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REQUIREHEINTS FOR SATISFACTORY FLYING QUALITIES
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reasonable to recuire of an aiwvlanc, and what influence
the variouns design features had on the observed flying
gualities.

In order to cover this work adequately, a nunber of
vavers dealing separately with the various items of stadil-
ity and control are unecessary. Several such papers have
becn prepared or arec in preparation at the present tine.
Detzailed studies of all items will require considerable
tine for completion, dut it is Dvelieved that the conclu-
sions reached to date are complete encugh to warrant a '
revis*on of the tentative specifications set forth in ref-
erence L. As opportunity for additional analysis occurs,

it would be desirable to cover the individual requirements
at more length than is vossible 2t this time. A4As a re~
nay also be desirable to re-
tieg specifications given here.
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The specifications require characterisiics that have
becn deomonstrated to be esgential for reasoconadly safe and
operation of an airplane. They g0 as far toward

%
requiring ideal characteristics os present design methods
will pernit. Conmplinnece with the specifications should
insure satisfactory flying qualitiecs on the basis of pres-~
ent standards, although as additional knowledge is odbtained
it mar be possidble to demand o closer approach to ideal
characteristics without in nny way penaliziang the esson-
$ial itens of performance.
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FLYIHRG-QUALITY REQUIRZMENTS

N . .y . e d E
— It has bsen convernient to present the flying-gualiliiy
Q requirements under the follovir% individual headings.

i Thery avpear in the report in this order.

I. Requirements for Longitudinal Stadility and Coatrols

A, Characteristics of uncontrelled longitudinal
motions

Bes Characteristics of elevator control in steady
£light
Cs Character s of slevator control in accel-—-

D, Characteristics of clevator control in land-
i o

F, Limits of trim change due ito power and flaps.
G. Charascteristics of longitudinal trimming device.
II. ERequirements for Lateral Stabdility ard Sontrol:

ices of uvncontrolled laterzl and

4. Charact i
nal motion,

2
direct

Bs Aileron—control characteristics

u

C. Yaw due %o silerons.

Ds Limits of rvolling moment due to sideslip.
E. PRBudder—control characteristics

F. TYaoawing moment due to gideslip

G. Cross-~wind force characteristics
H, Piteching moment due to gidesl

I. Characteristics of rudder and aileron Trimming
devices

ITI. ©5%allinz Choracteristics.



These requirements pertain to all flight conditions
in which the airplane may be flown in normal or emergency
operation, with the center of gravity at any point within
the placarded limits, Some of the specifications are
Pased on the behavior of the airplane at some specified
air speed, The air specd in such cases shall be takon
as the indicated air spced. Where minimum air speed is’
referred to, unless othorwise stated, it shall be taken
as the minimum air spced obtainable with flaps down,
power off,

With the exception of part III of the requirements,
which deals exclusively with characteristices at or close
to the stall, the reguirements pertain to behavior of the
airplane in the range of normal flight speeds at angles
of attack below that at which thes stall would occur,

In the specifications which follow, the lower limits
of the control-force gradients are specified in terms of
the ability of the controls to return to trim positions
uvpon relcase from deflected positions., This is a very ds-
sirable characteristic because it assures a control fric—
tion sufficiently low in comparison with the 2erodynamic
forces to allow the pilot to feel the acrodynamic forces
on the controls., However, some additional interpretation
of the specifications is neccossary, because no conirol
system can be made entirely free of friction and, there-—
fore, there will always Pe some small deviation from re-
turn to abgsolute trim, &4t the present time, it is not
possible to fix the allowable limits for those deviations,
It is known, however, that controls reasonably free from
friction, as measured on the ground, have satisfactory
self-centering characteristics in the air as long as there
is a definite force gradiesnt, TFor elevators, force gradi-
ents as low ags 0,05 pound per mile per hour have been sat-
isfactory when the friction was small. For relatively
small airplanes such as fighters, trainers, and light air-
planes, it appears that about 2 pounds of friction in the
elevator control system and 1 pound in the alleron repro-—
sent an upper limit. In several cases, wherc push-pull
rods with ball bearings werce used throughout the control
system, frictlon in both slevator anrd aileron systams has
been found to be under 1/2 pournd,

For large airplanes not intended to maneuver where
visual or instrument references are always available, self-
centering characteristics are not believed to be essential,
although they are very desirable. In these airplanes,
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ut

control friction should be kept as iow os Dessibdle, al-
though there is indication that coansiderably more fricition
can be tolerated. A representative amount of control fric-
tion for a tranzport or mediunm bomber would be about 10
pounds ir the elevator systenm and & pounds in the allerons.
Irreversible contrels have somewhet sinilar charac-—

teristics to controls with high frictiocn; that is, taey
are not self- centering and therefore itend tc desstroy con-
trol feel, They are not considered desirable, =2lithough on
very large airplanes where the rates of deviastion from
steady flight are slow ther have been used successfully on

