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DYHAMIC STABILITY AND CONTROL CHARACTERISTICS 0F PARAWINGS

By-Joseph L. Johnson, Jr. and James L. Hassell, Jr.

- . INTRODUCT ION

Recently;_the Langley Research (enter has conducted‘several
investigetions to determine the dynamic stability and control cﬁaracter-
istips of models cmploying the parawing concept. These invest@gitions

_have ccnsis ted of free-flight model tests conducted in the Langley_full-
scale tunnel and outdoor§ uging the drop-mode! technique with-uqchtrolled
and ral‘iic- o ..~'ted models. |

The mecels us;d in the dynémiu ;tébility ctudies have varied from
smell-scale, simple research configurations to large-scale, irnflatatle
configurations similar to those currently being considered for recovery
system applicacions. Control for most of the model flight tests was
obtained from thz center-of=-gravity-shift con£r01 system Sut a Tew tests

T weie wade in which cther method: of contr6| we, e evaluated. This paper
Vpreseats a brief s.omary of the dynamic stability ind control information

cbtained in these tects and includes the results of related analytical

>tudi2s and Force test nvestigations.

LONG:TUDINAL STARILITY CHARACTERISTICS
Some static longitudinal stability information obtained in recent {orce
n | test investigations of parawings are presented in figures 1 to 3. Basic
\ pitch}ng moment data for a parawing ﬁonfiguration havine a low center of
"gravity pdsit’un is presented in *igure | for an anglz-of-attack :range of

vhe keel from -10° tc 50°. These data shuw -taric -iongitudinal stability
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over most of the positive angle-cf-attack range with an ircrease in
static'stabjlity above che sta2li. For some parawings, longitudinal
instability or nitch-ug has c.curred near the stall. in the low positive

angle-of -attack range. parawi.y configurations have heen foqnd to have

very low static stzbility and instability at iow negative angles of attack -

This stat}c instabitity, cither 5? «ow or high angles of attac:: can lead
to dynamic stability proiblems. (ne problem of this type is o tendency
toward an end over end tumbling un&idn which may occur under : xee conditions
of flight. Some static force test information related to the tumbling
problem is presented iq-figure 2.

The data of figure 2 s.ow static pitzhing moment characteristics cve;-
a 360 ang'e-of-attack raége for a-parcwing configuration with low ceiter

of gravity together with simila: date for & conventional de'ta wing
configurotion with the center of gravity iq the plane of the wing. Notice
the near 0° and. of course, 360° angle of ittack (whict aisc corresponds

to 0°)4both configurations have 4 stable triﬁ point. Ir the case of the
convenfiona! wing, a di#turbance,which pitches the wing away from its trim
point is opposed by large restoring moments which are svmmetrical at
positive or negative angles of attack. In the case of the parawing, however.
there is @ region of static longitudinal instahility at low negative argles
of attack end iarge differences in the mégnitude of the positive and
nagativz pitching mowents over the angle-of-attack range. The Stefic
instasility at low negative angles of artack is relatad to the teversal in
the fabric as the wing pitches through zern angle of sttack. i« large

asymmztry in the positive and negative pitci.ing moments is reiated tc the
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low center-of;gravity offset. A parawing configuration which pitches
ddwnuard through its trim point to i.w negatiwe angles of atiack wili
encounter the region of>sFatic lohgifudins! instability and will thgrefore
tend to»;iich dpunward to even higher negztive angles of attack. |f the
pi:ching motiaon is great enough to avercome the restoring moment;‘in ;he
first half of the cycle,-then_the pitching mctidq wiii can;inue with
energy being fed iﬁto the system as the configuration seeks its staole
E:im'pofnt near 0° aﬁgle of attxck. This energy acts as a ariving force
which tends 10 pitch the configuration tiwrough its stable trim pcint and
irte the region of static instability. From these iesults “t can be geen
hew 3 steady. nose-down tumbling miotion could be establisﬁéd for a coffig-
uration of this type. 1t should ge pointed out, however, thét.predictuons
of a tumb!ina motion cannot be mare based>on static data alone. There are
other faétors, such a; dqmpi?g in pitch and mass and inertia characteristics
whil. must ve considered-in determining stable and unstable boundaries in

a dyﬁamiexétabilj;y problem of this type. .t should also be pointed out
that the data presenfed in figure 2 apply tc configurations having rig}d
connections between Lhe center of graviﬁy or ovaylcad and the parawfng end
tbérefore are not dirertly applicable to recovery systems where flexible
cisers are inuolved unless the risers are ir tension.

