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SUMMARY

A damped slne-wave elevator motlon was used as a basis for computing
the design maneuvering load on the horizontal tall. Also investigated
was the effect of control frequency on the tail load, :

The results indicated that the maneuvering tail-load variation
computed by operational methods with the assumed damped sine-wave elevator
motion agreed closely with the loads computed by & method currently
specified for use in the U.S. Alr Force structural loading requirements.
This close agreement, coupled with the relative simplicity of the method
using the damped sine-wave elevator motion, should encourage its use as
an alternative procedure for computing the deslgn maneuvering horizontal-
tail load. g

The meximum tail-load increments for a given design normal acceleration
factor were obtained at the highest control frequency investigated indicat-
ing that a very high control frequency should be selected in computing the
design maneuvering horizontal-tail load., For the practical case, however,
the design control frequency mey be limited by elther the availability of
control or by the physical or mechanical limitations with regard to
control rate of the pilot or boost system used.

INTRODUCTION

Considerable attentlon has been given to the problem of devising
a gimple and rational method for computing the maneuvering horizontal-
tail loads associated with abrupt elevator motions. In reference 1, a
graphical integration procedure is used to determine the tail-load
variation followling any arbitrary elevator motion. In reference 2, a
numerical integration method is used for computing the design maneuvering
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taill loads associated with an elevator motion represented by several
straight-line segments similating a pull-up push-down maneuver. The
latter method has been adopted in the U.S. Air Force structural loading
specifications.

Although the methods described in references 1 and 2 were a
considerable improvement over methods previously available, it is believed
further simplification of the computational procedure may be realized by
considering & Jamped sine~wave elevator motion in computing the design
maneuvering tail load. The damped sine-wave motion is not only more
representative of that applied in flight, but, with operational methods »
it is also amenable to a simple and short solution.

The primary purpose of this paper is to evaluate the use of a damped
sine-wave elevator motion in computing the design maneuvering horizontal-
tall load. The effect of elevator motion frequency or control rate on
the maneuvering tail load is also considered.

NOTATTION
Ay 1.39 ABpax
Ag, ratio of the net aerodynamic force along the airplane Z axis to
the weight of the airplane.
b airplane damping coefficient =) - Mt » Per second
bWy damping factor for elevator motion, per second
Cy, airplane 1ift coefficient (—(—;—é—)
c horizontal-tail 1ift coefficient [ —l—
Lt ("tqst
Cm alrplene pitching-moment coefficient about center of gravity
M
gsc
é wing mean aerodynamic chord, feet
Co control~deflection coefficient <-¥—5 - % » per second
per second y IymV
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control-rate coefficient(—%—), per second
i

acceleration of gravity, feet per second per second
Ppressure altitude, feet

airplane pitching moment of inertia, slug feet squared

airplane spring constant ZO’Mé » ber second per second
Iy IymV

parameter denoting damping ratioc of airplane to that of horizontal
tall

Parameter (l- .g.;.. + ﬂ M

da, gmﬁ%

1
pa.rameterl: v—t de :I, geconds

‘/__

parameter <§9-'t-
as

dCr,¢
parameter ——) 14aS¢ |, Pounds
day,

distance from airplane center of gra.vity to aerodynamic center
of horizontal tail, feet

airplane 1ift, pounds
horizontal-tail 1ift » bounds

airplane mass( -g—), slugs

airplane pitching moment, foot-pounds
dynamic pressure, pounds per square foot
variable introduced in ILaplace transform

wing area, square feet
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horizontal-tail area, square feet

time, seconds

airplane velocity, feet per second

airplane weight, pounds

standard airplane axes

airplane angle of attack, radians
horizontal-tail angle of attack‘, radians
flight-path angle, radians

elevator angle, radians unless noted otherwise

when preceding a symbol denotes Increment from steady-state
condition

downwash angle, radians

horizontal-tail efficiency factor (%13)

angle of pitch (a+y), radians

mass denslty of air, slugs per cubic foot

airplane short period frequency, raedians per second
elevator-control-motion frequency, raedians per second

dc
airplane lift-curve slope < ?.(%) » Per radian
ac

(Clcr.)-[; horizontal-tail lift-curve slope <——Lt>, per radian

‘15
Crng,

Cags

dayg
(.LCI‘. 5 Per radian
ds

(
(

de> 5 Per radian
da

dcfﬂ) , Per radian
as
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[(Cmg)asc] , foot-pounds per radian