Then elevator contrel is deflected and released guick-
ly, the subsequent varistioan of normal acceleration and
elevator anzle should have couplstely disapoeared afiter
one cycle.
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(phuzoid) oscillation, which nvolvns varxation of sveed

at an essentially constant anzle of attack. As shown by
the tests of reference 2, the characteristics of the lat-
ter mode of longitudinal motion had ne correlati with

the ability of pilots to Fly an airplane efficiently, the
long period of the oscillation making the degree of damping
unimportant. Subsequent tests nave not altered this conclu-
sion. The case of pure longitudinal divergence of the air-
plane {static inst30111ty) will be covered later under
requirements of the elevator control in steady flight. To
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A

prositive static stadility for fllght conditions in which
the airplane is flown for protracted lengths of time, or
where opportunity exists to establish a trim speed so that
stable characteristics can be realized. Positive static
stability is not considered particularly helpful to a
pilot at very low speeds with full power on or with flaps
extended with full power on, because of the large trim
changes due to power usually experienced. The conditions
are classed as emergency conditions Pecause in actual
opecration they are entered suddenly from approach eondi-
tions, where relatively little power is used, In these
cases the elevator force and position changes, due to
applied power and change of flap setting, are usually

far greater than any inherent stable or unstable force or
position gradients which exist due to the degree of static
stability present. For these reasons, static stadbility in
these conditions is not considered essential, at least not
until trim changes due t0 power are reduced to much lower
values than are experienced at the present time., The mag-
nitude of allowable trim change due to powecr and flaps is
covered later inm Regquirement (I-F),

In other conditions of flight, howeveor, static stabil-
ity is regarded as an essential flight characteristic.
Item 1 pertaing to the eclevator-fixed condition, This re-—
quirement insures that the airplane will remain at a given
angle of attack or air speed as long as the clevator is
not moved, and provided that disturbed motion of the air-
plane is not left uncontrolled for long periods of time.
Positive stability eliminates the need for constant con-
trol manipulation in maintaining given conditions and,
farthermore, simplifies the control manipulation when a
speed change is desired, because the direction of control
movement required fto start the rotation in pitch corre—
sponds to that reguired teo trim at the new angle of attack.
A negative slope to the elevator—angle curve is a necessary

-reguirement for clevator control feel, and the degree of

control rfeel increases as the variation of elevator angle
with angle of attack is increased (reference 3). In gen-
eral, it may be said that the variation of elevator angle
with angle of attack should be negative and as large nu-
merically as is consistent with other reguirements of el
evator control,

Item 2 requires that the elevator-free static longi-
tudinal stabiliity shall always be positive., This specifi-
cation insures that the airplane will not depart from a
trim speed except as a result of definite action on the
part of the pilot.



Iten & recou cvator contrcl be self-
h n ki

i o
centeriang, o chnaractoristic vwhich is nccessary for the at-
trinnent of control Fool.

The reagon. for iten 4 is obvious,

Desizn congiderntions.— & detniled ~nnlysis of the
static longitudinal stadbility characteristics . of vnrious
aironliancs and the influence of wvaricus desgign fenturcg on
the observed characherisiics ig ziven in referencs 4,

Reguirement (I=C0): Characteristics ¢F the elewvator
control in accelerated flight, )

le By u2se of the elevator control alone, it should
be possible to develop either the allowadble load factor
or the maxipun 1ift coefficient at every snveed.

2s The wariation of
celeration in gitendr turan
should e a gmooth curve
slope.

te For airplanes intended fTo have hizh naneuverabile—
ity, the slope of the elevator—-angle curve should be such
that not less than 4 inches of rearwvaerd stick mowvenent is
reguired Yo chanze angle of attack from 2 Cp of D.2 to
Co in the maneuvering condition of flight.

“UaX

4o As measured in steady turairg flight, the change

iognal to tae el-

in nornal accceleration should be propvortic
@ cntrol force appiied.

i
<+

5, The zgradient of elevator cenitrol force in pounds
per unit vornmal accoleration, as nmeasursd in steady turn-
iny £iight, should De witaln the following limiis:

ne JFor transmorte, acavy bonbers, etc., tae Ira-

iient should be legs than EO0 pounds per 3.

