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SUPPLEMENTAL DATA AND CALJOUTLATIONS OF
THE LATERAL STABILITY OF AIRPLANES*

By Gotthold Hathias

. In connection with the DVL (Deutsche Versuchsanstalt
fur Luftfahrt) Report 272 (reference 1) on the theory of
the lateral stability of airplanes, the formal results are
here amplified in some respects and their technical sig-
nificance again driefly explained.** Three numerical ex-
amoles show how model tests for checking the lateral sta-
bility ‘are to be evaluated and supplemented, if necessary,
and how the stability limits depend on the design of the
airplane and on the conditions of flight,.

I, ASSUMPTIONS AWD LILITS OF LATZRAL-STABILITY CALCULATIONIS

The DVL Renort 272 (reference 1) affords a general
survey of the theory of the lateral stability of airnlanes
for the purpose of giving airplane designers suggestions
for the technical fulfillment of stability requirements,
In its essential features the investigation follows the
lines well known in Germany, especially as given in the
textbook of Fuchs and Hopf. In numerous details, however,
the adaptation to the flight requirvrements of the present
necessitated deviations, especially as regards evaluation
of the order of magnitude, refinement or disregard of in-
Aividual terms in the equations of motion.

The customary division of the general motion of an
airploane into the symmetrical longitudinal motion and the
vwnsymmetrical lateral motion assumes, on %tae one hand, the

"Er""qZJnﬁen unl Berechnungsveisciele zur Seltenstaolll—
tEtslehre. 2.2. ., October 14, 1933, »p. 527-29, and

October 28, 1233, pp. 533-88.

**¥The systems of coordinates, notztion, and numbering of
the formulas are the ssme here as in the earlier report
(reference 1).
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disregerd of the influévce of wvariations:in the lateral
angle and 1n the rolling and turning velocities on the
dynamics of the 1onFLtvd1na1 motion, and, on the otheér
hand, the disregard of the influeng® of the variations

in the angle of attack, in the forward speed and in the
tilting velocity on the dynamics: of- the lateral motion,
as likewise the dlsregard of all gyroscopic effects.
Calculation a2nd experience-show-tha$ these conditions are
generally better fulfilled for the longitudinal motion
than for the lateral motion. Thus the results of a spe-
cial investigation of the lateral motion yield.a lower de-
gree of mathematical reliasbility than the, very. satlsfact-
ory Tesults for- the purely 1ong1tud1nal motlon as.con-
¢1rmed by experiente.: ! - .

- The ex1st1n£ Pnowl&dﬂe regardlnz the calculatlon of
the static longitudinal- stability suffices, with some re-
liability; to control, the here determining influences and
to determine in adianck the limiting values.for the loca-
tion of the center of gravity or the size of the horizon-
tal tail surfaces. As regards the calculation of the

" lateral stability, however, we yet have practically no

knowledge from experience. There are, moreover, VvVery few
available data from model and flight tests and these ars
mostly of nro use for igeneral- application. TFor these rea-
sons numerical considerations regarding lateral stability.
can yield, for the #ime being, only an estimation of the
limits and indications -of the methods to be adopted for-_
improving the unsatisfactory stability conditions. Any -
prellmlnary calculation of -the lateral stability, as in ::
the case of lomgitudinal -stability, is.therefore possible.
only when sufficient data -from model tests are availabdble.:
As--to the a2pplicability of test results to- other structur-
al Torms mnod exactly similar to the models, knowledge can
Pe gained from experience only in the course of time., ..

In this report- the results of the theory of lateral
stability: will be supplemented as regards-the influence
of the zbsolute airplane dimensions. The technical re-
sults of the theory will then be applied to three numeri-
cal examples for the purpose of showing the way to the
Dractlcal evaluatlon of the data obtalned

: . ¢ -«
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II. STABILITY CONDITIONS AYD THETIR DEPENDENCE OW
4.,
Yo Fee s THE: ASSOLUPE- ATRRTANT . DILIZNSIOHNS. ..
o, B T - T e Y B SRR NS T U o
‘In-the threeé lateralimstion:idquations, .the forces and
moments can be represented:tin. the. . form.of-simple time fac-
tors (see table-I o6f DVL7"Report=272,; reference 1), whose
9rincipal’ compOnents (1n“brackets) consist of nondimension-
21 coefficients and dimensional ratios. Jevertheless, the
influence of the initial flight condition and dimensional
ratios of ‘the alrplane by~ the: course. of-the disturbing no-
tion are not yet clearly manifesti "since the mutually de--
nendent guantities “Qs-B/F- and cg .(or ¢y in the

factor " ky ) bccur'uogether. . The. relqtlon between these

d S . A

Tour quantities is ziven bv the eTDres31ons

VESUBIZE ca 8
_q_ . cos Yo R CIU
v G_/F' ot ca Sorem ol con et L. - )

ierebf the lairg: off motion--determined by, the, time factors
‘can be referried to -the ipdependent. quantltles ve(or~G/r)
P[QOL cg and - cos @yl In -the, time factors ve must put

Jane . D
g cos @y P
v G'/F '—...Ve - C.a po
: e . .. ";...'. - : N
g — e~ cos o5 P ¢/g
b / \Wwe/ ¢z Po. P F B/2

l.-.." PP . . . N
T P A PIR N G YRL O etoe o L : e cor

The 1nf1uences of the air. den51ty are e?preqqed as inde-
pendent factors. in.developed form with the aid of the
"unit velocity"

mhich depends exclus1ve1y on thu w1ng loadlng of the air-
plaane (contrary to the previous representations in German
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and foreign reports. The ratio ——1§——— can be desig-

P T /2
nated, according to Glauert's method (reference 2), as
the relative density of the airplane. This quantity rep-
resents a relation between the mass of the airplane and
its dimensions by taking as the criterion the mass of an
air prism over the wing area of the height of half the

.winz span.