|:M‘11:< %g > ], foot-pound-seconds per radian per second

My,
M3,
Ms [(Cmﬁ) asc] , foot-pounds per radian
Mg,

["ﬂt(clu.)t pVSt1t2] } , foot-pound-seconds per radian per gecond

2 ,
Mq (KMqt) 5 foot-pound-seconds per radian per second
Zy, -[(C];u)qS] , pounds per radian
Zg -[(CLB)QS], pounds per radian

o o s de do dy as
6,a,7,5 equivalent notation for HE)’ <H>’ <'d_t' yand E‘E)

/329 a2q, a2y
6,a equivalent notation for < < and <_..
27 a2/’ \att at2

Subscripts

geo geometric

lo zero 1lift

max maximum value

o steady-state value

t horizontal tail

METHOD OF COMPUTATION

The general procedure is to obtain the tail-losd response as a
function of the Laplace transform variable s by multiplying the tail-
load transfer function by the Laplace tramsformation of the foreing
function - in the present case the damped sine-wave elevator motion. The
tail-load response in the 8 domain may be given by the relationship
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K.C K,C
) )
b+ o s + 4'-Ks Ay

82+bs+k 52+2b1wls+(l+b12)w12

AL(s) = KyKg (1)

(See appendix A for derivation.) The tail-load response in the time domsin
or the inverse transformation of equation (1) is most readily evaluated

by Heaviside!s partial fractions expansion as shown in appendix B. The
taill-load response as a function of time may be yritten as

2.g2 -2 v o2 2
AL(t) = KuKghqWy ‘le e 2t sin(wt+e )+ —q)—sa-&"—*— e P19 gin(w; tre )
1

(2)

A sample set of computations illustrating the procedure used 1s presented
in appendix C.

DISCUSSION

Evaluation of the Damped Sine-Wave Elevator Motion

The assumption of a damped sine-wave elevator motion, in computing
the design maneuvering horizontal tail load, is suggested for two reasons.
First, the assumed motion 1s more representative of that applied in flight
than the currently specified motion (fig. 1), because a pilot attempting
o perform the specified maneuver will generally round off the corners,
effect applying a damped sine-wave control motion. (See reference 3.)
Second, the use of a damped sine-wave elevator motion results in a
simple and short solution using operational methods.

The damped sine-wave elevator motion used in the present report for
computing the maneuvering horizontal tall load for the example airplane1
described in reference 2 is shown in figure 1 where it is compared with

the motion currently specified by the U.S. Air Force. The maximum up-
elevator deflections were readily adjusted so that the design normal-
acceleration-factor increment of 1.5 was just attained during the assumed
maneuvers, The period of the damped sine-wave elevator motion was made
equal to the duration of the specified motion since, as will be shown later,

Ithe pertinent basic data for the example airplane used in the computations
of this report are presented in table I.



http://www.abbottaerospace.com/technical-library

NACA TN 2877 7

the frequency of the control motion has a very appreciaBle effect on the
maneuvering tail load.

The tail-load variation computed by operational methods using
equations (BY4) and (B5) is compared in figure 2 with the variation
computed by the numerical Integration method described in reference 2.
The agreement shown is good.

In view of the close agreement between the maneuvering tail loads
computed by operational methods and those calculated by the currently
spec¢ified numerical integration method, the suggested operational
procedure, which provides a simple analytical expression for the tail
load, merits consideration as an alternative method for establishing the
design maneuvering load on the horizontal tail.

Effect of Control Frequency on the
Tail-~I.oad Increments

To determine the effect of control frequency on the tail-load
increments for the example airplane described in table I, the normal-
acceleration-factor and tail-locad responses were computed for damped sine-
wave elevator motions of varying frequency . In addition to a frequency
of 3.92 radians per second which corresponds to that of the motion
specified in reference 2, frequencies of 2, 6, 8, and 10 radians per
second were used.

Time histories of the elevator motions used are presented in
figure 3(a). The corresponding acceleration-factor and tail-load responses
are shown in figures 3(b) and 3(c), respectively. The meximum up-elevator
deflections were again adjusted at each control frequency so that the
design normal-acceleration-factor increment of 1.5 was Just attained
during each of the assumed maneuvers. '

The effect of control frequency on the tail-locad increments is
clearly illustrated in figure 4 which presents the variation of the
maximum positive and negative tail-load increments with control frequency.
A similar effect has been computed for two other airplanes. This effect
is expected and arises primarily from the greater elevator deflections -
required to attain the design normal acceleration factor (fig. 3(a)).