. For vursuit trypes, the Iradient shouwld dbe

less than 3 pounds ner 3I.

ce For anv airplane, it should reguire a szteady
pull force of not less than 30 pounds to cdtain the
21llownble lond factor.
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Reasons Tor Requirement (I-C): Item 1 of this speci-
fication reguires thnt sufficient elevator control sieuld
te availl to execubte maneuvers of the ninimum radius
inberent the aerodyramic and structural desigm of tae
airplane. Since the curvature of the fiight path is di-
rectly reloted to the normnl acceleration, it is obvious
thot the attainment of either the maxinum 1ift coefficient
or the clilowablas load foctor is the limiting condition.
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arrancenents with the control 12 inches from the back of
the seat. (See refererces % and S5.)

Desgizn factors.—- The reqguirements of the elevator in
prodacing taree-point or mivimum speed landings are by rar
the wogt critical from & standpoint of controcl power.
Fligat—-test data show that lcw-wing monorlanes with flaps
down require zbout 10° more ur elevator to land than to
gstall iz comparable conditiong at altitude. Without Tiaps
thie increment dus to Lround effect is not so Zreal, and
with high-wing wmonoplanesg without flaps the ianding fre-—
guently requires less elevatcr than the power—ofi stall
at altitude.

to
€ -gle
that

Reasons for Reguirement (I-E): The attitude of an
airplane for optimum tare—o-+ crarccterisgtics depends
upon the condition of the runway surface. On sgmooth, hard
surfaces with lowsrolling fricition the shortest falke—nff
rur i1s obdtained with a 3ail-high attitude. Vhere rolling
friction is high, however, it ig advantajecus to mnintaln
an attitude which givesg high 1ift.

Dagizn congiderations.— Adequate control of the atti-
tude anzle duringy take-off devends more on the nroner lo-
cation of thz landirng gear with resvect %o thns center of
gravity than oz the characterigtics of the elewveators them—
selves. This reguirement certainly is not crifical Trom
n standpoint of elovator control. An airnlane tvhat has
gsufficient $ail volume %o be siable and sufficlent oleva~
tor contrel to perform tarse-vpoint or minimum-—spoed land-—
ings should mect tris requirement sasily, a2s long as the
mein landing—-gear whoelsg are properly located.

Reguircment (I-Fj): Limits of trim change duc to powe
cnd flovs.

1. With %tho airplanc trimmed for zorce stick force at
any 3iven epoed and ugling any continntion ngl nower
and flap setting, it should be possible % the
given spead without exerting push or »ull ater
than those 1isted bvelow when the power an ing
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attention is called to the omission of a requiroment
for spiral stability, Tests have shown that the lack of
spiral stability has not detracted from the pilotls abil-
ity to fly an airplane officiently. In fact, it is very
difficult to determine whethor an airplane is inherently
gpirally stablo or not, because divergence will occur with
a spirally stable airplanc if perfect lateral and direc—
tional trim do not exist or if slight asymmetry in cngine
power occurs in a multiengino airplane, For these reasons
a large amount of inherent spiral stability would be ro-
gquired t0 insure against latoral divergence under actual
conditions,

ct
[
L4

Since it avpesrs toa ns Aefree of griral stability
or instadbility is inconsecuential or at least of douttful
importance under aciunl conditions, 1%t is desirable to
avoid any sucid requiremesnt bhecause the dezign conditions
for apiral stadilit~ conflict with other factors known to

e egsentisl in the atiaiament of satisiactory flying
gualities.

nside iong The thecory of dynamic stablil-

itr G nther extensgively develcoped from o mathemat-—
ical giarmdipoint. T canrts of reference o nnke the cal-
culation of the dynomic characteristics o relatively sim—
ole matter, vrovided the stadility derivatives zare Enown.
In Senerzl, however, the stability deriwvatives are not
known and czanot be estimated to 2 reasonable degree of
‘accuracy, parvicularly with power on.

Cn %he DPasis of experience, nhove that
the danping reculirsment ig not oo crit ondi-
tion. There Ig everyr indication That wi gguire-
nents of fin srea and dikredral are uet, the uncontrolled
iaternl metion will oe satisfactory.

Items 2 and 2 of the requirement (II-4) are devendent
os was the elevator—free motion {regunirement I-i), on the
control-hinge mements, mass halance, and moment of inertvis
of the control sysiems.




