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INTRODUCTION

PURPOSE.

The identification of relative spectral velocity values Nd%wg is presented

for several typical general aviation aircraft uﬁilizing discrete éuét and
simplified power spectral density (PSD) techniques. A computer program has
been developed to estimate the required stability derivatives and analyze the
discrete gust and PSD responses. A user's guide is provided, explaining the
programs' use on a computer time-sharing system along with sample calculations.

The objectives of the work reported herein are as follows:

1. Provide an engineering evaluation of the simplified methods of estimating
longitudinal and lateral responses of small rigid aircraft to continuous
atmospheric turbulence.

2. Provide a comparison between wing (i.e., center of gravity load factor
responses) and tail load responses which would create equivalent spectral
velocities when calculated by the simplified continuous turbulence methods
of reference 2 which is a two degrees-of-freedom analysis, and the design
manual which is a single degree-of-freedom analysis, of reference 1, as
related to the discrete method outlined in the Federal Aviation Regulations
(FAR), Parts 23 and 25. This comparison is made to establish reasonable
relative equivalent spectral velocity values for the range of aircraft and
conditions considered

3. Establish procedures for calculation and/or selection from test data
of those stability derivatives required as inputs to the calculation of gust
loads using the simplified power spectral technique.

BACKGROUND.

Earlier FAR, Parts 23 and 25, prescribed airworthiness design requirements
based on a discrete gust concept. Subsequent FAR amendments to FAR, Part 25,
now require assessment of aircraft dynamic loads during flight through contin-
uous turbulence. The use of PSD techniques to assess the continuous turbulence
dynamic loading has been studied for large transport-type aircraft. The appli-
cation of power spectral techniques involves aircraft rigid body as well as
elastic structural modes, thus making the technique directly applicable to the
large flexible transport-type airplanes where the elastic response contributes
significantly to the structural loads.

The application of these techniques to small rigid airplanes would involve
unnecessarily complex and lengthy computations to obtain their dynamic response.
Simplified approaches toward the calculations of center-of-gravity (c.g.)
responses of small rigid aircraft have been thus developed (reference 2) along
with tail loading associated with gust penetration. However, the applicabil-
ity of these approaches has not been fully determined.



It is assumed that the reader of this report is familiar with the concept of
stationary random processes and PSD techniques. One reference worthy of
mention here for classical background is the "AGARD Flight Test Manual,
Volume IV; The Application of Power Spectral Techniques to Airplane Dynamic
Response Investigations,' December 1963.

APPROACH

GENERAL.

In order to determine the aforementioned relative spectral velocity values,

the first step was to obtain some basic aerodynamic derivatives. The necessary
stability derivatives were estimated by several methods and these derivatives
in turn, were utilized to generate the frequency response functions which
relate directly to the response parameters and the number of positive zero
crossings for the two simplified PSD methods. Discrete gust load factors

were then calculated. A relationship between PSD responses and the discrete
load factor was established to yield the relative spectral velocities of
interest.

STABILITY DERIVATIVES ESTIMATION.

The frequency response functions required to determine the output power
spectrums and ultimately the airplane's response parameters are obtained

by solving the equations of motion of the airplane for independently applied
gust forces resulting from unit sinusoidal vertical and lateral gust velocities
as developed in reference 2. Thus, the formulation of the response equations
involves grouping of some terms into the familiar aircraft stability form.
Therefore, a necessary ingredient for the response calculation involves the
determination of certain stability derivatives.

The sources of stability derivative determination include analytical
{theoretical, empirical, semiempirical), flight-test, and wind-tunnel data.
Certain combinations of basic methods have been used such as those presented
in references 3 through 6, along with aircraft manufacturers in-house
developed methods. The work presented in reference 7 addresses the calcula-
tion of riding and handling qualities as they specifically apply to light
aircraft. 1In that work, stability derivative information is presented per-
taining to design of future light aircraft, along with detailed methods of
calculation regarded as most reasonable for such aircraft.

The stability derivative data and methods of reference 7 were utilized in this
report (appendix A). These stabiliity derivative calculations were also incor-
porated into a computer program. The computer program (fully described in
appendix B) allows the calculation of the required stability derivatives by
inputting known aircraft geometric characteristics. A discussion of the assump-
tions and limitations of the calculations is presented in a later section of
this report.



SIMPLIFIED PSD ANALYSIS.

BASIC STATISTICAL RESPONSE RELATIONS. Procedures for determining airplane
responses to atmospheric turbulence involve the use of two basic quantities;
A, the response parameter which relates the rms input gust velocity, O'wg,

to the output rms quantity, GCan, and Ny, the average number of zero cross-
ings which is essentially the airplanes characteristic frequency of response.
These dynamic response parameters are applicable to fatigue design and limit
load calculations. Furthermore, the basic quantities are used in the
development of the c.g. and tail load responses in the two simplified PSD
methods described in the following sections. As an illustration, A and

No are presented for the normal load factor as follows:

- 4 /2 :

A Gons [ Jufer o] M
O—w% O-W% P '

N (an)= Tan= | e d ve

o = Zan= | w (w) dw 2
e %Lj an J (2)

Equations (1) and (2) contain the function, @Aéuﬂ, which is the PSD dynamic
frequency response function of the particular response quantity being inves-
tigated (in this case it is the normal load factor). The function is found
from the input-output relation,

2 (3)

) = o
§ (w @wéw) Hul )

where, stuﬂ , 1s the normal load factor frequency response function due to
unit sinusoidal gusts, and the power spectrum for the gust input, @wé“ﬂ s

is the recommended spectrum for isotropic homogeneous turbulence, known as

the Von Karman spectrum. This particular spectrum best represents the vertical
and lateral atmospheric turbulence. The Von Karman spectrum is shown in

figure 1 and is given by the equation,

. Owd 1+ 8/3(1.339 L2
ug(L ) [ (1338 L) e “

where, Q=wy and ¢ (w=Ld (LN
wa U ”é )
L is the scale of turbulence

When calculating Kgn and Ny from equations (1) and (2), a finite upper limit
on the integral is employed since the response power spectrum typically
tends to decrease rapidly with frequency. Conversely, the zero crossings
integral is quite sensitive to cutoff frequency because the circular fre-
quency is squared within the integrand of equation (2). Consequently, as
discussed in reference 1, at.- high frequencies the response power spectrum
critically affects the number of zero crossings. While its contribution
to the response parameter is negligible. Therefore, cutoff frequencies are
customarily critical in the determination of Ny, where the so called top of
the knee approach applies to Ayp,

3
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FIGURE 1. GUST SPECTRUM FUNCTION

CENTER OF GRAVITY RESPONSES. The estimation of longitudinal and lateral
rigid body responses to continuous atmospheric turbulence employed herein
utilizes the methods developed in reference 2. In that analysis, the lateral
and longitudinal responses, due to independently applied lateral and verti-
cal gust forces, are described in terms of two degree-of-freedom systems.

The responses are expressed in terms of stability characteristics which are
functions of the stability derivatives previously mentioned and certain
definite integrals (response integrals) that appear in both the lateral and
longitudinal formulas for normal load factor, pitch-angle rate, pitch accel-
eration, lateral load factor, yaw angle, and yaw-angle root mean square (rms)
responses as indicated in appendix C equations (C-17) through (C-28). Numeri-
cal values of the response integrals are expressed in chart form for simpli-
fication in reference 2 and then entered into the appropriate response
formulae presented in appendix C.




In order to simplify the procedures for PSD gust load calculations, a compu~
ter program described in appendix B, employing the above methods outlined in
appendix C were utilized. Numerical integration techniques were used to
eliminate the use of charts in the computation of rms response quantities,

Assumptions associated with the simplified PSD method are as follows:

1. The motion of the airplane consists of rigid~body plunge and pitch in
the longitudinal mode and of sideslip and yaw in the lateral mode.

2. The dynamic analysis considers a piane of symmetry, neglecting longitu-
dinal and lateral motion coupling with linearized equations of motion.

3. The effects of spanwise variations in gust velocity. are not considered.

4. The unsteady 1ift function representing 1ift forces is approximated with
a single attenuation function,

5. The treatment of homogeneous isotropic atmospheric turbulence allows
the use of identical power spectra for vertical and lateral gusts.

6. The turbulence scale is large compared to size of the airplane. (This
allows the use of a point correlation function in determining the gust power
spectra.)

7. Turbulence response calculations consider small rigid airplanes with
lowest elastic frequencies three to five times higher than the rigid body
short period or dutch roll frequencies (i.e., elastic deformation shapes and
frequencies have very small affect on the dynamic response of the airplane).

8. Tail lag is not considered in the gust forces.

TAIL LOAD RESPONSES. The development of tail load responses was done in a
similar manner as that described in the previous secticns. The same basic
assumptions outlined in the preceding section also apply to the tail load
responses,

A complete derivation of the tail load responses is presented in appendix C.
A similar derivation was also performed by Mr. Ellwood L. Peele of NASA
Langley Research Center in work done in conjunction with reference 2.

The response of the horizontal tail surface to atmospheric turbulence is:

I/a
A= 2R+ Co
Azf lzsl[F.R4* sz] (5)
N (Z,) cirerClR, |7
Ze) =2 Wox 1 KetlaRg 6)
° 2 [ch4+C§RJ




where,
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The response of the vertical tail surface to atmospheric turbulence is:

Av= | Y[ CaRap* CiRz] @
. W CZR +CzR4 Y2 ]
No(Y,) = _E_e [%Ms] v (®

N | C5Rag" CiRe,

where,

DESIGN MANUAL ANALYSIS.

A rigid airplane in vertical translation forms the basis for the single-degree-
of-freedom analysis of reference 1. The same basic response relations apply
in this method as in the previous simplified PSD approach.



In this analysis, the frequency response function used to determine the normal
load-factor response is a function of the reduced frequency, Theodorsen's and

a corresponding sinusoidal gust encounter function and will yield a normal load-
factor response given by the following equations,

K'= Uan = CLQPSWU K¢ R N. = Ko

where K4 is the spectral gust alleviation factor, and K, is the zero crossing
value.

FAR, PARTS 23 AND 25, ANALYSIS.

A discussion of gust design is presented in reference 8, tracing the evolution
‘of developments from consideration of wing loading and alleviation curves
through the use of the mass parameter, ug. For this analysis it should
suffice to summarize the discrete gust method as follows:

1. Rigid aircraft.
2, Aircraft are similar in mission profile.
3. Assumes aircraft have similar response characteristics.
4, Discrete gust of (l~cosine) type.
5. Assumes prior distribution of derived gust velocity with altitude,
6. Gust is symmetrical with respect to airplane in a vertical sense,
7. Relative loads for a single isolated gust are a measure of relative
loads in a sequence of gusts.
8. Gust load is applied to wings and horizontal tail surfaces simultaneously

or separately depending upon C, or Cj, used.
The design considers a (l-cosine) discrete gust with a gradient distance
of 12.5 chords. The equations used in the calculation of gust loads by the
method of FAR, used in Parts 23 and 25, are given in appendix D.

DESIGN PROCEDURES.

The design level for any given response can be determined from the following
relationship

An design = Frndowg

Response design levels utilize a quantity ngoy, termed as the spectral
velocity value where ng is the ratio of design load to rms load. Discrete
gust delta load factors were used as a basis for establishing design levels
in this report. Consequently, for response parameters using the two-degrees-
of-freedom spectral analysis, a spectral velocity is obtained equivalent

to the derived gust velocity of the discrete method. This commonly accepted
method has been similarly employed in the analysis presented in reference 1
and in the FAA ADS-53 report.



COMPUTER PROGRAM.,

The computer program referred to in previous sections is fully described in
appendix B and was developed as a general analysis tool which could assist the
general-aviation manufacturer in predicting low speed airplane stability deriv-
atives and gust responses. The program allows the user to assess the relative
effectiveness of an airplane to withstand continuous turbulence compared

‘to that of discrete gusts.

Appendix B is presented to provide the user with an understanding of the
computer program and its execution on a Control Data Corporation (CDC) 6400
computer time-sharing system. Input and output quantities and a program
listing are included. Program execution time is approximately 160 system
seconds.

AIRPLANE DESCRIPTIONS

In order to span the range of aircraft in the general-aviation fleet and
to provide a good base for analyzing the simplified power spectral technique,
seven representative aircraft were selected.

All but one of the representative airplanes are in the 12,500 pounds or less
category specified by FAR, Part 23. Represented are a light single- and
twin-engine general-aviation airplane, three light passenger twin-turboprop
transports, and two twin-jet light executive transports. The general descrip-
tion and characteristics of these airplanes are listed in appendix E.

DISCUSSION AND RESULTS

STABILITY DERIVATIVES.

In the development of stability derivative determination for light aircraft
as reported in reference 7, the following limitations apply:

Aircraft 1s considered as a rigid structure.

. Little or no wing sweep.

Aspect ratio greater than 5.0.

Maximum Mach number 0.4,

Maximum indicated airspeed 300 miles per hour (mi/h).
Maximum wing loading 40 pounds per square foot (1b/£t2).
Maximum gross weight 10,000 pounds (1b).

~NoupPhWwWwNBE

As was discussed in the data of references 7, 9, and 10, the stability deriva-
tive calculations are also limited in other ways when their results are

applied to the calculation of small aircraft response to continuous atmos-
pheric turbulence. Frequency effects on 1ift and moment due to aircraft motion



are not adequately accounted for in the stability derivative approach to
calculation of aircraft gust load responses. Nonsteady effects are only
partially considered when stability derivatives are used. Intermediate and
high-frequency effects on the oscillating 1lift forces due to airplane motion
are not treated adequately.

Highlights of the stability derivative prediction method presented in
reference 7 and used primarily as an input source for the analysis are as

follows:

1. CLq

2. CL&

3. CLq

4, Cm“

5. Cm&

6. Cmq
Cy

8

7| Cyp

CnB

8.' Cnr

Considers wing contribution to be 85 to 90 percent of total.
Approximation given for -aircraft with partial span flaps.

Neglects aeroelastic effects.

Neglects fuselage contribution, assumes center of gravity (c.g.)
located very near aerodynamic center (a.c.).

Neglects aeroelastic effects.
Neglects aeroelastic effects and fuselage terms.

Neglects fuselage contribution.

Considers wing contribution small.

Considers vertical tail to be 70 to 90 percent of derivative
total.

A summary of the required stability derivatives and suggested sources for
their determination and use in the gust load calculations (as reported in
reference 9) are shown in table 1.

The dependence of the stability derivatives upon the aircraft response cal-
culations vary greatly as evidenced‘in figure 2, For example, ACL(1bears an
almost direct linear variation with_AAn, while ACp, may be varied as much

as 100 percent while only changing App 4 percent. Thus, requiring an
accurate determination of Cr,.

A comparison of the stability derivative limitations with respect to the seven
general aviation aircraft studied in this report is found in table 2. As
can be seen from this table, airplanes I through IV are within the limitations

of reference 7.

The high performance airplanes, V through VII, have swept

wings and operate at Mach numbers >0.4, thus exceeding the limitations of

the calculation procedures. 1In addition, the weight used for gust analysis

of airplanes V and VII exceeds the allowable 10,000 1bs. These items are

to be considered when evaluating the stability derivatives thus calculated
using the methods presented herein. Typical effects of Mach number on CL, may
be seen in figure 3. Calculations using the incompressible theory may well
underestimate the derivative.



0T

TABLE 1. SUMMARY OF STABILITY DERIVATIVE CALCULATIONS

Stability
Derivative  Applicability to Light Aircraft
Clu Adequate for single-engine
aircraft.
Adequate for wing/fuselage.
Crmg, Inadequate for tail contribution
and downwash factor.
Cm: Adequate because insignificant.
& Inadequate for tail contribution.
cnnq Inadequate for tail 1ift curve.
Inadequate vertical tail slope,
Cyp aspect ratio (AR). Inadequate
sidewash factor.
Inadequate wing contribution.
Cn’ Adequate fuselage contribution,
sidewash factor.
C Vertical tail terms.

Limitations

Sweep, compressibility,
aeroelasticity

Wing aerodynamic center
estimation, compressibility,

aeroelasticity

Compressibility, sweep,
aeroelasticity

Sweep, compressibility

Aeroelasticity

Recommended
Reference

References 5, 6, and 11
Structural analysis

References 5 and 6
Structural analysis

References 3, 6, 12,
and 13
Wind tunnel

Structural analysis



60

40 -
&)
O
5 204
Jary
O
]
&
o OoT
~
o
g -20-
. q
1<
-40-
74-44.2
-60= | T }
| L

T T T T T T T
-100 -80 -60 -40 -20 O© 20 40 60 80 100
DERIVATIVE, PERCENT CHANGE

FIGURE 2. EFFECT OF STABILITY DERIVATIVES ON AIRPLANE
CENTER OF GRAVITY RESPONSE FACTOR

HIGH
SUBSONIC

0,10 RANGE

9
1 0.09F
0

T . | L
1. 00

0 0.25 0. 50 0.75
MACH NUMBER

FIGURE 3. CHANGE IN CLa WITH MACH NUMBER

11



Al

Parameter
A

ARy,

U(mi/h)

W/S(1b/£t2)

Wto

We

M

NOTES: (1)

(2)

TABLE 2.

Reference 7

CR-1975

Small
s 5
300
<40

<10,000

Rigid

<

Weight used in calculation = 9,000 1lb., weight max. = 12,800 pounds,

4

[

7.4
149
17
2,950

Rigid

W/S = 55.4 1b/ft2.

7.

195

20.

3,600

Rigid

SUMMARY OF LIMITATIONS FOR

3

2

2

STABILITY DERIVATIVE

AIRPLANE

7.5
285
36.5
10,200
(2)

I3

8.2
278
38.5
10,250

(2)

May require structural analysis to determine rigidity.

CALCULATIONS
v vi
4 16
7.7 5.0
254 599
45 38.8
12,500 9,000(1)
(2) (2)
A .8

5.

8

636

50.8

17,375

(2)
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geometric data for the seven aircraft from appendix E were used as inputs

to the computer program in appendix B from which the stability derivatives
were calculated. The results of these calculations may be found in tables 3
through 5. The first column of numbers are the result of the computer program

and
the
- was
The
the

The

the subsequent columns are self-explanatory. It is to be noted that although
references are given for the source calculation, in reality, this data
supplied by the manufacturers of their aircraft using the indicated sources.
derivatives for airplane II (table 3) were presented first since it represents
most complete data of the aircraft used in this study.

most important derivative in the calculation of Kan is Cr,- The 1lift

curve slope is seen to have a value which is consistent with all of the
methods presented in table 3.

The

DATCOM (reference 6) method shows a higher value as compared to CR-1975

(reference 7). Similarly, Cme s 1s shown to be consistent with all of the
methods. Large differences are noted on the calculation of Cpg, however,
inconsistencies are seen between wind tunnel and flight-test data. Large
differences are also seen between references 5 and 7; however, the important
factor to keep in mind herein is that although large differences exist, they

are

not significant enough to affect gust load calculations for this aircraft.

Similar comparison of the remaining six airplanes may be found in tables 4

and
are

5. The differences in derivatives for airplanes III through VII
partially due to exceeding the limitations of M, ,Wy,, etc., as seen

in table 2. 1In some cases, as noted, the actual derivative was input rather
than calculated since limitations were greatly exceeded. Other differences
in the derivatives were due to calculation of effects of wing and body only

and

neglecting other terms.

As was pointed out in the data of reference 10, discrepancies in stability
derivatives calculations for the airplane II could be due to the following

considerations:

Cng : Tail contribution needs empirical data.
Estimates fuselage contribution.
Inability to determine sidewash factor.
Judgment required for Sy, ARy.

Cnr : Sidewash term difficult to determine.
Tail contribution uncertain.

CYp : Difficult to estimate propeller, fuselage and
wing contributions.

CLo Need to include other than wing terms.

Cmq : Need to accurately determine elevator terms.

NOTE: The above discrepancies may very well apply to airplanes'I through V.

