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100 us uwse the ssaventisasl gadels, as follews:

® = ongle betwen Jongituiten exie of gitder sul the Movioemtel,

® = angls of attack of @Alder, ' ‘

¥ © eagls betven fiight 3otk and herisswtal, .

¥ * wigh of glide,

T = velosity sleng ight yetd,

P = atr tmnty,

5 * viag we,

Op = 11f¢ evefficiemt,

‘ Op = dreg eoeffistend,
Op * pilching mosemt sesffielient,

2=

3 = memsat of inertia adeut 1nterval azis throwgh the ctabder of
srowity,

¢ Sapuler Clmplacesest of piteh semirel ewrtace,
¢ * & = rass of pitak,

e & neta asreiymamie adrd,

A weel as prefiz semas & snll digplecenest frem sn oqguilibeisn seaditisn
of the guatity felloving.
In steady f1ight, equilibrium 5oy e sxpressel by the ogustisns: .

Wein '+ £pSV'Cp =0 }

Wees r- LpSV2G =0
gpSV’C,,:O
308 us seeuse mall displaceneate take place ta Y, F , Op, O,

S8l Cy , demoted 2y the prefiz A , and seb the resslisat feres ogmd Ve
the sgoslerasion. Thls gives:

nw . !
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Weayar+ £ pSVAGpSVCyaV = -m %
~Wsinsap-§ pSVRC,-pSVG 4V = -mvEE

PScVCuaveLpSvbacn = BLY
$¢ = secelersiton tengent to flight petn,

vﬂ- socaleration normal te flight path,

;‘:—; = sagalar seoslerasich abous lateral axis.

Yo sssune thas the affsche of snguler velooily and scceleretion on O aad
Op ere megiigidle, sod thus that Op sad Op are fusotieas of % emd &
only; tharefore we may writes

aCy -g_g-..u%a ’ aq-}%«*ggs. '$))

However, $the sffect of angular velooity en Oy mmat de takem into account,
e pitching mowent @ue 80 Tate of pitch 3s almoet entively due to the fact
that the angle of attack of the tall surfsce fe affested by rotationsl ve-
locity shout the lsteral axis,

1 £ 10 the dietance from the 0enser of gravity to the omater of
preesure on the tall surface, & positive rate of pitch cmmese the tail to
mve dovmmrd vith & velosity qof reletive to the semuter of grevity, viieh
effestively olmmges 1te angle of adtack by smwumt A%, given dy

taw ax, :2%. ()
This in tara changse the 1ift on the tail and gives riss 40 & pitohing
msumt, ,

¥ha effest of rate of chaage of % sad & ou the pltching moment

L0 oftm naglested, But with oertalis types of aiyplanse sad gliders and
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Wees r = o oSViC,
Wain re-Y%pSvig,
Cw=o
ddertsuting 10 (2),
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Ye than eWalns
Lay+2Do + D ax 2, ng‘i-’ =0

~Day+ 2L+ by, Ax u,a‘-v;ttl = o.
M,(f#-c't)45§4«-rﬁ5,d'+ A(‘u'fM".J-;-a';.ao

Thoso equations muet s sasisfied ut sach inetsat of fligh.

Lot us Asmwe 50 melutions that AY . 44 , aad v , wary vith
$he 3500 scoording %0 lawe of the form

AYz2 4y, .‘t, M:‘I.‘l" . v.y‘-clf (30)
and daterming what valuss of { will omuee e SDOVS equatione %0 be satie~
fieh. If 4 16 poefsive, the quantities Ay « 4« .mxd v , Wil}
inereses with ihs $1me, and the mtien will be unstsble. 2f { 1o negative,
thees quantities vill dscremss azd She motioms vill be svedle. If 4 19
complex, the motions will de oseillatory, with insrensing or deoressiag
smplitude depending upen $he eige of ¢he real pars of A .

Putting shese valuss of 4} , A« , sad v iato equtiene (9), w
have the following egations t¢ wlves

Lar +R, 4« {2D+dV)v+Dd=0
-+ AV)ayx dlyax +2Lrtlpd=o ()
(AMg-L) axe Mo d Mgs AM;-A")au +(MpAM, )8 =0
¥s ilus hive only thres squations involving feur verisdles. o far mothiag
bas besn eid conseraing the varistiom of d' with time.