o 4 s (o) I o . 1 1 3
ito) wi O | +> e~ ot 1 31 @ < o
4 0] < 6y &g H @ Gy -} KR o oo S IRE 1 g oo
|2 ) Q Q4 el 4 ol O [ [ONN's} e SRR ENE NG M|
w90 [ a [ O O M - QO [ONE OB wd R D 4
4 = D0 N [ 8 [ O RS e} el ) I (S0 ful
W~ D woat @ < O [<IIS) > © Wby @ O o & b
K i R jad Er] =1 + Mo Hou oo el o} O S| Q ot LR £
4+ g P o (O <} i O O ja &) i - K B 4 4 gl - Gy fy
g B oo Pl © Q B4 Q 8 o 2y o e < G © i WG T o O
A S ) LI L [ wi LA £y Qu O Lo e [T AN ]
@ 3o s B o} o0 o [EIETI ) I3 ol Gy O el 4o 0 W [ R R G 4 QLY
o] = L I ] v O .84 a3 o [o JR IR 3. 1 Qg
O 3t O 0] 1 5 e ] [N~ el w r 13 L N e ! [ ¥
at ot WP o Moo 2 < wr O w3 Lol ~ & o e A o0 © 41 ©
B oad g b 1 G b Gy @ 9] o O o Q£ 4 0o
& o g e ] « w3 e 84 Q 43 o3 =] &t O f a0 O OO ®
L ] EEER Rt o [=] - o Q0 O [¢) [OREE & +42 e Q Fl % b B
O Vg w £ o} e o o b 43 O 4 oy <y 2 el Oy PR S s B o o ® U
[ 4 (o] 4 3 [&1 MO o] bt O B0 < w e
o d.g 0 o o =1 ] 4 3 [CR T ) la] Q [0 Q i [e] S~ S e
LS o IS I A 0 f B O 4 5 w - 0 o ©Q oo 4o ol oo
O it @ 42 42 ot - .0 ! 4 42 H H e O O ¢t O 4 QW o o
G+ 0o o ® b 4 (SR gL 0w 1 e @ ]G O DR
el ¢ O 42 + @ 4 SN Mo - G @R o NG
ar O (3] [o W~ 1 o (o o oo xt R ) . e 1t @ 194 =t ord (PRI o]
[ (o] 18 et Q O O R T oeed el 0w 0 1,0 wl OO D IS S O G Qe
ot Gt o~} O O 4> (o] 43 MOE D oy o ! ) @ ow i 1= 4omd e
— o J.d B i © & w o Y (&) o ~t iy w2 BE Q4 T O
el O 9 S on g @ | ] B GO 4 &4 ol O P = I = < O w o o}
o L e G e B 51 wi @@ 2 00 1> 4 43 W W O QOO w1 @ O
ford o ™ == I £ 1 B4 & o ale o OO Yy Vo b ORI
o o) o B~ He " Q@ 42 o 0w © o ol © o 2 B L wow gL
LR S S O s W 4 2 g RRgp s ) o 5] o a3 &4 RERNG s T
O 2 o 4y - QO ot (o] < fol 4+ Qb @ [S N eRN ] Lo NI o ThEn ]
oW od e o & - @ oo v wd o Q@ o tal @ o o&  J Q@ Bt
£ O R Y - ©; £l Be G~ Q 2 o ¢ Hlmow Q4 rap @l MO
o O o e o] . ! [t o o b, BN il 3 q w42 wi 4 (9]
ot O ¢} ot 5ol 4 $ - O O 2 0 4 4 42 Q clo ® 50 [ I -} WA W owm
S et O 42 u 3o [ £ € (IR S ! 1 oo @lort 24 w6 G et EEE S B o IS
o e OO B G4 = 5wl QW w E — Ao gl b oo 0 O v
wi 300 o it [a] o} < o= @ b » O w o) QG e ot @
L Moo & Mo M £ 42 O © o f41 O @0 @ f 2,80
1O Gy [} o] ol B @ g o o @ wi P Lo by o] o fe TR
Poa@daton © £ O u- 4 < jai S R B i ol B o« W ol o e B I
s e e ok I S 1 S By Qe e B @+ Eow @ .
© o O Q O £ |5 32 © O o (S I joN 0] @ 1 a0
LG o] Kol ) . s SO SR KRN O R « LD o g @ ol gl =« MO 04
|21 (ST & B3 [ 4o Q30 - O ! 2 O Rel [} RO = y
O o P 45 2 Q = a4 P o 4 & & Qi e & v o
(e S e ) o o O w oGy el £ MR e g Qoo
6 ol Fu B o B - ® i o . O~ o 40 Olar ot Q =N
[AUI +3e ) e O < oy o &) & Pl Ml w e - Qo0
[o 2SI ST ] -y o] g ™~ S0 o te 42 -1
4 D Wl @ - 4 oS8 R3O 3o 0 |23 o 4>
O o ~ OO o] 0w b ol B oo o & owod
o« & wi g e &1 [T S A e [T S Ol & O
) a0 @ 60 B —ow Gy b gy B 4 & B O




r-}

=
ol
/l
ol
[N
by @
o b
1=
u O
O o4
=]
[ B
@ 4y
P owm
o
M g2
o o
wi U
o
e
o
wn o
[ONE ]
€ o
& o
1 et

i
T8 cons

A
(TR ]
[l o
€ e
¢
o
-t ©
wi &
(GRS

B
@
S~
+ O

[
Gy O
o]

=
2o
nd
R )
n W
o ou
ot O
2o

con-

necessary

&

s

2
i

[

conbtrel.

