_zn for a nit .....-'_-c...,--"--,*_-,d force and

uni _ 7.>n;ent . _ f.li3 _ ,= _ " a " . __ -- .... :,.iLls _ere t:;e;_ r?;tote! *') eg[ch /c,._td £.DO].-C_Lt!O[I

s+-,,,._, _,'_ ..-'_.. -h,_ _-',..-,,_,_._ r:._,tu u2 , ...... '_- ".': set for e_ch of "_-_, "-"

L:Lg.CIf, F.O ,.'._:id L'C" '?SLc-'?a _'.? th2 ';'./O --'r'U" ,.#,_.'St "_"_2'2 F-'.a;a1.:,3. L12C ,rv_,'.p.#5 4,55 i:;a,l

1



SORTS AH|RICAN AVtATIOI. ISC. . LOS Ai_|t_S ItVtSi!!

%3 _ota-:_. the f':_,a'_ res_!t.

_l_ _ _hle T _n page _" si:3ws t]_ _n_err, al nc,rm.,al f._,rce FZ, _+

%'_rqae T. intern__i m_ment _.,'and no_,:al defleet:?n D Z for the stations

,,]erfeted in figu_ 2. _9d, s _le _(;wm & slight difference in v&l_ for

the deflections D &t station 5 ecm_a_d vlt_ station 4. The sam differences
x

exist between stations 8 _J3d _, 15 and i_, 18 and 19. Mommm_ _ shows similar

slight inconsistencies at the same s÷.atlom_. _hese _ differences are t_e

result of "round oft error" In _he superposltlon process and do not detract

from the "basic accura_ of the results.

Normml force F Z sad torque T have imboa,_ w_lues different from o_%-

board _.l_es at each statiom due to the concentrated load or res_tion at

•these poi_s. '_he vails _ho%u_ in _"_ble _ are fo_ the outbo_r4 _ o. of

each station m_asure count_rcioekwlse from station 1.
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TABLE i

RING _HELL EXAMPLE i

!hLT'_R/LALLOADS AND D2.FLECT!ONS
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Al:_em_Tx ¸2

_:_mnie 2 tha% was _]iDwod for _ample i First the ring c ........

was a_lyzed to get the _DrJnc_el ,,_ents_, of inertia. Ix w_s 0.268,1 in. _

4
and i Z__was 0.2066] _n.. A reet_n6ular, or,_ss-stetl,on_" hav[ng_ these moments

.,e inertia s.n__s8,-term." _ -

........... _ned vz have _ :_!dth __f 1.215 thebes and a heic.ht

o_f' _._5h inches. _ne J f_r such a re,2tangle was f<_und to be_ O.L_'_ 9 _.n._.R

<_{_at_d outside the sh_-l] a_ * o* _.,_ -

GJ/_ was wi._hjn the _an4_ of _.h,a res'_ts In Appendix I;_ _ the _l__i_

3eveio_d _.-moqZ-em, a r_;_ and tie s -_*,_:u<_n'_-_ere Fun as in _<am_!e I.

"::'t f',rcc. ,:n .. LL:r_.; _'.: _:nd ',.nkt ::c:.-,e..-.z were af,_<i.'/ed _:_ a --degree mr;z.

_" 9 re_,_]tS fy:.{:_-.}]'_:so_ut::>:] were -_¢_÷od a,_d .... --"

...... _ ......... _h{. ut_rotaz_'_d resalts to obtain

z]'.'.c- restKts for %-_0 <_-_",,--_-+ -'_ _ ,.

_" _q;' _:'+,_a] Io_d arc_ _I_{..._".... '_ tn Reference _ we_ _eEemnined

_-' ....__ ,.,_...... _v, ut_ *c_-:,r Of 0._ de,tees _'as =n_,_rred in each loaded

•_,..... /%.7: ..... ,_-. ....I'][-........_ ."r_t_de.

....... a ........ _[ven in table Ft,_,_.<_n ....._,- ,_"-_-" 9 2Q and

]l
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CASE 1

A p = r k,y

L_

i .....

CASE 2_

3

Ix _" 0,2_81 in 4

I_ : o.20_B ,n 4

T " 0,410 c) _n

R_ = _. 167._. ,r_
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