Even the lateral-force component of the airplane
weight due to thelateral inclination (2, = G cos @, ),

which, after division by the momentum v(C/g), appears in
the form (g/v) cos Yo K, can be transformed according
to the unitary structure of the other time factors. It is

7
g 8 cos Q4 p
- CcoS @o = —-— —= T c,
v Ve Cy Po

cos . P
The quantity gvg°°s-po L

Ve ca Po

is common to all the time

factors. Its reciprocal value represents a time unit T
dependent on the wing loading (v_), the initial condition

(cos @,/c,) and the air density (p/Py)*. Introduction

of the time unit

-1y - & / cos 9, P s
(T = &/ T e 17

Ve a

makes the phenomena in the disturbing motions dlrectly
comparable for different airplanes.

cosQ o . . .

¥For ——=l = 1 and T = 1 this time wnit (v_/g) 1is
Ca Po e

the acceleration period from the velocity O to vy in

free fall under the influence of gravity.

St et St L g Nttt e Nttt b el . S

- - g = o s 8
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The time factors for the forces and moments according-
ly receive the following forms.

2, = (T73) rcgl. [s-1]
g = (T7Y) : -[—Mb' Fo + ¢! Ts + c.] [s—1]
T . qo F ns _? Y}

. 2
G. ] DN\ - . Fg 1
- = -2 - ! tet = s -2
o .. “b \2 :"?S ?’S‘ 2 -1
- -1 : — ! - == . :
b‘.f (& (iy/[cdso Teag F %, ! [
T fb \3 1 . : -
1wk; (T-1) QE;}[TE C(t)} - Ls-2]
- G AR 1 C%leg su
o o= (771 —— Lc + ) -2
™ 4
,7b2[Fn in N ]
= (273) o E ) [e-2]
. (/ bg\ 1 C'a.oo -

Ty == -1 el e - -

—sb.).x (T ) \ix,'[lg 14 E_c'aa,] Ls l]
™ A

(See table I in refercnce 1.)

The:deciding coefficients for the stadbility of the
disturbing motion (differing somewhat from the form in thae
wrevious report) are:
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| B = (k;_ux -+ Zl""y) + zZ7 .
¢ = (kﬂ_\x ]_,wy - k’u.)y .?'(_ox) + 1l + z7 (kwx <+ 7'(.v.)y)
.]:). = (kJ“UX. -LT - .":CT lwx) + Z]_,L (1’:’;' - LT ta-ncpo). + > (21)

+ z7 (kwx Lwy - lswy LU)X)

1<
|

e

Technically important for the dynamic and static direction-
al stability of normal flight is only the double condition

% D>E>o0, (228)

in wvhich B and C can always be -assumed to be positive.

The time Tactors and the stability coefficients de-
rived from them consist chiefly of nondimensional coeffi-
cients which vary little or not at all with the geometrical
dimensions of the airplane. The aerodynamic coefficients
arc the same for all geometrically similar structures, and
their variation for differing strucitnres is mostly within
narrow limits., Xven the relations of the radii of gyration
to the wing span are subject to only slight variations for
the same general airplane structure. Great variations are
due almost exclusively to differences in the power plants
(one or more engines, mounted low or high).

Tne-only direct dependence on the airplane dimensions
apnears in the two time factors of the static stability
about the vertical and longitudinal axes (lT and GkT), in

which the "relative density" of the airplane —————

g P F b/2
occurs, This guantity (aside from the air density and wing
1oading) depends on the span, i.e., on an absolute dinmen-

sion of the airplane. This devendence is almost meaning-
less for the dynamic stability conditions, since, according
to equation (21), the relative density (from !y -or kg)
does not occur at all in 3B; is mostly subordinate in OC;
and appears im D, B, and R (x=B(CD - 3E)) as a common
factor in the main portions. It is nevertheless of great

el T, e R e
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.importance for the course of the individual components of
a disturbing motion,wiph re'spect to"time.

The tlme unﬂt T -4is 11kew1se important only when the
course, of the motion’ itself is to be followed under differ-
~ent. assumptions, Aside from the air density and initial |
;condltlon, it denends only on the unit velocity vg and
ming loadlnb, whlch varies within the same limits for large
.and small:@irplanes. The time unit therefore has no in- .
fluence on the stabiliﬁ& conditions. .