It should be pointed out that, although the acceleration-factor and
tail-load responses for a fixed meximum control deflection are a maximm
vhen the control frequency w,; 1is in the neighborhood of the airplane
short-period frequency ® (W = 0.61 in present example), the maximum tail
loads for a given design normal acceleration factor were obhtained at the
highest control frequency investigated.



http://www.abbottaerospace.com/technical-library

8 NACA TN 2877

The results in figure 4 indicate that in designing the horizontal
tail for maneuvering loads a very high control frequency ; should be
selected. However, there are two practical limitations to this procedure,
namely, (1) aveilability of control and (2) physical or mechanical limi-
tations of the pilot or boost system with regard to the control rate 2
To elaborate upon this, figure 57 which presents the variation with
control frequeney of the maximum negative elevator deflection required
and the maximm positive and negative control rates necessary to attain
the design normal acceleration factor of 1.5 for the damped sine-wave
elevator motion, was prepared. In the present example, the maximum
control deflection availsble is not a critical limitation on the control
frequency. On the other hand, the rate at which the pilot or pilot-boost-
system combination is required to move or can move the control may limit
the design control frequency to & low value. For airplanes in the class
of the example airplane that are equipped with boost systems, a minimum
control rate of 35° per second is specified by the U.S. Air Force for
satisfactory handling qualities. On this basis, a minimum design control
frequency of gbout 3.6 radians per second might be selected. (See fig. 5.)
Available experimental data (reference 4) on airplanes of approximately
the same size as the example airplane indicate that control rates of T0°
per second can be attained. The corresponding design control frequency
is about 5 radians per second. It is suggested that, unless statistical
data of the type mentioned in footnote 2 indicate otherwise, the design
control frequency be conservatively based on the maximum control rate
attainable rather than on the minimum required rate from a handling
qualities standpoint.

CONCLUSIONS

The resulte of computations made to evaluate the assumption of a
damped sine-wave elevator motion for computing the design maneuvering
load on the horizontal tail and to determine the effect of control
frequency on this load led to the following conclusions:

1. The maneuvering horizontal-tail-load variation computed using
the damped sine-wave elevator motion compared closely with that computed
by the currently specified numerical integration method of reference 2.

2Another factor not considered because of a scarcity of data is the
probability that a certain maximum control rate would not be exceeded
under operational or combat conditions for a glven airplane design.
If data were generally available, it would be desirable, for a specific
design study, to base the design control rate or control freguency on
a statistical analysis of measured control rates on & similar class
airplane under operational or combat conditions.
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The relatively simple analytical expression for the tail load obtained
in the method using the damped sine-wave elevator motion suggests its

uge as an alternative method for establishing the design maneuvering
load on the horizontal tail.

2. The tail-load response for a given design normal acceleration
factor increased rapidly with an increase in control frequency indicating
that in designing the horizontal tail for maneuvering taill loads a very
high control frequency should be selected. In a practical case, the
design control frequency may be limited by either availability of control
or by physical or mechanical limitations of the pilot or pilot-boost-
system combination with regard to control rate.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Oct. 29, 1952.
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- APPENDIX A
TATL-LOAD RESPONSE IN s PLANE
The longitudinal equatione of motion for an alrplane, neglecting

changes in forward speed and some of the higher-order derivatives, may
be written as .

OV = o + ZehS (A1)
I8 = Mo + M3d + M36 + MpAD (42)

Equations (Al) and (A2) may be reduced to the equivalent second-order
differential equation

&+ bl + kAw = CAB + (40 (A3)

by using the relationships (see fig. 6)

0 = (agta) + (7o)
6 =a+7
0 =a+7
In equation (A3)
b= (TG _ MaMd
B my Iy
K = (-Ma . LM
Iy IymV
6o = (Yo _ Yo%
° N\  mw