2. _Stadility with Fized Oontrel Surfaces

Lot us fires conelder the ones of fixed ceatvel surfmces, ( d = 0).
The solutisn of the above squatisas vill give the remilsiag soticn dus ta

)

B e Y
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a peall disturvense ia say of ths variadles. To determine what valwes of
A satiefy the adove squations, 18 16 suly nessecary to detornize what
" walses of A msks the folloving deteraismt veaton.
L D, 2D+dv
-D-dv Ly 2. |=o.
Amgdt Moedmpdn-d* o

Solving the Shove determinsnt, w oMisin the folloving seustlen for { 1

1'1[’-9 M- %]ﬁ[ -M,(:’t‘-’- 59 M.(2)
-I‘L,oz(‘l‘:.‘.!i-ﬁj]l'f[-z&t,(kw Es:"i)
-2M, (ﬁ.}’?mx 28 M=o,

:’ o Zen?,
_ Weamy write the Sbeve equatics in \he ferm
A% 33+ cd2epl ¢ m =0
vhere

B=- My-M; + !'.l;_’g

C=- MM, ( ‘-"’)ﬁ.(3'°)+ ,(ziﬁﬁl_& )

- Ro.Dl..-Ln, Ry XD
D2 (DectB)- 2 (£ K (53)
E~-280p |

n--m deterxination of the values of { which sstiafy equation (1)

dopends apon the solution of & fourth degres sq@stios. Thers is no elsple
airscs way of ewilviang fourth degree equaticns, Novever, thers sre variews
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2thods of stiaciciag the predlen. Ia some eassn, 13 is poesibls %0 faghor .
the Mquedrasio ixto $vo quadratiss, each of which may be direstly selved.
(Bet. 1, page 5).

e possibls solutions of a Miguadratio ars four real valuss, two Feml
ﬂouwctw-m.utnmncnl-vmn. The valuse
of B3, €0, 3, and B obialned for a convestionsl typs aircrafs ars
mmmmmt-mlo!oqlcm.aumr\hn
u—nma-mmuhmmuuﬂsmw&
Thess correepond 10 $wo slmseidsl varistiens of she flight path, the sagls
of attack, attituds angls, snd valocity along the flight path vhose ampli~
u-m-«m.wmn»nuzmmmm
2igs of the real part, Ths real parts of all roots will bs asgetive car=
Tasponding to ths stalls comdision if nll sceffiolsats are vositivs amd
Bouth's Disoriatases (300-2-3°R) 1 pecttive,

e pair giviag & small imaginary part sorvespeads +0 ths long-perisd
escillation, sometinse called the Spiugnid®, obesrvad as A loagpariod
ossillasion in the airepesd, flight path, eto., waile ths pair giving &
xépa-uuupmmmumm-mumm-w
seud®, which causee the glidsr s quickly ebtata its trim angle of attack,

let us exmmins the coufficients ¢f the warioua terss in ths biguadratie
ia A , ant detarmine ths importeat contrivetion Of saek tara to ths perfed
sad damping soefficiemss 0f ths Sw eseillasions. Ths thres terms in 2
ars of ths suame orisr of megaituds. In C , howevsy, the tara Ny 1o
large eonpared 1o fhe other tsrws. 32 D the term N, D/Y s largs eam-
pared 80 other terms, Thus the Mguatvaste ta { Wy Ve wrissems
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4 4(-M,-M‘+‘?)l ~MA-ZND A 280Me 0. a8
Lot ue omelder $0s Viguadratic 40 Yo the produch of twe quadresions
(1’4-.824-6)(4’0-%’7',{ «£).0 an
and doternine what canditisas -ncto sstiefied Weivess She eeefficiemds in
opler that this appreximation msy Do Justified. Mnltiplying, wo haver
1% (a‘g)ﬂ- (c'o‘%'-"g'a-c.%‘)1’+ (.D’-ov!_'lE'),l +&'<0. . (18)
Tims the conditions so Mo mllﬁcllnlc

(1)
Base 0 L6 arge compared to all otiar Serms, these cenditions are wswally

setisticd. Thms we havey
[ My M ko) d-MJ[ 4% R 42 dr a0 (a0)
Ae gﬁr;.-t.wt i /, m -(erm L)Y (m)
2
A= -8 tif ;;‘"_ & ). (o)