IIX. TWCHNICAL D DJ“TIONS FROM THV STABILITY CONDITIONS

In sectioms III and IV of the previous report (refer-
ence 1), the stability conditions contained in the double
inequality (22) are thoroughly discussed. From the stand-
noint of the airplane designer, the static lateral stabili-
ty (B > 0) requires particular attention. The dynamic
condition (C/B)D > E, on the other hand, is shown to be
easily fulfilled by positive directional stability. The
structursl means for attaining static lateral stability are
only briefly presented here according to the results of the
deductions in .the previous report (refevenﬂe 1) -since they
form the basis for the 1nterpretat10n of the following nu-
merical examples. - . :

Portions of the wing and fuéelage~(ineluding-wheels,
floats, engzine nacelles, etc.) play < prominent part in the
"turn damping® and especially in The static directional sta-
bility. With respect to the rudder eifect, the "relative
tarn damping™ is defined by o

Cdso P ba -+ C,ns FS lsa cd‘So F bg
T = = A’)
) _ =1+ - (24

1 P i
€ ng Folg Cng

v
N
w

and the "relative directional stability" by

. - 1
_elp g T D+ oely Fglg ~ ¢ mg, Fo (35)
o= ST FLT =l T
Ng S °s ns S vs

Tne relative turn damping cannot de greatly influenced by
strrctural means. For the most part it has an order of
maznitude of 1.2 to 1.4. The relative directional stability
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on the:-gontrary, is very sensitive to sitructural measures,
such as the arrangment of the whezls, floats, length of en-
gine nacelles, height znd shape of fusslage and, above all,
the location of the center of gravity of *the airplane with
respect to the length of the fuselage. The influence of
tielwing is relatively small. An inherently unstable fuse-
lage effect in the directional stability (0:< 1) is found
"tobe favorable for the lateral stability. - The size of ‘the
vertical :tail surfaces should be sufficient for directional
stability and lateral .control, but, for reasons of safety,
should not be excessive. A great length of tail is advan-
tageous for the static lateral stability, only when the un-
stable efféct-of the fuselage on the directional stability
is relatively small (o0 > 8/2) or when, with an increase
in the length of the tail, the directional stability can be
maintained with a reduction in the area of the vertical tail
surfaces, a coanstant location of the center of gravity and
an unchanged shabe of the front part of the fuselage being
assumed B

-The moments.about the longitudinal axis of thé airplane
cone almost exclusively from the wing. The rolling moment
in turning should be kept as small as possible., The meeting
of ttis reguirement is facilitated by a-.moderate aspect ra-
tio of the . wing, The flattening of the 1lift distribution
toward the wing tips by warping the wing i1s-the most impor-
tant means for dsmping the rolling momsnt in $wrning. Deci-
sive for the lateral stability is the static transverse sta-
bility obtained by a suitable dihedral of the wing. By in-
troducing equations (24) and. (25), we obdtain

[

=2
() ' |
e (559
V = 1 S
¢'aw i _Su soos 8 c'amfm_ﬁl_.
/3. b/2

%
or, as an approximation for the now customary structural
forus,

v 2 N (28D)
! 1~ (210
The a_’o_nza,titz,r_-c!.m takes into- account the influence of a
ol
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transverse stability. of the whole-nirplsne, already pres-
ent even without the wing dihedral. This transverse sta-
bility sometimes reaches guite hizgh valnes due to the sween-
back of the ,7ings, %o the height of the.vertical tail sur-
faces and T tHer structural characteristics.

Hodel tests bj'tHé'customari'six~componént method
lead to conclusions regarding the lateral-stability con-
ditions, when made in accordance with the determining view-
points. Uﬁ;ortunately such has not _generally been the-.
¢ase, 1t can eaS11y be accomollshed .however, -as soon ag
tne reou1rements .are clearlJ understood At deast dtwo |
’serles of tests are necessary' tests w1th the complete -
moael and tests Wlthout the vertlcal ¢311,surfaces~ Hore—~
over, s third serles of te ts Wlth different ;ming dihe- -
drals is useful in . case 1t—1s necessary -to chanae the di-
Msdral adonted in, e 6631gn Qf the alrnlane. --.The details
regardlnr the evaluatlon of. such s1x~component tests are
‘Eiven in sectlon ¥V of the prevaous .repgrt.. .In short, the
condition, according to which the tests enable conclusions
revarding the lateral: stability,. can be .expressed by the
‘approximation formula B

_ ey e (301)
Mg s Psol D

If the model is not satlsfactor" accordinv to the first
test results, the requ1s1te enlargeuent of the dlhedral

can be made according to equation (23a) or (25b). Here the
guantity
-cl -
m
g —
R -C" - Cl .
ms . mso

obtained fraom.the tests must be introduced for the. rela-
tive dlrectwonal stability, and the measured increase c!,

in the rolllng moment for the transverse stadbility c'p -
)

If the results.of model tests with different Aihedrals are
available, the dihedral needed for the desired degree of
lateral stability is then edsily ascertained.
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1.: Bralvation of the Tests of a Model

et Tiof a-Highfgihg Svort lionoplane
The'orlvlnal purpose of these model tests, which de—
termwnes their s"stematlc performance, is chiefly the ‘so-
lutiont o'ft dontrol problems for all three axes. The most..;
importent 'values can be taken for the consideration of the
lateral. stablllfy. ‘There are lackins six-component testsh
without: vertical tall .surfaces, instead of-which, however,
the available three- component tests of the vertical tail.
surfaces« alone, “with horigzontal tail surfaces and fuselave
as a "scéreen!, can be utnlzed The likewise lacklne roll-
ing-mqment- tests ‘with dliferent wing dlnedrals must be re—
placed by ﬂpDrox1mate calculatlons. :

The ¢ollow1ng mean values must be taken dlrectly from
the model tests.
Tith complete model:

(c'm,) = 0.823, (&'p ) = -0.234, (c'y) = -0.353.