The Laplace transformation of equation (A3), neglecting the 8 term
vhich is generally small and assuming initial values of Aa, a, a, and A
are zero, may be -expressed as

s2Aa(s) + beta(s) + kAa(s) = C,AB(s)
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or

rals) = SoB(8) (Ak)

s2+bs+k
_ 01,3 Goad(s)
tale) (W/s) (e2+bs+k)

a(s) = Comtb(s) : (A6)

s21bstk

o (45)

Ahg(s) =

Since the maneuvering tail load mey, from reference 1, be given as

ALy(t) = Kg[Kyaa(t) + Kef(t) + Kgab(t)]
then ‘
ALi(s) = K [KyAa(s) + K 8(s) + Kq08(s)] (A7)

where

'(_71! pSly
Ky =( 1- &= + P
da da. an./Tﬂ;

=|:Lt<i€+ 2N\ .
vV \da - Ny . ' .
dat l

- Kg=

B
Ke= K‘&‘ac% ) “tqst]

Substituting equations (AL) and (A6) into (AT), we have

824 <b+-KT‘?C§> 8 + <k+%%9.>

ALt(s) = KqKs =y £45(s) (48)

Equation (A8), divided through by AS(s), is known as the tail-load
transfer function. To obtaln the tail-load response in the s plane, it
is simply necessary to multiply the tail-load- transfer funetion by the
Laplece transformation of "AB(t). The damped sine-wave eleva.tor motion
is assumed to-be given by the e@a’tion ' :
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08(t) = Alg- sin wyt
where

Ay 1.39 MBpax

b1 0.22 (damping constant required to simulate pull-up push-down
design maneuver )>

w3 control frequency

The tail-load response in the s plane may now be written as

K4C
sa+<b+._..._K2C°> s + <k + ; 0> .
ALg(s) = KekKg te 2 L2
® s2+bs+k s2+0by Wy 8+ (1+b, %) 0y 2

(49) |

Since the design tail load is generally computed for a certaln design f
normal acceleration factor, it is also necessary to determine the
acceleration-factor response which may be given in the 8 7plane as

C]'_(I'Q.CO Ajwy (AlO ) - !

. Ahg(e) = (W/s)(F£+bs+k) || L+2wr s + (l+b12)m12

3In order to simulate the pull-up push-down maneuver (damping to one-half
amplitude in one-half cycle) for an arbitrary control frequency, it was
necessary to define the damping coefficient for the elevator motion in
terms of the control frequency. -



http://www.abbottaerospace.com/technical-library

NACA TN 2877 13

APPENDIX B
TATL-LOAD RESPONSE IN TIME PLANE

The tail-load response a8 a function of time is most readily
obtained by evaluating the inverse transformation of equation (A9) using
Heaviside's partial fractions expansion. (See reference 5.)

By completing the square in 8 1in the quadratic factors in the
denominator, equation (49) may be written as

s2 + <b+ K§C°> 8 +<k+ KIl{zo
AL (s) = KKaghywg 2 : (B1)
[(s+%)2+ w?] [(s+blw1)2 + 0 %]

Equation (BL) can be written

AL (s) = K4Kghrwy ——,'g'(—s—)"‘— =K4K3A1‘*’1“"—A‘Sib—""+ n(s)| (B2)

Dy2, 2 Dy24 2
(s+ 2) + W (s + 2)
where h(s) represents the sum of the partial fractions corresponding to

the quadratic factor [(s+blwl)2+ wlg]. Multiplying through by the
quadratic factor [(s+ %)2+ w2] and letting s approach - -g- + wi

(- % +wl) = (- §-+ wi) A+ B =9, + 19, (B3)

where @, and @, are the real and imaginary parts of the complex
quantity @( - g + wi).

Equating real and imaginary parts in equation (B3),

The partial fraction corresponding to the. quadratic factor is then

%'[(s+%) ?, +we, ]

(s+§)2‘+ w®
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and the corresponding terms obtained from a table of transforms are

b

1 t
e 2 (9, cos wt + @ 8in wt)

which may be written

- Bg
%‘3-,,/ 2+ 92e 2 pin(ut + €)

where tan e =g, /p, -

In a similar manner, the partial fractions expansion corresponding to the
quadratic factor [(s+byw;)® + wy;2] may be obtained and is

=byw,t

1%y

Loe (p, cos wit + Pg 8in wyt)
@y

or
i—l- 2 ¥9,% e P21 % gin (03t + )

vhere tan €3 = P4/P5.

