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Summary

A_theoretical and.experimental.1nveétigation of a modified Nmvion
type airblane was undertaken to determine thé effect on the phugoid mode
of obtuining:;rtificial atatic stick-free stability with bobweights and/or
downsprings while-thé‘center.ofpgracity uas.iall‘;fb of thé basic air-
vlane's neutral points.

The theoretical study was very rewardine and indicated that even
though adequate static stability could be introduced with gadgetry, if the
effect of the gadgetry were to move the static stick-free neutral point
aft of the meneuvering neutral point, the phugoid mode will become rapidly
divergent although remaining oscillatory. ’Thié change in the relsative
positions of the neutral points can be accomplished only with downspring.

The experimental flizht research progran confirmed the qualitative
results of the theoretical study and even agreed surprisingly well with
the quantitative results.

An interesting sidelight of the experimental program concerned
stick-fixed stability. It was concluded, after many hours in the air with
the center of gravity aft of the stick-fixed neutral point, that the pilot
is insensitive to negative static stick-fixed, or elevator position, sta-
bility. It appears that if the pilot has satisfactcry lorce stability,
gatisfactory dynamic stability, and adequate elevator for the flight re-
quirenents, the relative positions of the stick-fixed neutral point and the
center of gravity is unimportant.

There appears to be only two minor qualifications to the accepta-

bility of gtatic and dynamic stability when artificially acquired with
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gadgetry. Tha gadgetry may introduce such static moments into the system

that it is unsatisfactory from ground-handlinb ccnsiﬁerations, or it may
increase the system inertia so that the pilot will find it»unsatlsfactory

because of high forces necessary to overcome the inertia even in lsvel

flight.
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¢ THE EFFECT OF EOBWEIGHT AND DOWNSPRING OF THE
: : LONG ITUDINAL DYNAMIC, STABILITY OF AN AIRPLANE -

A v I

INTRODUCTION
Since the beginning of World War II, the airplane designer has
had to produce airplanes of greater and greater capabilities, load
carrying capacities and versatility, so that many design limitstions
such as size, cost; complexity, runway lencths, ete., have forced on him
the necessity of making many more major compromises in his design. Re-
gardless of compromises and means necessary to achieve an end, however,
thare have always been certsin minimum rsquirements for airplane stability
and control which had to be satisfied. These requirements have been
established by the various customers of the aircraft industry, with the
assistance of the National Advisory Committee for Aeronautics, and estab-
1lish a criteria for all major measures of handling qualities, with one
notable exception. In making his compronises an? in using his imaginative
powers in %urning out & final design, the airplane manufacturer has never
had to trouble himself with one mode of the airplane's longitudinal dynamic
stability, the long period oscillatory phugoid mode. This mode of oscil-
lation in past ailrplanes has always been of such long period that it was
relatively unimportant whether it was damped or undamped, as long as any
. poscible divergence was not too rapid. Consequently scant attention has
been paid to this mode of dynamic response, and comparatively little work
has been done in studying the phugoid mode.
In rocent years, the necessary compromises in design have resulted

in many airplanes being built with their zenter of gravity too far aft,

-
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so that static and maneuygring.longitu¢inal stability of the finished
airplane has Been ﬁnsatisractcry. Designng“h;ve met this problem wiﬂh
the introduction of the ?elatively femiliar do;napring and/cr bobweight
into thg.longitudinalr9ontppl syﬁteé. These devices are satisfactofy in
improving static stability but their effect on dynamic stability was only
lightly considered, since the short period mode is generally very heavily
damped, and the phugold mode historically was of such little consequence.

Within the military services and some educational institutions,
however, there has always been a group of aerodynémicists who have felt
that the phugoid mode was not getting deserved attention yhenever control
systers were modified with mechanical devices producing artificial static
stability. Theif feelings on the subjéct have received support from
airplane pilots, particularly those flying all-weather, who greatly desire
that the transient response of an airplane to any disturbance such as a
gust be stable, and any resulting oscillations be either damped out in a
few cycles or of such long period that they are barely noticeable. As a
result, the U. S. Air Force awarded Princetron University a contract for
applied research to study the phugoid mode as it is affected by gadgetry
in the longitudinal control system,

The author of this thesis asked to be allowed to participate in
this research and was greatly flattered when he was allowed to take a
considerable part in the program. This thesis is a presentation of the
stidy, flight research, and results of that part of the program dealing
with bobweights and downsprings. Although it is complete as to this phase

of the program, this thesis is not to be conatrued in any way as a report
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on the results of‘the Air Force program which-is the peculiar responsibility
of Princeton University.

The thesia will COVer the aubject matter in the following general
gashion. First will be presented a brief diacuasion on the effects of
bobweights and downsprings on static stability in order that the reader
may more easily understand their effect on dymamic stahbility. This will
be followed by a brief report on the analytical study of these effects and
a presentation of the results. The flight research program will then be
introduced. In order that the vary inter;sting conclusions in rogard to
the_effeot of gadgetry on the phugoid mode be not obscured by the many
re}a£ively trivial but cime~consuming ancillary problems, those matters of

merely incidentallinterest will receive oniy brief mention.

THE EFFECT OF DOWNSPRINGS AND BOBWEIGHTS
ON STATIC STABILITY

Both the downspring and the bcbweight affect stick-free, or control
force, stability by introducing a moment into the longitudinal control
system which changes the stick-fras floating angle of the elevator in the
downward direction. In the case of the downspring this moment is independent
of normal accelerations, i.e., is not affected by mgneuvering. Incresasing
normal acceleration with a botweight installed, however, increases the
inertia force of the bobweight so that the hingo moment produced by the
bobweight is directly proportional to normal acceleration.

The floating angle of the elsvator resulting from aerodynamic and

mechanical effects may be expressed in coefficient form as followa:
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Ternms are defined in the Appendix, page £4. The contribution of

the free elevator to the airplane pitching moment equation is simply:

AGw =l & = =Cone %o, — Cas _/ﬂz_)
Free d {togt 'JC};:( ? (’/5 \/(}SeCQ

Neutrsl points occur wherever the change in pitching moment with
change in lift coefficient is zero. These points are found by taking the
derivative of the oitching moment equation with respect to CL' If the
static stick-free neutral point is desired this derivative must be taken
holding n = 1, or the-product CLb/zequal a constant. If the maneuvering
neutral point is desired, velocity must Be held constant and n may vary
in direct proportion to angle of attack or 1lift coefficient.