The first pair A, . represemts 2o se-called "repid ineidesce sdfast
Hout®. The period ef the stert period oseillsbies 1s deternised chiefly Wy
Ny « the pitehing monent due 16 sagle of attack shange. Thms Ny iy o
hought of as & spring constans or restering feres, The dmping of the shers
poried omsillistion 10 dus 90 Shres offests, the pitching moswnt dus 40 yodo
of piteh, tha pitaking semmat 4ns 0 ¥he yute of change of & , and the
MFMMMNWI;M“&“M&.
112y yredused from angle of adteek sheages. It i thie sherveparied

Y. 1\ BD+s’ ’ e
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tseillation vhieh socure vien fn alreraft fiise suddsaly inte what ney be
called a sharpeeldged guat; i.¢., into air which 15 moving vith & vertionl
veloeity different from thas of the air fres which it has emerged. The
large Sreasieat aceelerasion 163-3, the "bump® felt by ocsupeats of the
airplaae under these circumstanees. This short-peried ossillatien alme
oceurs viva & giider 13 relessed from tha parest aireraft. Bises, is
seasrel, 1he angls of sltesk at release 18 quite Aiffersmd frem the trin
valus, & largs pitading monest ie prodased whioh puss the glider in trin
vith & highly damped shori~papiod ovoillation.
The seoond pair of solutisns xp represents & leng-pericd oseilla= *
— ton Which was firet etudied ¥y Laschester, coasidering &n idealised aipe
plams upon which the alr resction 10 alvuys perpendicular o the diresiion
of motion and prepertional 10 She equare of the sposd. This iv equivalemt
o neglecting the dvag forcs, $ines his asswmptions sorrespond %0 & eonn
sarvative fiald of foree, he wae able %0 compute wimply sad sxmotly all
possidle forme the flight path nan take ia & vertieal plsas, Ne geasvel
seluifone bave besn found vhich ke iute Sectunt the dreg. 8izee dreg .
favees are wamally fairly smll cespered ¢ 1178 fovess, Sha flight pathe
of Lanschester, vhich he called "plmgoide®, bear & close resesblonce W
sotusl £11g0s paths, T™he long-period oseillatiess oMiained Wy e esne
sidered %o sorrespend %o emshtages of Kisetlo sad petentisl merg. Dwe
ing one pArt of ths sycle the altitude 0f the flight path is &% & ajnime
. snd the sposl 10 a8 & maximm, One-half cpele 1ater, (Ds altitude resches
& mazisas and the spesd a minismm, sad thus Yetween those points kinetis
mergy 1 transformad into petentinl cusegy. The reverse takkes plase in

4

R rlbolpdmmet ~y -
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e aext half aysle, Sincs Lanshester 4sali wilh a conserwative getem,
bis "plugoids® wers wadsaped. Nowever, it osa e sfelily seen Shet the offect

nmmhmund—pm-m Duriag the pare of the t

sycle wkile the airplsas 13 fulling, 1t moves slighily fuster them 1t wuld

were ths drag to resaiu sonstamt, Asd while rising 15 moves slightly alower.

Thus during the fulliag period the 1if% is higher, sad during the risiag

period 10 is lover thaa 15 wuld beve besn vere ths drag %0 yemain censtamd.

A term 15 thus intredused viieh opposes 8he vertical wstien, and 1o Wims

® deuping ters. The pariod oMaived hy Leashester for oseillations of ’

emll asplituds 3s .
l TQL‘;’-Z-- (=) l

Frou the sesead etlution of squetion (22), She peried is fount %6 Bas

= (™ .
T-Fm_ i | ,
ma.u--mcmu-.,uu-—uxmmum-m
(L = g), is the Lanchester reeult, In the csnplete sslmbion of the
umm.mmcumwmmuqummu-

is Yhe coeffiolend 737 of the conplete guartis.