13



TABLE 3. STABILITY DERIVATIVES FOR AIRPLANE II

NASA NASA )] UsAF(1) | winn(1) FLIGHT‘Q)
CR-1975 TN D -6800 SECKEL" DATCOM TUNNEL TEST
DERILV. ° (REF 7) (REF 14) (REF 5) (REF 6)
Ca 4.372 4.350 4.500 4.990 4.7% 4. 200
Cua 1.726 3.6490)| — — — —
Ciq 4.399 8.579(3)| T — — —
Cme, -.976 -1.120 -1.240 |  -1.705 | -1.00 -1.210
Cmé -4.976 _6.380(4) | — — — —
Cnq -11.316 -13.760(3) | — — — —
cvp -.288 — | — — — —
Gyr .169 — — — — —
“p 047 — .073 .053 .088 .057
Gor -.072 — — — — —
NOTES:

(1) Derivatives were furnished by the manufacturer of the airplane.
(2) 1Includes fuselage and nacelles.

(3) 1Includes fuselage, nacelles, and wing fuselage interference terms.
(4) Wing/fuselage interaction, tail/fuselage interaction.

(5) Includes fuselage, nacelles, and mutual interference effects.

14




TABLE 4.  STABILITY DERIVATIVES FOR AIRPLANES III, IV, AND VII
AIRPLANE IV ATRPLANE III ATRPLANE VII
1
NASA parcon®) NASA PERKINS( ) NASA PERKINS(L)
CR-1975 CR-1975 & HAGE 1CR-1975 | & HAGE
DERIV, (REF 7) (REF 6) (REF 7) (REF 3) (REF 7) | (REF 3)
Cie 4.932 5.203 4.744 5.200 4.345 6.300
Cia 3.146 3.192 3.358 2.700 2.171 -
Ciq 6.393 3.948(2) | 5.425 8.100 | 3.046 —
Crme -.933 -.545(2) | -.386 -1.719 | -.571 ~1.100
Cmg | -10.842 -7.818 111,064 | -9.100 |4.433 ~3.600
Cmq -21,262 -23.688 121,740 | -34.000 [6.660 -8.050
Cve -.526 — -.523 -.590 -.374 -.808
Cy, .391 — .365 .394 .218 —
Cng .082 .086 .059 .082 12230 | 122
Ca, -.173 — -.139 -.194 -.092 -.140
NOTES :
(1) Derivatives were furnished by the manufacturer of the airplane.
(2) Wing and body only.
(3) Airplane VII exceeds the limitations of NASA CR-1975, therefore,

derivative was input in order to get realistic lateral derivatives.
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TABLE 5. STABILITY DERIVATIVES FOR AIRPLANES I, V, AND VI
r ATRPLANE AH:,PLANE ATRPLANE VI
NASA NASA NASA DATCOMﬁl)
CR-1975 CR-1975 CR-1975
DERIV. (REF 7) (REF 7) (REF 7) (REF 5)
Cia 4,610 5.058 4.169 5.840
Cri 1.822 3.685 2.553 —
Ciq 4.164 9.399 4.910 -
Cme, -.955 -1.599 -.552 —
Cma -5.822 -16.382 -7.064 —
Cma  }14.055 -35.274 ~12.658 —
Cve -.306 -.834 ~.449 -
Cvr .210 .923 .355 -
Cng .067 .297 .122(2) —
Cn, -.097 ~-.603 -.171 —
NOTES:
(1) Derivatives were furnished by the manufacturer of the airplane.
(2) Airplane VI exceeds the limitations of NASA CR-1975, therefore,

derivative was input in order to get realistic lateral derivatives.
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CENTER OF GRAVITY RESPONSE COMPARISON.

Some limitations in the use of the abbreviated PSD method are noted in refer-
ence 9 and are summarized as follows:

1. Frequency effects on lift and moment developed due to aircraft motion are
only partially considered when using this "stability analyses' approach.

2, The method utilizes the same nonsteady lift function for 1ift and moment
to account for nonsteady 1ift effects due to gust penetration. The phase lag
between the wing and tail is not considered.

At present, the effects of these items upon the calculation of gust loading
have not been fully determined. Quantitative values will depend upon the
specific configuration under investigation. Further studies aimed at deter-
mining the magnitude of these limitations are outlined Section Phase II

of this report,

Since FAR, Parts 23 and 25, address only the symmetrical vertical gust loading
conditions, the comparison to follow will be restricted solely to the longitu-

dinal load factor responses.

Keep in mind that the major stability derivative, CLy» 1s shown to have a
pronounced effect on Ap,. Data presented in references 3 and 10 show some
variations in the CL, derivative depending upon whether analytical, wind
tunnel or flight-test data is used.

Furthermore, the flight conditions, in the following comparison, may not be
entirely realistic to those used by a manufacturer in a gust analysis. But
the analysis is intended only to be a basis for comparison of the methods
utilized. The comparison is between the one degree-of-freedom analysis from
the.'"Design Manual for Vertical Gusts Based on Power Spectral Techniques,"
reference 1 and the two degress-of-freedom approach of reference 2 outlined
within. This is done to determine a spectral velocity value, n,0.,, suitable
for the range of airplanes investigated and to note differences between the
two methods. :

Calculation of spectral velocity values for the single degree-of-freedom
analysis requires the use of figures 4 and 5 to determine the spectral gust
alleviation factors, K and the zero crossing values, Ky, for substitution
into the equations presented with those figures. The one degree—of-freedom
normal load factor response Kr calculated in this manner can produce a spectral
velocity which is equivalent to the discrete derived gust velocity. Figure 6
depicts equivalent spectral velocities, ndowg solely as a function of the

mass parameter, Hg, and the relative gust scale, s at sea level. Spectral
velocity values for other altitudes have been adjusted as shown by the
following equations,

17
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To accomplish the comparison of the PSD approach of reference 2, which is a
two degrees-of-freedom analysis to the one degree-of-freedom analysis, the
normal load factor responses, Aan, created by the rms gust input is equated

to the FAR discrete-gust incremental normal load factor from appendix D by

the equation AR = Kan'l‘ O'wg and from this ng4 G’w, can again be determined

such that it may be considered to play an equivalent role in the spectral
approach as does the derived gust velocity, U4, in the discrete-gust approach.

A compilation of rigid body airplane normal load factor responses and spectral
velocities for both PSD methods and FAR, Parts 23 and 25, discrete-gust analy-
sis is presented in tables 6 through 9. Seven representative aircraft in a
cruise configuration were analyzed from sea level up to the aircraft service
ceiling in 5,000 foot increments using a scale of turbulence, L, of 750 and
2,500 feet.

Airplanes I and V, as can be seen from table 5, have no manufacturer's
derivatives, thus they are omitted from tables 7 and 9.

A scale of turbulence of L=750 feet was selected for this analysis as
recommended in reference 1 for all altitudes. Tables 8 and 9 present only
the two degrees-of-freedom responses at L=2,500 feet, for comparison with
the responses at the recommended value of 750 feet, because the relative
gust scales, s, are out of range in figures 4 and 5 for the one degree-of-
freedom analysis.

In reviewing tables 6 and 7, it becomes immediately obvious that the responses
of the two degrees-of-freedom analysis are consistently smaller than those pro-
duced by the one degree-of-freedom analysis. The only difference between

table 6 and 7 is the origin of stability derivatives used in the analyses.

The differences between the single and two degrees-of-freedom responses of
tables 6 and 7, are due to the additional consideration of pitch rotation

used in the analysis of reference 2, the pitch rotation tends to alleviate

some of the normal load factor response.

Any increases in normal load factor responses, Ar, in table 7 over those of
table 6 are due to primarily the increase in the lift curve slope used in the
analysis. These increases are due to what could be called the improved
derivatives (i.e., derivatives calculated by alternative methods) furnished by
the manufacturers as opposed to those predicted by reference 7.

20
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TABLE 6. COMPARISON OF AIRCRAFT CENTER OF GRAVITY RESPONSES USING NASA
CR-1975 ESTIMATED DERIVATIVES FOR L = 750 FEET

One Degree—-of-Freedom Two Degrees~of-Freedom Discrete
Reference 1 Reference 2 EKR_E§7§3
1
Airplane Altitude X-1073 Sq Hg .Kr(l) No(l) ndowéfi KAél) No(An§ ) .ndOW8__ An
0 21.02 .0298 1.038 83.56 .0253  3.079 98.23 2.49
I 5 24.40 .0269 .931 88.48 .0228 2.882 104.33 2.38
10 328.4 28.25 .0242 .885 93.39 .0205 2.695 110.32 2.26
15 33.55 .0213 .824 100.00 .0182 2.484 117.30 2.13
20 39.28 .0197 .748 102.03 .0162 2.300 123.62 2.01
0 24,25 .0322 1.184 81.99 .0278 3.501 95.15 2.64
II 5 28.14 .0303 1.093 84.00 .0251 3.275 100.41 2.52
10 301.10 32.59 .0273 1.002 87.55 .0227 3.053 105.51 2.39
15 38.70 .0243 .911 92.18 .0201 2.804 111.36 2.24
20 45.30 .0220 .838 95.91 .0181 2.588 116.59 2.11
0 31.22 .0343 1.200 70.85 .0337 2.174 72.20 2.43
111 5 36.23 .0306 1.097 75.16  .0302  1.987 76.31 2.30
10 233.29 41.94 .0279 1.035 78.14 .0271 1.819 80.43 2.18
15 49.81 .0247 .931 82.59 .0239 1.640 85.35 2.04
20 58.31 .0222 .848 86.04 .0212 1.492 89.95 1.91
25 70.32 .0192 .724 84.38 .0185 1.333 87.55 1.62
0 32.85 .0335 1.150 70.15 .0293  2.947 80.178 2.35
Iv 5 38.13 .0305 1.067 73.11 .0263 2.738 84.64 2.23
10 241.59 44,15 .0273 1.004 76.92 .0236 2.542 89.03 2.10
15 52.43 .0241 .920 81.33 .0209 2.327 94.17 1.96
20 61.38 .0216 .858 85.19 .0186 2.142 98.85 1.84
25 74.02 .0187 .753 83.42 .0163 1.937 95.67 1.56

NOTE: (1) Stability derivatives required for.these responses were calculated from
reference 7 methods (tables 3, 4, and 5).

(2) n, 0(,’ spectral velocities from figure 6 have been adjusted for altitude,
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TABLE 6. COMPARISON OF AIRCRAFT CENTER OF GRAVITY RESPONSES USING NASA
CR-1975 ESTIMATED DERIVATIVES FOR L = 750 FEET (continued)

One Degree-of-Freedom Two Degrees-of-Freedom Discrete
Reference 1 Reference 2 FAR 23/25
Airplane Altitude X-10-3 5, ug Ar(l) No(l) r‘dowg,(z) An‘l) No(Angl) NdCwg An
0 36.50 .0273 .985 69.96 .0244  2.482 78.09 1.91
v . 5 42.37 .0248 .929 72.58 .0219  2.298 82.16 1.80
10 235.49  49.06 .0226 .892 75.22 .0198 2.127 86.14 1.70
15 58.26 .0199 .781 79.90 .0175 1.940 90.77 1.59
20 68.20 .0178 .725 83.15 .0156 1.780 94.97 1.48
25 82.24 .0154 .669 81.17 .0137 1.604 91.58 1.25
0 34.53 .0617 2.167 69.37 .0575  4.566 74.38 4.28
5 40.08 .0570 2.064 70.88 .0518  4.222 78.09 4.04
10 46.40 .0509 1.905 75.05 .0467 3.904 81.73 3.82
VI 15 55.10 .0450 1.746 79.11 .0414 3.555 85.95 3.56
20 212.99 64.51 .0396 1.627 84.09 .0371  3.258 89.79 3.33
25 77.79 .0343 1.508 82.22 .0326 2.932 86.44 2.82
30 91.20 .0306 1.389 78.10 .0292 2,678 81.75 2.39
35 110.21 .0263 1.270 75.29 .0257  2.401 76.95 1.98
40 139.21 .0217 1.190 72.81 .0219 2.095 72.09 1.58
45 176.33 .0178 1.111 69.66 .0186 1.822 66.39 1.24
0 36.43 .0569 2.018 63.97 .0514  4.106 70.89 3.64
5 42.28 .0515 1.912 66.80 .0466  3.800 73.81 3.44
10 48.95 .0459 1.770 70.81 .0424  3.515 76.61 3.25
15 58.13 .0404 1.629 75.00 .0379 3.201 79.82 3.03
VII 20 179.02 68.06 .0355 1.487 79.72 .0342  2.934 82.69 2.83
25 82.07 .0307 1.416 77.85 .0303  2.640 78.87 2.39
30 96.22 .0269 1.345 75.46 .0274  2.410 74.03 2.03
35 116.26 .0232 1.275 71.98 .0242 2.160 69.11 1.67
40 146.86 .0191 1.168 70.16 .0208 1.883 64.17 1.34
45 186.02 .0154 1.098 68.18 .0179 1.638 58.63 1.05
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TABLE 7. COMPARISON OF AIRCRAFT CENTER OF GRAVITY RESPONSES USING
MANUFACTURER's ESTIMATED DERIVATIVES FOR L = 750 FEET

One Degree-of-Freedom Two Degree-of-Freedom Discrete
Reference 1 Reference 2 FAR 23/25
— - (1 Q1
Airplane Altitude X 10-3 sq Hg Ar(l) No(l) ndcwg(z)AAAnF ) NO(An; ) N3%g An
.0 24.37 .0321 1.184 81.93  .0271  3.645 97.03 2.63
1T 5 28.28 .0302 1.093 83.11 .0244 3,417 102.71 2.51
10 301.10 32.75 .0277 1.002 85.92 .0220 3.1996 108.24 2.38
15 38.89 .0242 .911 92.15 .0195 2.954 114.63 2.23
20 45.53 .0219 .838 95.89 .0175  2.737 120.34 2.10
0 28.47 .0376 1.242 69.95 .0321  3.253 81.80 2.63
III 5 33.05 .0330 1.138 75.45 .0290 3.013 86.13 2.49
10 233.29 38.26 .0296 1.076 79.73 .0262 2.790 90.36 2.36
15 45.44 .0257 .993 82.77 .0232 2,545 95.25 2,21
20 53.20 .0235 .890 88.51 .0208 2.335 99.67 2.08
25 64.15 .0208 .848 84.62 .0183 2.104 96.08 1.76
0 31.14 .0354 1.234 69.49 0321  2.652 76.78 2.46
v 5 36.14 .0311 1.109 74.92 .0287  2.444 81.12 2.33
10 241.59 41.85 .0283 1.046 77.74 .0258 2.255 85.55 2.20
15 49.70 .0250 .920 82.40 .0227  2.050 90.77 2.06
20 58.19 .0224 .899 86.16 .0202 1.877 95.62 1.93
25 70.16 .0195 .795 84.10 0176 1.689 92.99 1.64
NOTE: (1) Stability derivatives required for these responses were supplied by the manufacturers.

except airplane II which used derivatives from reference 14 in table 3.

(2) rld5iq spectral velocities from figure 6 have been adjusted for altitude.

(3) Derivatives not supplied were calculated from reference 7 methods.
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TABLE 7. COMPARISON OF AIRCRAFT CENTER OF GRAVITY RESPONSES USING
MANUFACTURER'S ESTIMATED DERIVATIVES FOR L = 750 FEET (continued)

One Degree-of-Freedom Two Degrees-of-Freedom Discrete
Reference 1 Reference 2 FAR 23/25
Airplane Altitude X 10-3 8y Mg Ar(l) No(l) ”dowgganAél) No(Angl) Nd%g An

0 24,65 .0801 2.698 71.04 .0862 3.726 69.31 5.69

5 28.61 .0717 2.460 75.45 .0736 3.383 73.55 5.41

10 33.12 .0655 2.262 78.47 .0660 3.075 77.87 5.14

15 39.33 .0581 2.103 82.96 .0580 2.750 83.11 4,82

20 212.99 46.05 .0521 1.944 86.95 .0514 2.484 88.11 4.53

VI 25 55.53 .0453 1.746 84.99 .0446 2.204 86.45 3.85
30 65.10 .0404 1.627 81.19 .0394 1.993 83.16 3.28

35 78.67 .0349 1.508 77.94 .0340 1.772 79.98 2.72

40 99.37 .0288 1.349 75.69 .0283 1.536 77.06 2.18

45 125.87 .0240° 1.270 71.25 .0234  1.334 73.11 1.71

0 25.13 .0742 2.408 67.25 .0669 5.003 74.66 4.99

5 29.16 .0675 2.231 70.37 .0611 4.633 77.77 4.75

10 33.76 .0604 2.089 74.67 .0559 4,289 80.72 4.51

15 40.10 .0534 1.912 79.21 .0503 3.909 84.06 4.23

20 179.02 46.94  .0478 1.806 83.26  .0457 3.585 87.02 3.98

25 56.61 .0415 1.664 81.45 .0407 3.227 82.88 3.38

Vil 30 66.37  .0364 1.522 78.85  .0370  2.947 77.68 2.87
35 80.19 .0314 1.416 75.80 .0329 2.642 72.36 2.38

40 101.29 .0259 1.310 73.75 .0285 2.304 66.95 1.91

45 128.31 0213 1.204 70.42 .0246 2.002 60.91 1.50
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TABLE 8.

ATRCRAFT CENTER OF GRAVITY RESPONSES USING NASA CR-1975
ESTIMATED DERIVATIVES FOR L = 2

,500 FEET

_ Two Degrees-of-Freedom

Reference 2

(1)
KAn(l) No (An) Nd%g

Airplane Altitude X 10-3 Sy Hg
0 21.02 .0170 3.062 145.96
I 5 24,40 .0153 2.866 155.01
10 1094.7 28.25 .0138 2.630 163.92
15 33.55 .0122 2.471 174.28
20 39.28 .0109 2.288 183.67
0 24.25 .0187 3.494 141.48
I1 5 28.14 .0169 3.261 149.31
10 1003.7 32,59 .0152 3.040 156.89
15 38.70 .0136 2.792 165.58
20 45.30 .0122 2.576 173.34
0 31.22 .0233 2.108 104,52
5 36.23 .0209 1.923 110.25
10 777.64 41.94 .0188 1.757 115.97
ITI 15 49.81 .0166 1.581 122.77
20 58.31 .0148 1.435 129.08
25 70.32 .0129 1.279 125.27
0 32.85 .0199 2.906 118.05
5 38.13 .0179 2.699 124.58
10 805.30 44,15 .0161 2.506 131.00
Iv 15 52.43 .0142 2,292 138.50
20 61.38 .0127 2.109 145.33
25 74,02 .0111 1.906 140.56

NOTE: (1) Stability derivatives required for these responses were calculated from

reference 7 methods (tables 3, 4, and 5).