The shift in neutral point due to the free elevator 1s obtained
by taking the derivative of its contribution to the moment equatioh.r"

o
Holding C;L/z equal to a constant, then-é - .ﬁ} s, and the derivative ig:

/5
d ~
ac, (o Gy & @@ Sece A Tpp

This shows that a gadget producing a hinge moment coefficient equivalent

to liéﬁb increases the static stick-free stability margin by a factor
Seci7
A (/\/a /"" Xeq ) = @lﬁ '.7\[/— QZJ“
J Je La /5 C/)[
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If the derivative is taken holding V a constant which is the con-
dition obtaining in maneuvering flight, then -%; is not equal to i%% »
but also is a constant, and thke entire second term vanishes. This Izéicates
that a mechanical hinge moment which is not a function of normal accelera-
tion such as that introduced by a downspring, has no effect on the stick
free maneuver margin.

However, if the mechanical hinge moment is a direct function of

. normal acceleration, such as that introduced by a bobweight, then the

addition to the moment equation produceu by freeing the elevator is:

Alr, = ~Co G o, /fmf HA
7 ee & C/;! = o /7\ ?5262

Where n = 1, as in rectilinear flight where C; L’Z equals a constant,
it is plain that the bobweight has the same effect as the downspring in
increasing the static stability margin, since the equations are ldentical.
However, where V is held constant, then n is not equal to 1, but equals

J}i: » So that the resulting contribution to the moment equation, velocity

<
held constant, is:

: L A(,;, = "'(mdf __(/74__9(5 "i-éﬂ-“ (ZQVJ‘ —/;/-/—VL-'
2 Free C’?J V. Chdf 5¢fo?

Taking the derivative with respect to (, to find the effect of the

mechanical hinge moment in changing the maneuvering neutral point:

Aéﬁ_ (i G (- dh J_/ Uiy L s
= //‘ec L" t o (/;5 ' Se Ce //S C"'.d’
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From this equation 1s seen the fact that the Lobweight shifts the
m&néuvaring neutral point «ft by a factor
A A/~7/= f4nﬂ1 L Cur
Sece WA Cof
whien is exmcily equivaleni to the shiii in static neutral point produced
by the Lobweight,

In summary it has Leen shown that the downspring changes the static
neutral point Lut has no effect on the maneuvering neutral point, whereas
the Lolweight affects esach by an equivalent amount, To exp.ess this con-
conclusion in the form in which it will Le referred to in the remainder of
this thesis, the downspring increases the static margin (ﬁéﬁxtﬁ) but not
the mansuver margin (An7mQ7) whereas the Lobweight increases Loth an
equivalent amount. The downspring reduces the margin (/v ﬁné) whereas
the bobweight kesps this margin, the difference between the two neutral
points, a constant,.

It is essential that this distinction Le understood and accepted

in order that the remainder of this thesis Le fully eppreciated.

ANALYTICAL STUDY OF THE EFFECT OF DOWNSPRINGS
AND FOIWZIOHTS ON DYNAMIC STAFPILITY

The generally accepted equations of motion of an.airplane in the
longitudinal plane and with elevator free to rotate are, in operator form,

as foilowss

DriG £6: (+d)u + 4 (0 -C)x + L6 =0
<




LIFT FQ: G u + (g:_.( +d) o —d6 =0
MOMENT EQ: Cmu + (Cm, fC.,d;)x +(mdg_./',a/2)6- & (c,zjr C,@;d)a;a g

HINGE MO.EQ: -2 ut(Cy-hol)a +(C, d-hyd®+ o -4d7) 6

+ (CAJ‘#C;J-—/)‘J?)& :‘O

where all variables are incremental values, (= £%Y « and the time
parameter is X = _2:‘__
T RSV

C;o is the initial aerodynamic hinge moment from any cause, includ-
ing the aerodynamic hinge moment necessary to balance the downspring and/or
bobweight.

A, 1is the term taking into account the mass unbalance of the
elevator, including the effect of a botweight in the system.

z& is the term accounting for the effect of pitching accelerations
on the mass unbalance of the elevator.

/) 1is the inertia term for the airplane.

hz is the term accounting for the eievator's moment of inertia
oA about its own axis.

All coefficients which are stability derivatives are expressed in

a short-hand notation so that, eg. . 1is eguivalent to 26
v o8-y (. g 54 |
A1l terms are defined in detail in the appendix but for the purposes

of this discussion it is only necessary to know the origin of the terms.
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Before proceeding with the solution of these equations, it was
aasumed thét n, = (%¥;='C>; since in most airplanes the elevatcr mode of
oscillation is of such short period and so heavily damped thai® an assumption
that the elevator instantaneously assumes its trim position does not affect
other airplane motions gﬁpreciably.

Since it i3 not the purpose of this thesis to demonstrate how such
differential equations are solved in order to determine the transient
motions following a disturbance, only a brief description of the process
followed by the solution for damping and perisd of the transient oscillations
resulting from a disturbance will'e oresented. For details of this process
the reader 1s referred to Ref. 1.

The solution of the four equations for the transient motion is
assumed to be of the form (/= ( eA;r y X = 0(,@?\%' : ete.

These assumed solutions are substituted into the four differential equations
and the result‘is‘four homogeneous algebraic equations. Since they are
consistent, the determinant of the coefficients of the variables must equal

zero. This determinant is expanded and can be presented as a quartic in .

known as the characteristic equation, of the form:
“I_+_A 3 N 2
A N+ BAHCA+D =0

The roots of this quartic determine the character of the motion of
the airplane. If any roots are real numbers, the motion is aperiodic, con-
vergent if negative, divergent if positive. If there is : compler pair of
roots, there is oscillatory motion, damped if the real part is negative,

undamped if the real part is positive.

.
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After the determinant was e).c'panded. thq cogfficientﬁ of the charac-
teristic equation were found, each of which consists of many of the co-
efficients of the squations of motion grouped in an algebraic relationship.