2i_S1eMILY of Noming Sitaers
§0 faxr va hawe only esasidered $he metisns of & glider with figed

ssutrel surfases. Bov 1od us oonaider the sase of & glider with & senwe
wten vhlch weves the sontrel ghrfucee 12 swah & Wy 25 %0 make the ghider

fiy toward & targes; Simt 10, & hewiag glider. Ae diseussed in referemese (2).
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1% 10 neoesenry for acsurats honiang t¢ kesp the axie of $he intelligease
doviow pointed in the direstion of the flight path. The MNOD Mark 12 ead
Mark 13 gliders fly vith an sugle of attack mbstamtially independens of
. elevesn position. The istelligemos devies 1s mssmiod at $his angle of sisack
So the longitudined axis, and thus remnine peinted 1a She direction of flight,
The maaner ia which the control surfaees ars caused %o wove in respense
%0 $he Muming ixtelligence depsals upon the cBreeteristiocs of She servo-
. scibfuisn, In ganersl tevme, the charesteristics of a eervesechanisn nty ’
e representel 1a the followisg form. W msy write

£(3.8,%, ....,0,6,8,...) =o, (a9 |

‘ were § desotes a fumetion dependent wpon the partisulsr servomecheaiem
) et
I8 is net poesitle 0 ecmpute ths effest of & pensral functional relae
$10n of She type desorided by squation (23) on the loagitudinal motica of
ths glider, tad i1 15 20t preciiondle to oconsider all possible spesific
relations which hawe bemn ueed 85 & Daste fur She desiga of servemechaniems,
It hae in fast mot Bem fessible to spproxzimate $he perfarmtamocs of $he type
of servencchenise used ia OO Wark 7 snd Nark 9, vhich invelves Sa on-eff
sk betvesn the gyros amd serve unit, by tha functional relasion (25),
sal the stability we otutied W 2a slestzo-mschanioal modsl of the glider
12 Wiioh the actual o and serve unit vers imcorporeted. (Ses Bef. 3).
As aa 11lwstretion of the offest of the application of & homing vewn
dition ox the losgitudisal seadility of & glider, ve chall consider &
sizple ideal serwaschenios $a vhich the eontrel surface displacessat is

a lisenr funetion of the errer angle and of the raie of change of error
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Lot us Sseune that squilivrius hoo bosn estadlished iz flight with
the ccatrels in such & position thas the dirsctiisn of flight is Sowpd the
taxget, Ve mov Lmpose $he followiag ssndition vhish muet de added %0 the
hree given is sgations (11)s

JH((AO&os%):o. | (26)
Byuations (11) now bessmey
Lay +D am  +(2DvAV )vr tDydmo0
-+ Av)ar +ly do +2L fLJJzo'
(Mg L) ar e(Ko Argedtt;-ADan  + (Myedr)dn0
Kldec)a¥r +Kk(U+e)an +d =0

horwummmﬂu-ofl wiich entinfy the sheve agun-~
tiens, 1% 18 ealy aesesesry % 4obersise vhet values of { make the fellow-
iag éoberninaat vanish.

L D, eV B,
~D-AY L aL Ly
Amg-d? Mo+ d Mg d 14 O Myik;
K(d+c) K(A+c) o [}
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Bvalusting tiis deternincat yielde o fonrth degres squaties ia
S

A% ey Bsgltexd og =0
vhere

Fa %‘!?“ KMy~ My ptzs Ir(ga-a)m
|+ KMJ

"@%"llﬂ)- .("t#)l- km(!%’ﬁ“)

i+ KN;

G=

o M) W [ENOLR), D), gy, [K0ciB), 24 ]

l*lfM"

e MBI Kbt 4] opg [20ODULEY), ollant)]

mrn;

a(r0t,-
o etBe . L%@.%].Mﬁﬁﬂd
1+ K[uyj
I -&[—"'—‘f}l;ﬂ; 28] + akpg 2CENDLe=LO)
kg
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Ia order to lnvestigats ths typss of solutions odtained, 1ss ua doe
terzine wkich ars the isgportant $arms in the sbove expresaions. Terme ia

l"» aAy b8 nagleotsd (szompt for large X ), Sarms in l‘ o Mg

EEy ba neglected in all terus exoept ¥ , 8ad 3 uhy Ve neglasted compired
$0 L. Thus wa mAy write;

Falf-My-m, oKM,

c--q,(nkﬁvt)mn,(?..)

Heon [HERER S ) it
I--M‘["‘i’;{__.f.m+ Loy Y 2ot ':m.)