Q.
N : o)
Tith model having vertical tail surfaces: . 5.32& = 1.1
. ‘e - . a"-s

Sa s

Tith-nodel ef-éifp;ane without horizontal tail surfaces:
ct,'= 4,35, °

The ascending coefficients refer to angles in circu-
lar measure, In the representation of the test results,
the reference point for the moments is the leading edge in
the middle of the wing. The coefficients cmq and cpg

are based on F 1t c’ms <. O indicates stability,

The test results must f1rst be converted to corré-
spond to the-c.g. of the- alrb1ane (rearward 0031t10n r/t
upward position .h/t,-with resoect to-the: reference point
of the moments) and %o tne span LOf the’ 71“¢.* :

v ‘-\-'
'.-‘ :;....

a) Moments about the long1tud11a1 axls.
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n_ b
Clmq = Q(C'mq) + (ety) rol

c'mq ={0.343 + 0.353 X 0.33] 0.1328 = 0.0625

For comparison the transverse-moment increase for the wing
alone is estimated on the basis of the model test. Accord-
ing to equation (2) of the previous report (reference 1)

! .
ol _ c Qe f.\fl S'\l

Mg 2 b/2

where, instead of v, the actual dihedral angle (2.5%)
with respect to a backswepot portion (estimoted at about
1.59), i.e. VvV ® 0.07 rad., is introduaced. The value
c'am fy;, can be derived from the value cty, of the model

test according to the formula¥*

c! =.9._'..E&_1T._..:[}
Boo ety + mA

For c‘a = 4,35 and AN 7.6 vwe accordingly obtain the value

c‘aw fi; = 3.88. With b%; ¥ 0.5 (anosroximately rectangu-

lar ouwtline of the wing halvéé} we obtain

(c'p dwing = gégg 0.5 X 0.07 = 0.0544

This vzlue differg*dbut little from the previous one ob-
tained from model tests. Horeover it leads to the coneclu-
sion that the influence of the fuselage, tail and landing
gear is altogether negligible,

<

*Thig formulas can be derived from the expressions (accu-
rately valid for elliptical wings). for the marginal effect

1 H
C C
! A 3.
[ a, = __..._..._.-T..___ an.d. -(C‘ f‘xl:) = :
Cac -, P . 2 c 8
1+ 1 + =
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b) Moments about the vertical axis.

(Stability e'py_ >0)

o"|e.+

elp, = b= (eln)) + (') £1¢

= 0.035 - 0.047 %

According to the model sketches

P = 0.0882, Ls°™0.36.. .
T b »

Consequently the vertlcal -t2il- surface effect

Dea, Fely o i
- R 3% o.ossg,x 0:36 = 0.035

The point of application of the lateral aerodynamic forces
to the fuselage accordingly -lies directly under the moment
reference point of the -model test (leadine edge in center
of wing), since, for r/t'= 0 according to the first for-
mala, c'y = 0.035, -.e., the same as the vertical-tail-

,surf .ce ezfect
e '¢c) Static lateral Stnblllt
According to equatlon (30b)

&

c‘mi >-1 5
| ?} - ? ) a-cas ~ {ls\f
. 5w R
denénds on r]t. Hence’a 1imitin£ line ¢4 = _zt(r/t)

c‘ms
can. be determined, senaratvng the *stable from the unstable
regions (fig. 1). This line has the equation

0,035 _ 8 % 0.035 X 0.35 % 0.0325 _ . . _ 0.134
0,047 - 0,047 ¢, ¢ . ca

T
==

-

It is obvious thatjthe airplane in the'ﬁractical c.8., re~
gion (0.35< v/t < 0.45) 4is already laterally unstable in

zliding flight at c, ® 0.4

i it e £ i
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The extension of the lateral stability to higher 1ift
coefficients is easily determined, when the variation in
the. transverse stability with the- dlnedral angle s known
from model tests. In the preseat ecase;- however, "the neces-
sary change in the dihedral can be determined only by cal-
culation., The'goal is reached- in'thé $implest way by util-
izing the linear relation between "c,- "and- U (egqnation 26).

According to figure 1, the cg4 :1imi§ is xnown for every

c.z. lucation fér the preésent dihedral of 2.5 percent. Ac-

cording to eguation (26a2), the theoretical limit ¢, = O

would be reached by the alrplsne w1th a change in the dihe-
dral amounting to

-,

PN
g ?:c=mq-

(Av)o = v Su R
LS Y

T¥ith the numerical values already used above, we obtain

- .2 X 0.0625

e . (A v)5-= . . ' 3.0
3.6§_X.Q.5“y
The p01nt thus ootavned for ba;=“0‘ is common to all c.g.

locations. Flgure 2 renresents the relation betreen -the
stability limits cy and the dihedral of the wing for four
c.g. locations. This l1eads to the conclusion that (e ge)
at r/t = 0.4 -and a dihedral increased to:4.89, lateral
stability is to be expected up to cg = 0.6,

2., Evaluatlon of the Tests of a Model~

1:of a Low ?1ng Tralnlng Alrplane

The avallable resu lts of mod el tests ought- to inform
us regarding the controllability about the three airplane
axes in various angles of attack. They are of very little
1se for determining the’ lateral stab111ty, because they
contain no-data regardlnv tests without vertical tail sur-
faces nor with vertical tail surfaces alone, nor regarding
Tolling-moment tests at different wing dihedrals. The
evaluation therefore depends largely on_mathematlcal esti-

-



I

14 ¥.A,.0.A, Technical Memoranduﬁ ﬁo..ééé

S ) R o
mates, the test data indicating only the general order of
magnitude., Despite these limitations, the evaluation af-
-fords us valuable information.