These coefficlents were simpli.fiedrby making ap_or__opriate substitu-
tions, which willrbe defined later, and the resuit was as Ifollwéz »

A - %5 ~;;[7((md«+(’? ¢

i
[}
O

(C-Ch+ Gl + S ( N ~He5)
hl.,

m
1]
>
~
D\

G = GG =1ey) + G (o' ~Keg) = G Coy ) ]

o
i
A
o
o
2
-

{ M ,_){‘3)

where /), is the effective airplane inertia, defined as follows:
;= k- Cm s Y3
9y
¢
((/ra + (maé’) is the effective aerodynamic camping, defined as
o

follows:

/

e
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TF Q,«l (/Vm "Xc, ) is the stick-free maneuvering stability and is
definad as follows: '

-G, fA/n;'lxc,) = G, F il Ery f—’—”f@»f "%“/ ht G, )
> : 4 ny %

- QK [/%,-)(:7) i3 the stick-free static st.abilits',-and is def'ined
as follows:

g /a < _. A f -k
o (Mo ¥ey) = Cm = Len s, C;’; ( Q;G,,/

/\//n" Xc7 and Mo /-Xc? are the maneuvéring and static stick-free
stability margins, positive if stable. For a detailed discussion of these
equivalences, see Ref. 1.

The coefficients of the characteristic equation were arranged in
this fashion to facilitate study of the stick-free static and maneuvering
margins on the characteristic transient motions of the airplane. With the
equation as set up, values for /\/;'¢ )(“’ and /‘5/,’,,;'../(6‘7 were varied and solu-
tions for the equation were made for each varistion. The values of the
other comnonents of the equations, including the stability derivatives,

- wore computed from theory and wind tunnel tests, using the Navion as the

subject airplane. Approximately eighty variations were solved by M. J. H.

A /
Goldberg. so that the root loci for the equation as /\/o'—xcy and A -'Xn?
were varied could be quantitatively defined. Ths real roots, and the real
part of the complex rocts were converted to the Inverse of the time to damp

to 1/2 amplitude f —;,L' ,) and the imaginary parts of the complex roots were
¥’
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converted to period (P) vy tha following relutionships.

If a conplex root 15 as follows-

>.\',= m i‘ AN

r1 Yo £ r  Seends

m

)

and ’D"’-Z;,Z—T? second's

The root loci of the characteristic equation are plotted in Fig. 1
of the Appendix for various values of A&é-u&@/. The real roots and the
real part of the complex root are plotted on the upper family of curves,
with the inverse of time to damp to half amplitude as the argument. Negative
values of the inverse time parameter indlcate negative damping, and are
equivalent to time to double‘amplitude. Dotted lines indicate oscillatory
motion and solid lines indicate a pure, or real root, divergence. The
imaginary part of the complex roots are plotted in the lower family of curves

with period as the argument.

Discussion of Results of Theorstical Study

The most prominent fact revealed by the curves of Fig. 1 is that the
short period moée, the upper family of dotted lines, 1s independent of the
maneuver margin and of the margin ﬁ&w/-/¥éf + In any event, as far as the
Naglon 1s concerned the short period mode, even where it is aperiocdic, is
so heavily damped that it is of no particular interest.

Almost equally prominent is the fact that the phugoid mode represented

T T T
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by the lower family of dotted lines is very greatly affected by the margin

A/m"'/Va ] % ~For some values of t;his:.pargmeter 11’. is apparent that the
phhgoid mode 1s very divergent, going.to double amplitude in a very few
seconds. :

Of small interest is the factuthat for certain negative values of

ﬁ%n}-)k7 two real roots combine to become complex and produce an oscil-
latory motion, since at the same time there is a real root so rapicly
divergent that any such oscillatory motion is completely obscured.

Acc;pting the fact that the short pericd mode 1s of scent interest
while the phugoid mode is of great ianterest, a cross plot of this family
of curves was made indicating the root loci of the phugoid roots only.

This cross plot is presented on Fig. 2 and more clearly illustrates the
effect of stability margins on the phugoid. This plot was made with ﬁJnt-Xc7
and /V%7-Aé' as the arguments. Varying downspring moves the roots along

the horizontal lines of constant /Vg;-xg7 while varying bobweight moves

the roots along the vertical lines of constant f%m"Aé: Of course, lines
of constant Aé,-ﬂ%7 are diagonal, as indicated.

It is readily apparent that there are definite stability boundaries
setting off distinct regions. In one region motion is aperiodic and divergent.
In another the phugoid motion is oscillatory but damped, while in the third
the motion is oscillatory but undamped. Lines of constant time (in seconds)
to double or half amplitude, depending on whether the motion is undamped or
dampéd, are included in the unper plot.

The bottom half of the cross plot include lines of constant period.

It i3 eeen that within the regime presented the period of the phugoid varies

N S SR TR i, -
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from 12 to 50 seconds. The rectangle superscribed on the plot indicates
the region in which flight tests were made.

In order to point out a region of particular interest, and to illus-
trate the use of the plot of phugcid charagtaristics, consider a maneuver
margin, N/r,’-')(c,? of +,0Z¢. By adding dow.nspring. to the system, we e
horizontally, with ,44h3X<7 remaining unchanged. Moving from right to
left, it is seen that for a margin Aﬁhtzaélequal to +.09¢ the motion
is aperiodic and undampad. Increasing downsoring moves the airplane into
the region of damped oscillatory motion, which shows an improvement.
Increasing downspring further moves the airplane into undamped oscillatory
motion with a fairly short period which very rapidly becomes so divergent
that amplitude is doubled in less than 20 seconds. Notice that this occurs
even though both the static and maneuver margins are stable.

The effect of changing bobweight is to move the airplane along the
vertical lines of constant A4nl~/$2’ .« As long as both static and maneuver
margins are positive, it is apparent that there is no serious change in
the oscillatory mode due to varying botweight.

These curves are deserving of more extensive discussion, but they
are also susceptible to easy analysis. It is very apparent rrom this
analytical study that an indiscriminate use of downspring can have a serious
adverse effect on the phugoid mode whereas the effect of bobweight is not
so pronounced. A flight research program was undertaken to see whether the

airplane appreciated this distinction. The results of this program will be

presented forthwith.
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THE FLIGHT RESEARCH PROGRAM
Dascription of the Test Airplane

The flight researcn was conducted on a HNaviocn airplanc which was

modified as follows. The area of the horizontal tail surfaces was reduced

/8 percent by reducing the span 36 inches. The chord of the elévator
trim tabs was increased one inch, or £0 percent, by adding a flat plate
which was then vent upwards 20 degrees to provide a fixed trimming mcment
in addition to the adjustable trim.