Ixoept for large valuss of X, G will be lavge sempared % 7, %, aad
J . snd ve may write sy & first spproximstions )

("..FA"XA:.'EJ"{)‘O (32
insarting the approxisste valuss of P, G, X, and J above, ve have

B‘,(?_ MyM. s KM, )- M, (10 '_‘v_‘-{} KM, (f‘;n)-": 1%

gt - gy
i+ %‘—ks:'(#oe)

oI MGrlDO - 1ty empetny |
-k (o)

o 3% .z.‘{w;.-ymm& PRSE SUR

P ;ﬁﬁ‘,« .
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This equation 10 identienl with oguatien (20) axoept for the serme
involving X, Nqussing tha @uatity in tha firss set of Wrackets te sme,
am.m:orumn-numuamm. short-perisd
escillation, the sowcalled "repid incidesss adjustnent®. Jor slidere whoos
piteh control is odtuined frem conveationsl type slevators on the said [
Zace, she effact of the applioatios of the hemlag conditisn is to iperense
$he dssping sad decresss the period of this osodllssion,

Bquating the queatity in the seesnd swb of dragkete to sere, gives,
for suall valuss of &K , nmruuql-uouumn-m
loag period casiliation or Sphugotd®,. Yer lerger valwes of X , 1% gives
S¥o real reots, and the "piugaid® 16 not odiained,

17 the quantity (I.‘ - m,) is positive, that 1, 1f the ratle b, ]
inoreasss with iscressing & , the roots viil otk be megstive, yielding
1w subsidences, 1f the queasiy (%, - IDg) 10 negasive, that 1o, if
U TALS0 1/D decremuas with mcreasing &, 14 1s possidle te obtala
& positive Yoot which yislde a divergence. It should be siated, Bovever,
thas ths condrols on heaing gliders ar asuslly designed o0 that this quine
(11% (ll‘ = LDs ) 4is posisive wmder sormal flight coaditions., Such o
sondition of equilibrius with the quemtity (g ~103) segusive 18
generally sot odtainsd ualess the Sider 10 valensed at sa exsessively
luopulerltnmdw f1at glide angle %o the target,

1t ®hy be nmtioned keve that for very lerge veluse of X ,aippe
of divergmos is obtained in coatrel yetene vhen l"‘ is nagutive wad
has an appreciadle value., 1f X 1¢ sufficiently large ss that ~KMs ¢
oquasions (29) will have & resl positive foot, yisldiag & divergense,

C e e h: ) . N

-1’-




eI A R

-u-

DECLASSIFIED IN FULL
Authorty: EO 13528 :
Chief, Records & Declass Div, WHS

Dei=: AN 2 3 2013

e trataa s

I8 mdcupummu-umm-—mmcmh
sonsidering a partionler wormmmuam

Wve genarel appliention.

b._aspliestion to VGO ek 7 sad Jourk 9 Bemjag Slidery

mamuaumoum«tuommmnmn

tha ROD giideret

vy MO0 Maek 18

v (1w) 500

8 (a]) w.3
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Wazk 13 ia Referenss (5).

§izss the pwdiieasion of Beferense (3) sad aa & remlt of 4sts oMained
1a thess Seete, the owmier of gravity positisn was neved 3 inches ofS, sad
the valuse ia the aYove tadls take iate aseomnt this shasge,

e values of the csefficients vary mmevhat with pecitica of cloven
uwanu.mm“.tmmwmmb i
s0ages coamsaly snssmtered ia fiight,

Ho messureneuta of the daaping maa-.%‘,’:%y ..4))(?)_

were made ia these wind tusnel tSests, and the valnes given are saleuldated
frem the physissl dinansiows of (he glider sad other wind twmel dzlevsined
ssefficiants,

!lnnluoté.‘.‘a 20y Yo estimsted, folleviag the yrpcelure given
ia Referensa (1). u—-ummm.nmn.m-muﬁ
sagalar velooity q . A pesitive retetion § esuses the tail ts mw dowm-
wrd vith & velooisy qf relative to the ommber of grevity, where £ 1o
he effective distanss of the tail frem the emter of grarity. Thie stuses
s dinage 1 Whe offestive angle of attask of the tad) “5 siven W2