N The model tests yield directly the following mean val-
.Mes of the derivatives in arc units:

- 0.42 + 0.11 ¢,

. (e'mg) = 0.14, (c'y,)

(') = -.0.44 + 0.07 ¢,

The guantities (c'ms) and (c'q) are noticeably af-

fected by the angle of attack, apparently due to low-wing
arrangement. The representation in terms of c, is made

possivble by the available resnlts of the three-component
tests with the wing and with the complete model. The 1ift
increase of the 'wing (A = 8.5) 1is ¢!, = 4.45, The meas-
ured moment coefficients are based on the ¥ t3;. The ref-
erence point for the moments is the front end of the chord
in the middle of the wing. c'p, < O denotes stability,

The mathematical coaversion with respect to the c.sg.
of the airplane and the wing span as reference data, ac-
cording to the formulas given in the previous example,
yields, for the moments about the longitudinal axis (with
h/t; = 0.16, t3/b = 0.14), the value

c'n = L0.14 + (- 0.44 + 0.07 ¢,) 0.18] 0.140
' = 0.01 (+ 0.0016 c,)

Due to the small wing dihedral (about 1.5% = 0,025 rad.)

the amount of the rolling-moment increase is very sensi-
tive to variations in the lateral forces. Comparison with
the calculated wing effect can therefore yield no criterion
regarding the accuracy of the calculation. The wing effect,
according to the formula (see preceding exemple)

C'aoa fM_rSu U=}:c;aﬂ' A Sy »
2 b/2 2 ety + T A B/2

(C'mq)Wing =

{(with 575 = 0.45) is
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‘ 3.8
(c'mq) wing = —i— X 0.45 % 0.025 = 0.022.

a1

This value (calculated with respect to b as the refer-
ence length) approximates the valne of the model test

ts _

(c'mq)f% = 0.14 X 0.140 ~ 0.02

which indicates the point of application of the lateral
force at about the height of the winz chordi on the fu-

selage (hizh landing gear included).

The cslculation of tae moments @5out the vertical
axis yields

ol =[ «(~0.42 + 0.11 c,) + (-0.44 + 0.07 ca)§] 0.140
= 0.059 - 0,015 c, - (0.032 - 0.010 c,) %.

These numbers indicate an exceptionally great Airectional
stability. They show that neutral eguilibrium (c'mS = 0)

is obtained at the rearward c.g. locations

r _ 0.059 - 0.15 o,
T 0.062 - 0.10 cg
and infeed for
c, = 0.2 0.4 .0.6 0.8
at I ~ 0.9 0.91 0.89 0,87

- - -~ - - N - . »

The shoare of the verticel tsil planes in the directional
stability can, for lacl of test data, be ectimated only
from other similar tests., It is approximately

o c Tg g
28 °5 1.5 % 0.05 % 0.32 = 0,024
cag ¥ b ’

On deducting this value from the measured directional sta-
bility, it is found that the airplane without vertical
tail surfaces is in neutral equilibrium at the rearward
C.2. location . ’

H
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0.035 - 0.15 c,

0.052 - 0.10 c,

=
t

Tor., ¢, = 0.4 this leads to r/t = 0.5 as the location
of ‘the center of pressure of the lateral force on the fu-
selage (short engine nacelle, great height of rear portion
of fuselage). Accordingly the airplane without vertical
tail surfaces is probably quite stable inherently with the
c.g. locations (r/t = 0.34 to 0.40) occurring in prac-
tice. Its "relative directional stability" (equation 25)
is
0.059 - 0.015 cg 0.062 ~ 0.010 c5 r

0.024 0,024 t

= (2.45 - 0.863 ca) ~ (2.58 - 0.42 cu) ¢

for cg = 0.4 and r/t = 0.37 (by way of example) O ®
.32, which is very unfavorable for obtainineg static lat-
ral stability.