The elevator control system was modified as indicated in the sketch
in Fig. J of the Appendix. Thils system permitted unrestricted adjustment
of bobweights and downsprings while airborne. Throughout the range of stick
positions, the moment produced by the device was essentially constant.

For the static stability tests, elevator position and stick force
was measured with autosyn and strain gages so that deflections of .l degree
and forces of 1 pound could be measured. An accelerometer comstructed with
spring and mass and enclosed in a freely suspended glass-.tube, accurate to
.01 g, was used in the mansuvering tests.

For the dynamic stabiiity tests, where only the phugoid response
was required, a photo panel was used which contained, among other things, an
airspeed indicator with the pickup from a boom on the starboard wing tip.

Fixed ballast of 80 pounds was anchored in the tall and movable
ballast of 150 pounds was carried within the cabin so that the center of
gravity could be varied from .32c to .40c while airborne. This required

operating the airplane 8% over design maximum gross weight.
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Static Stability Phase

For the sake of shtundardization, hobusighta and Aownaprings were
varled in increments of 8 pounds equivalent stick force per 2acrement of
either mechanical device. Innumerable static and mansuvering tests vera
performed to determine the neutral points with varioua combinations of
ﬁownspring and bobweight. Enough data was taken to support a comprehensive
report on static stability. Due to extreme elevator deflections, tab
deflactlions, and center of gravity positions, various nonlinearities were
encountered. However, since the purpose of these tests, and the need for
them, was merely to locate neutral points, any discussion of the static
data would be superfluous to the topic of this thesis. Suffice it to say
that standard pilot technique was employed, the neutral points wers determined
carefully and with reasonable accuracy, downspring was found to have no.effect
on maneuvering stability whatever, and that static astability is in fact as

indicated by the summary in Fig. 4 of the Appendix.

Dynamic Stability Phase, Genersl

Thae dynamic test program was designed tc determine tﬂé phugoid
responses at a constant static stability margin as bobweights and downsprings
were varied. In order that as many combinations of dewnsprings and bobweighis
as possible could be used without introducing too much static stability, it
was necessary to test the airplane at center of gravity positions welil aft of
the neutral point.

No phugoid responses were taken with the center of gravity aft of .363c,

due to a eritical shortsge of down elevator deflection. Full down elevator
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was required at 90 mph with the c.g. at «39¢c. It was not felt that the

added Information to be obtained at center of gravity positions aft of .3€3c¢
Justified the very real possibility of lesing the airplane dus to inability
to recover from the nose-up swing of an oscillatory or divergent response.

As the flighte progressed, it soon’ became apparent that oscillations obtained
at 36% chord could be as extreme as the Navion could safely withstand.

A trim speed of 110 mph was used in taking all of the phugoid
responses. Very great attention was devoted to getiting trim as closely as
possible. Although control friction was reduced to 1 pound, trimming to
exactly 110 mph when the force gradients were very low was difficult but the
r2sults show that any discrepancy was minor.

Responses were recorded by carefully trimming the airplane at 110
mph, then applying the necessary force to cause absolutely rectilinear flight
5 mph either above or below trim speed, and then releasing the stick. The
resulting motion was determined Ly a plot of airsmeed versus time taken from

the photo panel.

Dynamic Stability Phase, Presentation of Resgults

Upwards of 30 different resnonses were racorded duxing thls phase
of the flight research program. Most of ihem are included in this report.
It was uscessary to discard some which indicated a gust input during the
transient response, or unsatisfactory initial conditions. For the sake of
emphasizing certain important conclusions, and pictorializing thé;literal
statements, various groups of these responses are presented separately for

the feollowing purposes.

:
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In order to illustrate the fact that phugold response can be unsat-
isfactory even though static stick-free stability is positive, and to show
that ths response at a given center ofmgravity with the Qamé static margin
worsens rapidly as downspring is employed in lieu of bebweight in order to
obtain the static margin, responses are plotted in Fig..S , page 30 of the
Apnendix all of which were taken at a static margin AL '_X“i = . 069,
and center of gravity at  392.. The tendency of the phugoid to become
undamped and diverge rapldly with increase in the proportion of downspring
in the system is quite obvious.

In order to illustrate the fact that if the static margin be kept
constant and the margin New“ NMo” be kept constant the phugold response
will remain unchanged even though the center of gravity is varied, responses
meeting these conditions are presented in Fig. & , page 3/ of the Appendix.
These conditions can be met only by correcting center of gravity shift with
bobweight.

In order to illustrate the fact that there 1s a great change in the
phugoid response as the center of gravity is varied from «.32¢ to .36c with-
out correcting with bobweights or other devices, responses are presented in
Fiz. 7 , page 32 of the Appendix and require no further comment.

The genersl mass of the responses, including those already presented,
is presented on page 35 et subs. On the page preceding is tabulated the
margins and c.g. positions obtaining for each response. All responses are
grouped in major subdivisions of approximately equal static margin,
with the margin Noww'=M" in descending order within the subdivisions.

An interesting fact, consistent with simple dynanmics, is illustrated in this
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type of presentation. As long as the static margin, which is analogous
to the spring in a spring-mass-démper ;&stem, is positlive, mctions are
oscillatory. As long as Nm - /VQI » which is analogous to the damping iér
the simple dynamic system, 1is positive, the oscillatory motion is damped,
or very nearly so. If ﬁﬁw’-Aélhbecomes negative, indicating negative
damping, the oscillatory motion aiways increasss in amplitude. Recall that
the difference between Aﬁnland /VQ‘ in a simple aerodynamic airframe is
due to aerodynamic damping. Therefore it is safe to conclude that even
though the static stability is positive, if the static force neutral point
is aft of the maneuvering neutral point, the phugoid will be undamped.
These points just discussed and illustrated definitely confirm at
least the trend disclosed by the theoretical study. In particular, the
flight research confirms the analytical conclusion thst the downspring will
have a serious adverse effect on the phugoid mode whenever it moves the
static stick-free nseutral point. A quantitative comparison of the experi-

mental and theoretical results will be made later in this paper.

Pilot Observations

In the long period or ohugold oscillations there was a very large
time lag in airplane responge between attitude and airspeed, with attitude
leading Qirspeed by a rather extreme amount in some cases. For exampnle it
often occurred that the airplane was pitching quite rapidly, on the order
of 12 degrees per second, and had obtalned an extremely high nose attitude
while the airspeed, although falling rapidly, was of the order of 140 mph.