Discrete
FAR 23/25

An

2.49
2.38
2.26
2.13
2.01

2.64
2.52
2.39
2.24
2.11

2.43
2.30
2.18
2.04
1.91
1.62

2.35
2.23
2.10
1.96
1.84
1.56



TABLE 8. ATIRCRAFT CENTER OF GRAVITY RESPONSES USING NASA CR-1975
ESTIMATED DERIVATIVES FOR L = 2,500 FEET (continued)

9¢

Iwo Degrees-of-Freedom Discrete
Reference 2 FAR 23/25
_ i)
Airplane Altitude X 10-3 _8q Hg AAA}) No (An§ "d%g 4n
0 36.50 .0166  2.448 115.04 1.91
5 42.37 .0149  2.266 120.98 1.80
10 784.95  49.06 .0134  2.097 126.79 1.70
v 15 58.26 .0119  1.912 133.54 1.59
20 68.20 .0106 1.753 139.64 1.48
25 82.24 .0093 1.579 134.53 1.25
0 34.53 .0392  4.485 109.07 4.28
5 40.08 .0353 4.145 114 .45 4.04
10 46.40 .0319  3.830 119.69 3.82
15 55.10 .0283  3.485 125.74 3.56
20 709.96 64.51 .0254  3.191 131.20 3.33
VI 25 77.79 .0224  2.868 126.08 2.82
30 v 91.20 .0201 2.615 115.01 2.39
35 110.21 L0177  2.338 111.69 1.98
40 139.21 .0151 2,032 104.15 1.58
45 176.33 .0130 1.757 95.29 1.24
0 36.43 .0349  4.054 104.47 3.64
5 42.28 .0317 3.794 108.69 3.44
10 48.95 .0288  3.466 112.71 3.25
VII 15 58.13 .0258  3.153 117.27 3.03
20 596.74 68.06 .0233  2.886 121.29 2.83
25 82.07 .0207 2.591 115.40 2.39
30 96.22 .0188 2.361 108.05 2.03
35 116.26 .0167 2.109 100.49 1.67
40 146.86 .0144 1.830 92.75 1.34
45 186.02 .0125 1.581 84.08 1.05
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TABLE 9. AIRCRAFT CENTER OF GRAVITY RESPONSES USING MANUFACTURER'S
DERIVATIVES FOR L = 2,500 FEET

Two Degrees—of-Freedom Discrete
Reference 2 FAR 23/25
— () (1) n,o
Airplane Altitude X 10-3  sg g _Apn No (An) d wg An
0 24,37 .0183 3.626 144.20 2.63
II 5 28.28 .0164 3.400 152.63 2.51
10 1003.7 32.75 .0148 3.184 160.86 2.38
15 38.89 .0131  2.939 170.36 2.23
20 45.53 0117  2.724 178.90 2.10
0 28.47 .0217 3.222 120.99 2.63
5 33.05 .0196 2.984 127.37 2.49
10 777.64  38.26 .0177 2.762 133.57 2.36
I1I 15 45.44 L0157  2.518 140.74 2.21
20 53.20 .0141 2.31Q 147.21 2.08
25 64.15 0124  2.080 141.82 1.76
0 ' 31.14 .0219  2.597 112.28 2.46
5 36.14 .0197 2.391 118.56 2.33
10 805.30 41.85 0177  2.204 124.83 2.20
v 15 49.70 .0156 2.001 132.29 2.06
20 58.19 .0139 1.830 139.19 1.93
25 70.16 0121 1.645 135.16 1.64
NOTE: (1) Stability derivatives required for these responses were supplied by the manufacturers,

except alrplane II which used derivatives from reference 14 in tagble 3.

(2) Derivatives not supplied were calculated from reference 7/ methods.
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TABLE 9. AIRCRAFT CENTER OF GRAVITY RESPONSES USING MANUFACTURER'S
DERIVATIVES FOR L = 2,500 FEET (continued)

Iwo Degrees-of-Freedom Discrete
Reference 2 FAR 23/25
@ 1) 5.4 .
Airplane Altitude X 1073 Sa Hg Adn~ No (an) _dwg  An

0 24.65 .0580 3.535 98.11 5.69

5 28.61 .0522 3.193 103.60 5.41

10 33.12 L0471 2,889 109.13 5.14

15 39.33 .0416 2.569 115.78 4.82

20 709.96 46.05 .0371 2,308 122.05 4.53

Vi 25 55.53 .0321 2.035 118.90 3.85
30 65.10 .0288 1.830 113.67 3.28

35 78.67 .0251 1.615 108.44 2.72

40 99.37 .0211 1.387 103.35 2.18

45 125.87 .0177 1.191 96.79 1.71

0 25.13 .0451 4,969 110.72 4.99

5 : 29.16 L0412 4.600 115.26 4.75

10 33.76 .0377 4.256 119.57 4.51

15 40.10 .0340 3.877 124.41 4.23

20 596.74 46.94 .0309 3.552 128.66 3.98

VI1 25 56.61 .0276 3.194 122.35 3.38
30 66.37 .0251 2.913 114.49 2,87

35 80.19 .0224 2,606 106.40 2.38

40 101.29 .0195 2.265 98.08 1.91

45 128.31 .0169 1.961 88.79 1.50



Looking at the differences in the two degrees—-of-freedom responses due to
effects of alternative derivatives (see tables 6 and 7, and tables 8 and 9),
it can be seen that the changes are not uniform. The'KAn for airplanes II
and III decreased with the increased 1ift curve slope, signifying that other
derivative changes are affecting the response in an adverse manner discussed
previously and as shown in figure 2.

A noticeable deviation in the number of positive zero crossings between the
two PSD methods can be seen in tables 6 and 7. The discrepancies noted in

No, specifically the larger zero crossings created by the two degrees-of-
freedom PSD analysis, are due to the choice of a cutoff frequency. As dis-
cussed previously, the cutoff frequency is critical in the determination

of Ny because it eliminates the high frequency components which do not con-
tribute to the response Apn but affect Ny, markedly. Cutoff frequencies
normally can be expected to be in the area of .990 for the zero crossing rate.
However, as can be seen in appendix C both A and N, utilize what are termed

a response integrals (see equations C29 and C30) which are functions of the
frequency ratio @ ="Qdo. These integrals do not lend themselves easily to
the selection of a cutoff frequency for each Ny. Therefore, a finite interval
was used for all responses, thus producing arbitrary cutoff frequencies which
ranged from approximately 0.4 to 15 where values in the neighborhood of 0.3
for the aircraft considered would have been more realistic. The fact large

. cutoff frequencies were utilized created larger values of Ny than anticipated
for all of the cases studied compared to those of the single degree-of-freedom
approach.

The relationship between the spectral velocity values and the relative gust
scale can be seen in figure 6 and tables 6 through 9. Generally, the spectral
velocity values decrease consistently with relative gust scale for both
estimated and manufactures derivatives at all altitudes,

From the airplanes analyzed in tables 6 through 9, it can be seen that both
PSD approaches would require a spectral velocity value ng4 0wq which would

be significantly larger than the normally recommended values of 54 ft/sec from
reference 1 or 57.5 ft/sec from reference 15 for a single-degree-of-freedom
analysis at sea level. These recommended These values are adequate for the
size and type of aircraft used in those studies. That is to say, the spectral
velocities apply to large civil or military transport aircraft with a small
relative gust scale, s=2L/&y, due to the larger mean aerodynamic chords involved,
"s" values on the range of 50 to 100 are appropriate which puts ngt,, for
these aircraft in the range of 54 to 57.7 ft/sec as shown in figure 6, where
the recommended scale of turbulence is L=750 feet.

Spectral velocities using estimated derivatives for all seven of the represent-
ative aircraft at sea level for L=750 feet are plotted on figure 6. The

trend towards higher spectral velocities than those recommended in references 1
and 15 is evident. Ay Gwg values ranged from 64.0 to 83.6 ft/sec for the

single degree-of-freedom analysis. For the two degrees-of-freedom analysis

the velocities varied from 69.3 to 98.2 ft/sec as depicted in tables 6 and 7.
Similarly from tables 8 and 9 for L=2500 feet at sea level spectral velocity
values ranged from 9B.1 ft/sec to 146.0 ft/sec for the two degrees-of-freedom
analysis. These velocities generally increase with altitude for both PSD

methods as expected.
29



100 O
A ONE DEGREE OF FREEDOM
® TWO DEGREES OF FREEDOM
FROM TABLE 6
0
[
[45]
S~
=
[xy
oo S
Nl N7
o
[Te}
1]
o0
3
[+
o]
= 30P
2 Vv[to
20 Hg ) oy
CLapCW sw
10— SEA LEVEL
ol | | | | | | | | ]
0 20 40 60 80 100 120 140 160 180 200
MASS PARAMETER, pg
74-44 -6
FIGURE 6. SPECTRAL "VELOCITIES" EQUIVALENT TO THE DISCRETE

GUST VELOCITY FOR ONE DEGREE~-OF-FREEDOM ANALYSIS

30



TAIL LOAD RESPONSE COMPARISON.

Tail load responses derived from the two degrees-of-freedom analysis, as in
the previous section are compared to the discrete-gust tail load. The objec-
tive again is to derive a spectral velocity value, n, 6;9 ,» which would yield
‘equivalent results.

Tabulation of horizontal and vertical tail load responses for the two degrees-
of-freedom and discrete-gust approaches are presented in tables 10 through 13.
Where tables 1l and 13 again differ from tables 10 and 12 only in the use

of improved stability derivatives in the analyses. Also, the discrete-gust
horizontal tail loads, are based on the determination of a (l1-g) balancing
tail load which in this study was only approximate and produced interminate
results.

The number of positive zero crossings, Ny (Z¢), for the two degrees-of-freedom
horizontal tail load responses, as in the center of gravity responses, are
somewhat inflated as shown in tables 10 through 13. Again, this increase

is due to the arbitrary selection of a cutoff frequency to give realistic
results.

It was hoped that some correlation would be evident between the center of
gravity normal load factor and horizontal tail load response spectral velocity
values, however, from tables 6 through 13, it appears that there is no
general relationship between the two spectral velocities except in the case
of airplanes I and II. The tail load spectral velocities for airplanes III,
IV, and V using NASA estimated derivatives as shown in tables 10 and 12 were
approximately 30 percent less than the c.g. spectral velocities shown in
tables 6 and 8 at sea level. The comparison is compounded by the fact that
the aircraft center of gravity location greatly affects the balancing tail
load and center of gravity travel can vary as much as 30 percent over the
mean aerodynamic chord, depending on the aircraft. Under the extremes of
center of gravity travel it can be expected that at some point the ngoyg
values would coincide.

Tables 10 through 13, in general, indicate that the vertical tail load spectral
velocity values are less than the horizontal tail load velocity values. Spec-
tral velocity values for the vertical tail load responses ranged from 35.2 to
94.4 ft/sec for L=750 feet from 51.8 to 140.6 ft/sec for L=2,500 feet.
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TABLE 10. COMPARISON OF ATRCRAFT TAIL LOAD RESPONSES USING NASA CR-1975
ESTIMATED DERIVATIVES FOR L = 750 FEET

Horizontal Tail Vertical Tail
Two Degrees—of-Freedom Two Degrees—of-Freedom Discrete
2) (2) FAR 23/25
— (2 (2) (2
Airplane Azy No(Zt) NdOwg Lt Ay, No (Yv) N3Oyg L,

I 9.359 3.493 98.6 923.2 6.109 .989 94.4 576.7
11 13.699 3.953 82.6 1131.3 11.411 .774 50.7 578.9
I1I 72.973 2.224 50.5 3683.8 55.988 .768 43.6 2438.7

v 50.382 3.202 53.1 2677.0 40.818 1.055 65.9 2691.0 .
\' 46.219 2.745 52.9 2442.7 54.636 1.157 56.1 3063.4
Vi 98.823 4.810 —— (3) 95.840 1.935 36.6 3505.0
VII 165.884  4.310 —_ (3) 152.172 1.535 35.2 5350.9

NOTES: (1) Comparisons are at sea level altitude.

(2) Stability derivatives required for these responses were calculated from
reference 7 methods (tables 3, 4, and 5).

(3) Insufficient data to determine load for balanced flight.
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Airplane

IT

ITI

v

VI

VII
NOTES: (1)
(2)
(3)
(4)

TABLE 11. COMPARISON OF AIRCRAFT TAIL LOAD RESPONSES USING MANUFACTURER'S
ESTIMATED DERIVATIVES FOR L = 750 FEET

Horizontal Tail Vertical Tail
Two Degrees-ot-Freedom Discrete Two Degrees—of-Freedom Discrete
(2) (2) FAR 23/25
Két(z) No(zt)(z) ndgwg Lt K§V NO(Yv) Nd%wg Ly

13.204 4.143 86.0 1136.0 11.411 774 50.7 578.9
54.165 3.601 61.9 3353.7 50.122 .892 48.7 2438.7
54.351 2.796 46.3 2514.2 40.806 1.063 65.9 2691.0
103.317 3.665 -———= (3) 95.840 1.935 36.6 3505.0
135.476 5.330 ———- (3) 117.130 1.820 45.7 5350.9

Comparison are sea level altitude.

Stability derivatives required for these responses were supplied by the
manufacturers (tables 3, 4, and 5).

Insufficient data to determine load for balanced flight.

Derivatives not supplied were calculated from reference 7 methods, except
airplane II which used derivatives from reference 14 in table 3.
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TABLE 12. COMPARISON OF AIRCRAFT TAIL LOAD RESPONSES USING NASA CR-1975
ESTIMATED DERIVATIVES FOR L = 2,500 FEET

Horizontal Tail Vertical Tail
Two Degrees—of-Freedom Discrete Two Degrees-of-Freedom
— Discrete
_ (@ (2) _ (@) (2) 5 FAR 23/25
Airplane Azt No (2¢) Nd%wg Lt AyV No (Yy) "a%sg Lv
. —_— P,

I 6.287 3.481 146.8 923.2 4.101 .987 140.6 576.7
II 9.195 3.942 123.0 1131.3 7.697 .769 75.2 578.9
I1I 50.332 2.160 73.2 3683.8 38.331 .754 63.6 2438.7
Iv 34.118 3.166 78.5 2677.0 27.609 1.046 97.5 2691.0
v 31.248 2.719 78.2 2442.7 36.832 1.151 83.2 3063.4
VI 67.188 4.739 - 3) 64.875 1.920 54.0 3505.0
VII 112.246 4.267 -——— 3) 103.346 1.522 51.8 5350.9

NOTES: (1) Comparisons are at sea level altitude.

(2) Stability derivatives required for these responses were calculated from
reference 7 methods (tables 3, 4, and 5).

(3) Insufficient data to determine load for balanced flight.
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TABLE 13.

COMPARISON OF AIRCRAFT TAIL LOAD RESPONSES USING MANUFACTURER'S
ESTIMATED DERIVATIVES FOR L = 2,500 FEET

Horizontal Tail

Two Degrees—of-Freedom

— (2 (2)
Airplane Age No (Zt) N4%g
1T 8.868 4.130 128.1
III 36.501 3.578 91.9
v 37.086 2.744 67.8
VI 73,099 3.471 ——
VII 91.110 5.308

NOTES: (1) Comparison are sea level altitude,

(2) Stability derivatives required for these responses were supplied by the
manufacturers (tables 3, 4, and 5).

(3) Insufficient data to determine load for balanced flight.

(4) Derivatives not supplied were calculated from reference 7 methods, except

Discrete

Lt

1136.0

3353.7
2514.2

(3)
(3)

Vertical Tail

Two Degrees—-of-Freedom

— (2)

Ayy

7.697
34.118
27.587
64.875

79.507

(2)

No (Yv) ”dowg
.769 75.2
.881 71.5

1.055 97.5
1.920 54.0
1.802 67.3

airplane II which used derivatives from reference 14 in table 3.

Discrete
FAR 23/25

Ly
578.9
2438.7
2691.0
3505.0

5350.9



CONCLUSIONS

A computer program has been developed to predict aerodynamic stability
derivatives and both power spectral density and discrete-gust responses.
The following conclusions are thus drawn:

1. The methods of reference 7 for estimating low-speed stability derivatives
are adequate for the power spectral density gust analysis investigated.

2. The two degrees-of-freedom rigid body power spectral density analysis of
reference 2 for airplanes in the 3,000 to 12,500 pound range produced lower
normal load factor responses than a similar one degree-of-freedom analysis of
reference 1. Consequently, to produce an equivalent discrete-gust load factor
for the two degrees-of-freedom analysis of reference 2, a higher spectral
velocity value must be used compared to that of the single-degree-of-freedom
approach of reference 1. Spectral velocity values ngoye for both power spectral
gust analyses are summarized in figures 7 through 10, for L=750 feet.

3. For the seven aircraft considered, the spectral velocity values were

inconsistent for the vertical tail load response, but generally tended to
be less than the horizontal tail load response spectral velocities.
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Phase II

Based on the results of the work performed in phase I, items to be performed
1n phase II are as follows:

1. A study to determine if the PSD analysis method presented in this report
can be further simplified.

2. Develop longitudinal and lateral two degrees—of-freedom aircraft response
analyses along aeroelastic lines, including the effects of gust penetration,
wing and tail interaction, and downwash effects. This development will elimi-
nate the need for the calculation of aircraft stability derivatives.
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Nomenclature

|

&

G

Computer
Equivalent

AYVT

AZHT

ATHD

ATDD

ADL

ASI

ASID

ARW
ALT

ALTC

BT

BV

CDP

GLOSSARY OF TERMS

Airplane response parameter relating root-mean-
square (rms) input and output values (subscript
refers to response quantity)

Vertical tail load response, lb/ft/sec

Horizontal tail load response, 1lb/ft/sec

Normal load factor respomnse, g/ft/sec

Pitch angle rate response, rad/sec/ft/sec

Pitch angle acceleration response, rad/sec?/ft/sec
Lateral load factor response, g/ft/sec

Yaw angle response, rad/ft/sec

Yaw angle rate response, rad/sec/ft/sec

Normal load factor response for one-dimensional
analysis, g/ft/sec

Effective aspect ratio

Aspect ratio of horizontal tail

Aspect ratio of wing

Altitude, ft

Service ceiling, ft

Unsteady lift force attenuation factor, longitudinal
Unsteady lift force attenuation factor, lateral
Aerodynamic center

Horizontal tail span, ft

Vertical tail span, ft

Wing span, ft

Dra

Jrag
9Sw

Drag coefficient,

(1)



CDe CDE Drag coefficient of empennage

Cp¢ CDF Drag coefficient of fuselage
CDfp CDFP Parasite drag
CDpac CDNAC ' Drag coefficient, nacelle
CDng CDNG Drag coefficient, nose gear
CDeey CDTTK Drag coefficient, tiptank
CDw CDW Drag coefficient, wing
Cp, CDO Three-dimensional drag coefficient
CL CLP Lift coefficient, ;igt
w

CL¢ CLT Lift coefficient, tail
CL,, CLW Lift coefficient, wing
CLa CLAP Lift curve slope, SEPEWQ » per rad
CLaf CLAF Lift curve slopeléa)/bé;f, fuselage per rad
CLat CLAT Lift curve slope,afygo(t » horizontal tail, per rad
CLay CLAV Lift curve slope,a(éy/so(v, vertical tail, per rad
CL CLAW Lift curve slope, 9(iw J oK » wing, per rad

a, w

W
CL& CLADP a%(;( Co/2u)s Per rad
CL& CLADT QCLt/D (J(C—W/zu)f horizontal tail, per rad

t
CLq CLQP QC/Q(QC—V/ZU) , per rad
Cth CLQT DCL/J(?FW/ZU)B horizontal tail, per rad
Cqu CLQW QCLw/a(ij/Zu)w,wing, per rad
Cls CLS Section lift coefficient
Clae CLATD Section 1ift curve slope of the horizontal tail,

per deg

Claw CLA2D Section 1lift curve slope of the wing, per deg

(2)



CYBf

CYBt

CMOWS

CMQP

CMAF

CMAT

CMAW

CMADP

CNRP

CNRT

CNRW

CNBP

CYRP
CYRVT
CYRW
CYBP
CYBF

CYBT

CYBW
CT

cv

Pitching Moment
9 Sw Cw
Wing section pitching moment coefficient at zero lift

Pitch rate damping, acya(?an/zu), per rad

Static stability derivative,acyéo( , per rad

Pitching moment coefficient,

Static stability derivative,af"'yao(‘ , fuselage, per
rad

Static stébility derivative,a(""/é O(t, horizontal tail
per rad

Static stability derivative,acm 3°<w, wing, per rad

Angle—of-attack damping derivative,§(l%;(‘,z(:/ ),
per rad ¢

Yawing moment coefficient, Yawing Moment

9 Swbw
Yawing damping derivative, 3Cn/3 (er/ZU)’ per rad

Yawing damping derivative, DCnt/a(rbw/zu) horizontal
tail, per rad

Yawing damping derivative,)[nw/a(rbw/zu), wing,
per rad

Directional stability derivative, BCn/;@ , per rad
Side force coefficient, Side Force
3 ¢ Sw

Y / (rl;,,%u), per rad
9(//;("l:"“’/fu) vertical tail, per rad
;%/a(rb“/u), wing, per rad

Side force derivative, a(‘)’/3@’ per rad

Side force derivative,V /9@

s ¥ » fuselage, per rad

Side force derivative, C)Q/B@ horizontal tail, per
rad.

Side force derivative,atywﬁew, wing, per rad

Horizontal tail mean aerodynamic chord, ft

Vertical tail mean aerodynamic chord, ft

(3)



Ct

c.g.