2
tﬂ‘lf- ’-v-'

wich for sunll sagiee wadsr coucldeyntion may %6 repliest b1

ax= 2L, »
The change 1a menint due %0 the dtuge ia sagls of atbask of the a3l 1ag

anay, 2P% Ve E‘%)

(%)
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T 4ho tall, 8, 10 \he Merimasel Satloearfuce maen, st
"o 10 % capirienl faeter, cellet the tatd effistensy, Which as & valne
of the erder of 0.7 te 0.6, st s then wises

m-mms--rmmumuunmm;h
- my take X108 Fron Ratforease (3), 91y (9),
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of shtask, " 2y we the alave value for
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Ahe resultent offect en the tall in the dovesmeh ¥y 4 . ead the re-
sultsat change ia the angle of dowawach Wy 46 . The offective chengs
in asgle of attack of the tail das 1o ocbeage in dowamsh sagle ie equal
%0 A& . Sincs the magle of dowwmsh is & fmotien of the 118, Whish
iatun loafumctionef « sd & , w have .

angy = u-g—gu.g.g.a
=Eiae¢§iu
oo tine Jog 4t te ol te £ . oo v ever
el Li 2 Ls.

sadetituting this value of ax, 1a equstien (33N

srutes, AN [ fa 4]

e wvo have;

- 19 ~

23w
35 5

F-mlieintis-iis

Froa Reference (5), f‘ 1n the reglen of the tall 1s abewt 0.3

Thus -
“"m)%? 1.4,
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3( 5 . 0.2 (=1.W) » =0.28,
;CQ- for Hark 13 thma for Nask 12 e dus ehiefly
Y

80 the fact that the ceater ¢f grevidy 1s reladively farther beck is Neek
13.

fins wo may toke

The lover walue

This shify ia the oemter of gravity uss seceseary in Nark 13 ia onder

to apintefn & sore nearly sonstent angle of attack for all positions ef the
eslevons,

The alevom type control was used iz Nark 12 asd 13 in order

odtaia an airfreme that would maintais a neerly coastaat amgle of sttask
with aleven position,

Tais is sccouplished Xy dmlancing the segative pitab-
Aag soment oa ths wing produned by lowerisg the elewens Yy & pesisive pitahe
ing momest produced by the lnarenss ia dowmBek Sagle at the tall, whieh '
in tayn 18 Que to the iacresssd 1if% on the vwiang, Siace tha horiseatal

tall surfess is relatively lower in Mark 13 them in Mark 12, it is a8

ragion of smaller dowavash. This necsasitates & movenent of the center of

S3evity 10 the rear o mslataiz the dalanes betwamm these moneeds, dad b

produss a asarly censtant sagle of attack vith aloven positien. The values
of %‘ and %—?" for Mark 12 are ssacdnt larger thag those for Navk
13 due $0 the alove-santionad fact Ahat the sagAs of dovmmib at ths regien
of the horimatel tail surfaes is lavger on Nark 12 than oa Nerk 13,
et us nov substitute the adove valuss isto ths stadility equations
for Nark 13 for & typieal condition of flight, with fizel oentrole in piteh,
Asenme G, = 0,3 aad Oy = 0.06, which corvesponts spprexisstely }
%o & =100, At equilibeiws his givee & velacity gives by
'-OL.IIEPI!-Q v = X155 fifoese,
At thip 118 coefficiens, Whe folloving quastities have the walues given;
L=3 Debh hy =7 By =380 P %
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Sobstitutisg these values in squat Lons (15
3 =118 C~ 322 D= LN

A" 3843 ¢ 242 v 2.7 4 v 0,378 = o, (8

Lot ue asmume this diguadratic 0 Do faciored inte the twe felleviag
quadratiae

(izvcl,{ + ) (‘2'0-lal +%) = 0. (M)

Maltiplying out, wve have;

Ao (mm)d? ¢ (mupmywgll® = (mupregmM cump =0, )

Thus ve sust dotormine 8 , 83 o ¥, and b o sstisty the fellaviag
relasions:

3oyt ' Somapth thy 6
Do aby vaghy BohR

Au @ firet approxisstion, les &) = 3 = 3,18, V, =0 = 3.8

a3, = Fe0.0u73 Q-g-;-o..m

As & seoond approzimation. let 5_-)-2.-5..136. b = 0bpemyay = 32,05,

Repeating this prucess, ve odtain Liaally:

(A% + 32354 +32.05) (4% < o.0m74d +0.00m) = 0
ll ="=1,566 & 5000 L

1, = -0.002% & o.uﬁ
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Thus the gquantitiss Asc , AY . and v W1l be gleen Wy exustions of the
type:

-f.588¢
Av, Ay, v= A s cos (SY4Ere,) (\8)

+ A‘I"‘“::(o.lactac.)

vhers ‘1' ‘2' ‘1 . anf Gznomtmcmutobonﬂ.utdh
sack cage. The first ters on the right represents the *rani< incidense
adjustnent” discussed previocusly, which is & damped oscillstion of peried
' &w = 1,16 sscond, which danps a% of 1ts tnitial amlitude in 0.6%
seconis., The second terw in the right asther is the so-called "phugotd®,
shich for this case has a pericd of %9 secomds, sad desps to i- of its
initial asplitude in 45 geconds,

I7 we use the approximations discussed previously and given 2y equations
(21) and (22), we obsaing

LEELT

8%, 8y, vz Ae " ces(S3ltea,)

(%)

+A e? °"i'=ﬁ(o.laaen')

shich solution d1ffers very littls in this omss from the more exmect waluee
above,

Figurs 1 chovs the airspesd, altitude, and attituds in space as o fupoe
tion of the time of fall for a SWOD Mark 12 glider rslessed from & parsad
airplane. The glider containgd & eingle gyro for roll stabilization, dut
with the elevoas fixed in sversgs position (J = 0) for the firet 36 seo-
onds of flight. Then they vers moved %o full glide position (d = eg0s),
where they Temmined for ths remaindsr of the flight. The "repid incidanee
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Miustaemt® is shrowm at ths bYogiming of the flight, with a period of sbout
ons second, vhickr aeupares favorsdly with the caloulated walue shbove. The
longeperisd sscil Lation or "piugoid® is auguanted Yy moviag the elevoas s
full glide pesition. Ite perisd is esmn to Us about %0 escoads. Caloulating
the peried froa the simplified formla, eguation {23), using tiu avsrege
spsed (about 165 Ienots & 200 £1/we0) from Figare 1 we obtata;

- &":éz—’i- 3.4 seconds,

Waich agrees favoz ably vith the peried ohtainad from the &dove curve.

If wo astaups  to iavestigade the lungitudinel stability of SWOD wrk 9
l with 14s hoatag equalipment Sad eerve osatrol systea is opersiion, we are led

te sthe rewmult givexs ia Part 3, s.g., S04 14 1e net Tsasidls to spproximage
She performance of the servomechaniss nsed in SW0D Mark 7 or Mark 9 W &

X

AR

SRS

e Gy L

fasctiensl relatiom mhip of the typs gives Wy squatien (29), Bowever, as

Sa fllustratisn of Chs effect of the appliocation of & oxing conditisn on

the stadility of shhe Nark 13 glider, vs Wil) consider the wffeot of the

slapls ideel servomechaien diseussed 12 Pars § on 1te lengitmdianl stabilisy, /

2nd dlsowss brisfly She sffect of varyiag She parensters o sad £ of thie ¢
esrvonschanism,

L o .

Lot us asyums S he same typloal cendision of flight diecuseed in Pers &
Mmmofnz“cmm.ﬁﬁthmumumh*

tlons (U2). The fol doving sdditional sonstants for thts flight condition
are aseded,

L, =853 B =0 n, =0 N =024 ()
Subetituting S as valnes 4ia sguatisns (30), we obbalas

A

e g b et <0 4 2t
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1 22 14 378
2 W8 1.9% MW
s W 5.6 .52
', C WLg 9.35 .65
5 Mg 1673 .89
6. Who 621 2.58 .55
1 A G2k 2 T
B ’"';Sa. 20,3 1.064
9 62 ‘G2 319 1.603
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of thou caorﬂounn for emdu values of X and ¢ ars glven