® oty
w

The limit of the static lateral stability is again
letermined by the formula . ’

c
q a
- >1
c‘ms =80 Cag g ls\2

dag ¥ b /

Tith the preceding numerical values we have, as the equa-
tion of the limiting curve r/t = f(c,), :

Ca
0.024 X 0,32

0.01 + 0.0015 c,
0.059 - 0.015 ¢ - (0.062 -~ 0.010 cj) f

1
8

r _ 0.059 - 0.015 ca 0.000614 + 0.0001 cg

t 0.052 - 0.010 ca  (0.082 - 0.010 ca) ca

Comparison of this limiting curve (fiz. 3) with the
corresponding curve of the first example (fig. 1) shows
that, on this airplane with practically perfect-lateral
stability, incrersingz the dihedral can have no great =f-
fect. Corresponding to the data used for figure 2, the
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. guantity (A V), is about -0.7°," and the c, limit for the
.. existing dihedral ‘is about 0.02 for all c.g£. locations ac-
s cording: to figure 3. The thus-determined jet, for the ef-
Fiecaer: bfi changes in' the dihedrsl, flows so smoothly that,
for practical reasons, the necessary dihedral angles are
no longer fessible,

v, It is’ guite profitadble to follow this example mathe-
aatically, although it is not very satisfactory in its nu-
~ferifs]l bades  and although the results are valid only in
their general order - of magnitude. It combines all the con-
4itions which are unfavorable to the attainment of static
lateral stability, namely: 1low position of wing with small
dinedral anzle (no transverse stability), short engine na-
celle,; relativély high rear portion of fuselage (inherent-
1y shable fuselage), and relatively short tail in compari-
som with the wing svan (1 /b ®» 0.32). Practical experience
in cruising and in flst gliding with this airplane tyove dem-
onstrates the qualitative correctness of the calculated re-
sults. Nevertneless. the lateral instability is not dis-
agreeable, so lowg as the pilot is sure of his mosition with
respect to the horizon and can immediately correct every
deviation, either consciously or uncoansciously, by the ha-
bitual.small motions of the controls.

T
[

3. Stability Invesiication of an Airplane

‘of . the Sustomary Sizé and Design

a) Preliminary Remarks

Wﬁile, in the two preceding exaaples, & few available
data from .model tests were used to determine 'the static
lateral stability of the airplane type under investization,
an exzmple will now Ye calculated for checking all, even
the dynsamic, limiting conditidns of the:lateral stability.
As the Dbasis for this, numerical values are adopted, which,
according to structursl calculations and model tests for
conventional airplane tyves, may be regarded as mean values,
but of course canunot be generalized.

The only valwe which directly expresses the absolute
size of the airvlene is the span. .Aside from-this, the
6nl% eriterion is ths wineg loadine, while all other Aata
are nondimensional ratios or coefficients. The significance
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of this fact for the stability conditions was discussed at
the end of section II. The calcunlations are thus greatly
simplified, A further slight facilitation might be effect-
ed by eliminating the time scale (T7*), since this does
not affect the stsbility conditions. This will be retained,
nowever, in the following calculations.

b) Time Factors and Stability Limits for ¢, = 0.7

The numerical calculations are based on the following
characteristic values of the airplane

b =20m b/t, = A=28, /F = 50 ke /m2,

(ve =.31.0 m/s),

i, 1 iy 1 lg
"':—"—u"':—!"'—=004:
b 9 b 7 b
ey = 0.07 (for ¢y = 0.7), cos @ ~ 1, (sin 9, MO),
5% = 0.9,
! f3, = 3.75 ' = ~0.4; <% = 0,47 4V 2 0.30
©low Tn = 8.75, el(yy = ~0.45 g5 = 0.47, (55) = 0.80,
Cdg, = 0.004, c'y = 2.0, c‘qo = -0.8, c'mg, = 0.01,

; ¢lmg, = =0.01 - 0.6 /o = -0.01 - 0.075 r/tn.
(A1l coefficient gradients are in circular measure.)

The "relative density! of the airplane is accordingly

G 69
——5 = = 5.10,
g P F b/2 9.81 X 0.120 % 10 10

the time scale¥*®

9.81 1 1
/ -1 e
(p~1) = 31.ON//0.7 X 0,96 = Q.370 s .

*See footnote on next page.

ST

o
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From this the following time factors (with P /F= f)
are calculated:
= 0.259, . :
Zu , .
zr = 0.248 + 0.74 fg,
lr = -0.342 - 2.57 r/ty, + 27.4 T,

lw. = 0.073 + 5.,80.fg,

Uy
1 = ~0.8

(.l)x O, o
¥r = 0.57 + 49.8 v,
k., = 3.15,

Wy .-

Fo, = 9.36. . g
The coefficients of the principal équations are

,3 = 9,68 + 6.54 fg,.

“0 = 4.57 - 2.58 - +90.2 fg,
: : : m - - _

*In order to avoid misunderstandings in comparing with pre-
vious works, especially with the numerical example of

Tuchs and von Baranoff. (reference 3), attention is here
called to the fact that the time scale used dy Fuchs and .
Hopf is otherwise defined

( Y instead of & //335—92 2 )
b - ves/ .ca Po
and therefore diffeéers, even in the  order of magnitude,

" from that here chosen (1.89 s~ instead of 0.37 s-1). The

time scale of Fuchs and Hopf is not only a function of the
wing loading, initial condition and alr density, dbut also

of the absolute airplane size (wing span). It is equal to
tie scale T=1 multiplied by the relative density of the

airplane. ¥ ' : ~ ST
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B = 0.259, [{(0—0114=+ )2 (36, + 28°~f=x_i -
= (-1.07 = 8.1 y— + 86.4 f )} '
m

- {(-2.84 - 24.1 I. 4 257 fs) + 29.9 v} tan w].
tm , o

The fulfillment of the copdltlon tnat in stability,
all coefficients must be 9091b1ve, devend with a given
c,, on three variables: r/tm, g. @nd D(flg. 4).