1

tera

1o

a)
42

123
ot

!

0
Gy

i
42
i

wcd

ned by thae

-
1
&

o
3

n 5 vasg determ

A
[P

sd

Sl
<
o

o}

>
[

ot

G-
o

D
el

- U2

@

£

i
cd

i

W@
4o

el 9

e

¢

&
o
[ ]

r~f

B}
3o

o4

D

e 7}
et} 32
w o
o ©
o w
LoJ
&
ot
0]
14

S o
. =]
oo o
[ O]
QG M
@
wref m
e~ O
B
{2 R
ot Cr
+©
[4: S >
Wb
@ o #
L
(S ]
g -
wi O
@ & O
<3 G T
I
et B
Gt 84 -l
[ e Rl
Ta fet
@
et e R
G i ek
IR N
[N £l
= Q 4o
o 0o
4 8 few G4
® 4> O
it
s B S I 5
3 o ©
[ONFeE R
O &
el O O
Pe € 25 @
EET S/ g o]

42 e
fa INSY
[ &
o o
G
[OR
oo
-1
w
4 5
=t
[o B O}
]
. o
~4oe
oot
£ 0
4> M
o S e
LS
O a4
a3
(9]
R )
4>,
s
4
G
(S
[ ]
EER
je IO}
O &2
m
(Ol o]
|
o
53w
o
o o
— @
ISR

3 1
S e B =
& oo
5 w0
[ONN 0NN )
Qa3 3
ks, "
e
43 o
1 @
Qb b
SEN ool

howevear,

oy S e
LR,

o

A

4
5

(9]

1
REES
oA
®» w
i3
ow
o 3
~ O
@ el
O &
o @&
Lol

2
O ™
[ 5]
£ Gy
SRR =}
O ot
o]
ool
ot
3
f4 a2
o ®
[
50
- »
340
R
[« 213
=
@ O
2]
3
3 &
[ &3 w]
Q wt
&3
vl
v»« O
LIS
=)
32 @
o
€3 4
[
N G-
1 O

red '
3
3
(8]
L]
o©
L3 a
32

4>
~
© o
s B
sl
(S 1
[SE]
vy o
[w}
Pe Oy
M
G N
g2
Q T
ol @
Gt A2
o
sed ped
“w
3 nd
w oo
q o
o3
0
o]
o o
o Q
)

£3
¥

.
g

chory
efer

-

<o
-
&

S

LR

ol (3

4y O
[T =

(3
45
1
[
= B =1
o
5O
§ o~
LI
o o
i
D
[ B
Q4
40
D
B et
LU
EA s
O
G Gt
c Q
O
[eTR ]
]
RERNE
[
~@
o
o O
g
FEE
o rad
o oo
4t
-
~
[V
rog
o.Q
el
[R5
o}
[&]
42
B
il 42
~. £
».D e
2y et
(@]
wi
O e
O G
o e
- O
oy Q

et

(&}

to decreange

nds

o

!
1
wl

ol

o

)
-ﬁl‘-»

o

o4

-
43

[$5]

£

w©
5

2

- o
creaced

n Bt
[SEREE SR ]
L G Y
Q) e 4>
SR G|
@ G
3 AL o
ot . (9]
U pn
€W o
e} (s 7]
[&] +2
o W D
[o S I AR
[o S EENL RN e}
w0 o
$4 0~ WO
Qg 01
4 Q54
o Y By O
£ a0 fa
[ 4>
et e S
0 QO 3o
w TS N I &
42 G4 O
G b e
O O W
oo we
[ R [
2 o o
= e
o 0
(O O)] 4
e B
O o
[T S S
EXIES B e B
af 43 Be
Perl O ™
oot 0t
@ o e
M@
wi O o B
— oa> R
[SEe]
o &% w P
owf O
o+ o W
S BN o
[ x| -2
f4 v
HOO ok
O 4
4 [ 327
oo od
43 et O

~i
[«
)
N
(e}
ot
¢ 2
(2
w0
O 4
o
(S
S
w42
e
[
[O®]
Gy O
Gy oo
o o
e
o w
St opt
o ok
o I
ol
[T
«
Cp o
o
Wy
wo
(@RS
i 4
w oo
50
Q il
w42
4 ¢}
[ I )
w e
o
=}
Moot
[
e}
1)
€3
[
(2]
wi W
-4
o]
[
4+
~
S
[CI

o
40
(81
[}
N
&
=)
o5t
8]
4
o+
-}
5]
4
€
o
-4
%1
o
O ®
O b=
(¥}
o+ S~
o o
O
&
<
£ G
1 ©
e
oo
Oal

oo



17

o

1

L)
i

o}

]