Naturally s recovery was necessary, and this often had to be accomplished

SR Jﬁﬂwm‘gmm TN A
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before the airspeed had fallen considerably from its maximum value. Con-
sequently the velocity traces are not truly indicative of the severity of
the oscillations. Another example of an extreme condition which“occurred
several times during the tests, and indicative of the lag between attitude
and velocity, occurred at the high speed peaks of the oscillations. The
airplane would be pitching downward at a great rate, at least 12 degrees
per second since it would go from a conservatively estimated nose-up attitude
of 30 degrees to a nose down attitude of 50 degrees in 7 seconds. It would
reach its maximum nose-down attitude and rapidly reverse its direction of
pitch while the airspeed was still building up. Consequently before the
airspeed ever reached its maximum value, the accelerations at the bottom of
the dive would build up so rapidly that a recovery was necessary befors the
airspeed ever reversed to show another peak in the oscillation on the air-
spead plot of the maneuver. For these reasons the airspeed tfaces of the
oscillations in many cases were cut short nearly a half cycle earlier than
a trace of airplane attitude v;;sus time would show a cut~off. In other

words, were the phugold response to be recorded by an attitude versus time

plot, these very divergent curves would show an extra half cycie.

COMPARISON OF REBSULTS FRGM FLIGHT TESTS
AND THEORETICAL INVEST IGAT IONS

Since the Navion was used in both the theoretical and experimental
phasas of the investigation, there appears to be a good opportunity to compare
results from each type of investigation and possibly to confirm quantitativsly

the theoretical results. It would seem rash, at first blush, to hope for

T O R RN




-20-

any close quantitative comparison, since the theoretical study required
the use of enginesring estimates of stability derivatives in many cases,
and the solution éf the equations of motion required certain spproximations
in order to linearize them. 1In particuiar, ihe theoret ical study was nec-
essarily limited by linear approximations to small perturbaticns, whereas"“.
the actual motions, while very nerturbing, were not at all amall. In deteil
pover effects undoubtédly varied considerably during the oscillations since
the Navion does not have a constant .peed propeller, but the theoretical
study could not take this vsry nonlinear variation into account.

However, since a quantitative comparison is inevitable, tha author
presents on page 4S5 of the Appendix the plot of phugoid characteristics
with constant damping lines, and with various flight test results susceptible
to reasonably accurate measurement plotte? where they fall. Suitable cap-
tions identifying the points are presented beneath the curves. On page 46,
the plot of phugold characteristics with constant period lines is presented
with a similar treatment of actual flight test results. Allthings being

considered, the comparisons aré very good and far better thar expected.

PILOT'S QUALITATIVE OPINION ON HANDLING QUALITIES AS
INFLUENCED BY DOWNSPRINGS AND BOBWEIGHTS

This topic normally would be of extreme interest to an aircraft
designer with the pilot's interest at heart, if there are any, but unfor-
tunately all of these opinlions zre not strictly applicable to the general
airplane g3 the quantitative trends disclosed in this investigation appear

to be.

b R R S
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Accept the fact that a bobweight will provide stable force gradients
;n an unstable airplane. Furthermore, this study showed the bobweight to
bhe mqst»ineffectual in causing an unsatisfactory phugoid. In spite of
these cbvious advantuges,; the nilot may well object to having very much
bobweiéht in the elsvator control system. The elevator generally has a
fairly low moment of inertia. When masses of lead on a moment arm are
introduced into the aystem, the elevator moment of inertia may increase
copsider&bly. In the caae of the Navion, the elevator moment of ineriia
increased 32 times while moving the neutral points 5.1 percent chord with
hobweirht., This tremendous increase was due to the very small moment of
inertie of ‘his small airplane, and a larger airplane would not show such
an increase percentage-wise while getting the same effect on stability.
Yot it is true ﬁhat a large increase in inertia in the system wil) be very
objectionable to the pilot, both on the ground and in rough air, and it
nay well be that the amount of bobweight which may be introduced into the
system will be limited by adverse pilot opinions.

Although a downspring will have a bad effect on the phuzoid, as far
as moving the elevator and controlling the airplane is concerned, it has
no discernible effect. ZIExcept for improving the static force gradient, the
pilot would not even know a downspring was in the system, except while
taxiing. However, when the airplane's phugoid mode, although oscillatery,
is rapidly divergent, it is extremely difficult to trim the airplane. And
of course, even if a trim were obtained, the first gust that hit the air-
plane would send it off trim speed never to return excent to pass through

on its way to other extreme speeds and attitudes. In other words, if the
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ddwnspring were responsible for producing an undamped phugoid, the pilot
would have to fly the plane at all tines, keeping a positive contrcl of
the airspeed. |

Many hours of flying time was spent with the center of gfavity af't
of the static stick-fixed neutral peint. The unstabls ‘slope of the alevator
position versus 1ift coefficient curve was completely unnoticeable, with the
excsption that in extreme cases a shortage of down elevator as speed is
dscreased 1s very noticeable and can be embarrassing. With this exception,
vhich can not apply to most aircraft, and which can easily be corrected by
adjusting stabilizer incidence angle, the author can see no objection to
unstable stick-fixed stability as a routine situation.

Pilots' opinion at best is not susceptible to quantitative definition.

These opinions are offered as a qualitative guide to possible objections to

- extreme amounts of gadgetry in the aystem This author, as a pilot, has flown

many military airplanes equipped with the bobweight none of which had quite
as pronounced an effect on the elevator system as did the devices in the
Navion. Consequently it 1s not felt that the adverse comments on handling
qualities as influenced by the bobweight is necessarily applicable to a
larger airplane. The downspring is a different story. No pilot will like

any airplane which he can not trim longitudinally.

CONCLUSIONS

Static and maneuvering stability may be improved considerably with
the use of bobweights and downsprings. Even though an airplane is basically

very ungtabls, judicious use of these devices will provide stable force

o oo
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gradients. No attention need be paid to pfoviding stable stick-fixed
stability, orovidings adequate elevator power and range of deflections is
provided.

Correcting an unsatisfactory static force stability with bobweight
can only have a favorable effect on the vhugoid mode. Correcting the
force stability with downspring in some conditions yill chanze the mode
from a pure divergence to a damped oscillatory motion, but in all conditions
it is possible to produce very divergent oscillations by an indiscreet use
of downsprings.