A
«1.5725. NM =0, OZEM 10631
~1.8346,134,-0,021440.09721
=1, The6. 41 =0.063020,09161
26646, K34 ,=0. 105240, 06371
24946, 1 =0, 317 ,-0.06k3
2,184, 564 ,<0,020540, 08934
-2.0247. 591,-0.002140, 06654
18447, 614 =0, 265,-0.0656
-1.5047. 614.,~0., 579 1=0.045]

u« lo. 2 h. of oourss, tﬁn case with fixed controls dﬁ.-wuod pro~

uonny ln "all cases except 5. 8, and 9, the viquadeasic in 4 nes

m p-.h-- [ co-phx root-. one pnr eomcponuus to i hlg,h!.y damyed uhnrt-

poriod o“' 1na.ti.on or "rapid. lneid.m MJ\utmﬂ and the other pals to

[ dlxpad long-pcnod ucnh.tion, similar to the spimgoid® of the cuo with

;nm eom-un. xn cnu 5. s. m 9, howaver, the uqumaue 1- A hes

one pair ot mlax root-. nmuponung 10 f.ho "rcpld incidoneo aum:ut'
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anl two resl segative veots, correspondisg S0 tw subaidences, one foirly
repid and ons slev. ’

Prea Osses 2, 2, sad 6, 16 45 soem that iacressing X , vith ¢ oqual
o sere, imsrenses the demping aad shertens the paricd of the repid oseilla~
tion, sad decresses the dmmpiag and ingreases the period of the alow oseillhe
tlen,

Trem Osaes 2, 3, §, ant 5§, and sgain fyex Ouses 6, 7. &, aat 9, 14 10
2008 that izoressiag ¢ , with X remsiaiang fixed, dsovesses the damping of
the rapid omoillasion, leaviag its pericd virtually unchenged. The dsaping
of the leng-period cucilliatisn is incrensed, and its period incressed, watil
in Oaonp 5, 8, aad 9, two mubsidences are oWialasd ia plese of a damped
oseddlasion. The rete of Asmpiag of the repid mubsidence dspends largely
wen the soastants of the servomeshasien, Ths slov subsidemce appesrs ag
one of the sals Serwe in wariatisns of speed aleng the flight path, apd ite
mie of dsmpivg is sanll boasuse of the swll seseleratiens produced by the

* offesis of drag aad rate of chenge of the maile of 11f% o dreg vith alewon

posistion,
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‘.,N.vlllon 5, Bational thnnn Rescarch Comittee.

(3)‘ kcpreunuuon ‘of ] onglhuuul ‘Stavility mnl Control of Homing Glide-
‘Boahs by ‘an Electroeiidchanlcsl Hodel, by Harold X, Skramstod, preparsd
for mﬂ.lion ’5 _u.t:.onul Defenu ‘Rasearch cnnlttu.

, {k) W¥ind-funuel Yests of a ru-gn 0lider, by Rovert N. Conway, M.A,C.A.
: n;;-o;;m Report for Mations) Dsfence Research Committes, October
! + A543, .

: l (5) hncltndiul 5twbility and Control Investigation of Navy Afr Stabiiizer
- Mark 13, 2,E,D. No. ¥AGE 2335, by Alfred A, Narino and Samuel D, Yollo,

- ¥.A.0.4, Mesorandum Report for Burem: of Aeroneutios, Navy Departaent,
i Jamsry 25, 1945,
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_JSECTION:  Aerodymamics and Ballistics (4)
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stability (63084); Missiles, Guided - Aerodymamics [ "RVISION
?

AUTHOR(S) (62350) ; SWOD Mark (6&%“ S¥OD Mark 9 ieim) o
R. TME: Analysis of the longitudinal stabllity of homing glide-boaba nith spplications

i to Navy SA0D Mark 7 and Mark 9
FORG'N. TMLE,

Lo

OMGINATING AGENCY: Ngtionsl Bureau of Standards, Washington, D.C.
TRANSLATION

G.S.

Stability problems with fixed control surfaces in homing glide bombs, the stability
of homing gliders, and the application of these findings to other homing gliders are
discussed. An amlysis of serodynamic forces and moments caused by the action of the
air on various parts of the glider ias presented, as well as foces and momants caused by
gravity. A numerical table shows certain valuvs considered in the calculations in their
relation to coefficients which are set forth as the result of the study.
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