The complete expansion is the sum of the two expansions and may be
written as

b
=%
ALt(‘t) = K4KSA1&5._[ 2 (q>2cos.mt'+cp1 sin Wt) +
(®ycos wlt +@g 5in wlt)}
or )
JoBeE - B
AL(t) = KeRghy oy | —5— — ¢ 2 sin (Wt +€) +
s 2 2 P » :
A Pa +. - b :
—QQTI—L e 2t sin (Wit +e€1) (BL)

In a similar manner, the normal-acceleration—factor regponse in the
time plane may be determined to be
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b
pag(2) = ST [ LR T pin ot s ) 4

o 2o 2
&w%_ Pt g Wt +eg) :l (B5)

where tan ex= Q4 / and tan €g cpa/ . The main problem in evaluat-
ing the expa.nsions (Bll-) and (BS) Fesolves ‘itself into determining the
values of @. For convenience, the relationships (which are perfectly
general if a Jamped sine-wave elevator motion is assumed) of Py eeee @
in terms of known constants are provided below:

® _ FR+GS, Q. = GR-FS
1T B 2 7 R24g?
where
F = KiCo _ bK=Co
K3 ZKg
o = WE=Co
& .
R = ;f - @2 - by b + (1+b,%) w2
S = 2b1mlw - bw
o _ FiRy4G, 51, o, = ARi-F8)
& RS2 ‘ R252
where
b,w,K_C K,.C
¥ = blawla-wle-bblwl- 1Wy B o+ 170, g

Ks Ks
by + S2COWL - 2y, 2

Q2
.
il

R
(

= by Fwy 2~ w) 2-bbyw; + k

S 1= b ml-Eblwla
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_ =5
P = )
8 R12—|-812
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APPENDIX C
EXAMPIE COMPUTATIONS
To illustrate the method described in appendixes A and B, the tail-
load and acceleration-factor responses to a damped sine-wave elevator
motion using the example airplane described in reference 2 will be computed.
The geometric and serodynamic characteristics of the airplane are given
in table I.
The pertinent aerodynamic derivatives and airplene constants are
determined as follows:

Zy, = ~C1,aS = =(5.14)(131)(1457) = -980,000

Zs = -Crga8 =-(0.437)(131)(1457) = -83,500

Mo = CmgS¢ = -(0.3131)(131)(1457)(13.64) = -815,000
VSl 2 2
.= THPLtat p Z t_ (0.834)(4.10)(0.0215)(325)(48.682) — -823,000

My = KMg, = (1.25)(~823,000) = -1,030,000

Mg = Mg, %f = -(823,000)(0.40) = -329,000

&

Cmg35C = -(1.56)(131)(1457)(13.64) = -L,060,000
. .
mr Iy Iy .
_ 980,000 . 1,030,000 4+ 329,000 _ 3 g
(1925)(117) 560,730 560,730
k=-& +__k37;.1
Iy  IymV
1 = 815,000 . (980,000)(1,030,000) _ 3.68
560,730  (560,730)(1925)(%17)

° Iy Iy
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Cn = -4,060,000 _ (-1,030,000)(~83,500). _ ~7.43
° 560,730 (560,730)(1925) (L17)
C, = 23 =83,500 = -0.104

mv  (1925)(17)

For simplicity, C; is omﬁ:ted from subsequent analysis because it is .
relatively small compared to other coefficients. ,

1
E=1'%'+%aﬁﬁ ,
o g
K, = 1-0.50 + (5.14) (0:0015)(1457)(48.682). _ ¢ 756
2(1925)(0.913)

K2 = l’i .g_i + _.l_.

v n/ N4

48.682 Tl _
Ka = 7 0.0 + 0.913>— 0.17-)4-1!-

dE - 7
K, = = 0.k78

8 &

(2.10)(0.834)(131)(325)- = 145,700

£
I

A damped sine-wave control motion given by the equation

AB = _1.39e-(o.22)(3.92)t', gin .3.921_‘

was assumed where the values of the damping coefficient b; and the
control frequency Wi were adjusted to slmulate the specified motion
described in reference 2. The values of @ may be obtained from the
relationships provided in appendix B as follows:

o - FReGS _ (-6.82)(15.91)+(-1.65)(-1.167) _ 0.419

R24+82 (15.91)% + (-1.167)2
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- GB-FS _ (-1.65)(15.91)-(-6.82)(-1.167) _ -0.135
2 " pa,g2 (15.91)% + (-1.167)2

9, = FaRu0181 _ (-23.495)(<14.115)+(-3.12)(7.50) _ 1.207
R%6:% (<1157 4 (7.50)°

9, = GaR; -F183 =‘§—3.12)(-1h;1l5j-(-23,495)(7.502 = 0.862 " .