Presented in figure 3 is the- low sudsenic parawfng data from the
previous figure together with data at a Mach number of %.5 for the micro-
meteoroid parawiég corfiguration, lt'is interésting-tO'note the general
similarity in the steiic pitching characteristics.for the two cases in tha*

the Mach nusder 4.5 dais show. static instability ¢t low negative angies of
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=~ attack and unsymmetrical pitching moment variations over the angle-of-
attack rance. - Based on ‘these data it would appear that the micromsateoroid

configuration may have tumbling;problems similar to-thosc encountered with
g the low sdbsoﬁiiimodels. Analysis madé>by‘the 7 -x 10~foot tunnels bianch
- ha§>in35cated that the build-up in dynamic pressure which occurs when
this'configdrat}on~entgrs the aimospﬂéré aété‘to prevéat tumblin§ but there
) .erc>qr5vical conditioﬁs in thi; speed range)where-vumﬁling may oécug.
. o LATERAL STABILITY cﬁmcrsms_ngs ‘;':7 -
To date, the dynamic laterafl sg;bility}ibaracterist{éé o; paréwincs
" :have been found to he ge&erally satisfactory} Presented in Figurz 4 are
fsomenstaffc-and dynamic lateral séabil?ru‘ierivativcglﬁhich vere meaSugéh
for a parawing configuration at varioqs\cenfer,éfkgrévity locations holow
the paréwing Eeel. Presented in this f?gﬁfe-are tre ~.atic Jateral
stability derivetives t:,.:ﬁ5 and; an . the yawing derivatfvgs Cn;;jcnfé
énd Czr + C;;, thf rolling derivatives "Cnp and Czb, and the ratio of
yawing inerti2 to rolliﬁg inertia Iz/1y. Some signif{cant changes in
these derivativeg as thércenter of gravity was Iowere& (thax %s, ircreasing
Z/b) are the inCFeaseuvin directiona: stability and-positive dihe&ral offect,
‘;he increase in damping in roli, and the.decrease in the radio of Iz/lx.;
) The efiect of th. changes in these derivatives on the calculated Dutch rall
&amping~is preéented in figure 5. Plot;gd }n figure 5 is the calculated
'Dutcﬁ roll damping, 1/¢y {one over cycles to dam> to oﬁg-ﬁalf"amplituﬂe),
against ilb. .Although thé data show that the déﬁping for the configuration
with the low.center of gravity (Z/b = ,5)=i= only abou£ one-fogrth of the

vaiue for the éonffguration with the center of gravity on the keel (Z/b = 0},

i e —— e —— T ~:M‘*mm_ Rl g WO L ISR .
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Reducing fhe‘geometric dihedral by |8°, which has been suggested as a S
R possibieAmeSns of impru»:ng~lateralrt1ntrol {as wfl] be discﬁiséd later),
increased the damping for this condition. It ;houid Be‘Qanted out that

e

the values of damping shown tere o not take into accouﬁ; the efféc.; of
< bodins beneath the parawing. In cases yﬂére‘largé‘destabiliziﬁg‘bodies are -
hsedx the Dutch rol} damping'could pecssibly be reduced dowﬁ-into the 7

unstable region.

~
[\

CONTROL CHARACTERISTICS - A

As was po.nteé out ia the lNTRODUCTIDN control for most parawiny
flight tests to date was obtained from the center-of-gravutv-shtft contro'
system. Longitudinaily, this control system has beer found to be.generally
effective but_un.some cases large stick forces and unstablc stick force
gradients have beer encountered.- ?resentéd in figure 6 are calculated.
data which show the variétion in loagitudinal stick force with 1ift

. coéfficient for a control system of this type using several different riser
arrangemeﬁtsi These rashlfs, which were preseﬁfed‘by'Hewes at ‘he Apoilo
Conference last year, scow unstable stick vorce gradients and indicate that
the gradients can ve altered é&preciabiy.bf‘éhanging the riser lengths and
attachient points Analysns .1d|cates that the stick force gradients cculd
ruve been made stable in these cases by proper arrangement of the risers.