42
i

i
©
=3

f n control to

Ox

b

&

s
ilitw

[}
<
e

orce gradiert to

Bl
A

o
b
L =
O 9o
WG owu
&0
$5ooou
O M3
i O
5 .
Gy Ty
O O wd
4 B2
L]
@ wuon
oo 1D
S B e
o
10 o+
IR
2 e g3
[«
4 0 o
w4 a4 8P
Gef ord
-l U2
<o O o
o
W
£ §f
i &
m L o0~}
w6 40
- Mo
Qq ot
@ owm oM
(&) @
[ ]
[ IR TN
Gt ol £
1.
4 w
o w
SR
4 By
d =}
Q4
Qg
¢
@D - {3
s B
Et O ©
w9
4> .
PR =
f4
(SIS}
4 Lo

perhans,

booster

cal

W

ol

4+

m
ot
S

e

ves

that

le=Xedgen

-
[

te4q”

%

o]

c*
p

&8
20°.

loped
exceed

cevel

eslio
uld not

34
800

j#73

g 0

Qo G e O
L I o R oI &
b9 © O & 4

® Y44 O B W
2 ] [ e O]
LS I & I )] ]
wt £ &0 QW

[ I O S
w3 M o4

ot e Oy
Q@ O F 3
-+ it & i
G wmowm o w
(R e

£k &4
O
bo Puad 0 by
&~ b O f4 ~
[¢} 3 @ B
42 B4 i
Q

] By 0

PR G o S S e SN

0ol o & W

D b Oy &

D = ol ©

m D 42 fas)

S e T /2 T L
Bowt Moo © &
o B R o)) w3 Q
S RS P

o @uo
® O O b (&

-t ol <1 [« I

OO GO w

(] [o AT |
1 O 2 M -+
@ @ O % oo

aaeded 0w

+> el BN IS

O
(&
ot
S d
[» 10
[ RN
Mo
22}
[V 1
£ B
- Q
1
L ]
w3
WO
£ o
0 42
£ et
G
wi O
@ O
RS
D
3
O #
f« O]
o b
3 0
(SR &)
&}
KL
a
[OR]
&0
H” 4>
)
[N
e
42
©w
Foad
r~)
~ &
(S £
i O
=
[ B
[
O
w K

~
2

[
<1
)

@ S
&g
KRN
. .
B
g ©
[ORR
£
O G
g o
-
oo
oed
¥ ovd
o W
B 1ﬂ~._..
o
= ]
C
N @
@ xi
Ea e 4
-
o -
<t
[N
Vo
4
—!
oG
[o !
2 G
o a3
@
LR
[
[o0te}
AN
4>
Kelils)
©
[

m

SOo

lance
ya

3

leron

Compnl
ai

<

coursc,

IS

5

H
|
H
i
|
}
i
'

ant

1

[ :.\ e

vith

e
'

confused

not ove

omld

h

i
nlane,

P
1

Daged

are 1

ony

3 vertic

s

ZA

£
c

HEARE

o

or

I

a0

-

~
o

e 0

S

-

na

L

-

a1

4
W

abou
nd,

ivot
V¢

to
ralat

=]