€1

e2

H (w)
HBCY
HFCY
HNOSE

Yy

1zz

CWRT

CWTP

El

E2

FCDMG

FH

HBCY

HFCY

HNOSE

IYY

122

Iw

KG

KI

Wing mean aerodynamic chord, ft

Wing root chord, ft

Wing tip chord, ft

Airplane center of gravity

Oswald's span efficiency factqr

Induced angle span efficiency factor of the wing

Induced angle span efficiency factor of the horizontal
tail

Main gear equivalent parasite area, ft2
Fuselage height, ft

Fuselage width, ft

Acceleration due to gravity, 32.2 ft/sec2

Frequency response function

Fuselage height at back of canopy, ft

Fuselage height at front of canmopy, ft

Fuselage height at nose, ft

Mass moment of inertial about lateral axis, lbm—ft2
Mass moment of inertia about vertical axis; lbm-ft2
Incidence angle, deg

Emperical factor

Emperical factor of fuselage or nacelle contributions
to me

Gust alleviation factor
Wing fuselage interference factor

Interference factor

(4)



Ny (Z¢)
No (Yyv)
No (yn)
No (6)
N, ()

Ny (¥/8)

KOA

KOB

LGUST

HTL

DLVT

LBCY

LFCY

LB

LT

LTP

Lv

NOHT

NOVT

NODN

NOTHD

NOTHDD

NODL

Reduced frequency,—d-wa/zu » longitudinal

Reduced frequency,BW “/ZU , lateral

Spectral gust alleviation factor

Undamped natural reduced frequency,E:;U*yéu,
longitudinal

Undamped natural reduced frequency, bw W oU s
lateral

Scale of turbulence, ft

Horizontal balancing tail load, 1b

Vertical tail load, 1b

Length from nose to back of canopy, ft

Length from nose to front of canopy, ft

Length from nose to maximum fuselage height, ft
Length of fuselage or body, ft

Length from c.g. to taill quarter chord, ft

Length from wing quarter chord to tail quarter
chord, ft

Length from c.g. to vertical tail a.c. , ft

Average number of peaks per unit time which exceed

a given level of response and average number of zero
crossings per (cross/) unit time with positive slope
(symbol in parenthesis refers to response quantity)
Horizontal tail load zero crossings, cross/sec
Vertical tail load zero crossings, cross/sec

Normal load factor zero crossings, cross/sec

Pitch angle rate zero crossings, cross/sec

Pitch angle acceleration zero crossings, cross/sec

Lateral load factor zero crossings cross/sec

(5)



No @)
No @)

RNAC

RTTK

NOSI

NOSTID

R1

RNAC

RTTK

RY

SBS

ST

SV

SW

SAGUST

SBGUST

Yaw angle zero crossings, cross/sec
Yaw angle rate zero crossings, cross/sec
Center of gravity normal load factor, g

Dynamic pressure (1/2 1Y u?), 1b/ft2 or pitching
velocity, & , ft/sec

Dynamic pressure at the horizontal tail, lb/ft2
Dynamic pressuré at the vertical tail, 1b/ft2
Longitudinal response integrals (j = 0, 2, 4, 6)
Lateral response integrals (j = 0, 2, 4, 6)
Reynolds number

Height of fuselage in area of the tail, ft
Nacelle radius, ft

Tiptank radius, ft

Yaw velocity, ¥ , ft/sec

P Va
Radius of gyration about pitch axis, Y |, ft
to
Radius of gyration about yaw axis,(ipfp)%,ft
te

Body side area, ft2

Horizontal tail area, ft2

Vertical tail area, £t2

Wing area, ft2

Relative gust scale, ZLV/&;’ longitudinal
Relative gust scale,?Q/ﬁ,N » lateral

Airplane speed, ft/sec

Derived gust velocity, ft/sec

Perturbation velocity along z-axis

Lateral component of turbulence velocities, ft/sec

(6)



WBCY

WFCY

Wi

WNOSE

Xa

N

-1 @ P R’ R

WNOSE

WIO

ZAA

ZWW

Fuselage width at back of canopy, ft

Nose wheel width, ft

Fuselage width at front of canopy, ft

Nose wheel height, ft

Mass of the horizontal tail, lbm

Fuselage width at nose, ft

Airplane mass, lbp

Perturbation velocity along z-axis

Vertical component of true turbulence velocities ft/sec

Distance from c.g. to wing quarter chord (positive
for c.g. ahead of quarter chord), ft

Distance parallel to relative wind from the wing
a.c. to the c.g. (positive for a.c. ahead of the
c.g.),ft

Absolute lateral acceleration, ft/sec?

Vertical distance from wing a.c. to c.g. (positive
for a.c. above c.g.), ft

Distance from body centerline to quarter chord
point of exposed wing root chord (positive for the
quarter chord point below the body centerline), ft
Absolute vertical acceleration, ft/sec
Angle-of-attack, = W/U , deg

Rate of change of angle-of-attack, deg/sec

Angle of sideslip,::v/u , deg

Frequency ratio, ('-)/Cc)o

Dihedral angle, deg

)



Oe

@

T °ETF X

o4 < =

w)

GA

GB

DLHT

DEDA

ZA

ZB

TRW

UG

UGT

Dimensionless damping parameter for short period
Dimensionless damping parameter for dutch roll
Incremental horizontal tail load, 1b

Correction factor for induced drag

Downwash angle, deg

Change in downwash angle due to change in angle-of-
attack

Damping ratio for short period
Damping ratio for dutch roll
Multiplier denoting number of standard deviations

Efficiency factor for tail, qt/q, or the propeller
efficiency

Angle-of-pitch, deg

Rate-of-change of pitch angle, deg/sec
Mass parameter, longitudinal

Mass parameter, lateral

Taper ratio of the wing

Airplane mass ratio

Lateral mass ratio

Mass density of air, lbm/ft3

Mass density of air at sea level, lbm/ft3
Root mean square (subscript refers to rms quantity)
Correction factor for induced angle
Elevator effectiveness factor

Von Karman spectrum

(8)



- Unsteady 1lift function

- Unsteady side force function

- Angle-of-yaw, degrees

- Rate-of-change of yaw angle, deg/sec

- Circular frequency

WOA Undamped natural circular frequency, longitudinal

WOB Undamped natural circular frequency, lateral
SUBSCRIPTS

Fuselage

Horizontal tail
Vertical tail
Wing

mass

yawing

side

side force

9
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APPENDIX A

GENERAL AVIATION AIRCRAFT STABILITY DERIVATIVES

The following equations offer a simplistic estimation of the stability
derivatives of general aviation aircraft. The applicable equations were
extracted from NASA report titled, "Riding and Handling Qualities of Light
Aircraft - A Review and Analysis" (reference 7 of this report).

The nondimensional stability derivatives contained in the rigid body equations
of motion, which are pertinent to light plane performance, are outlined herein.
Derivatives and related materials are included to facilitate usage of the
computer program listed in appendix B. These equations are listed in the
order as they appear in the program listing.

LONGITUDINAL DERIVATIVES.

Lift Curve Slope:

AR, = be /5w (A-1)
g, = 5¢/b (A-2)
M= C/Ch (A-3)

€= 1/1+7 (Obtain 7 from figure A-1 or A-2)

CL = CL = clqw (A—S)
o Aw |+ (C[«w/(ﬁ'elARw))

Change in 1lift coefficient due to time rate-of-change in angle-of-attack::

s — (2P
5€ = 20 Cray (/AW ( 3 c..) (A-6)
£ 57.3(AR,) 2
e,= i/(1+7’) (obtain ¥ from figure A-1 or A-2)
C = oy . (A-7)
¢ 11(CG (e AR,)
C.=C.=2C. $€(% (St
& Thag L"f%&('cf',)(s..)z‘ (A-8)
Change in lift coefficient due to change in pitching velocity:
CL =a(_zf_ QL (_5_+)q (2-9)
e Ew) At S. t



Crq a(%xi) Ce,, (-10)

w
Cio= Cqu* Cth
Change in pitching moment coefficient due to change in angle of attack:
=1/(1+8) (Obtain & from figure A-1 or A-2)
Cs G (A-11)
1+(2/AR,)
= ch ] s_( I ) (A-12)
e
C=C + (C.,( S¢ 7¢) (A-13)
w sw
C,,;- (CoSur12Co A f ~ co ng* C0,9¢* Co A nad Co  Ayi) 115/50 (a-14)

(Obtain Co 'CD¢"F ¢'C° o gco from tables A-1, A-2, A-3, and
A-4, respectlvely)

Co'—' CD'Fp+ "eCI-AwR (A_lS)
C -[ l + ECL(O“iw) + &) g +( 2C, -(q-(w)- C, ) _Z_E}C
et ( reAR,5723 G T, \MeAR, 57.3 CL« g, '« (A-16)
Crm, = Co, {1 - 8€/600) 5¢ ( % )’& | (ae1n
w w
2 -
Cm“: K; Fw Zb/swcw (Obtain K; from figure A-3) (A-18)

Ch=0C,,-C,,*tC
Ma “Mo, My Mg

Change in pitching moment coefficient due to time rate-of-change in angle-
of-attack:

Co = = 2Cuay 5€[L 2_*@*) (A-19)
ms, sm—HE\. A 72

Change in pitching moment coefficient due to change in pitching velocity:

’ t
-V 'y PV -2¢
Cong® %.lmlqu E_ELECL,‘%*Z (A-20)
v w w



LATERAL DERIVATIVES

Change in side force due to change in sideslip angle:

(1480 )3 = 724+ ).53 Sv + .4 Zww 4009 AR,,
58 9 S FH

C’p: - Kcl“v('+§%)3! Sy (Obtain K and Cqufrom figures A-4 and

q S« A-5, respectively)

The fuselage volume is determined using four prismoids as
an estimate. See figure A-8 for dimensions.

V1=LFCY [2 (HNOSE (WNOSE) + HFCY(WFCY) + HFCY (WNOSE) + HNOSE (WFCY)]
V2=(IMH - LFCY) (2(HFCY (WFCY) + FH(FW)) + FH(WFCY) + HFCY (FW)]

V3=(LBCY - LMH) [2(HBCY(WBCY) + FH(FW)) + FH(WBCY) + FW(HBCY)]

V4=(1 - LBCY)L[2(HBCY (WBCY + Ri) + HBCY(R,) + WBCY (Rl)]
FUSV=(V1 + V2 + V3 + V4)/6

BRA= (FUSV) 2/3

C,,: -K;CLO“BRA/S., (Obtain K; from figure A-6)
Cro= " .ooot|r|

Cya= C”.: Cy"‘" Cyat

Change in side force due to change in yawing velocity:

=-24& C
Cyrv _b—w Yof
Cyr = .43 CLw_ 05
Cyr'- Cy": Cy'_v

Change in yawing moment coefficient due to change in side-
slip angle "weathercock:"

BODSA= [(HNOSE + HFCY)LFCY + (FH + HFCY) (IMH - LFCY)
+ (FH + HBCY) (LBCY - LMH) + (HBCY + Rl)(lb- LBCY)] /2

Ch=-KaBOPDAL - C, U (Obtain K, from figure A-7)
8 (]
Sy bw t bu

(A-21)

(A-22)

(A-23)
(A-24)
(A-25)
(A-26)
(A-27)
(A-28)
(A-29)

(A-30)

(A-31)

(A-32)

(A-33)

(A-34)



Change in yawing moment coeffient due to change in yawing
velocity "yaw damping derivative:"

CDO= CDFP 2
R SR e S

(A-36)



TABLE A-1. FUSELAGE DRAG WHERE S, = MAXIMUM CROSS SECTIONAL
AREA AND 1y = FUSELAGE LENGTH

T Ref. Area ch
l. 130 ~ . ~0.092],
- -]
B = Sc 0266
C?_:,_‘——-Z _o.llslb
'0.170], > , Sc 0.062
Q:_f:z?ﬁ:ﬂb
:4:2;1;3—3—[2) SC 0.071
0.150],, '
( jo.st Sc 0.063
- — “‘_—7
%———*—--—- =— —o.121l,
¢
.167! 0.116
(_Jous Sc

TABLE A-2. EMPENNAGE DRAG

Tail ¢
Arrangement Description Area D,
Tapered fillets, vertical and
horizcntal tapered surfaces
ie = O° S¢ .0043
iy, = =49 .0063
Tapered fiilets, tail surfaces
& _Dwith end plates
e = 0° St .0058
i¢g = —-4° .0063
L)|Symmetrical tarered fillets
ig = 0O St .0059
Vertical and horizontal tail
'@ surfaces ieg = 0° S¢ .0070
it = =40. ‘ .0058
Tail surfaces with end
<==A{)plates
iy = 0° . St .0058
apered fillets, horizontal
C—==Tai! surfaces
e = 0° Sy | -0039
ig = -40 .0083
i, = 4° . 0061
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TABLE A-3. LANDING GEAR DRAG

‘Configuration . Remarks . : fmiCDmims
8.50-10 wheels, not falred . . . . . . . . 1.67
8.50-10 wheels, faired . . . . . . . « ... 1.50
8.50-10 wheels, no streamline members . . 3.83

8.50-10 wheels, falred « + . « + . « . . .| 0.74
27-in. streamlined wheels, not
faired . . . . . 0 0 00w e e e . 0.98

27-in. stream|ined wheels, not faired . . 0.84

8.50-10 wheels, failred . e v e e e e e 0.68
21-in. streamlined wheels, not faired . . 0.53

8.50-10 wheels . « « v v v ¢ v 0 v v .. 0.51

8.50-10 wheels, nct faired . . . . . . . . 1.92

8.50-10 wheels, faired . . « . . . . . . . 1.02

8.50-10 wheels, not faired . . . . . . . . 1.60

24-~in. streaml ined wheels,'& intersections
filleted . . . . . ¢ v o o 0. 0 0.86
8.50-10 wheels, no fillets . . . . . . .. 1.13

8.50-10 wheels » « v v v v v v v v v oo .| 1.05

‘::%EEFJDS?] Low pressure wheels, intersections filleted 0.31
Low pressure wheels, no wheel fairing ... 0.47
Streaml|ined wheels, round strut, half fork
no fairing « « « o v v v v o 0 0. 1.25

For the nose gear Cp._ = .5*.8 based on

A”8= (wheel dia;%Ter)(whee! wlidth)

Nose Gear
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TABLE A-4.

 ATRPLANE COMPONENTS

- AREA FCR DRAG

COMPONENTS CALCULAT ION Cop
Nacel les
t. above wing, small
airplane Cross section area 250
2. large leading edge » ,
nacelle, small airplane Cross section area .120
3. small leading edge
nacelle, large airplane Cross section area .080
4. improved nacelle, no
cooling flow . Cross section area .050
5. improved nacelle, typical
cooling air flow Cross section area .100
Wing Tanks
1. centered on tip Cross section area .05-.07
2. below wing tip Cross section area .07-.10
3. inboard below wing Cross section area .15-.30
Wires and Sirufs
1. smooth rournd wires
and struts (per foot) Frontal area 1.2-1.3
2. standard aircraft cable
(per foot) Frontal area 1.4-1.7
3. smooth elliptical wire
{(per foot) Frontal area
fineness ratio 2:1 0.6-0.4
fineness ratio 4:1 .35
fineness ratio 8:1 .3-.2
4. standard streamlined wire
(per foot) Frontal area .45-.20
5. square wire (per foot) Frontal area .16-.20
6. streamlined struts
(per foot) - Frontal area .075-0.10




TABLE A-5.

ATTENTUATION FACTORS &

e 00 300 350 45° AR
0.2 -0.96 -1.05 4.00
-1.28 - ~1.55 — 6.00

N 140 - -2.10 | - 9.43
4 -0.96 -1.00 -1.00 - 4.00

-1.28 -1.35 -1.35 ——-- 6.00

\ -1.44 ---- —em- -—-- 9.43
9 -1.40 - N 4.00

\L -2.06 -2.06 -2.06 — 6.00
| 2.0 - ——-- ~2.1 9.43
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CORRECTION FACTOR
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ROOT CHORD

74-44-A-1

FIGURE A-1. VARIATION OF Y AND & WITH TAPER RATIOS AT ASPECT RATIO
OF 6.28

~
O1. 30 [
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+
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74-44-A-2

FIGURE A-2. VARIATION OF 1 + Y AND 1 + 6 WITH ASPECT RATIOS AT
TAPER RATIO OF 1.0



3.2

2.8

0.4F

] | L
0 20 40 60 80

POSITION OF WING
1/4 ROOT CHORD

ON BODY, % 1y 74-44-~A-3

FIGURE A-3. EMPIRICAL FACTOR FOR FUSELAGE OR NACELLE CONTRIBUTION TO Cmg

1.2
0.8— /
e
0.4
0 [ | l | l
0 1 2 3 4 5 6

b, /1 T444-A -4

FIGURE A-4. VALUES FOR K AS A FUNCTION OF THE RATIO OF VERTICAL TAIL SPAN
TO FUSELAGE DIAMETER IN THE TAIL REGION

A-10



0.08
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0.01

SLOPE OF LIFT
CURVE, a, (/DEG)

0
01 2 3 4 5 6 7
EFFECTIVE ASPECT
RATIO VERTICAL

_ 2
TAIL, Ae=1.55b“/s, 74-44_5

FIGURE A-5. VALUES OF a, AS A FUNCTION OF VERTICAL TAIL ASPECT RATIO
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FIGURE A-6. VALUES FOR WING-FUSELAGE INTERFERENCE FACTOR
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LFCY—¢

HNOSE ‘l/J; /

HFCY

WECY

Fw

WNOSE —

74-44-A-7

FIGURE A-7. DIMENSIONS REQUIRED TO ESTIMATE BODY SIDE AREA AND
FUSELAGE VOLUME
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31,
2
lp

S, = (HNOSE+HFCY)LFCY+(FH+HF CY) (LMH-LFCY)+(FH+HBCY) (LBCY-LMH)
s +(HBCY+R1) (1,-LBCY) /2
us 12‘ - l / /
£ 100 : b — 2.5 - A v
B 31 =
4 ] L—" — =(0.8 N ¢ .rb
H 80 / /// 4*’; h2 /)‘ //
/— N b
© 1 L—1_— LT RPN
- ] g /
<2 0 f o 1 /] ,A
~ 2 29 A A,f”ffr 1
[ 14
w0 | //
< | o !
m | ,“F T 1 H
' 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 {
<3 Zm ]
™~ o N
N
S T N
0.5
!f \ \V‘T \‘
| NN\ 0.6
| ANANANEEANG
I \ 0.8
! ANAN
1 NN\
I 1
[ N\
] A
K,, (/DEG) FH/FW = 2
| | | N\
0 0.001  0.C02 0.003  0.004
74-44-A-8
FIGURE A-8. EMPIRICAL INTERFERENCE FACTOR, K, AS A FUNCTION OF AIRCRAFT

GEOMETRY AND REYNOLD'S NUMBER
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APPENDIX B

COMPUTER PROGRAM USER'S GUIDE

PROGRAM ORGANIZATION.

This program is written in Control Data Corporation (CDC) time-sharing
FORTRAN IV for the Control Data 6400 series computer. The use of FORTRAN
language ensures reasonable compatibility with various other digital computer
systems.

During development, the program was run on a CDC-6400 and CDC-6600 computer
via CDC CYBERNET/KRONOS 2.1 time~sharing system. Any errors or complications
encountered in using the program should be directed to Mr. John J. Petrakis,
The program is structured such that input is in three basic blocks of data. The
first block being general aircraft parameters which are used throughout the
program. The second block provides for the direct input of known stability
derivatives and also provides information for program branching to calculate
derivatives which the user does not input. Stability derivatives are then
computed, which could require additional inputs requiring a third block of
data. These deviations make up the third block of data inputs. Power spectral
density (PSD) responses and discrete gust loads are calculated and the results
are put into a permanent file. The general flow of the program is illustrated
in figure B-1.

Comment statements have been placed in the program to aid the user in program
limitations and variable definitions.

INPUT VARIABLES.