B3>0 and ©C >0 are always fulLllled since fs must al-
ways be greater than O. D >0 is fulfilled when

r .
Z 0.049 + 0.565 = 4 6.35 £ - 0.940 £°

This 1limit is practically rectilinear, since, for all tech-

nically possibdle values of fg, ¢the summand 0,94 f¢?x

5,35 £, E > 0 is fulfilled when, for the most important

special case, horizontal flight, the relation -

- 1_08 — 8.10.7&'.:"‘ 8-6.4 fs _ 0'011.4'

v =
3.5 + =289 fg

ig fulfilled., This condition is d90151ve for the dihedral.
R = BCD -~ D° -~ B°E ® B(CD - BE) > 0 yi€lds a further

limiting relation between vV and fg. In horiztonal flight
this must .be )

v - T * *
S 12.4 +.125.1 = - 62. 2( )

m
V. = .
-187 ~ 110.4 o= + 3129 £ = 490 £°
‘:. ° . m A . : ’
r .
-(1250 - 2890 ;;)fs - 24770 fsz - 3630 fss
r . o 2
-137 - 110.4?;‘ ﬁ-3129 g - 490 fs
This 1limit (similar to D = O) shows a practically perfect

rectilinear course. ‘It represents .a very flat arc of the

exact 1limit . R = BCD - D® -~ BPE =.0, - which continues simi-

larly to a hyperbola far bevond tne Dra ucally 00331ble

re"lon (flg 5)e . REETAE S+ : .
The~1ncl1nation‘df ‘thle ﬂVo Limltlng llnes D = 0 and

R =0 is approximately determined by the relations ’ o

Nt Ay - ST SR e L i e e e et
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Ly “"“f“*J% for-D-=-0:°

k. ! 17

BT Wy

1. > 7".!) . i EE
T WX .

kt ® kwx fqr Rfi\q

where LT - is a linear functlon of . fs' and where X7 1is

a linear function of v. The sign of the numerical value of
wa (almost always negative) 1is de0131ve. Furthermore, it

is apparent that the 1imit. D = O of. the stable region is -
always beyond the limit R = 0. and is therefQ“e_W1thout
orac ’ccl importance.. Since R =0 for D=0 and B =.0,
these three limiting 11nes must 1ntersect one another at:
the sdme point*. .
The dynamibally_stable'region is accordingly included
between the limiting lines E =0 and- R = 0. It is wor-
thy of note that dynamlc lateral stability is possible,
even with static direetional 1nstao111ty, and also with a
slight transverse instability. Tae main reason for this,
as already metioned, is-the ‘geilerally négative roll-yawing
moment ly . This stability region, hovever, is not util-
izable in 1{fl:t."ht since it expresses itself, when inclined,
in reeling v1brat10ns {stable at first: but only slightly
damped), as described by.Gehlen (refereénce 4) and in my pre-
vious report (refarezmce 1) :The "condition of static direc-
_tional stability lg 2'0 is the practlcally simplest and al-
ways sufficient stability Limit in Dlace o? 'R = 0. It is
1ndependent of v and therefore represents a parallel to the
V~axis with the abscissa

T
:E'-s = 0,0125 4+ 0,094 ¥ |
A1l technically important considerations are hereby limited
be+veen static dlrectlonal 1ndlfference and statlc lateral
1nd3errence.

The effest of the inclination of the flight vath on
the ststic lateral stability can here be represented only
on tae express assunmption that the stability conditions
are not seriously affected by tne propeller slipstream. A
gliding flight. (g, = arctan cy/cg, Y with zero propeller
thrust can, of.counrse, not be dlrectly compared with a hor-
izontal. 17ight. . (@, = O- with like. ¢,) :with propeller

¥Tigure:l.in R, & H. 1077 (Garner. MLateral Stability ... ")

is in this respect open to objection, even as a rough ap-
proximation.
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thrust equal to the drag, without investigating the vari-
ations in the influence of.'the slinstream.bestween these

twvo operating conditiomns. The moé:st important effect is to
be expected on the directional st30111+y, since the verti-
cal tail surfaces are mostly inthe- slipstream. Exhaustive
tests have not yet been made, however. Occasional tests
show no consistent behav1or.. ‘The, aldition or subtraction

0% the directional stab111+y in poweLeA flight, as comvared

W1§" gliding flight, seems.to be. indevendent of the design
of the airplane. '

Wotwithstanding this uncertainty, the 1limit of the
static lateral stability in-gliding flight is represented
with zero propeller thArust, In order to show at least the-
order of magnitude of the effect of the inclination of the
flight path. Hereby it is.assumed that the disappearance

of the slipstream influence is negligible. With ¢y = 0.07
at .cg = 0.7, i.e. tan ¢, = =0.1 or ¢, ~ -8°, the equation
0f the limit E = O reads n
. T
~0.827 - 5.7 T+ 57.4 fg

6.5 + 289 £

The consequent requls*te dihedrals are considerably smaller
:than in horizontal flight (fig. 4). It is therefore to be
-expected that an alrplane which has only slight lateral

.. stability in- horizontal flieght, will (with the same 1ift co-

efficient) show a noticeable increase in static lateral sta-
bilisy in gliding flight. g

c) Laterai Stability in Terms of the Lift Coefficient cg
Lateral disturbing motions in straightaway flight with
different initial conditions (cy) are distringuished at
fTirst By their dying avay vith time, which is designated by
the time scale (27! ~ cu7%) in terms of -cy. 4As already

mentioned, this variation aas no effect on the stability
conditions. ' .