The results of the study clearly indicate that an indifference to
the phugoid mode is unjustified where gadgetry is used in the elevator
control system, and prove a need for a rational specification as to minimum

requirements in regard to this mode.

RECOMMENDAT ICHS

3ince this investigation has been limited to & study of the airplane
in the cruising configuration, it is recommended that there be some further

study of the phugoid response of an airplane in a wider range of conditions.
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l. Perkins, C. D, and Hage, R,, "Airplane Performance Stability and Control"
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DESCRIPTION OF STHEOLS
C;, Elsvetor hinge mowent coefficient
o Pitching moment coefficient
(" 7 CD Lift and Drag coefficients

All stability derivatives are expressed in shorthand notation., Fer

exaxples 2 )
Cory = 3a ané Gy =
L] ae m
g The differential operator, using Z€ as the tims wvarialle
rather than 7 E; d9=g§_ ’—‘ét
5, 3 cg Elevator deflection a(%)

5¢ Elevator area

Ce Zlevetor chord

Te Elevator Effectivencss

A Angle of attack, s for stabiliser, w for wing
A Angle of incidence, s for staliliser, w for wing
E Downwash angle
=

Pitch angle
td A{}L , incremental change from trim speed
n NMumber of normal acceleratione, in g.

C Mean Aero. Chord of wing

Xe Location of center of gravity with respect to ¢ ( from
1 1sacing edge)

No  Static stick-free neutral point with respect to c,

/Y Maneuvering stick-free neutral point with respect to c.
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Description of Symbols, Cont'd

A & 2 /E,uz
me’

oz 2Me Xf
C
7 ke

-—

e
Mt

=
)

;
;
i
H
i

r\.
I

. T 2 e Xe [c
‘-“/L(' 12'“1




£%-

i

‘L it
Az g
§ SR mEo

¥ .

b dy

=




Kéaq

) e

SN S

- . . ; ‘ . N”Jlln.ﬁlﬂ}“ A P«iﬂﬂ“ﬂgﬂ“” mﬁﬂﬂn f-.. d%ﬂ _ﬂ;.
ol STV AN L L e sy s el Raus ﬁw_f.eﬁ_:”

b b b N LR kes || gongenby dsLIsIM) A4 40 y0p g0y ||
G RS _./_w.mﬁﬁ%a i i i 2 s e N o OO

]

—-u-———"l-‘r—-—-—“"""
_523ls — poray |

s ‘f':‘f""f‘ i

i
‘gjg—j i
T T

!

o "“T’
; 1
|
|

|
N TR ot ._ toaafm—ry
. ' : : |-

U o T P Eo e ot e e g e o et
b ! :

| :
LR 23 £ v Ll R = iw =% &

SUPGIERS KOV KOS NS PR FESN S ﬂ_ﬁn....m....u e e e e e SR I o
| i
_
L

e e s

e T

. : s
Papsbiat s YA T Toes g
3 pi1ks 1 W 134104 A TEREE

e

S L

o
Hrms



gd
7

2

M—.—
J

ot P

%

= W biik

CER FEI ¥ Mt FELIFE]

¥
(NI ESEL R St ] RN m...n My Fi B

» Al

LIRRE L1
2 1

Fig 2

B YT

il SR

.



prooa \CAHu0) m :
.Ln...ﬂu+ CeEP—*ﬂ».‘_ IH!L

i
qwppyshr joaguod _dc.ﬁap..r..o”
2y} O3Ui PRINPOAY 2I2M bund sumop puo

aybiamacy Yduen Yy Lusiuoyoouw  buenous
i A._.\QGEP. Ldoiamy  'jwer :u;

11d¥00D 40 HOL3NS




1

!
+
= "

L]
[

of

¥
i
|

[

1 S

= e Yty
7 o

bR,

i

Z.

i

T

4

i
f |

[]

- ' H g
Tra

|

2. ST,

! ;

REPI S, R

|

|
v

-y T
L —

37 o &

43

Fes.

v et
e

e

T

-

A e _.|.r.L..~

ﬂ'..

srzcxrm,c.«

TATC

ST A E

N g teigans

¥

e >“-"
Vo aadry |

2d iy Fllghe

21

a"ﬁe!J

7 T
w B

N

| SYMMARY|OF.

d.2n grrog ef _J.ﬂ.r

#

ol
_{ el Ly

oot i =01
i
|

|
5
|
L
|
|

- T
i

S s ey ot

i
o

i_ S e

Aigars b i g
w‘.::.:w.uw

i, sy
[IRE RTINS |




3|

i
-1
i

taiﬁf\ﬁ i Rl TR Pl

b3 BW

"2

/

e

L

i
!

=L078c

164 D&

4
E

kU R R

£y

1 t

Test Fesu,

s MO P sir i e B B LGS
o s A o W2 e !
f Res P H i :

t
+

Stabifity . sitdal
- of gravidy af

1D FEE

30

4GSO

o
r o

+

: .fﬁee
G e

=

Y
£

¢ - Sercw-
RS

¥ 3 " oAl fdvm
‘PeITaRIT S IR YW By eyl M 3 X 0L
OD A3 T VidAN3W wil-er




KTUKFEL & ESBER CO.

nee need

10 (- the de inch, 6th lincs

Fae N

=

endy -;__ﬂL__ T

cdei 'g»'-.-__StJ.trq n,no"Manq

1

Uveri
| n a.//b éhy
% i c’.w,é'—fféﬁ"?ﬁ'é'ra.‘{fy Va

md #'mm N = fﬁ;

' L

T PHUB0ID. RESPONSES. | i1+
Fi/zghtf ‘[es¢ Resi

_‘Lﬂﬁ_w 3 1 |

/lfy qpp*ax:ma,ﬁé(::/“ '.

ests -

i
s
A
f

T
" .