The computer program is a conversational time-share program, that is to say
that the user is prompted by computer-generated messages, questions, and
instructions printed at the teletype station. The user, in turn, must make
the proper response. Improper responses lead to erroneous results or possibly
in aborting the program entirely. The inputs are all read into the computer
through the teletype.

The unformatted 'READ" statement is used to input data in the first two data
blocks. This format can easily be modified to any other desired format.

The following input variables are listed in the order in which they are typed
and read from the time-share teletype terminal:

B-1



¢-4

START

PRINT CALCULATE
YES STABILITY STABILITY
DERIVATIVES CHARACTERISTICS

CALCULATE PRINT
RESPONSE A STABILITY
INTERGRALS CHARACTERISTICS

CALCULATE
ADDITIONAL PSD ‘
DATA RESPONSES

l

CALCULATE

STABILITY PRINT CALCULATE

DERIVATIVE DISCRETE DISCRETE
RESPONSES RESPONSES

RERUN
SAME
AIRCRAFT

AIRCRAFT
PARAMETERS

DERIVATIVE

PRINT
PSD
RESPONSES

YES

74-44-B-1

FIGURE B-1. PROGRAM FLOW CHART



MODEL

CWTP

CWRT

IYY

1722

ZAA

LT

LB

LTP

ZWW

SV

BV

LV

Airplane model.

Wing area, ft2,

Horizontal tail area, ftz.

Wing span, ft.

Horizontal tail span, ft,

Airplane mass, lbp.

Wing tip chord, ft.

Wing root chord, ft.

Mass moment of inertia about lateral axis.

Mass moment of inertia about vertical axis.

Distance parallel to relative wind from wing aerodynamic
center (a.c.) to center of gravity (c.g.) (positive for

a.c. ahead of the c.g.), ft.

Vertical distance from wing a.c. to c.g. (positive a.c.
above c.g.), ft.

Length from c.g. to tail quarter chord, ft.
Length of fuselage or body, ft.
Length from wing quarter chord to tail quarter chord, ft,.

Distance from c.g. to wing quarter chord (positive for
c.g. ahead of quarter chord), ft.

Distance from body centerline to quarter-chord point of
exposed wing root chord (positive for quarter-chord point
below the body centerline), ft.

Vertical tail area, square ft.

Vertical tail span, ft.

Length from c.g. to vertical tail a.c., ft.

Airplane speed, fps.

Mass of the horizontal tail, 1bp-



ABA

ABB
CMOWS
ALTC

CLAP

CLAT

CLADT

CLADP

CLQT

CLQP

CMAP

CMADP

CMQP

CYBT

CYBP

CYRVT

CYRP

Unsteady lift-force attenuation factor, longitudinal,
use table A-5 in appendix A of this report.

Unsteady lift-force attenuation factor, lateral, use 0.8.
Wing section pitching moment coefficient at zero lift,
Service ceiling, ft.

Lift curve slope of plane, per rad, use zero to
calculate or enter value.

Lift curve slope of horizontal tail, per rad, use zero
to calculate or enter value.

ath/a (o‘taw/zv)of horizontal tail, per rad, use zero
to calculate or enter value.

QCIVABLRE;V/?U) of plane, per rad, use zero to
calculate or enter value.

aCLt /( Cw/EU) of horizontal tail, per rad, use zero
to calculate or enter wvalue,

BCL/(QEW/ZU) of plane, per rad, use zero to
calculate or enter value.

Static stability of plane, per rad, use zero to
calculate or enter value,

Angle-of-attack damping derivative of plane, per rad,
use zero to calculate or enter value.

Pitch rate damping, per rad, use zero to calculate
or enter value.

Side-force derivative of horizontal tail, per rad, use
zero to calculate or enter value.

Side-force derivation of plane, per rad, use zero to
calculate or enter value,

aCY\I/Q(T'bW/?U)of vertical tail, per rad, use zero
to calculate or enter value.

BCY/Q (V'bW/ZU) of the plane, per rad, zero to

calculate or enter value.

B-4



CNBP

CNRP

Directional stability derivative of plane, per rad,
use zero to calculate or enter value,

Yaw damping derivative of plane, per rad, use zero
to calculate or enter value.

The following input variable are formatted either F8.4 or F8.5. These
variables are required if zero's are used in the second input data block.
The variables are listed in the order they are most likely to appear if all
derivatives are to be calculated.

T

CLA2D

CLATD

TT

NT

CLS

CDW

CDF

CDNG

FCDMG

CDE

CDNAC

RNAC

CDTTK

Correction factor for induced angle, use figure A-1 or
A-2 in appendix A of this report.

Section lift-curve slope of wing, per deg.

Section lift-curve slope of horizontal tail, per deg.
Elevator effectiveness factor, use figure A-1 or A-2.
Efficiency factor for tail, use 0.85.

Correction factor for induced drag, use figure A-1 or A-2.
Section 1ift coefficient,

Wing drag coefficient.

Fuselage drag coefficient, see table A-1.

Fuselage height, ft.

Fuselage width, ft.

Nose gear drag coefficient, sée table A-3.

Main gear equivalent parasite area, ft2, see
table A-3.

Nose wheel width, ft.

Nose wheel height, ft.

Empennage drag coefficient, see table A-2.
Nacelle drag coefficient, see table A-4.
Nacelle radius, ft.

Tip tank drag coefficient, see table A-4.
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RTTK

Iw

KF

CLAV

KI

CLAF

HNOSE

HFCY

LFCY

HBCY

LBCY

WNOSE

WEFCY

WNCY

RI

Tip tank radius, ft.
Wing incidence angle, deg.

Emperical factor for fuselage nacelle contributions to
Cm 5, see figure A-3.

Emperical factor, see figure A-4.

Lift curve slope of vertical tail, per deg, use
figure A-5.

Dihedral angle, degs

Wing-fuselage interference, see figure A-6.

Lift curve slope of fuselage, per rad, use(,].

Fuselage height at nose, ft (see figure A-7).

Fuselage height at front of canopy, ft ( see figure A-7).
Length from nose to front of canopy, ft (see figure A-7).

Length from nose to maximum fuselage height, ft
(see figure A-7).

Fuselage height at back of canopy, ft (see figure A-7).
Length from nose to back of canopy, ft (see figure A-7).
Fuselage width at nose, ft (see figure A-7.

Fuselage width at front of canopy, ft (see figure A-7).
Fuselage width at back of canopy, ft (see figure A-7).
Height of fuselage in area of the tail, ft (see figure A-T7).

Interference factor (see figure A-8).



SAMPLE INPUT.

The input for airplane III was accumulated from table E-3, figures A-1
through A-8, and tables A-1 through A-5. Stability derivatives from table 4
in the text portion of this report were used where required. Sample computer
input data and responses for airplane III are shown in figure B-2. All of
the formatted data is input in single entries from the teletype. The F8.5

or F8.4 format specification is overridden simply by placing a decimal point
in its proper location. The critical thing to remember is not to exceed

the field width of eight characters including decimal point when inputting
data. )

SAMPLE OUTPUT.

Most of the output variables are well documented in the following sample
output. Additional definitions can be found in the glossary of terms. The
example shown in figure B-3 is a partial output at sea level of airplane III
using reference 7 estimated derivatives. The entire output includes results
up to the service ceiling altitude of 25,000 feet at 5,000 foot intervals.
Within each of these altitudes, results are given for two separate gust
lengths of 750 and 2,500 feet, respectively.

A permanent file is created during the program run which contains all of the
output data. This file labled power spectral density (PSD) is saved after
every run and can be printed at the teletype terminal or at the high-speed
printer, if available. The file PSD must be purged or the file name changed
before another run is executed or the output data will not be recorded for
the new run.

PROGRAM LISTING.

The complete FORTRAN program listing is presented in figure B-4.



10/02- lgulérqéo
A ZTRM O CLUSTER CTR/KRONDOS 2.1.4.103.0-0 SYS B
1IET R NMIIMBER: §783%cwm,

TRIMINAL 61, TTY
TONYER /SYSTEM:old, aust i
TNDY.

®=tt1;0700

ADY.

mn,ma=77777

747107820 10.17.47.
P OTRAM GUSTI1

PESPONSE NF RICID LIGHTPLANES
™ CONTINUATS TURBULENCE

& PETRAKIS ARD 521

WMSER OF AIRCFAFT RUNS 7?7 .

MPUT THE FOLLOWING REQUIRED AIRCRAFT PARAMETERS

MDEL,S5,ST,B,BT,WTO,CWTP,CVRT, 1YY,
2Z,ALT,XA,ZAA,LT,LB,LTP,XP,2ZV,
8,3v,LV,RH0,Y,LCUST,WHT,ABA,ABB,CMOWS, ALTC

NPUT IN ORDER OQUTLINED PLACING COMMAS OR BLANKS BETWEEN VARIABLES

v A/C-II1  ,279.74,100.,45.88,22.38,10200.,3.5,8.635,719580.,
l‘35097.,50000"89l7,-01925,210186’43066’22-0!3,-0827,'679’
44.&“)7.?,170625)o060,4180,25001,1970’!'35,08,-'005, 23000

HE REOUIRED STABILITY DERIVATIVES CAM BE CALCULATED OR
EXPERIMENTAL/VWVIND TUNNEL DERIVATIVES MAY BE INPUT DIRECTLY

‘FEN A STABILITY DERIVATIVE IS REQUESTED, IF KNOWN, INPUT
WYANITY DIRECTLY, IF UNKNOWN, INPUT ZERO AND THE DERIVATIVE
WLL BE CALCULATED

PDITTIONAL DATA VILL BE REQUIRED IF THE STABILITY
T"RIVATIVES ARE TO BE CALCULATED

JNPUT THE FOLLOWING STABILITY DERIVATIVES

@.AP,CLAT,CLADT,CLADP,CLQT,CLQP,CMAP,CMADP,
¢QP,CYBT,CYBP,CYRVT, CYRP,CNBP,CNRP

?22e2300900e,2¢67,00,802,=1.719,=9.1,
? -34.0,00,9-.59,0.,.394,.082,-.194
CLATD=?7 .074
TT= 7 030
NT= ? .85
K=7? o_loO
cLav= 7 .045
TH= 7 3.91
ERUN SAME AIRCRAFT?? no 74=44-B-1

STOP
FIGURE B-2, SAMPLE INPUT FOR AIRPLANE III
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FIGURE B-3. SAMPLE OUTPUT FOR AIRPLANE III (2 Pages)



RESPONSE OF RIGIO LIGHTPLANES
FO-CONFINUOUS TURBULENCE
J. PETRAKIS ARO S21

e - AC=111 -
Yme 80000 FPS— —WTO®1 0200500 LBS W/5® 36,4626 LBS/SOFT Cwe  6,4297 FT TRum  .4653 ARWS  7.5248 ALT= 0. kT
$=279.7400 SQFT Bx 45.8800 FT ST=100.0000 SQFT 8Te 22.3800 FT SVa 44,8600 SGFT BV 7,8000 FT  LGUST= 750,00 ¥ ¢

STABILITY DERIVATIVES ARE CALCULATED FROM NASA CR-1975
RIDING AND HANDLING OUALlTlES or LIGHY AlRCRAFT A REVIEW AND ANALVSIS]

LONGITUOINAL LATERAL

‘ LIFT CURVE SLOPE CHANGE IN SIDE FORCE DUE TO CHANGE IN SIOESLIP ANGLE

: CLAP®  4.7438 /RAD CYBP= ~,52327 /RAO

T CHANGE N t1FF-COEFFECEENT DUE FO FIME CHANGE IN SIDE FORCE DUE TO CHANGE IN YAWING VELOCITY
RATE OF CHANGE IN ANGLE OF ATTACK

CLADP®  3.3378 /RAD CYRP®  ,36525 /RAD

- CHANGE IN LIFT COEFFICIENT DUE TO CHANGE IN YAWING MOMENT COEFFICIENT DUE TO CHANGE
CHANGE IN PITCHING VELOCITY IN SIDESLIP ANGLE, WEATHERCOCK]

T CLePw See2S2 AR — - ——- CNBP=  ,0590) /RAD™

- CHANGE IN PITCHING MOMENT COEFFICIENT CHANGE IN YAWING MOMENT COEFFICIENT OUE TO CHANGE
DUE TO CHANGE IN ANGLE OF ATTACK IN YAWING VELOCITY» YAW DAMPING OERIVATIVE]

- CMAP=  -,3862 /RAD CNRP= =,]3932 /RAD

T CHANGE - IN PITCHING MOMENT €OEFFICIENT DUE TO
TIME RATE OF CHANGE IN ANGLE OF ATTACK
CMADP==]1,0640 /RAD

CHANGE IN PITCHING MOMENT COEFFICIENT DUE
TO CHANGE IN PITCHING VELDCITY
—EMEP= =21, 7403 /RAD

STABILITY CHARACTERISTICS

MASS PARAMETERS OAMPING RATIO (SHORT PERIOD  DUTCH ROLL)
.- - KA® }24.852 Kb 158.619 zAs © L8991 z8a 1878
UNOAMPED NATURAL FREQUENCY DAMPING PARAMETER (SHORT PERIOD  OUTCH ROLL)
KOA=  .0270 KOB® L1167 GA® "3,0262 6B=" 314745
GUST SCALE

33:254 5B6USTe  32.694

RESPONSE INTEGRAL PARAMETERS
SKOA= 65,2891 SKoBm 3,814
AKOA= . 0364 AKOBw +0933

RESPONSE INTEGRALS

LONGITUDINAL LATERAL
RO=  .6839 R2= 0871 R4m ,1449 Ré= 3,910l ROB= ].354]1 R2Bw ,6880 R4B=> .7856 ROB® &.]342

ALRPLANE RESPONSES ARE CALCULATED FROM NASA TN 0-6273
=A METHOO FOR ESTIMATING SOME LONGITUDINAL AND LATERAL RIGID BODY RESPONSES OF AIRPLANES TO CONTINUOUS GUST TURBULENCE=

LONGITUDINAL LATERAL
NORMAL=LOAD FACTOR RESPONSE LATERAL-LOAD FACTOR RESPONSE
e e o BN IS PGP FAGEC = == —NEBN — Py Hrdr SRIPIEC— =AD" D085 AT FIEE — = ——NOBE® — =~ FIBE TRIP L — —— — e —— — e
- PITCH-ANGLE RATE RESPONSE YAW ANGLE RESPONSE
ATHD= 0007 RAD/SEC/FT/SEC NOTHO®  .719¢ CRS/SEC ASI=" ,0027 RAD/FT/SEC NOS I3 .2412 CRS/SEC
PITCH-ANGLE ACCELERATION RESPONSE YAW-ANGLE RATE RESPONSE
—— — ATDD= .0032 RAO/SEC27/FFASEC NOTOD® 2.8980 CRS/SEC ASID* .0041 RAO/SEC/FT/SEC NOSIOm  .3616 CRS/SEC
HORIZONTAL TAIL LOAD . VERTICAL TAIL LOAD
AZHT® 72.9726 L8S/FT/SEC  NOHTs  2.2238 CRS/SEC ATVT= 55.9884 LBS/FT/SEC  NOVI= L7677 CRS/SEC

ATRPLANE RESPONSES TO OICRETE GUST LOADS ARE DERIVED
FROM PROCEDURES OUTLINED IN FAR PART 23 AIRWORTHINESS STANOARDS NORMALs UTILITYs, AND ACROBATIC CATEGORY AIRPLANES

DISCRETE OGUST LOAD FACTOR

N®=  3.432]
DELTA LOAD ON HORIZONTAL TAIL Dyt TD DISCRETE Gus! DELTA LOAO ON VERTICAL TAIL DUE TO DISCRETE GysT
T —DtHT=3)87.157 LBS DLVT=2438,.681 LBS

HORIZONTAL TAIL LOAD{BALANCED fLIOGHT)
HTL® 496,625 LBS

TOTAL HORIZONTAL TAIL LOAD TOTAL VERTICAL TAIL LOAD
- 3 F82-LBS —— —- - LVI®2438,68] LBS
RMS GUST INTENSITY (ADN=N} RATIO OF ADN/N (S1GWG=62 FT/SEC)
SIGNG® 72,202 FT/SEC ADN/N= «900 7’4—““—3—A

B-9



AL

.1

--“,B 0000 res WT0®]10200.00 LBS
P10 00—FT-

«5+88 e —5T109,0000 5QFT

%Y SCALE
SAGUST* 777,647 SBGUST= 108,980

PFSPONSE INTEGRAL PARAMETERS
SKOA® 26,9635 SKOB® 12.7147

AKOAm  ,0364  axkQB=  ,0933
RE SPONSE INTEGRALS
RO=  .850] R2= .0640 Res .06S7 R6® 1.7535

AIRPLANE RESPONSES ARE CALCULATEQ FROM NASA TN 0-6273

W/Se 36.4624 L8S/SOFT

TRWE  ,4053 ARW=
SVe 44,8600 SOFT Bve

7.5248
7.6000 FT

Cu=  6,4297
87s=- 22,3800

~— LATERAL-

ROB= ]1.190S R2B= .,3370 Re8= .3678 RGB= 1.8706

ALT= 0. FT
LGUST= 2500400 FT

A METHOO FOR ESTIMATING SOME LONGITUDINAL ANO LATERAL RIGIO BOOY RESPONSES OF AIRPLANES TO CONYINUOUS GUST TURBULENCE=

EONGEFYOINAL - — — — - ——— —— - -

NORMAL=-LOAO FACTOR RESPONSE

LATERAL

LATERAL-LOAD rAcroR RESPONSE

AON= 0233 G/FT/SEC NOON®  2,1085 CRS/SEC ADL®  .004S” G/f T/5EC NODL®  ,Te4é CRS/SEC
PlTCH-ANGLE RATE RESPONSE YAW ANGLE RESPONSE
ECrEF - v6BITCRS/SEC - - —AS{=" 10025 RAD/FF/SEC NOSI=  .1B0O CRS/SEC
PITCH-ANGLE ACCELERATION RESPONSE YAN-ANGLE RATE RESPONSE
ATOD= 0021 RAO/SEC2/FT/SEC noron- 2.8829 CRS/SEC ASID® ,0029 RAQ/SEC/FT/SEC NOSID® 13535 CRS/SEC

HOR[ZONTAL TAIL LOAD

T AZHTe 50vIIRI LRSI SEC— —NOHYe — By 1596 GR5PSEC—

RMS—GUST  INTENSTTY (ADNwND- -
Si6we= 104,523 FT/SEC Tt

AC-111

Us=618, 0000 FpPs
< 80—S50FT-

wT0=10200.00 LBS
Be- 4578800 FF

— -—5F=[00.0000 SAFT

STABILITY CHARACTERISTICS

MASS PARAMETERS
A AT IOk — KBS BT O — —— - -

URDAMPED NATURAL FREQUENCY

KOA=s  .0242  KOB=  ,1081
GUST SCALE
IR ————— —
RESPONSE INTEGRAL PARAMETERS -
SKOA= 5,6429  SKOB® 3.5336
- AKOA= - ,0327  AXOBe  .6865
RESPONSE INTEGRALS
LONGITUDINAL
RO= L6761 R2® 0971 R4m 1637 R6m 4.4067

A b-6273

- -NGITUDINAL

NORMAL-LOAO FACTOR RESPONSE

—- 10302 6/F1/SEC NODN=— - 1,9872 GRS/SEC
PITCH-ANGLE RATE RESPONSE
ATHO= ,0008 RAD/SEC/FT/SEC NOTHD® 46499 CRS/SEC

PITCH~-ANGLE ACCELERATION RESPONSE

HORIZONTAL TAIL LOAD

AZHT® 65.7309 LBS/FT/SEC  NOHT®  2.,0349 CRS/SEC
AIRPLANE RESPONSES TO DICRETE GUST LOADS ARE DERIVEO
FROM—PROCEDURES OUTLINED IR FARPART- 23 -