Beyond this, however, the time factors Zy, and k

are linearly dependent on c¢,. The intermediate variabili-
ty of the other time factors, whose aerodynamic coefficents
according to model tests are sometimes slightly dependent
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on c,, 1is generally of subordinate importance in the mid-
dle ¢, region (up to cy ® 0.8) and may here be disregard-
'ed. The stability condition 3 >0 is scarcely affected
in the.normal region by variations in c¢5. The condition

'C¢> 0O must never be endangered, since, due to wa é 0,

the summand -kg 1 £ 0 must be regarded. The same re-
‘stilt is reached”by "~ corresponding considerations regzardiag
D >0 a8nd R - 0,

0n the other hand the condition E > 0 of the static
lateral stability is greatly influenced by changes in the
If the function

initisl magnitude of c,.
( 3.15 \
kw& = 4.50 c, S o Ca J
Minﬁrgﬂuced instead of the value I, = 3.15, which is valid

¥ s sas .
fTor cy = 0.7, the egunation for the limiting lines ® = 0
then reads:

~1.54 - 11.56 {- + 128.5 £
vV~ Cqy - 0.0114.

3.6 + 239 £

In figure 6, ¢, 1is introduced into the expression v(fs)

as a parameter with the same c.g. location r/t = 0.35,

for other c.g. locations, the corresponding groups of lines
-follow exactly the same course as the original displacement
..showa in figure 4.

roreover, the 1limit EB = O can be variously expressed
in the form

(0.0114 + V) (3.5 + 289 £g) -

- (~1.54 - 11.58 = + 123.5 £5) c,=0.

LR

according to thechoice of the parameter and axes (from the
founr variadles v, g r/t, ca), so that data can be ob-
tained in a predetermined direction.

0f the six possible methods of presentation (aside
from the likewise corresponding figure 6) only the two most
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important omes will be considered.

In flaures Pa to0 7c tharee sizes of the vertical tail
svrfaces (_q,F) and three dihedral anzles (V) are taken
as parameters, Toe curves show up to what initial condi-
tions (ca,, dependent on the recarward location of the c.g.
(r/t), static latersl stability is to be expected. This
manner .0f preseating tae problem is the only one opea for
a Tixed airplane form. Its graphic revresentation corre-
sponds to the results of the two precedinz examples accord-
ing to the results of the model tests (figs. 1 and 3),

-—..

curss8a to 8c show, for three sizes (F /“ of the
verti cal t»il surfeces and three c.g. locations (r/t) up
to wnat initiasl conditions - (c ), dependenu on the dihedral
rgl (v), static lateral stablllty is present. This
raph corresponds to the first numerical example (fig, 2).

(ﬂ

-

Figures 6 to 8 show that, in the present case, it is
t0ssible, withont unusual measures, to attain lateral sta-
bility within the region of normal 1if%,

Y. SULMARY

The DVL Remort 272 on lateral stability (in addition
to tane formal discussion of the problem) explained the .
technical significence of “the theoretical results and gave
Zeneral suzgestions for their practical evaluation in air-
Plone desizn, In the sections I and II of this supplement-
ary report a few additipnal data are introduced which are
of importance for the mathematical application of the twe-
ory. In section III the previous technical results are a-
zain briefly summarized.

Section IV of this report contains three mathematical
exemples, two of which are evaluations of availatle model-
test results and one a carefully elsborated numerical ex-
ample. The evalnations are intendled %o show the minimum
date necessary for a rough caleunlation of thes lateral sta-
bility and how far incomplete data can be supplemented . by
alditional estimations. The numerical example shows that
in addition to the static directiornal stavility, only the_
static laternal stability of the airplane needs to be de-
termined, This is affected, amonz other things, by the
size of the verticaol $ail surfaces, the dihedral angle of
the wing, by the rearward location of the c.g&. and by the
flight condition (cp). The nature of these relations is
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clarified by a series of graphs with various arrsngsments
of parameters and axis variabdbles.

The results show that, with a skillful utilization of
21l the possibilities in designing, lateral stability can
always be attained insofar as considered necessary for the
purpose of the airplane.

Translation by Dwight M. Miner,
Wational Advisory Committee
for Aeronautics.
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Figure 5.(example 32).-Theoreiical limits of dynamic lateral stability.

This figure shows in particular the course of the
limit R = 0 (above . = 25° in rough avproximation) and location of
practical region. Fig. 4c was talen from this.
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Figure 6, (example 7).-Linits of static lateral stability with given c.g.
location (r/%t) for three initial conditions (cg),
in terms of size of vertical tail surfaccs (FS/F) and dihedral (v).
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Figure 7.(example 3).-Limits of static Figure 8.(example 3).-Limits
lateral stability of
for three dihedral angles (v) and tares static lateral stability for
vertical-tail-surface areas (FS/E), in three c.g. locations (r/t)
terms of c.g. location and initial and three vertical-tail-
condition. surface areas (F /F),ln

terms of dlhedral (v and
initial condition (cg).
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