Ry %+8,2 (-14.115)% + (7.50)
R __Isor 0 S
. — = 0.0623 -
%s R5+5%  (15.91)° + (-1.167)2 Q ?é 3 1
-8 o =(-1.167) ‘ - .
Q, = = . ;= 0'0011'57
° O OFESE (15012 & (-1.167) B
— . Rl = . . "'lll-.lls : -_-_-._O\' 0551 - A . !(1,
Y REeE (LB 4 (o - Pt
P, = 5 1.0 = -0.029L

Ry 45, (-14.115)% & (7.50)2

Referring to equations (B4) and (B5), the tail-load and acceleration-
factor responses in the time plane may be written, respectively, as

AL(t) = -380,000 [0.721e'1‘82t 8in(0.61t + 3.453) +
0.379e™°"%82% 411n(3.92¢ + 0.62) } (c1)
MA7(t) = 640 [o.loe5e‘l'82t sin(0.61t + 0.0734) +

0.016e70+882% 54),(3 9ot 4 3.632) ] (c2)

For convenience, equations (Cl) and (C2) are given for a peak control
deflection ABpax of -1.0 radian. After one set of computations the

tall loads and the control deflections may be scaled down so that the
design normal acceleration factor is just attained in the maneuver. The
computational procedure for obtaining the normal acceleration factor

and the maneuvering tail-load increments is presented in tables IT and 111,
respectively. The results scaled down to the design normal-acceleration-
factor increment of 1.5 are included in figure 3 for a control frequency
w, of 3.92 radians pgr second.
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TABLE I.- PERTINENT BASIC DATA FOR EXAMPLE ATRPLIANE USED IN THE
COMPUTATTIONS

Airplane weight, W, DOUNAS. « o + o o « o o o o o o o o o o s+ o o 62,000
Airplane mass (W/g), SIUES v « « « « o o =« o o o « o o « o = « « 1,925
Airplane pitching moment of inertia, Iy,

slug-feet 8qUATEA: « o« « « « o « o o o o o o « o o s o o o o » 560,730
Wing area, S, 8quare £e€te o o o o + o o o o o o o o o « o » o o o 1L,AUT
Horizontal-tail area, St, square feet. « ¢« « « « ¢ o « s « « « « 324.88
Wing mean aerodynamic chord, C, F€€t « « « « o o ¢ « « o« o » &« o « 13,64
Horizontal-tail length, 14, feet o o o o o ¢ o o o ¢ o = o . » o 148,682
Airplane lift-curve slope, Cr,, Per radian. « « « o o o ¢ ¢ o o o & 5.14%
Horizontal-tail lift-curve slope, (CrLg)+t»

Per T8A1AN. « ¢ « o o o o o 6 s ¢ s e o o o e e o s s s e s o s o 410
Airplane stability parameter, Cp,, Per radian. . . « « . « « o & -0.3131
Elevator moment effectiveness, Cmy, Per radian . « « + o o o ¢ o & -1.56
Relatlive elevator-stabilizer effectiveness

L O o 18 "
Dovnwash factor (Ae/d@). + « « « o « o o« o o o o o o o o o o o « o 0,400
Ratio of horizontal tail to wing dynamic

pressure (Gr/Q)e « o o o o o o o 4 o 8 o e o e o e o o s s . . . 083
Pressure altitude, hp, feet . . « . « . ¢ 4 ¢ ¢ ¢ o o s ¢« o &« « «» 15,000
Mass density of air, p, slugs per cubic foot. « ¢ « o« ¢« & « & . 0.0015
Airplane velocity, V, feet per 8€con@. « + « o o o o o o o00 o . o o M7
Design normal-acceleration-factor increment

(AZmax=L)e ¢ ¢ o 6 o e o 0 i i e i i i e e s e e e e e e e e e L5
Center-of-gravity location, percent © « o« o o+ + o o o o o o o o o » « 38
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TABLE II.- KORMAL ACCELERATTON FACTOR CALCULATIONS