DISCRETE 6UST LOAD FACTOR
N= 3.3039

DELTA LOAD ON HORIZDNTAL TAIL OUE TD DISCRETE GusT

HORIZONTAL TAIL LOAD(BALANCED FLIGHT)
HTL= 484.910 LBS
TOTAL HORIZONTAL TAIL LDAQ
et HF w350 B 0

r

RMS GUSTINTENSITY (ADN=ND - -

SIGWo» 76,308 PT/SEC  —

W/S= 36,4626 LBS/SQFT

FT/SECNOTODa—2+5972 CREASEC -

—— e i it i ey P BTN PP IS

VERTICAL TAIL LOAD

RATIO OF AON/N (SIGWGR62 FT/SEC)

ADN/Ne= o712
-
cwWE  6.4297 FT TRwe  ,4053 ARWE  7.5248
8T= 22,3800 F{ 5V 44,8600 SAFT Bva 7.6000 FT

OAMPING RATIO (SHORT PERIOO OUTCH ROLL)

ZAe | B63% zae L1746
DAMPING PARAMETER (SHORT PERIOD  OUTCH ROLL)
6A= "3.,0262 g8~ 3.4745
LATERAL
ROB= 1.4335 R28% .7796 ReB= .8910 R6B= 4,6481

LATERAL

LATERAL=-LOAD FACTOR RESPDNSE

ADU= " .0080 G/FT/5EC NODL=  ,7014 CRS/SEC
YAW ANGLE RESPONSE
AsT=" 0028 RAO/FT/SEC NOSI® 2311 CRS/SEC

YAW-ANGLE RATE RESPONSE
ASID'».OO&J RAﬂ/SEC/FI/SEC NOSI0» «3351 CRS/SEC
VERTICAL TAIL LOAD

AYVT="S1,2762 LBS/FT/SEC NOVTa #7092 CRS/SEC

HINESS STANDARDS NORMALs UTILITYs AND ACRDBATIC CATEGORY ALRPLANES

DELTA LOAD ON VERTICAL TAIL OUE TO OISCRETE GUST
S BLVEezaTen?9 LES ;

TOTAL VERTICAL TAIL LOAD

——-**Vf’~36133fi"tﬁiff¥fﬁﬁe—-—Neﬂi'-———*1?560~€ﬂ9755€“‘—‘”“’-

ALT= 5000.00 FT
LGUST= T7S0.00 FT

SPONSESARE —CALCULATED FRON -NASA—
& METHOD FOR ESTIMATING SOME LONGlTUDlNAL AND LATERAL RlGlD BOOY RESPONSES OF AIRPLANES TO CONTINUOUS GUST TURBULENCE=

e S M et e, e St o S o

RATID OF AON/N (SIGWGe62 FT/SEC)

ADN/N= 869

B-9a
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00010

PROGRAM GUSTV (INPUTyQUTPUT,,TAPET)

00020 EXTERNAL FUNCYFUNCS'

00030 DIMENSION xINTS(4).IMPI(4).Tx11(4).Tx12(4).xxnrsa(4)-rnpls(4)

00060+ vyTXI1B(&4)»TXIRB(4)

00050 COMMON ABAySAGUST»KOA»ZA»ABBySBGUSTyKOB»2B

00060——- REWIND 7

00070C

©0080C PROJECT NO. 1B4-520-04 POWER SPECTRAL DENSITY TECHNIQUE APPLIED TO
00090C SMALL RIGID GENERAL AVIATION AIRCRAFT UTILIZING PROCEDURES OUTLINED
00100C IN NASA TN D=6273 )A METHOD FOR ESTIMATING SOME LONGITUDINAL AND

ooll0C LATERAL RIGID-BODY RESPONSES OF AIRPLANES TO CONTINUCOS ATMOSPHERIC
40120€— TURBULENCE ).

00130C

00140- REAL IWsIXXviYY9oEZZIMOM-

00150 REAL NToKFoLToLTPy IVToLGUSTYLVT

60160 REAL LoKIoKoLBoUMHoLFCYILBCYsLVIKN

00170 REAL NoMoeMWoMQsNVINRyKAsKByKOAKOByKGoKGT

0080 REAL LHTsNODNyNOTHD » NOTDD yNODL s NOST9NOSIO9NOHT » NOVT

00190C ’ ’

00200 PRINT 1

00210 1 FORMAT (*RESPONSE OF RIGID LIGHTPLANES*/

00220+ *T0 CONTINUOUS TURBULENCE#/%J, PETRAKIS ARD 521%)

00230 WRITE(792)

ATH*RESPONSE OF RIGID (_1GHTPLANES®/

00250+ *#70 CONTINUOUS TURBULENCE®#/%*J, PETRAKIS ARD S521#/)

00260- PRINT S
£ 00270 S FORMAT (#NUMBER OF AIRCRAFT RUNS*¢+ )

00260 READ S09AC

00290C

€0300€C-— — - DEFINITIONS OF INPUT PARAMETERS

00310C i T i

-90320C S= wING AREA (SQ FT) ST= HORIZONTAL TAIL AREA (SQ FT)
00330C B= WING SPAN (FT) ~ BT= HORIZONTAL TAIL SPAN (FT)
90340C WTO®=  AIRPLANE TAKE-OFF WwT (LBS) WLU=  LANDING WEIGHT (LBS)

00350C CWwTP=  WING CHORD TIP (FT) CWRT= WING CHORD ROOT (FT)
£0360C—Iy¥= - MASS MOMENT OF INERTIA ABOUT 1zZ="  MASS MOMENT OF INERTIA ABOUT
00370C PITCH AX1S (LBS- SQ FT) YAW AXIS (LBS-SQ FT)

00380C XA= WING AC TO CG (FT) 2AAs WING AC TO CG (FT)

00390C (POS-AC AHEAD CGJ (POS~AC ABOVE CGI

©0400C ALT=  ALTITUDE (FT) LT= CG TO TAIL 1/4 CHORD (FT)
00410C LB= FUSELAGE LENGTH (FT) LTP= WING 1/4 CHORD TO TAIL™
-86420C— - XP= CG TO WING 174 CHORD (FT) o 1/4 CHORD (FT)

00430C (POS=CG AHEAD 1/4) Lvs CG TO VERTICAL TAIL AC (FT)
00440C ZwWw=  BODY CL TO 1/4 CHORD EXPOSED Sv= VERTICAL TAIL AREA (SQ FTJ
00450C W CHORD (FT)(POS~l/4 BELOW CL) Bv= VERTICAL TAIL SPAN (FT) ~
00460C RHO=  DENSITY ALTITUDE (LBS/CU FT) U= AIRSPEED (FT/SEC)

00470C LGUST=GUST LENGTH : WHT= HORIZONTAL TAIL WEIGHT (LBS)
f04806———— ABA=  UNSTEADY LIFT FORCE ABB=  UNSTEADY LIFT FORCE

00490C ATTENTUATION FACTOR (LONG.) ’ ATTENTUATION FACTOR (LAT.)
00500C CMONSa WING SECT PITCHING MOMENT ALTC= SERVICE CEILING (FT)

00510¢C COEFFICIENT AT ZERO LIFT )

00520C T )

00530C T= WING EFFICIENCY FACTOR CLA20= w 2D LIFT CURVE SLOPE (/DEG)
09540€ -~ CLATO= TAIL 20 LIFT CURVE SLOPE (/DEG) TT= ELEVATOR EFFECTIVENESS FACTO
00550C

00560C ~ NT= TAIL EFFICIENCY FACTOR CLAV= VVERTICAL TAIL LIFT CURVE
00570C SLOPE (/DEG)

Ty lilymBmlymp
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€06580¢€

00590C lu=x WING INCIDENCE (DEG) CLS=®  WING SECT LIFT COEFFICIENT
©00660c—— b= CORRECTION FACTOR INDUCED DRAG CDw=  WING DRAG COEFFICIENT ~
00610C CDOFe=  FUSELAGE DRAG COEFFICIENT FH= FUSELAGE HEIGAT (FT)
00620C Fux FUSELAGE WIDTH (FT) CDNG= NOSE GEAR DRAG COEFFICIENT
00630C FCDOMG= MAIN GEAR EQUIVALENT WD= NOSE WHEEL DEPTH (FT) ~
46640C PARASITE AREA (SQ FT) WH= NOSE WHEEL HEIGHT (FT)
00650C CDE=  EMPENNAGE DRAG COEFFICIENT RNAC= NACELLE RADIUS (FT) ™
~68660 6— —— —KFe — —E HPER{ BAE—FACFOR—FUSEL AGE—OR— — ~CDFF e 1 P FANIC BRAG COEPFECHENF — — — — —— — ———
00670C NAC CONTRIBUTIONS TO CMAD RTiK=s TTIP TANK RADIUS (FT)
©00680€C : CONAC= NACELLE DRAG COEFFICIENT
00690C T T B
90700C L= DEHEDRAL ANGLE (DEG) Ki= WING=FUSE INTERFERENCE FACTO
g0710C CLAF=  FUSELAGE LIFT CURVE K= EMPERICAL FACTOR
VO0F20€—— —— ‘SLOPE {/RAD) “HINOSt= FUSE HEIGHT NOSE SECT (FT)
00730C WNOSE= FUSELAGE wIDTH NOSE HFCY® FUSELAGE HEIGHT FRONT ~
00740C SECTION (FT) CANOPY (FT)

00750C WFCY= FUSELAGE WIDTH FRONT LFCY= LENGTH NOSE TO FRONT
90760C CANOPY (FT) o CANOPY (FT)

00770C LMH=  LENGTH NOSE TO MAXIMUM HBCY= FUSELAGE “REIGHT BACK
VOTBHC—— - - FUSELAGE HEIGHT (FT) CANOPY (FT)

00790C WBCY= FUSELAGE WIDTH’ BACK LBCY= [LENGTH NOSE TO BACK
90800C CANCPY «(FT) - - - T CANOPY (FT)

00810C KN= INTERFERENCE FACTOR (/DEG) Rl= DIA OF EMPENNAGE (FT)
00820C ’ ’ ’

00830C AIRCRAFT PARAMETERS

$o8%0€——— - — - -

00850 10 PRINT 15
00860 1S FORMAT (/#INPUT THE FOLLOWING REQUIRED AIRCRAFT PARAMETERS®//#MODEL,»*

00870+« .SQSTOBQBTQHTDUCHTP'CHRTv[YY"/.[ZZ'XA,ZAA,LT,LB.LTP‘XP'ZUH'./
00880+ 'SVOBVQLVQU'HHT'ABA'ABB'CMOUS’ALTC.//.INPUT iN ORDER OUTLINED'
00890+ ® PLACING COMMAS OR BLANKS BETWEEN VARIABLES'/)
ﬁﬁQ&&————“RfiBVMOBELVvaTvaﬁTvﬂTO'CHTP9CﬂRT'IVY

00910 READ9IZZyXA9ZAASLTo(BaLTPoXPsZWW

90920 READ-SVvBVvLVvUvHHT'ABAOABB|CMOHSlALTC

00930 30 FORMAT(FB8.494 )
00940 5¢ FORMAT(F8,.4)
00950 110 FORMAT(F8,59% )

90960 ——— —RHOO=: 0766

00970 PRINT 20

00980 20 FORMAT(/*THE REQUIRED STABILITY DERIVATIVES CAN BE CALCULATED OR®/
00990+ *EXPERIMENTAL/WIND TUNNEL DERIVATIVES MAY BE INPUT DIRECTLY#®#//
£91000+ *WHEN A STABILITY DERIVATIVE IS REQUESTEDs IF KNOWNs INPUT®#/
01010« *QUANTITY DIRECTLYs IF UNKNOWNs INPUT ZERO AND THE DERIVATIVE®/
01026+ —SwiLL BE CALCULATED®// T ) 7
01030+ *ADUITTIONAL DATA WILL BE REQUIRED IF THE STABILITY®

01060+ /#DERIVATIVES ARE TO BE CALCULATED#*/)

01050 22 PRINT 40

©1060 40 FORMAT(/2D0 YOU WANT ALL DERIVATIVES CALCULATED®#,t)
0i070 READ 413,0DC

01086- IF (DC¢EQ4IHYES) 0955

01090 55 IF(DC. EQ.ZHNO)JS.&O

01100 60 PRINT 65

01110 65 FORMAT(*YES OR NO ANSWERE. TRY AGAIN.®)

01120 60 To 22
01130 70 CLAP=CLAT=CLADT=CLADP=CLQT=CLQP=CHAP=CMADP=0., loBbimB
91140 —— €HQPCYBT=CYBPeCYRY T=CYRPeCRBP=CNRPSO . T4=bb4-

0iiso Go To 80

)
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21160 3S PRINT 45
01170 45 FORMAT(/#SQURCE OF INPUT DERIVATIVESZ2®s¢ )

¢1180 READ 90+PAIPBIPCyPUIPEWPF PGy PH
01190 S0 FORMAT(8A10)

01260 PRINT 25

01210 25 FORMAT(®INPUT THE FOLLOWING STABILITY DERIVATIVES®*//

01220+ ®CLAPyCLATsCLADT 4CLADPyCLQTsCLOPyCMAP s CMADP y %/

01230« ®CMQPsCYBT2CYBPyCYRVT9CYRPyCNBP s CNRP#/)

©1240 READsCLAPsCLATsCLADT»CLADP»CLQT»CLQP »CMAP » CMADP

01250 READsCMQP+CYBT9CYBPCYRVTyCYRPyCNBPSCNRP 7

41266— 80 L6UST=750.

01270 ALT=0.0

01280 RHO=RHOO

01250C

€1300C LONGITUDINAL AND LATERAL STABILITY DERIVATIVES ARE CALCULATED FROH
01310C NASA CR-1975 JRIDING AND MANDLING QUALITIES OF LIGHT ATRCRAF T~
“61320€— — —A-REVIEWANE ANAEYSHISH 7 — —— — —— — — ———— —— — — — —
01330C

©1340C AIRCRAFT LIMITATIONS

01350¢C ) i

€1360C 1. RIGID STRUCTURE WITH LITTLE OR NO WING SWEEP.

01370C 2. MAX. GROSS WEIGHT 109000 LBS.

G13IB0C — 3, MAX. WING LOADING 40 LBS/SGFT

01390C 4. MAX. INDICATED AIRSPEED 300 MPH(441 FPS)

©1400C S. MAX. MACH NUMBER % T

014l0cC 6. MIN. ASPECT RATIO 5.0

91420¢C )

01430C LONGITUDINAL STABILITY DERIVATIVES

e -— -

01450 WS=WTO0/S ‘
01460 ARW= (B%B) /S - -

01470 CTaST/8T

01480 ART= (BT#BT) /ST

014990 TRW=CWTP/CWRT

500 —Cum (2. /3 Y PEWRTA( (1. +TRWS (TRW#82,) )/ (1. +TRW))

01510 IF(CLAP,EQ.0)225+240 ~

01520 225 IF(T.EQ.0)2264236
01530 226 PRINT 230

81546 230 FORMAT (4Xs2HT®st )
01550 READ 30T

VI566——— PRINT 235- ——— — —-
01570 235 FORMAT (4Xs6HCLAZD=+4 )

91580 "~ READ 50+CLA2D

01590 236 El=sl,/(leeT)

41600 CLAHO(CLAED/(I.*((CLAED'57 3V /(3.1416%E1%ARW) ) ) ) #(1B0./341416)
01610 CLAP=CLAW

01626240 -CLAWRCLAP

01630 DEDA= (20 *CLAW®(3.1416/180. D) #(((le/TRWIB*,3) / (ARWE®,T25) ) #(((3.*
01640+ Cu)/LTP) &n, 25)

01650 IF(CLAT.EQ.0)250+275

91660 250 IF(CLATD.EQ.0)251+266
01670 251 PRINT 255

01680 255 -FORMAT {4Xy6HCLATD= 9+ )
01690 READ 30sCLATD

01700 PRINT 260

T4eliy=Balim(
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01710 260 FORMAT("-33HTT=z9t )

01720 READ 265,TT
01730 265 FORMAT(F8.5)
01740 E2u]l,/(1leeTT)

01750 266 CLAT=(CLATD/(le¢((CLATD®57.3)/(3.1416%E2*%ART))))*#(180./3.1416)
01760 275 IF(CLADT.EQ.0)290+300

01770 290 IF(NT.EQ.0)291+296

91780 291 PRINT 295 i

01790 295 FORMAT (4Xs3HNT=s+ )

91800 —~READ 265¢yNF- — - -~ -

01810 296 CLADT*Z.'CLAT'DEDA'(LTP/CH)“(ST/S)'NT
01820 300 IF(CLADP.EQ.0)310+315

01830 310 CLADP=CLADT

91840 315 IF(CLQT.EQ.0) 3299345

01850 325 IF (NTWEQ.0)3304340

©1860—330 PRINT 335

01870 335 FORMAT(4Xs3HNT=9t )

01880 READ 2654NT

01890 340 CLQT=(2,2(LT/CW)*CLAT#(ST/S)eNT)
01900 345 IF(CLGP.EQ.0) 355,360 ~

01910 355 CLQW=(2.%#(XP/CW)*CLAP)

01926— -CLOP=CLOW+CLQT-

01930 360 IF(CMAP.EQ.0)3704+485

01940 370 IF(D.EQ.0)371+376

01950 371 PRINT 375 .

V1960375 FORMAT (4X92HD®y+ )

01970 READ 11040

0+ 86— I+ FCrSvEer o ——— e e e e e e e e —
01990 377 PRINT 385

02000 385 FORMAT (4X,4HCLS™yt )

02010 READ 110sCLS '

02020~ 390 IF(COW.EQ.0)391+401

02030 391 PRINT 395
V2040395 FORMAT (4 X74HCOWSy+ )

02050 READ 110, COW

020060 PRINT 400

02070 400 FORMAT (4X94HCDF =9+ )
¢2080- READ 265,COF

02090 401 IF(FH.EQ.0)404+406
02100 404 PRINT 40S

02110 «0S FORMAT(4Xp3HFH-'? )

02120 READ 30+FH

02130 406 IF (FWeEQ.0)40Ty411

02160 407 PRINT 410 '

02150 410 roannrtax.3ﬂru-'+ )

02160 READ 30+Fw-

02170 411 PRINT 412

02180 412 FORMAT (4Xy*RETRACTABLE GEAR%s+ )

02190  READ 413,RG
02200~ 413 FORMAT (A10)
02210 IF (RG.EW.3HYES) 431 v414

'02?20——~*4“YFTR6‘Eﬁ‘?ﬂNOfﬁfﬁvhtﬁ—
02230 416 PRINT 417

02240 —%i7 FORMAT (*YES OR NO ANSWERE. TRY AGAIN.*) 74=44-B=4=D
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02250
02260 418
02270 419

GO T0 411
IF (CONG.EQ.0) 4194456
PRINT 415

02260415 FORMAT (4X+SHCONG=, ¢ )

02290 READ 30,CONG

62300 PRINT 420

02310 420 FORMAT (4X36HFCOMG=r4+ )
02320 READ 30+FCDMG '
02330 PRINT 425

B2340—425 F ORMAT {4 Xy 3HWO=y4+ )
02350 READ 30,wD )

02360 PRINT 430

02370 430 FORMAT (4Xs3HWH=y4 )
02380 READ 50swH

02390 431 IF(CDE.EQ.0)432+456
‘02400~ 432 PRINT 635 )
026410 435 FORMAT (4X,4HCDE=s+ )
02420 READ 30,CDE

02430 PRINT 460

02440 440 FORMAT (4Xy6HCONAC=»+ )
02450 READ 304 CDNAC

V2460 PRINT 445- -

02470 445
02480

FORMAT(“X.SHRNAC=9’ )
READ 30sRNAC

02490 PRINT 450

82500 450 FORMAT(4Xs6HCDTTK®yt )
02510 READ 30.CDTTK
92520— - PRINT 455

02530 455 FORMAT (4XsSHRTTK=s4¢ )
02540 READ 304RTTK

02550 456 IF(IW.EQ.0)4STr461
92560- 457 PRINT 460 o
02570 460 FORMAT(4Xs3HIW=s4 )
©92586—— -~ READ 50y1w

02590 461 IF(NT<EQ.0) 465,475
02600 465 PRINT 470 o
02610 410 FORMAT (4Xy3HNT=y4 )
02620~ - READ 110WNT
- 02630 475 IF(KF.EQ.0)6764481
—02eR—4 T PRINFWEG— —— — —— —— — — — — — — — —
02650 480 FORMAT (4Xs3HKF=s4 )
02660 READ S0sKF