It is, of cgurse, dgssrable to have the stick force gradaent ‘stable from
handling qua1ftfes conSEderation;Can& to keep the gradients low from control

- power cequirements,
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- In the analysis of this type of control system it was found that the

significant €factor involved in determing the stick force characteristics

. was the €, ©f the wing.- Some informetion to illustrate this point is
. (o] - - -

presented in figure 7. On the left side of this igure is a plot of the
pitching moment coefficient (referred to the parawing keel) égafnst lift

coefficient and, on tae right s.de, is a plot of C, agaInQL stick force
e 2 A :

. gradient. The data prezenied are for the Ryén Flex-Wing configuration and

for an inflatable parawing of the t,pc being consiﬁered for recovery system
app!icatiOus; in tﬁe éasé-of the yan Fl;x-Wing, it~;asif6und that at
moderate<1jft coeff%cienﬁs Ehis cenfiguration had posiEfve values of Cmo
which prodﬁrcd 3 high stable stick force gredient. 1in order to reduce the
stick forces in this case, -the gradient was lowered by feduping Cmo :th}ough
trailing~edge modifications to the Aing so that in the final arrangemen} the

stick forces were in a more tolerable region, Based on thesé;daté, it

v appears that parawings for reccvery systems, which have been found to have

negative values of cmo , Will have high unsvable stick force gradients
uni2ss some means is used to reduce these values of Gmo, eithar by changes
in the wing itse'f br vy changes in the rigging as ie:itioned earlier.

From the.lateral control standpoint, there has been some indication

" of possible problems in the use of the cen;e}-of—graV§ty-shtft centrol

system. An equation for calculating the net rolling mcment produced b&
tuis type of control r/stem is preserted in figure 8. This equation is

Cnet ~lsin ¥ 2/ (1 - -c;c%,'” L/D). ‘The C,_ sin @ Z/b term in this

>equatidh ‘s derived from the fact that when the wing is banked, the lift .

vector is tilted and has & component which produces 3 rol’ing moment about
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the center of gravnty througn the moment &rm Z/b The term (l - 'c¢/én’4

is called the rolling effectcveness factor and-is derived fiom the fact that
the 1tft component. which produces roll is rearwaru of the center of ~raV|t/ ’
and .also produces an adverse yawlng moment through the arm X/b. When the
sideslip angle resultlng from this adverse yawing “moment ns taken into. ;crount
it can be shown that the favorable rolllng moment produced by the 1ift vector
is reduced through the effect‘ve dihedral parameter C . For conf'gurataons
having high ratLos of - c’ﬁ/c"ﬂ and low values of 'L/D, the rolling
effectiveness term becomes-small and tharefors the net rolling moment produced
in such ases is reduced. Presented in fiqure 9 are some datz showin§ the .

affect of Iead1no-edge th:ckness on these_parameters. Plotted in this figure

are values of Cq’ Cy‘ L/D and the roll:ng effect:veneas 1actor

- -béﬁ/tﬂﬁ L/D) for a parawing wnth a leading ec3e thickness of l 5

percent of the keel and another hawrng 2 leading edge thlckness of 7 percent

2'of_tbe keel. These resu‘ta |nd|cate that the roliing moment produced by
: banking“fhe wing is reduced by ebout 50 percent a. moderate 1ift coefficients

. for either wing 2nu that the rolling effectiveness for the wing with the

thin ieading edges Jdecreases rapidly with increasing 1ift coefficient and

approaches zero near maximum lift coefficient. It is significa.t to note.