. Ile| 3 k 5 6 T 8 9 10|11 |12 | 13 14 13
gl t | 2@ ©u@|@+e s2® 1025 (12043 O i, D +ee| 512 @ hoiee |0+@ |00 @
& x @ ‘
1p 0 1.00 |0 0.0734|0.0T34 f0.00752{ 0 1.00 |0 3.632 [o.k69 |-0.00752 |0 0 0
2] .1 | -.a82| .83% | .08y .1345| .13L | .021Lk7 | ~.086% .916| .392f%.024 | ~.772 | -.0113 | .o0017 | <109 .01
3 2 “36]"' 0693 0122 '1951]' '191‘ l,0l3‘8 —‘1727 -Bh'o DTB# H‘bl'l‘ls = -.0129 00'009 '576 -08
h E . T %g .183| .2%6k| .284 | .ormo7]-.2 JT72(2.177| 5.809 | -.965 | -.0L23 .00 1.773 2l
51 G| ~.728] 24,3174 J312 | J01%43 | -3k JTOT(1.569]3.201 | -.B8 | -.00995 | .00 . 3,507 A7
61 .5] -.91d .01 | .305 .g’{ah .Egg 0L -.h319 .64Bl1.96215.5594 | -.636 | -.00659 | .00863 | 5.523 Th
7! .6 |-1.008 .335] .366| .b3ghk| . .01, -.5181 .593 2.3ﬁ 5,987 | -. ~.00278 | .01282 | 7565 | 1.0z
8| .7 -1.2Ty .280 | Jhey| .Book| .48L § .02380( -.60% | .5hT|2.7hk|6.376 ) .0977| .000885| .o1k&sB| 9.379 | 1.26
9| .8 |-1.454 .233| .488| .561k| .532 { .01272| -.691 Emglas 6.768 | 469 | .00377 | .01649 [10.554 | 1,kp
) .9 [-1.638 .194 [ ,shig| .6224| .582 | .01160 :--ng 45913.53 |7.162 | .TT8 00572 | L01732 (11.085 | 1,%0
fof-1.82) 262} 610 .68341 631 | 01050 | =863 [ . a.ge T.552 | 957 .o0646 | 01695 |10.83h | 1 ks
1201.1-2.00] -135| .671| .74hb| 67T | 00935 | -.949 | .387|k.32 7.932 995 | .00617 { .01552 | 9.933 | 1,34
13f1.2|-2.a89 ~112{ .73e| .Bosk] .72 | .00827 F1.037 | .355[k.T1 |8.3 .883 00502 | .01329 | 8.3%06 | 1.1k
141.3]-2,364 .094{ .793| .8664| .762 | .00738 |L.122 | .325|5.00 |8.722 | .643 L0033k | .01069 | 6.842 g2
5014 |-2,55] .078| .85%| .927h| 800 | .00640 |1.210 | .2685.49 |9.122 | .292 | .00139 | .00779 | hL.986 67
16|L.54{-2.73 g‘ﬁ .915| .588%] .B833 gﬁ:‘f <L.296 | .27k [5.88 [9.512 | -.08T2{ ~.000382) .005186] 3.320 45
1T{1.6}-2.514 - STE[L.O45k | 866 | .oOhT9 FL.362 | .25L16.27 [9.902 | - k69 | ~.00189 | .00200 | 1.8%6 .25
Fote: b/2 = L2  eg =0.073% by 50,2 ° j———x L ppe— A
w = 0.61 €g = 3.632 w = 3.92 AL 0.1025 Pt e

]

= 0,016
lyalues in colwmn 17 obtained by multiplying column 16 by ratio &%5

W, .