N3

yer

.
>owl

3
BA

the



. ®
o] ] =t
K] [52] b (] Q o ] ri |
© 11 ] @ o Dy L ow w RESEP S o P S a5 o o 0
- oo 1o 5 RES L s PR oo A B et o o & w3
i ol 0 & o 3 o ® K e I = 0] > oW
b w S0 o £ ] G WO 4 i Bom FERR [l ] [ ST
BAEdE 4 RO =3 £t IR @ 4 < O Q TR AV U 0
: w £l o} o & 87 ,cf ord a9 [ O @ £ - i
. it D O Q o o PR E o Q Qa8 ot b0 O
4 ) Eroo» FERN) 4D [ w0 MO O3 a4 B 53 I S R ]
Ca) Fod oo 4 o o Y - O 5o o] =] Q at 3 M
3 FESE S s» IS ) @ e IS o =} ° 0 @ G I I o
) wi ol = - 503 e O e [SIN R = EER AN O] [ ZN S S TR o]
~ ~ W G e RS e Q i U3 Lo el w3 [} e et 43 Ot ©
@ Wt ST ol O I |3 3 0oy Q@ ot ® O B o L S s SR
t= KBNS I / I I o o O M o O % o 4 @ 42 3w
& O Mg o o O, be &l &g s o oo ot 00
he RSN G B O B o =] [ i e £ g =R [ORR V| w0
3] o« WO WO L e ot ehoad OO0 © ) L = TR~ T 230 B
@ W on C O at 1 v B b s FERE = | 4w - g ow .
[ T A i e | i B i I [0} wt 3 oae R s S [0} (AR 4]
oowmog Mo @ B ot G 5] O wogow 3 =] 4240 W . . G o
ot 1. O G O ot O B & wi O W 4y W@ wi 0 o 4o oo o e R
Eow O & O M W < Vet O oW 4o ol L B S o B VN = B o B & 5ol 3
S ISR ] [ o R SR IS LN 47 0] w e} ) (S R & 42> 42 40 o O owm
Pord i O 40 e e gt bR o 00O O ot aln g ot §1 ’ 13 SR
O ot O g (SR A A I 4+ D g Mooy € 4o a2 the 0y i C O i oo
[S I ST )] 4] @ oad 0O BEO ul b B o < ot [ S LIS B I ) felit]
o 4 o [ [ 40 [N SR & PR B [ ] | S s B 0 ] 10 o] gl o> @
£ fyad W o TGy U wi [} 4 [ RN ] WO 4 G O o W
w o 3 < il RO £l i wiwtd @O P A o b okoo o w 41 @
~ O e & ot ISR EEE w4 +> wi B e 42 O et et 1 iy ]
ol O B Y L= et 3o EERE I I+ o X! s ed '@ 6 ol G o = o O
g O a8 0 d (oIS fo o~ @ o PG e [oRr D) e 0o o4 ] XAl ud ¢t i
LHas Bl e w0 L +3 &t Yol @ g W I BT S - R RER o B G A it
O 42 |2 L o ® O FS R T B A S (SRR oo o e Of a8t @
o %1 g o bow ot B Q et S P oad @ <3 & OO T 4 © it & rd
1 6 O b = T o A 4t £t 00w [T R il bow G o © G (SR R e
[ - o O & 0 ot H % ) [V Q by O o g £ ey ol A
= B - 4> el £ 51 24 3 @ b C o M ot R oird P o O M L R
e @ & @ e~ 4> I it ot el B Q 4> @ po o [17] O}t - B o34 o £4 ol o8
QE H MO e =2 et wi o o o @ P o w2 53 o 3 o e By G [¢] & -0
g 08w wd et P @ e [« J /LIS B NS 4 e P O ® b4 G il o
[ o ord [0 - o] Gy +3} §4 =t eSS b & + LRI >4 4 s 4 RS i b 42 v w OO
S o o] £ i (<3 S5 C O RO gw s 3 (SR Qo Qe 2 Qi g} ] fmifafate B
4 0 B U ot L1 O o [ R S R i ol @ LI« I G 4> 2o W ot ot O (<] o} o3
£ ot FERE o ARSI 2] w 5=} RERE LS ) 3 d 4> By 4> ad i 40 ul Of i w
1@ @ 8o/ Tt 80 oL [ ) (S o N © O @ v e w e woGow v Gt o O
Q% O M B O R I oo & v K I s I ord S W « QL R o] B s B e ® M o =] (CRRS)
g MR [ SIS L o’ B f el e F4 @ 4> B4 O © ol 4o e el @ oa g 2] o1 G [
O w3 O oo b g B wiow ol o e o+ £ et 03 el O 4 0
U ~ g G 42 42 4 Of oy R Rpan @ =4 £1 .10 bt I B B O © B T 3] 5 [« R =
axi [ I ] +5] Ko 2 3 ¢}  Q O ot ° JE vt S T B 0 & ot O e Bt ] O e o [»} 42 [} Ks oo o
G 4.3 O & .6l O G i oW O QU o) ) g o o« %5 4 O LI = £ 85 %
Mo kg 45 v Gy O 0 £ w4 @ W o w ey . 4 e O oo
4 © o + = [} EE N« P O i (G a4 o o o ool O AR
g ok kO B g 40 w3 w3 et 0 e N v e Do o o Gy 4
[o BRI« BN e B S IE] - Q [= ot L R A a4 (¥ R R R ook @ 1 ¢
O Boat.a b X} wl O 7] Kl G/ W& K 0w 4 O PR S Sre 0 Gy gl W8 e




L=276

19

stantiated by flight test, With single-engine, low—wing
airplanes, however, the dihedral effect in sideslips made
to the left sometimes became negative at low speeds with
power on, even though it was satisfactory with power off
or with power on at higher speeds, Low-wing monoplanes
generally reguired from 4° to 8° more geometric dihedral
angle than high-wing monoplanos to obtain the samc effec—
tive dihedral effect, On airplanes with the trailing
cdgoes of the wing swept forward, flaps reduced the effec—
tive dihedral and where the trailing cdge of the wing was
a continuous straight line, flaps had little or no effect
on the dihedral effect, )

In order to mect item 2, the friction in the aileron
control system must be low and the gileron required to
overcceme the rolling tendencies in the sideslip (dihedral
effect ) must exceed that at which the ailerons wounld tend
to float due to the spanwise angle—of-attack variation,.