that for the tnick leading-edge zonfiguration, which is represcntative of

inflatable parawings now being-consfdered for recovery systems, there is an
iacresse in effectiveness with increasing 1ift coe’ficient.
In discussing lateral control characteristics, another fac*tor which

must be consideced is that of latersl hinge moments. Some.indication of

" the lateral hinge moment. characteristics involved in the center-of-grauity-
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skift control system was obtained in che force :est investigatisn nf
the Rvan Flex-ﬁing airplane, 3Some of the rezults obtainq§ in this
investigation are presentec in figure 10. Plotted in this figure is
rblling moment coefficient against roll hinge moment coefficiznr. The -
’horiiohtal dashed lire plotted n this figure representé the ‘velue of ©y
'rgQuiréd to produre a pb/ZV of 0.09 based on a value of dampj&g in ral
of ~.15, This value of pb/2V is therﬁinimym value specified in the
'haudiing dualities_requirements for % light liaison airplare. It is
presented hece merely to establish 2 reference for purposes of comparison
and is not intended to imply that thisvva!ue of pb/2V is a valid
specification for parawing apﬁ!%gations. Eor recover; sysiem applicatiohs,l
a smaller value may well proverté be acpeptaﬁle. Considerably more
resea-ch and flight experience wili. be required to es.: .sh the proper
criterion for this case. The solid circle at the lower right, mhgch
represents neasured daté, shows that 59 of wing bank proriuces only about
one=third of the rollingveffectiveness vequired b9 the pb/2v =-:09
criterion. The stick fo;ce‘ccrresponding io the hiﬁge moment for this
condition wes about 70 pounds. . Analysis indif:étgd that. reducinj Czﬂ
v by using 18° negative geomefric dihedrai angle of the Qing would improve
“the rolling effectiveness ard reduce tﬁe hinge méments., it wﬁs alsc
estimated that increasi;; Z/b up to C.5, which is a value representative
of parawing recovery systems, would §ubstantial1y increase the ro!ling
moments -without increasiné the_hinge—moments. |
| Because of the problems that have been encountgredhﬁith the center~

of~gravity-shifi control system, snme attention has recently been given to

~ other methods of control for parawings. Presented in figure 17 are some of

the alternative control methods that have been prcpused. These methcds are:

- — o o—— ————— - B O i " S-S~ ar S S
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railing edge bolt rope. In this control system the
ension is increasad or dec-eased in-a cable in the parawing
ralling edge to proyide pitch or roll coriicl,

nn-l

2. Trailing edge risers, In this control system risers 2-e
attached +o the parawing trailirg edge ard pu’led dows or -
released to mrovide cortrol, g ’

-

-3, Hinged teadnng-edge or keel nbmbers. ‘In this eontro! syétam
. HKinges are placed in the wing leading edzes or w:el and the
aft portion of these members deflected For cnntrOI.

L, Auxllnary surfaces, This control system. Js coqcerned

.~ primariiy; with surfaces placed at the: rear of the wung to
" provide d|rect onal control

Some p*aaisiﬁg,resd!rs have been obtained with a wing=tip control

sys, " in tests in fhe Langléy full=s. e tunnel with tha Ryan F‘éXinng %.(

cirplan.  1n order to shéw:how these results compare with ticse for the
center~of~-g, ‘ity~shift control system, data for both types of cuntrol are

preéented in fi, e 12, Plotted in this figure are the data for the wing

- bank control systr. ‘rom figure 10 for compirison purposes. Also plotted

0. c :
are measured data for . and 10 deflection of the aft 25-percent of the
wing l'eading edges for contrc.. These results show that with about 7o
deflection of the wing tips'a pb/ZV of .09 could La producec with-a:

hiage moment coefficient considerably less than that produced by banking

the winy. The stick fe. ce corresponding to the hince aoment for 7o da+lection

of the wing tip was about 30 pounds on the iyon Flex~Wing airplane.

SUMMARY
i. Patawing contiqurations gererally have satisractory dynamic

lorgitudinal «tability characteristies in the normal operationsl angla=cf-

‘attack range but ti.ere m*, “c problems at extreme angies of attack (either

high or low) be.ause o static lingitudinal instab!iity.
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2, Lateralty, parawing cont igurations genérally have satisfactory

dycamic stability charac,tens..:cs.

'3.' Foom the controi standpoint, the use of the cen"er-nf«-grav-ty- g

Ashift :or.trol f‘,!steﬁ- Gay hc generaily sat?sfacton ‘or recovery sysiems

~cpp§-ca*|ons bu* ths type of coa*ro system may mtrodnce some s’.ick=-

force problems a-nt Ay » ecome inadequate for conf:guratsms havmg hlgh

Lisey

vrat:os of dshedral effec; to d:'ectuoral st 3bnhty and low velues of L/D
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