-4

L

Llge NI vOvN
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R e U Sy S

TABLE ITI.=- MANEUVERING TAIL~LOAD CATCULATIONS

12 3 4 5 6 7 8 9 w | 11 | 12 13 | 1k 1% 16 17
0.T781x 0. 379X -380’000
| 20 O] @ [®+¢| st @) BXD| 293 e ® | 0,@|@ e fo= D@ x@ | s
ip |0 1.00 [0 3.553| -0.306} -0.220 | 0 1,00 |0 0.620 {0.581]|0.220 | 0 0 0
21.1]=a82 | .834 ,061[3.504 -~.364 -.219 ] -.0863| 916 .392[L.012 | 848 .294 | .o75 -28,%%0 | -3,860
3 -2 ".36&' .693 0122 3-5‘73 "'.ll'm -.ELO "'.1727 .811-0 .78h‘ l-h'o'h- 09% 0313 0103 ‘39’20'0 -5)310
kt.3)-.546 1 578] .18313.636] -.475| -.298 | ~.259 | .r72|r.atrii.Ter | .ou| .28k .086 |-32,700| -L,k30
5 -h- "'0728 -h82 -ell-l‘- 3.697 -.527 '--183 ".3#55 -TOT 10569 2.189 '815 ¢218 0035 -13,3w -1,300
6| 5] =910 | koLl .305/3.738] -.578| -.167 | -.4315]| .648}1.962[2.%82 | ,531| .130 | -.037 14,100 | 1,910
7| +6fp1.092 1 335 .36613,819] -.627] -.152 | -.518 | .595)2.355[2.975 | .166] .037|-.135] 43,700 5,920
8l.Tk1.273 | .42713.880 -.673} -.136 | -.60L | .547}2.Thk |3.36% | -.221f-.046 | -.182 2001 9,370
9 .8 —lch% -233 lm 309"1-1 "-T]—T —-120 “-6‘91 -wl 3.13‘6 3‘7% "0776 ".109 -0@9 87_1200 ,800
lo ‘9 -1'638 '191" '5“1'9 14--0'02 ~a "qlw --g‘( '1’59 3'53 1}-15'0 "-8]1-6 "'Alh-T "9253 ,20'0 13;%0
11 1.0 +1.82 +162| .610|4,063] ~.796| -,093 | -.863 { .422(3.92 (4540 |-.985|-.157 | -.250 | 95,100 12,880
12 1.1 }2.00 135 .671{h.124 -.832(.-,081]-.949 {.387|5.32 |4.940 | -.97h|-.143 | -.224 | 88,200 11,530
13 1;2 -2.185 .llE -732 ll"la5 "-%11— ".070 &-037 0355 h‘ln 50330 -.81-5 "01-10 -'180 ,m 9,270
ll'l' 103 -2'3’65 '0914' '793 }4'!2,46 "0893 "00'60 'a..laa -325 5'09 5‘710 -'51"2 -'%7 -'12-" 1"8)3&3 6’5h'0
15 L |-2,5% 078 8541 k.307| -.919] -.052 {1.220 | .298)5.49 [6.110 |-.172|-.019 | «-.071| 27,000 3,660
l6 1-5 r'2.73 c@ 5915 14'03& --91114 ".O-I-l-ll- "10296 'ET]+ 5088 6.% aﬂ5 .022 -'022 8,% 1,13'0
17 D6 R2.915.) J038| 19764, =.960] -.037 -1.382 | .25116.27 |6.890 | .570| .osh| .017 | -6,460 =875
Note: b/2 = 1.82 € =3.453 by =0.22 — e R
Ju = 0,61 €y = 0.62 w = 3.92 P+ B q’aa + q342
——p——— = 0.721 — " 0.379

¥alues in column 17 obtained by multiplying values in column 16 by ratio 1.5/11.085 (See table II.)
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Figure |.— Comparison of the. damped sine—wave é/evafor motion
with the motion used in the method of reference 2.
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Figure 2.— Comparison of the tail-load variation
computed by the methods of the present
report with that computed by the method
of reference 2.
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(a) Elevator—-deflection increments.
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Figure 3.— Computed time histories of elevator deflection, normal-
acceleration-factor and tail -load increments for several values
of control frequency w,.
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(b) Acceleration-~factor increments.

" Figure 3.-Continued .
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(c) Tail-load increments.

Figure 3.— Concluded.
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Figure 4.-Variation with control frequency a, of the
maximum positive and negative tail-load incremenis
for a maximum acceleration-factor increment of 1.5.
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Figure 5.~ Effect of control frequency, ., on the maximum
control deflection and on the maximum positive and
negative control ratfes required for a maximum positive -
acceleration-factor increment of 1.5 . '
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Note: Positive directions and angles shown.
X axis tangent to flight path.

¢ 4
geo.
[

Relative wind

v

Zero ‘lift line

X — ‘

/- Refer_ence

_—e— N
T —

: \F light path

Z

/E‘iébra 6.— Sign conventions and perﬁfnénf geometric

relationships .
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