02670 481 A=zIw

02680 E=le/(1.4D)

02690 CLWSCLS/(1.+(2./ARW))

G200 CLT=CLW® (XA/LT)*#(S/ST)® (] ,/NT)

02710
02720
02730+
02740
02750
02760+ -
02770+
02780
02790
02800

CLP=CLW+ (CLT#{ST/S)#NT)

COFP={ { (CON®S) +11.,2%COF*FH*FW) +F COMG+ (CONG*WD#WH) + (CDE®ST) +CONAC*
3,1416%RNAC*RNAC+CDTTK®#3.1416#RTTK#RTTK)I*1,15) /S ~

COP=CDFP+ ((CLW*CLW)/(3.1416%E*ARW))
CMAW=(((L1o*(((2,%CLP)/(3.1416%E%ARW) ) #*((A=IW)/S57,3))+(COP/CLAP))
S(XA/CW) )+ ((((2.#CLP)/(3.16416%E#ARW) )= ((A=IW)/57,3)
=(CLP/CLAP))#*(ZAA/CwW))) *CLAP
CMATaCLAT*(1,-DEDA)®(ST/S)*(LT/Cw) #NT

CMAFa{KF# (FWe*2,)%18)/{S*CW)

CHMAP=CMAW-CMAT *CMAF

74=44=B=4=E
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02810 485
92820 495
02830 500
02840 505
02850
02860 510
02870 515
©02880—525
02890 530
02900 535
02910
02920 540
02930+«
02949 545
029502
02960%
02970%
02980
02990
03000 - 590
03010 591
03020 600
03030
03040
03050 603
93060
03070 604
03080 605
03090 610
03100
03110 615

8300 ~RERD—S By M e e e e e e e e e e e

03320 670 FORMAT(4X,SHLFCY=y¢+ )

03330
03340

03350 675 FORMAT (4XsaHLMH=s+ )

IF (CMADP,£Q.0)495,515
IF (NT+EQe0)S004510

PRINT 505

FORMAT (4Xs3HNT=9 4 )

READ 2654NT

CMADP® (=2 ,#CLATHDEDA) # (LT/CW)# (LTP/CW)#(ST/S) #NT
IF (CMUP+EQ.0) 5254545
IF (NT.EQ.01530¢540

PRINT 535S

FORMAT (4X 9 3HNTmy o+ )

READ 265.NT

CMQP= (((=2,%XP)/ (CW##2,)) ®ABS (XP)#CLAP) = (2, % ( (LT#%#2,)/(CH*%*2,))*
CLAT®*(ST/S)eNT) . ’ o )

CONT INUE

LATERAL STABILITY OERIVATIVES

ARV= (BV#BV) /SV
IF (CYBT.EQ.0)590+620
IF (K £Q.0)591 1604

PRINT 600

FORMAT (4X92HK=s 4 )

READ 30K
PRINT 603

FORMAT (4Xs#CLAVE®y+ )

READ 30,CLAV

IF (FHeEQ.0) 6054615

PRINT 610

FORMAT (4Xs3HFH=s* )

READ 265,Fn

SWOPR=®, 724+ (1.,53%(SV/S) )+ (,4%(ZWW/FH))+(.009%ARW)
03126 — CYBTm=K*CLAV*SWUPR® (SV/5) 57,3 o

READ 304LFCY
PRINT 675

03130 620 IF(CYBP.EQ.0)630+702
03140 630 IF(L.EQ.0)631+646
03150 631 PRINT 635 C
03160 635 FORMAT(4Xs2HL®et+ )

. 03170 READ 30sL

3180 PRINT 640

03190 040 FORMAT (4Xs3HKI=s+ )
03200 READ 304KI ’
03210 PRINT 645

03220 645 FORMAT(4XySHCLAFwy+ )
03230 READ 30,CLAF T
VI240—646 IF (HNOSE .£Q.0) 6474651
03250 647 PRINT 650 o
03260 650 FORMAT (4X+6HHNOSE=»4+ )
03270 READ 30+HNOSE

03286 PRINT 660

03290 660 FORMAT(GXySHHFCY=my4 )
03310 PRINT 670

7lmblily=B=limF
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03360 READ 30, MH

03370 PRINT 680

03380 680 FORMAT (4XySHHBCY=et )
03390 " READ 30sHBCY

03600 PRINT 690

03410 690 FORMAT (4XsSHLBCY=s4 )
0320 READ 30.L8BCY

03430 PRINT 695
03440 695 FORMAT (4Xe3HRI=er ) T
03450 READ 504R1

03460 651 IF (WNOSE.EQ.0)6645694
03470 664 PRINT 655
03480 655 FORMAT Lo XsEHWNOSE= Y+ -

03499 READ 304WNOSE
63500 PRINT 665
03510 665 FORMAT (4XsSHWFCY®st )
03520 READ 30swFCY =
03530 PRINT 685

Ymyt—)
03550 READ 30,wBCY ’

B3IS60— 69% IF(FH.EQ.0)696,698
03570 696 PRINT 697

03580 697 FORMAT (4Xs3HFHEs* )
03590 READ 30+FH
93606696 IF (FW.EQ.0)699y701
03610 699 PRINT 700

03620 700 FORMAT{4XsIHF W=t )

03630 READ 30+Fw

43640 701 V1=LFCY®(2,% (HNOSE®WNOSE+HFCY#WFCY) ¢ (HFCY®WNOSE ) + (HNOSE*WFCY))
03650 V23 (LMH=LFCY) # (2, # (HFCY®WFCY*FH®F W) +FH®WFCY+*HFCY#*FW)

93660 VI@ (LBCY=LMH) #{2., % (HBCY#WBCY+FH*F W) ¢FHawBCY+F woHBCY)

03670 Vo= (LB=LBCY)® (2. #(HBCYSWBCY <+ (R1#%2.) j ¢HBCY#RI+WBCY#*R])

03680 FUSVE(V1eV2ey3evb)/se,

03690 BRABFUSVe#(2,/3,)

03700 CYBFs=KI#CLAF* (BRA/S)

03710 CYBW==.0001%ABS(L)*(180./3,1416)

03720 CYBPaCYBW+CYBF+CYBT

03730 702 IF(CYRVT,EQ.0)710+715
03740 710 CYRVT==2,#(Lv/B)*CYBT
03750 715 IF(CYRP.EQ.0) 725,755
63760 725 IF(CLW.EQ.0)T730+750
03770 730 IF(CLS.EQ. 0)735.745
93760735 PRINT 760 :
03790 740 rORMAT(ax,4HCLs--+ )
03800 READ 1104CLS

03810 745 CLWSCLS/(le+(2./ARW))
©3820 750 CYRW=S(,143%CLW)=,05
03830 CYRP=CYRW+CYRVT '
93840755 IF (CNBP.EQ.0) 7654786
03850 765 IF (HNOSE.EQ.Q) 7665774
83860 766 PRINY 767

03870 767 FORMAT (4X+6HHNOSESs4 )

03880 READ 304HNOSE
03890 PRINT 768
439500766 -
FORMAT (4XySHHFCYmy+ 7lhmlilymB=li=G

03910 REAL S04HFCY
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03%20

03930 769
03940
03950
03970
03980 —
03990 771
04000
04010
V4920 — 772
04030
04040
04050 773
046060 ’
064070 774
V4080 781
04090 775
04100 ’
06110 782
04l20 776
04130 780
Ghteo—
04150 785
04160
04170
04189 786
04190 i
6200 805
04210 310
064220 815
04230 820
04240
04250 825
04260 830
04270 835
04280 840
04290
© 04300 B4l
04310 787
96320 B2
04330 788
04340
04350
04360 789
04370
04380 843
04390 801
04400 790
04410
06420 862
04430 803
Gaded- 791
06450
06460 B80¢
04470 806
04480 807

PRINT 769

FORMAT (4X4SHLFCY=yt )
READ 30.LFCY

PRINT 770

READ 30sLMH

~PRINT 17t

FORMAT (4XsSHHBCY= s+ )
READ 304HBCY '
PRINT 772

FORMAT (GX4SHLBCY =3+ )
READ 30,LBCY

PRINT 773
FORMAT (4Xo IHR1=9+ )
READ 504R1
IF(KNoEQ,0) 781,782
PRINT 775
FORMAT (6 X4 IHKNZ g+ )
READ S50sKN ]
IF(FHeEQ.Q) 7764785
PRINT 780 ’
FORMAT (4X 9 3HFHZt )
READ 2654FH ’

BODSA= ( ( (HNOSE+HFCY) #LFCY) e ( (FHeHFCY} 2 (LMH=LFCY)) ¢ ( (FH+HBCY)
*(LBCY=LMH) )+ ((HBCY+R1)*(LB=LBCY)))/2, ' ST
CNBP=~(KN#S7,3% (BODSA/Si® (LB/B) )= ((CYBT) *(LV/B))

CDO=CDFP
IF (CNRP.EQ.0)B05,850
~H-(CLW.EQ. 018104830
IF(CLS.EQ,0)815+,825
PRINT 820

FORMAT (5X44HCLSZ s+t )
READ 110,CLS
CLW=CLS/ (14 (2./ARW))
IF(NTeEQ.0)B35+841
PRINT 840
FORMAT (4X s IHNT=9+ )
READ 110sNT
IF(CDULEQ.0) 7879845
IF(COW.EQ.0)B42+843
PRINT 788 -
FORMAT (4Xy4HCOW=y+ )
READ 110y COW

PRINT 789
FORMAT (4X 9 4HCDF =y s )
READ 265,CDF

IF (FHeEQ.0)801+802
PRINT 790

FORMAT (4X93HFH= 94 )
READ 304FH
IF(FWeEQ.0280398064
PRINT 791 )
FORMAT (“Xv3HFH‘y0 )
READ 30+Fw

IF (RG.EQ.3HYES)B11+806
PRINT 807

FORMAT (4X ¢®RETRACTABLE GEAR®,4 )

74=L4=Bb=H
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04490 READ 413,R6

04500 IF (RG+£EQ.3HYES) 8114808

04510 808 IF(RG.EQ.2HNQO)B09,812

04520 812 PRINT 813 ‘

04530 813 FORMAT(#YES OR NO ANSWERE. TRY AGAIN.*)
04540 60 T0 806

04550 BO9 IF(CONG,EQ.0Q)844s840

04560 844 PRINT 792

04570 792 FQORMAT (4XysSHCONG=y* )

045890 READ 30+CDNG

04590 PRINT 793

04600 793 FORMAT (4X96HFCOMGRes )

04610 READ 30+FCOMG

— GO — — — PRI POt —— e e e e e e e — s e e
04630 794 FORMAT(4Xs3HWD=st )

V4660 —READ 30ywh-

04650 PRINT 795

06660 795 FORMAT (4Xy3HWHmyr )

04670 READ S0sWH )

04680 811 PRINT 796
04690 796 FORMAT (4X94HCDE=yt )

04700 READ 30,4CDE

04710 PRINT 797

04720 797 FORMAT (4X s 6HCONACEy+ )

04730 READ 30+CDNAC

G4T60 - PRINT 794

04750 7?3 FORMAT(“X,SHRNAC‘.O )

04760 READ 30.RNAC

04770 PRINT 799

04780 799 FORMAT(4X96HCDTTK=y+ )

04790 READ 30+CDTTK

06800- —— PRINT 800

04810 800 FORMAT(4X9SHRTTK=s? )

04820 READ 304RTTK

04830 846 CDFP=(((COW®S)+ (1. 2%COF#FH®FW) +FCOMG+ (CONG*WD#WH) ¢ (COE#ST) +CONACH
04840+ 3. l“lb‘RNAC’RNﬂC’CDTTK’3 1416'RTTK)‘1 1) /8

064850 CDO=COLFP

HaB60— 845 CNRWe=— (.33 ((La+{3.2TRW} )/ (24¢(2.+TRW)) I *CDO)=(, 02#* (le=((ARWN=64)/
04870« 13.)=((1.=TRWI/2.5) ) #(CLW**2,))

64880 CNRTIZ-“((LV/B)f.Z )fCYB!

04890 CNRP=CNRW+CNRT

04900 850 CONTINUE

04910 NRITE(7-851)MDDEL.U.HTOvHSvCUvTRW.ARH,ALTQSQBvST|BTQSV08VQLGUST
G45920 851 FORMAT(AlO//*U"oFS.“vle'FPb'oSXv'HTO"QFB 2o 1X o #LBSH,SXoMu/Su,
04930 FB. Qv1X"LBS/SQFT’vSXo“CHI'vFG 4.lXQ'FT“Q5X9'TRH='9F8.49SXv'ARH-'o
04940+ FB.49OXs2ALTREFB. 29 IXs#F TR/ 08Gai,Fg, 49le’SQFT"AXO'B"’FB.“’IXQ
04950+ BETR BX o wSTES F B, 4r I Xo#SQF TRy 10Xy *BTR* o FB 4o LXs#FT#sSXy#SVms,
04960+ FB.4elXo#SQF T#y L X s #BYmE,Fg, 4.1X.’FT'.3X,'LGUST"’FB ZQIXO'FT./)
04970 IF (LGUST.EQ.2500)900, 847

94988- 847 IF(ALT.EQ.0)852+879

04990 852 CONTINUE

05000 IF (PA.EQ.0)BS4y853

05010 853 WRITE(74856)PAsPByPCsPDIPEsPF4PGIPH

05020 856 FORMAT(/®STABILITY DERIVATIVES ARE CALCULATED FROM *

05030+ #NASA CR-1975%/%AND INPUT FROM ®48A10/) Th=bily=B=ti=1
85040 60 TO 857



TOT-4

05050 B854 WRITE(74855)

05060 855 FORMAT(/#STABILLITY DERIVATIVES ARE CALCULATED FROM NASA CR- 1975+
05070+ /7*RIDING ANO HANDLING QUALITIES OF LIGHT AIRCRAFT®

05080+ - *-A REVIEW AND ANALYSISl’//'LONGITUDINAL'o43Xo'LATERAL’/)

05090 857 WRITE(T7+860)CLAPsCYBP

95100 860 FORMAT(5Xs®LIFT CURVE SLOPE*939Xy»*CHANGE IN SIDE FORCE DUE TO#

05110« * CHANGE IN SIDESLIP ANGLE#/9Xs®CLAP3%,F8, 491Xy #/RAD® 937X #CYBP=S
05120+ +FBeSe1Xy2/RAD®/)

05130 WRITE(74865)CLADPyCYRP

05140 865 FORMAT(SXy#CHANGE IN LIFT COEFFICIENT DUE TO TIME®,17Xy*CHANGE IN®
05150+ ¢ SIDE FORCE DUE TO CHANGE IN YAWING VELOCITY®/SXs®*RATE OF CHANGE#®
05160+ & IN ANGLE OF ATTACK®/9Xs®CLADP=®sFB,4y1Ks%/RAD® 36Xy #CYRP=E
05170+« 1F8.5+1Xy#/RAD*7)

05180 WRITE(74870)CLAPyCNBP

05190 870 FORMAT (SXy#CHANGE IN LIFT COEFFICIENT DUE TO®,22Xs*CHANGE IN®
05200+ ¢ YAWING MOMENT COEFFICIENT DUE TO CHANGE®*/SXy#*CHANGE IN PITCHING*
05210¢ # VELOCITY®,28Xs*%IN SIDESLIP ANGLEs WEATHERCOCK]®#/9X;#CLQPu®,
45229+ F8, 4vle’/RAD‘t37Xv°CNBP"!F8 5le1’/RAD'/)

05230 WRITE(7,875)CMAP s CNRP

05240 875 FORMAT(5Xs#CHANGE IN PITCHING MOMENT COEFFICIENT#918Xs*CHANGE IN®
05250+ * YAWING MOMENT COEFFICIENT DUE TO CHANGE®/5X,#0UE TO CHANGE INe
05260+ # ANGLE OF ATTACK®,23Xs*IN YAWING VELOCITYs YAW DAMPING® ~~
05270+ * DERIVATIVE]#/3Xy#CMAPR#,FB.4y 1 Xy #/RAD% 37X, #CNRP=®yFB501Xy
-65e8g———¢RADYP — ——— — = s
05290 WRITE(7+876)CMADP

95300 876 FORMAT (5X9®#CHANGE IN PITCHING MOMENT COEFFICIENT OUE TO®#/5X,
05310 @TIME RATE OF CHANGE IN ANGLE OF ATTACK®79X;eCMADPa®yFBi4siXy
05320« */RAD®/)

05330 WRITE(7,878)CMQP

05340 878 FORMAT(SX,*CHANGE IN PITCHING MOMENT COEFFICIENT DUE®#/5X,*TO®
05350« ® CHANGE IN PITCHING VELOCITY®#/9X 9 #CMQP=%y 1 XsFB.G4s1Xs #/RAD®/)
05360 879 CONTINUE

05370C

05380C STABILITY CHARACTERISTICS

05390C o T

05400 WRITE(T,880)

05410 880 FORMAT (2SHSTABILITY CHARACTERISTICS//)

05420 RX=(IYY/WTO)##,5

05430 RY®(IZZ/WTQ)##,5

05440 KA= (B.#*WTO)/ (RHO®S*CW*CLAP)

05450 KB==(8.%WT0)/ (RHO*S#B&CYBP)

05460 KOA® (CW/RX)# (((=1./(KA®CLAP))® (((2./KA)®CMQP) +CMAP) ) ##,5)

054790 KOB= (B/RY)# (((1./(KBR#CYBP))®(((2./KB)*CNRP)-CNBP))##,5)

05480 ZA=(]1 o/ (KARKOA) ) ® (1o~ (((CW/RX)I®®#2,)®({CMQP+CMADP)/ (2.%CLAP))))
05490 28= (1 «/ (KBO*KOB) ) # (1. ¢ (((B/RY)##2,)#TCNRP/(2.%CYBP))))

08500 GAZZAMKA®KOA o S o

05510 GB=ZB¥KB#KOB

08520 WRITEtT+885IKAKBTZA2ZB

05530 885 FORMAT(SXy*MASS PARAMETERS®440Xs*DAMPING RATIO (SHORT PERIOD*
05540+« ~ #  PUTCH ROLL)*/9Xs*KA®®,FB, 395X 9 #KBwE FB, 39 28Xy #ZAR®9F B4y
05550 ¢ SXy#2Bx#,F8,4/)

45560 WRITE(7,890)KOAIKOBGA,6B

05570 890 FORMAT (5Xs*UNDAMPED NATURAL FREQUENCY®»29X,*DAMPING PARAMETER®
05580%-— * (SHORT PERIOD  DUTCH ROLL)®/9Xs#KOA=#,FB 4,4X,%K0B2%,

05590+ FBut92TXy*GAu®4FB,495Xs*GBR*sFBa4/)

05600 900 CONTINUE
05610 SAGUST=(2,*LGUST) /Cw

Tb=bly=B=t4=]
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05620
05630

SBGUST=(2.%LGUST) /8B
WRITE(7+910)SAGUST »SBGUST

056%8— 510 FORMAT (#GUST SCALE'/SX-'SAGUST".FB 391X %SBGUSTm®,F8.3/)

05650
5660
05670
05680
05690
65700
05710+
05720C
05730C
057406C
05750

915

S1=SAGUST#KOA
S2=S5BGUST#KOB
A1=ABA®KQOA
A2=ABB*KOB
WRITE{(7+915)51952sA14A2
FORMAT (28HRESPONSE INTEGRAL PARAMETERS/S5X 9 SHSKOA=yF844y
3X'SHSKOB='FB.Q/SX-SHAKOA!;FS 493XsSHAKOB=sF8.4//)

RESPONSE INTEGRALS

WRITE(7+920)

95760—528 FORMATA*RESPONSE INTEGRALSA/)

05770
05780

05790
©5800-

05810

05829 ———

05830
05840
05850
95860
05870

CALL TRAPI(4000019+0019200sXINTSsFUNCyTMPLy4)
CALL SIMPI(.00192¢920009TXI1sFUNCoyTMPIsa)
CALL TRAPI(2..20.vZOO'TXIZvFUNCvTNPIvkl