The upper limit of the rolling moment duec to sideslip
(item II-D-3) is dependent on the yaw due to ailerons
(item II-C-1) and the power of the aileron control (item
I11-3-3),

Reguirement (II-E): Rudder—control characteristics,

. 1., The rudder control should everyWhere be suffi-
ciently powerful to overcome the adverse aileron yawing
moment,

2. The rudder control should bc sufficiently power-
ful to maintain dircctional control during take—off and
landing.,

3. On airplanes with two or more engines, the rudder
control should be sufficiently powerful to provide
equilibrium of yawiung moments at Zero sideslip at all
speeds above 110 perccnt of the minimun take—off speed
with any one engine inoperative (propeller in low pitch)
and the other engine or engines Adgveloping full rated
powgr,

4, The ruider control in conjunction with the other
controls of the airplane should provide the reguired spin-
recovery charascteristics,
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bearing, On the basis of data on hand, however, it appears
that a rudder control that is sufficiently powerful 46 meet
the other requirements outlined should generally be satis—
factory from a standpoint of ground handling,

Items 3, 4, and & do not appear to require additional
discussion,

Reguirement (II-F): Yawing moment due to sideslip
(directional stability),

1, The yawing moments due to sideslip (rudder fixed)
should be sufficicent to restrict the yaw due to ailerons
to the limits specified in requirement (II-C-1),

2, The yawing moment due t0 sideslip should be such
that the rudder always moves in the correct direction;
i.e,, right rudder should be required for left sideslip
and left rudder should be required for right sideslip.

For angles of sideslip between X150, the angle of sideslip

should be subgtantially proportional to the rudder deflecction,

3. The yawing moment due to sideslip (rudder free)
should be such that the airplane will always tend to re—
turn to zero sideslip regardless of the angle of sideslip
to which it has been forced.

4, The yawing moment due to sideslip (rudder free
with airplane trimmed for straight flight on symmetric
power ) should be such that straight flight can be main-
tained by sideslipping at every speed above 140 percent of
the minimum speed with rudder free with extreme asymmetry
of power possible by the loss of one engine,

Rensons for Reguirement (II-F): The resscns for item
are covered in discussioun undeér requirement (II-C),

Item 2 of this requirement states a desirable charac-—
teristic for any control; i.,e., the response should be
proportional to the deflection,

Item 3 is designed to insure s=atisfactory directional
stability, particularly at large angles of sideslip where
vertical tail stalling has freguently led to trouble.

This recquirement follows dircctly from the results of ref-
erence le.

Item 4 is included to prevent the directional diver—
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the prcpeller or partial-span flaps. It has also Decn
roted that the magnitude of the pitching moment due %o
sideslip progressively decreascd as the angle of attack
was reduced, presumably becsuse of the correcspordini re-
duetion of downwash angles. '

Reouiromeat (II-Ij: Power of rudder ard aileron trim-
ning devices.

i1, Aileren and rudder trimning devices should De
provided if the rudder cor szileron forces reguired for
straizht flight at =ny speazd dvetween L20 percenst of the
ninipun speed and the maxiaum speed exceed 10 percent of
the maxinum walues specified in reguirenments (11-2-5) and
(I1-%E-8), respectively, and unless these forces at cralg-—
ing speed are sudbsitantially zero.

2, Multiengine airplanes should ncosess rudder and
ileron trimnming devices suificientiy powerful in addi-
ticn %o trinm for chtraisht £1light at speedes in excess of
140 percent of ths ninimun speed with mexinun asynueltry
cf engina power.

%3. Unless changsed manuelliy, the trinmizng device
shaculd retain a given setting indefinitely.

o s s s - -
Reasgons for Reguirenment (II-I): The reasoans for the
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1. The ampn] ach of the complete stall sheuld ra
£ mi ident through any or all of the

5
ollowing ¢

be The elevator pull forece &
5l colurmn should nmarkedly

¢, Buffeting and shaking of the airpnlane and,
controls produced either by a 3radual breakdown of
flow or throuzh the action of scome mechanical warn-
ing device sihould nrovide unnistakable warning be-
fore instability develops. )
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recovar pronptly by normal use of controls.

3
¢
+3

ndiang attitude of the airplane
1 or rawing moments due to stall-—
4 by controls, zhould not ocecur iz
point or with tall-first asttivude

cr three-—-noint conbsact.
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