BW.
'sCTER

Dow

” eyu‘r m/en

!" iy bl P

5 i S § - Fithe f&#c} 5 PR e il T P e e
5 ST O RS s N NG £ S £ S
on Bttt il D S PR B e e e R e
| 5 ; % '. B R TRESE EERRE A CEE T eSS SENR Saln
I IR :‘ ? S ESY S KSR (S OO
~ ' B Jorl s and. $2ring \(BWahd BS)-
3 id,c
s
5 |

i
B e




|

]
+

3.

o - RN Sl

1
t
'.
1081 oG A e <

/ S G~

. PP (R N
- e I S s B

e
L2 SIS R T

L
. Tpesuoam Beutf Y19 "yout
"0 M8 W 1N

Ty



- DRRPIEL 0%« SPTITVN 11 kT Y
e R S ARy AR L BRI ¢ T R P B

33

FABULATION
for the
Teersral Fresentalion of /f///»t Test /Nesults
-‘,r’,f{/ny PF
Lact Respornise numbered according to this
BWw & NS columins /st

toble.
amount of botuweight 9nd

"J('.sa/n:prmy /"0 pownas af c?cfwro/m;t sSéie X Force

_{Yf _‘lN" “Keg Nh:‘&g 5’7."4/0’1{ x‘ﬂ (?b\z (/ bs‘) ‘Cscc)/‘e J(,m.)
G“/?O(//j A Mo~ xcq = O B -
r——»/—w-- 067 - 78| en | 392 24 | 8 o | 27
L& _|.Cée | o7zt 13201 16 | 8 | 48 | 30
3 |.ee? | ws |-cie §.34z 16 | /6 1-37 | 26
9 | osz|.09 |06 | 320| 8 | /6 |-20 | 22
5| 067 |.024)-0q3) 392 8 | 29 |-10 | 21
6 |.o6z| 019 |~o43| 320 © |24 |-7 |22
GROUP p Mo xeg = .09/ ¢
7 |.ot0| o075 038|. 342 | 24 | 0 | o | 40 |
8 |.o35|. 073|038 320 16 | O |40 |38 |
o |.ow9 | o6t o |.360 ]z | 8 |« | 38
/0 | 090 | 057 ) O | 392116 | 8 co | 32
s |o35 096 |0l |.32¢) 8 | 8 | o= |34
/2 | .099 | 033 |-0/6 | .360 | /6 |r6 |=37 {26
/3 | 090 | .0R9 |-016 |.392 | 8 /16 | =16 | 25
e |oasl o9 loc | 30 0 |16 |5 | 25
15 |.099| .006|-0495 | 3601 8 |29 |-t0 | 23

e S R T S
Vet G RERAE  al



e ﬁfﬁf&ﬁ"?{i‘:ﬁ: A

ik

3t

JABULAT ICHN (ionta)

/\V’O:XLS[ A/m‘.'x‘f) /r.n"/ 2 i

Xr9

22YY
(/L)

£049)

L

CaoCrR L

/i/u "X(’g A

i %e

.t

| /6 |.022|.060| p38| .360] 24 - | 65
[/ | .C/3 | .05y | .C38]| .342| /6 | ©O £20 | 48
/8 |.CC8| . 046 |.038| 201 8 | ¢ | 95| 5/

e

sl

2¢

o5

2/

43

22

32

R3

7

P13 (% (¢

27 |-.0d | -o03|. 01/ |.3%2 ] O | 8 | -3
GCROL P E No'~ Xeqg % = C45¢

\ {

28 | =49/ | =003] .038 | .24 @) o -3 S

~CI2| FOCE | L O3F

¢

~059\-.02/ |.036 | .3

?

e TR e L o) s ST B e R Ry
B e R T R N R R O I A e AR B .

itz

it

o G T O et e awirh
O SRsea . TR M



sty preunted

B C AR i,ow@d?m Aff‘rﬁawz%&r ol

- _.i“._;k;;i-mﬁgzke):?a/_., £res e&tg.fzan_. of | /]rglzui Esﬁ A?e,iy_/__’ng,:LJT. ,__L“N

| C s I ,!,.__. I Tl T S R

ol 3 '_L,GRQU/?.;A[..‘_J._{ 5 | P IR O I ‘

}d//té‘és h ?.U)I.s rodp.,. Z‘JJz d:t,d/aé} ums?. rl?y_é d ol A
z‘a/g F/)c b.ame 3.5&‘0,1‘4 5(«:4 ﬁee_ : i

BECR
t | ;
_-E.,__ J/(mﬂﬁ} «...._T

E _: EI0E T E el sl [ :
BRI 0R ML | _Senttc fetke Stdh
M | _apAlyng | fa z’;‘”ﬂg’ oL
= ! | T R [ O D R

T Ta u:T 3 R R
1 : h T -‘—'"—.-'

1242,

V‘v—'

e o —+—-¥5

KEUPFEL & FSSER CO

1y ineh. Fth |

EUTERE RS

<he-

3[R T

i

| ‘ ity wilf /VM'X

oo (555, 144

BwW

_ mP_ .r.,f__ % ...' i
e s ‘ '
Ve l.&s‘ s

e

1 e T
; il

o b

e

%x)ioe ( Sec)

o



36

 Fhusco.

|
I

i
.

SNPMES SV TR

AR e e e
¢ = (0R7¢.

.]I'.,
i

7 i,é’,lﬁ

(iuf;*
'ags;;*_

- b

F
el

}

’
-
E.

0 g o '
b e e e et et
1

=, d?}?{

SPONSES

| P

s

TR T L

b

I
I

Yeg. = B2 !

]
t
1
i

i h"?i.'_',”' v

4

' Il !
O SN RIS e

o i

%l

R

e

- Nm" Xkg *. G@?‘:

WA

. |B/ss| BW
- Kdibs, OF

4

PP

i
A

T N

Ghoup A (cdndid)

. et -* “L'- T I. ;

_
_ :
*

.:-l

2
Wi Ty

-
T e Y
'

Wi e e

i
B J,f":'_';
I e E e
Xy
A

; ! i
al ok s e :
. __ i fam

M.._ : s S ;.-_”

S ! [ ula

| R T

......zm. T e : T (RIS

-~ 1

|l|”ll
m

; _ 5 W B ﬂ - Y
| i i _ ! B
o s iseaur i .| ® 2 B |- .
S | 5 N
.“. |n - I“-. - .|||| -
A i ;

fime | (sec)

Ao i

e e

M g o ikl S0

i
v
|

S L O GO I ST

i

i e

i
H

IO O Cid o R O v 8

b L el BRE e et

S S T ———

L AL
ittt BT g fgout B e 03 gl .
I AGSE

D HABET W 1T AANDN



S
LI Adedns s T 1T

=

ae aalur b
..... L e e R

heht Test | Risulds.

355 ;' : :'_._’_'i..:.. __I-_4_,___._ ____ ___‘_._
Ed ML N _l"""{’” e 8 0 B
Cdba il Lo o ‘sa}ﬁm/'q,cd ct‘q.b/zfyicun/éf;i S R e

I ) L L apply) L/ In .'\‘.‘a Zbis 9koup e

......

KEUFFEL & EBNER CO

bt e the

Yy inch, Bth hines eeentl
wory N q




-]

LRt

; \ 1

4 (2= 7

|
5 a4
e 04

-

MY 2

S 7Y 1> A RN Rl crst] B

b

¥,

- Bit.?)

i
SIS .-
1

Wi Mo

i

e T TBW [T

|
fr=

kg 360, A 4

TR

RO T

e

e et —EUE R S
P R

AN R PR )
[etidaad #out Q18 Hou] B oy ol 9L A
‘0D HASI ¢ 1IN PN 329

[

e

32Q...¢
Xcy :&;qw

W T




.....

b,

*_ n n: m v :m_
Cprtan B R SR 0500 g
e - W i i
! 5 . iy s il oo
R e T T A

.....

|oo

.

T
] .
!

F
e

!
t
i
|
i

- OBE
-g-’%}

4

|
| B
L
i

! : %
T
i
il
|

I
]

ol 4% Mry

|
L. _....1; A

sl
FOVILE

e
|

il
roie

of
' .l C’
s.ip 1hi3 g

| RN
SO S E) S

5

-

s
bel}

o

z
T

3
.

>

By

f 4
.0

3

14

»16’?5{:}3»&:' O Ibs|.

P e Gl
e SRS SN P
! oi

i
[
x

-

T

=083 (5

q., M
Bw, |81bs DS .

‘shol |

-4
-y
Dt
!

M
5 |

t

Yeyr .

e
| I
!
|
|
i

& ths

s

{ .
b A_u By H St . .
et e cond _. % Na P ]
B AR i1 Y TEAT U TRt :
T.».\ EEN 0 G P e Ty = LEEIn S e BT CE R B #1 ]
1 o ! 1 =t i i ST i ' w : i 3 o
. 4 v ] . b i . b 0
TR S | i : o : f B
e bt 8 A0S o | =
1 i T i :

e |
- o
i T
' o
el (R
-
: !

A VT g

. bk -3 s : w _ rmt Il 2

! 1% WAl LS & ! i i i e !
! i e e R i e R R P ! :

e AT T R O B - S R m T T F Y&
i T +L .-.M.--.m.r uﬂ - j 3 L0 . L.-M_.m o A r+..¢ M_T -._..F_J.i!_ b
w ¢ Pl b WHR A | S .. i
) S5 R D N PR D e g e [ el o

AR

voLr N Ane
Pealzaaw ¥ QI¢ Yot B 03 0y A

QD B3ISST W 1I4I0IM

v

LY

[




OMSES

5P
|
|

N
i

5!‘4_
s}

o B

2.
]

-+
-

[ o]
()

- P

i

i

|
A

oL Kt 2TER

v
periacen B3N UG 'Y

DUl $4 A1 9l 1 A ot

00 HISED ¥ NNAANBN D11-6SE

e e



!

GOID
ntat

.rzﬁge.:_

I

3 1 i
T
b e R R
i Bl
LTI SR 1

i ..

. d -
_

3

| Zes ;

¢
!
i r.A-v

g £

T

¢
!

T

e N .

B e

]
{
+

|
1
!

.iuzfm./'_/;‘?:

e

d

|
S

o

e

/

i
-
. ] . . i
. <ip ¥ '
B R s _._,_J__.__. e

!
T TG G 2 N

e
i

t
1

ST NS
I 1 &0 i

—Fdr

 SElck- -fzeei.

RESPANSE
of - Fleht

'%
‘a"l

i

N

s

VA
A

SR
N
=
nesal
Lol s2)
gl tak

|

PS5

of Bta

l
i3

<
PO

L

R = o iy
il H

i

fafros

R G N

3

1
BRCY,
bee Lo
e
o
]

i
¢y
by
b

Beq
oW P

L& ;;llﬁ_..;}._.

|
| LN

o N,
N L. LN - .

feibos e g oo
' i
i
t
1

I
PR
4

| { i
e el L)

r

P

AL
-

T fime
A T

i
e
|

T 2b

1

‘? 1
‘t@r‘ a¥. Ci*?!ayr'

1

!

'

i
ol

{
"
!
o
1

e g ————— o e
) '
%
[ B i
B VR N L
H '
) ' .

i Ke

me \!gum

s
P TRE MR EITIRY TN T KU ERL IR PRI
COTY HIRTA W TH 404N P

¥

£ R



4

o _:_ﬂfe

i)

. e 1:4!{4%7@3:

Hk

|

|
1

|

%
1
-+

t

I

i

i —TF— S R e e

2aly). |

s
7 7

t
f
maental _gnd

&_émf__.r
e  relobire
R St 2

|

i 13 i
S ol £ SN FAN 1
» ! ! i P "
R
o]
l"
il

I' - {‘L.I_._'_ s
|

F Experm
|
|

... Darypirig.
I B

P B
!

o

. an

|
A
|

W
| H -

v . N RLYA
gl BIUL Qg TYup B ol el e
§ Nn.

OD BIBET © NALININ

IR



V2 4
L&A
pt

E iy P

L l.“..w.n u_!
i ‘m
L
3 g FMM :

feol

1
v
-
i

Crdn puroter |

_i:omf &rée

b
-
9

=" 5 v gl

1
i

0/‘5{/1
2k

i AR

!
')

9 & |

£,

bouss.

- fesi

fafron. |

i

~7ab

o —s

ﬂda'l amc(‘Z}Ht
&y
!

e

A
" See

|
!

SaPE

=
|

'
——

e e
£ & xpervrg

Ll

il
T

tesl ﬁ.ru/z‘.t i

1
|
i.

2,

o #rve

5

Lron lo

|

A S L e I
AV BT o8 |

P

Qe

!
'

| |
il
.an%? y
L
!

-

|
|
|

! S e
)
|

| T

i
T ey |

{73

B
TN et

i S

¥ 2 KPIgaM
Pevn erou woty) 3G NI &L es el -

0D ¥iEST W TF4A TR

L ase




R s I

nform

£ s it o S atin ‘
| Rimed Services Technical Information Ageney

Because of our limited supply, you 'are requested to return this copy WHEN IT HAS 7
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NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
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@ 1 IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
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