0D 925 I=)

XINTS(I)S((SAGUST’KOA)/3 16416) # (XINTS{I) +TXI2()+TXI2(1))
RO=XINTS (1)

R2xXINTS(2)

R4=XINTS (3)

R6=XINTS(4)

CALL TRAPI(4000019400192000XINTSByFUNCBsTMPIB4)
CALL SIMPI(.00192452000sTXI1B,FUNCByTMPIBs&)

05680————~4€ALt>TR#P!(2\vBO.cZOQvTXIZBvFUNCBvTHPIB-Q)

05890

DO 935 I=1,4

95966 935 XINTSB(I)-((SBGUST’KOB)/3 16416)®(XINTSB(I) «TXI1B(1)+TXI2B(I))

05910

95920 —

05930

=G5~ —— —REBHANT 58t

05950

ROB=XINTSB(1)

- R2B8XINTSB(2)

R4B=XINTSB(3)

WRITE(7+930) (XINTS(I)sI®194)s (XINTSB(I)sIx1e4)

95960930 FORMAT (SXv#LONGITUDINAL® v 43X s #L ATERAL#/9X o *ROR®  F 7,491 X s #R2u",

05970+
05980+
05990C

06010C
06020C

06030C
06040C—

06050C

F7. 4'1Xv’R4"vF7.4vle’R6"vF7 4;15X|'R03"|F7.4 IXv’RZBI*|F7 Gy
IX"RQB"VF7 501X-’RbB"vF7 &/)

. B6000C—— RESPONSES ARE CALCULATED FROM NASA TN D=6273 =A METHOD FOR

ESTIMATING SOME LONGITUDINAL AND LATERAL RIGID BODY RESPONSES
OF AIRPLANES TO CONTINUOUS ATMOSPERIC TURBULENCE=

AIRPANE RESPONSES - —

V6066940 WRITE t 75 945)

06070
06080+

06090+
06100+

06llo0

945

FORMAT('AIRPLANE RESPONSES ARE CALCULATED FROM NASA TN D=-6273%

/*=A METHOD FOR ESTIMATING SOME LONGITUDINAL AND LATERAL RIGIp*
# BODY RESPONSES OF AIRPLANES TO CONTINUOUS GUST TURBULENCE"//
*LONGITUDINAL* 243Xy #LATERAL®/)

ZWs-( (RHO®U#S) /(2. *WTO) ) *CLAP

T MRE CIRHOYUCSECH) / (2, *IYY) ) #CMAP

06130
06140°
06150

V6160~
06170

06190

MQ= ( (RHO®U®S#CW®#2,) /(4 * YY) ) #CMGP
WOA® (ZWeMQ=-U*MK) #2,5
Yye ( (RHO®U®S)/ (2.#WTQ) ) *CYBP
NV=( (RHO®U®S®E) /7 (2.#122) ) *CNBP
NR= ( (RHO®U#S#B*®2 )/ (4, *[2Z) ) #*CNRP
W}“ﬁ&’f
ADN=((2.%ZA*WOA) 7{32, Z'GA))’(R40((6.'ZA”2.)’((1.-(1./GA))”2 ) *R2)

——— P S p— — —— — — —— —— — — Tp— — — T —— ————— —— p— —p—— —

74=b4=B=4=K
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06200+ )ne,5

06210 NOUM = tw. (2o 2 1G16))R((RE4((G®ZA%®: ) ®((1a=(1./GA)I®#2,)®R4)) /(R4

06220« e (G RZAU®2 1R ( (]l .=(1./GA))#®82 ) #R2) )} un g

06230 ATHD=TWOA/U) #ABS ( (6, ®( (ZAwe2, )/GAI#(1.-T14/GA)))=1.)#R2%% 5

V6240 NOTFHD®{WOA/(2,%#3,1616) )% (RG/R2) ##,5

06250 ATOD= ((WOA##2,) /U) #ABS (14, #((ZA®82,)/GA)# (1a=(1./GA)))-1.) #R4##,S

€6260 NOTDD®= (WOA/(2.%3,1416) )% (R6/R4) #w .5

06270 ADLE((2,%2B%W0B)/(32.2%GB) ) * (R4B+ (4. % (ZB**2,)#((1.=(1./GB))**2,)

06280+ SR2E)Iwe .5 ' ) - ’

06290 NODL=(WOB/ (2.%3.1416) )% ((R6B+(4,*(ZB**%2,)%((1,=(1./GB))**2,) *R4B))/

06300+ (ReBela o (ZB242,) 8 ((],~{1,/G8))s42,)8R2B)) ) *e S

06310 ASI®(1e/U)#ABS((4.%((ZB**#2,)/GBI#(1e=(14/6B1))=]1,)®#(ROB*#,5)

©6320- NOSI= (WOB/(2.%3.1416))®((R2B/R0OB)**,5) o

06330 ASID=(WOB/U) #ABS ( (4% ((ZB®%#2,) /GBI ®(1le=(1e/GB)))=1.)*(R2B**,5)

06340 NOSID=(WOB/ (2.%341416)) % ((R4B/R2B)**,5) ’ o

06350 Q= ((JS)*RHO® (U**2,)) /32,2

€6360—— SR=ST/5

06370 Cl==SR+ (2,% (CLADT/CLAT)*((KOA®ZA)/GA)) +( ((4,*UsUsKOA®WHT) / (32, 20

06380+ QeS®CWACLAT) ) # ((ZA/GA) =T ((KOASLT)/CWI* ((4e*((ZA®ZA)I/GA)*(1a=(1.

06390+« GAYI)=1.))))

Q6400- — C2m(2.%ZA®SR®(1a=(1e/GA)))=((CLADT/CLAT)®KOA) + ((CLQT/CLAT)*KOA®* ( (4,

06410« ®((ZA®ZA)/GA)#(1.=(14/0A)))=1.))=T((2,%URUSKOA*WHT) 7 (Q¥S*CWSCLAT

BE420+v——232s2HI 00t (4 S ZARZAI/ERI # {1 e=(1/GAY)))

06430 AZHT=ABS ((Q#*S*CLAT)/7U) #(C1*C1#R4+C2%C2#R2) #*,5

06440 NOHT=(W0A/(2,%3,1416))#((C1#C1#R6+C2#C2%R4) 7 (C1#C1#R4+C28C2*R2)) #%,5

06450 C3ml,

V6460 - Com=2.%7B&(1,=-(1./GB)) +KOB¥ (CYRVT/CYBT) #(((4,82B%ZB)/GB) * (1.~

06470« (1./GB))=1,)

V6480 AYYTRABS ({Q*S2EYBT) /U) $(CI*CI*RUB+CH*CL*R2B) #8,5

06490 NOVT=(W0B/(2.#3.1416))%((CI*CI*R6B+CL*CA*R4B]

06500+ /(CIWCI®R4GP+CLOC4LBR2B) ) ##,5

06510 WRITE{7+1000)ADNsNODN»ADL9NODL

06520-1000 FORMAT{SX»#NORMAL=LOAD FACTOR RESPONSE®,28Xs# ATERAL-LOAD FACTOR®

06530+ * RESPONSE®/9X o #ADNS® o I X oFO oGy L X9 *#G/FT/SEC* 38Xy *NODN=®, leFG.‘n lX

ﬂ6560+——-——r’€RSfSECGvS*v‘&ﬂt“v1XvF6.41!ly‘G/FY/SECi;7X.0NODL-.'IXoFe 4y

06550+ 1Xs #CRS/SEC*/)

06560 WRITE(7+,1005)ATHDyNOTHDyASIsNOSI

06570 1005 FORMAT (SXs*PITCH=-ANGLE RATE RESPONSE®y»30X»*YAW ANGLE RESPONSE®

BESEOv -~ /IX 9y #ATHORR yF 6,45 L Xy #RAD/SEC/FT/SEC#32Xy #*NOTHD=#,FB.4 s 1 Xs

06590« #CRS/SEC#*,5X

~06606+—— — SATTRAy R FEvh v EXTSRADAF T/ SECH rSXTONOS T8y Ik rF O T EXT*ERSFSECH I — — — — —

06610 WRITE(7+1010)ATODsNOTDDsASIDINOSID ~

066201010 FORMAT {SX 4y #PITCH=-ANGLE ACCELERATION RESPONSE®#,22Xs#YAW-ANGLE®

06630+ * RATE RESPONSE®/9X)*ATDD=#yF6. 43 1Xs*RAD/SEC2/FT/SEC*y 1Xy ¥NOTDD=*,

Q6660 FB.Gs1Xy

06650+ #CRS/SEC*)SXy#ASID=#*9F6.4y 1 X9 #RAD/SEC/FT/SEC#® s 1Xs#NOSID=*9FBots 1Xs

V6660 ——#CRS/SECT7)

06670 WRITE(751015) AZHT yNOHT9yAYVTsNOVT

06680 1015 FORMAT (SX»#HORIZONTAL TAIL LOAD#*,35Xs*VERTICAL TAIL LOAD®/9X,

06690+ *AZHT=® 4 FB .4y X s ®LBS/FT/SECT 94X s #*NOHT=®» 1 XsFBaths 1X9*CRS/SEC*9SX 9~

06700+ SAYVTR®,FB Gy L Xs #LBS/FT/SEC* 93X s #NOVT =3 1XsFBots 1 X+ #CRS/SECH/)

06710C T - T
~~—DISCRETE GUST LOADS AND LOAD FACTORS ARE DERIVED FROM PROCEDURES

06730C OUTLINED IN FAR PART 23

06740C

74~44-B=4~1L
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06750C

DISCRETE GUST LOADS

06760C

06770 IF (LGUST.E@.2500.)G0 TO 1070

96780 WRITE(741040)

06790 1040 FORMAT (#AIRPLANE RESPONSES TO DICRETE GUST LOADS ARE DERIVED#/
06800+ *FKOM PROCEDURES OUTLINED IN FAR PART 23 ~AIRWORTHINESS STANDARDS®
06810+ * NORMAL» UTILITYs AND ACROBATIC CATEGORY ALRPLANES #*/)

06820 UG=(2.%(WTO/S) )/ (RHO®CW*CLAW)

06830 KG=(+88%UG)/ (5.3+UG)

G6840- VKTS=U* (1,71 .6868) * (RHO/RHOO) ##,5

06850 IF (ALT4GE.20000¢) 104351042

06860 1042 UDE=50.

06870 GO T0 1044

066880 1043 UDE=(ALT=800004)/(~1200,)

06890 1044 N=].+(RGHUDE#VKTS®CLAW)/ (49B.* (WT0O/S))

86900 WRITE(T+1045)N ~

06910 1045 FORMAT (S5X925HDISCRETE GUST LOAD FACTOR/9X»2HNZsF8,4s/)

06920 DLHT={ (KG#UDE®VKTS#CLAT#ST) 7498.) ¢ (1.~DEDA)

06930 Cv=Sv/ov

06940 UGT= ((2.#WTO) /(RHO*CV#CLAV#SY#57.3) ) # (RY/LV)*#2,

06950 KGT=(«882UGT)/(5.3+UGT)

06960- DLVT= (KGT#UDE®VKTS#CLAV®SV®57,3 ) /64%8.

06970 WRITE(7+41050)0LHTsDLVT

06980 1050 FORMAT (5Xs®DELTA LOAD ON HORIZONTAL TAIL DUE TO DISCRETE GUST#,
06990+ SXs¥DLLTA LOAD ON VERTLICAL TAIL OUE TO DISCRETE GUST#/9X»
07000+ #DLHT=®FB,35 1X9@LBS®93BXy#DLVT=*9FB.301Xs#LBSE/)

07010 MOM=Q#S#CW#CMOWS

07020 IF(XAeLT,0)1056+1058

07030 1056 HTYL=((=XA®WTQO)+MOM) /(LT+XA)

07040 1058 HTL=((XA®WTO)=MOM)/(XA+LT)

07050 LHT=DLHT+HTL

07060 LVT=DLVT

07070 WRITE(7+1060)HTL

076880 1060 FORMAT (5Xy37HHORLIZONTAL TAIL LOAD (BALANCED FLIGHT) /9K saHHTL=sF 8430
07090+ 1X93HLBS/)

07100 WRITE(7+1065)LHTWLVT

07110 1065 FORMAT(SXy#TOTAL HORIZONTAL TAIL LUAD®¢29Xs®*TOTAL VERTICAL®
Q7120+ @ TAIL LOAD'/9X;'LHT=“'F6 3olXo‘LBS°v39Xv°LVT-“'FB Jle-"LBS'/)
07130 1070 CONTINUE

07140 SIGWG™ (N=1.) /ADN

07150 ADN1= (ADN#*62.) +1,

07160 RATIO=ADNL/N

07170 WRITE(7+1080)S1GWGIRATIO

07180 1060 FORMAT (#RMS GUST INTENSITY (ADN=N)#329X99RATIO OF ADN/N ©
07190+ #(S1GWLT62 FT/SEC)#//5Ks#S10WGE®F8e3v1Xv FT/SECH9 30Xy
67200+ *AUN/NE® FEo3//7/)

07210 IF (LGUST.EQ.2500.)G0 TO 1095

07220 IF (LGUSTEQe750+)LGUST=2500

07230 G0 TO 850

07240 1095 CONTINUE

07250 IF (ALT4GEL50004)108341082

-0F2 eI IR ALF P0G T — ——— — e — e e —_—— e —— —_—_———
07270 RHO®,066

07280 LGUST=750,

07290 GO TO 850 wliliaBlim
07300 1083 IF(ALT.GE.1%000.)1068+1081 74=44-B-4-M
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07310
07320
07330
07340
07350
07360
07370
07380
07390
07400
07410
07420
07430
07440
07450
07460
07470
07480
07490

975890 -

07510
07520
07530
07540
07550
47560
07570
07580
07590
07600
07610
97620
076390
07640
07650
07660
07670
07680
07690

. 07700C

07710
07720
07730
7740
07750
07760
07770
87780
07790
97800
07810
07820
07830
07840
07850

97860 --10

07870
078890
07890C

1081

1068
1071
1072

1059
1061
1062

1057
1063
1064

1085
1100
1110

1130
1140
1150
1160

1090

ALT=ALT+5000.

RHO=KMU~. 009

LGUST=750,

GO TO 850

IF (ALT<GE.ALTC) 108551071

IF (ALT«GE+250004)1059+1072
ALT=ALT+5000.

RHO=RHQO=-,007

LGUST=T750,

G0 TOo 850

IF (ALT.GE.ALTC)1085,1061
IF(ALT.GE.40000+)1057910662
ALT=ALT+5000.

RHO=RHO=, 009

LGUST=750,

GO TO 850

IF (ALT.GELALTC) 108591063

IF (ALT.GE.450004)1085+1064
ALT=ALT+S000,

RHO=RHO=,006

LGUST=750,

GO TO 850

CONTINUE

PRINT 1110

FORMAT (*RERUN SAME AIRCRAFT>®#,¢ )
READ «134RSA

IF (RSALEQ.3HYES) 22,1130

IF (RSALEQ.2HND) 116091140

PRINT 1150 '

FORMAT (*YES OR NO ANSWERE. TRY AGAIN,®)
GO TO 1100 ’ )
ACIAC‘I .

IF (AC4EQ.0)109091100

CONTINUE

END FILE 7

REWIND 7

CALL SAVE(SHTAPE7+s3HPSDs0,0+0)
STQP T ’ ’
END

SUBROUTINE FUNC(BETAWRY)
DIMENSION RJ(&)

COMMON ABAsSAGUSTsKOA»ZAyABHBySBOLUSTKOBZb
REAL KOA ' ’ ’ i

J=0

00 10 1l=ly4

Z1=BETA##y

22=2.71828%% (-], *ABA®KOA®BETA)

SKOA=SAGUST#KOA )

2324 ,+((8,/3,)%]1,339%],339#SKOASKOA®BETA#BETA)
Z4z] ,~BETA#BETA ) 0T
25224%24

26m4 # /A7 ARBETA®BETA

Z7l(lQ'(1.339'1.339“SKOA'SKOA'BETA'BETA))f?(ll-/&.)

RI(1)Z(Z1%Z22%23)/((2Z5+2Z6)%27)
J=Je+2 i

RETURN

END

T4=44=B=4=-N
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07900

07910 DIMENSION ANS(NI) s TEMP(NI)
0PSO — PO e =iyl —— —— ———— ——— ———
07930 4 ANS{[)=0,

07940 IF(B-A)1s2+3

07950 2 RETURN

07960 1 X=A

07970 A=B

07980 B=X

07990 3 HE(B-A)/N

08000 NM1=N-1

08010 CALL FUNC(AsTEMP)

08020 DO 5 I=14NI ’

08030 S ANS(I)=ANS(I)+TEMP(I)
08040 CALL FUNC(BsTEMP)

08050 DO 6 I=zl,NI

08060 6 ANS(I)=ANS(I)+TEMP(I)
08070 K=2 o

08089 DO 7 J=lenNmMl

08090 CALL FUNC(A+¢J®%HsTEMP)
08100 IF(K=2) 849+8 )
08110 8 Ke2

08120 G0 TO 10

08130 9 K=4

08140 10 DO 7 I=1,NI

08150 7 ANS(I)=ANS (1) +K*TEMP(])
08160~ — Du 11 I=lsNI

08170 11 ANS(I)=ANS(I)#H/3

08180 RETURN

08190 END

08200C

08210 SUBROUTINE TRAPI(AsBsN+ANSsFUNCeTEMPsNI)
8220 DIMENSION ANS(NI)»TEMP(NI) B
08230 DO 4 I=1,NI '
08240 4 ANS(I) =0,

08250 IF (B=A) 15243

08260 2 RETURN

08270 1 X=A

68280 Axf

08290 B=X

08300 3 H=(B=A)/N

08310 NM1=N~1

08320 CALL FUNC(A,TEMP)

08330 DO 5 I=1leNI

088340 S ANS(I)=ANS(I)+TEMP(I)/2
08350 CALL FUNC(BsTEMP)

08360 DO 6 I=14NI

08370 & ANS(I)=ANS(I)+TEMP(I)/2
08380 DO 7 JUxiyNM]

08390 CALL FUNC(AvJ®*HsTEMP)
08400 DO 7 1=i,NI

08410 7 ANS(I)=ANS{I}+TEMP (I}
08420 DO 8 I=leNI

08430 8 ANS(1)=ANS(I)*H

08440 RETURN

08450 END

SUBROUTINE SIMPI(AsBaNsANSsFUNCyTEMPNI)

74~44-B=4=0



o0T-4

08460C

08470 SUBROUTINE FUNCB(BETAsRUB)

08480 DIMENSION RJUB (&) ’

08490 COMMON ABA¢SALUSTsKUASZAWABB+SBGUST+K0By 2B

0”500 REAL KOB ' T

08510 J=0

08520 DO 10 Is]lya

085390 Z1=BETA®® )

08540 22=2.71828%% (=], *ABB*KOB#BETA)

08550 SKOB=SHGUST#KOB ) )

08560 Z3=) .+ ((H8./3,)%]1,3394],.3398SKOR*SKOB*BETAYBETA)
08570 Zux] ,~BETA®BETA o . - )

GO —— —F GW IR e e e e e e e T e e —— — ——— =
08590 Zox4,4ZB07B8ETA#BETA

08600 Z7=(1e+(1,339%],3394SK0B*SKOB*BETA®BETA) ) ®%(]1]1,./64.)
08610 RJUB(I)=(Z1822673)/((25+26)%27) ) ’

08620 10 J=ye2 '

08630 RETURN

08640 END

7b=blmBalmP



APPENDIX C

ATIRCRAFT RESPONSE TO CONTINUOUS ATMOSPHERIC TURBULENCE

MOTION OF CENTER OF GRAVITY

A simplified method for estimating longitudinal and lateral respomnses,
applicable to general aviation aircraft, to random atmospheric turbulence
is presented here. The following equations were adopted from a NASA
Technical Note, "A Method for Estimating Some Longitudinal and Lateral
Rigid-Body Responses of Airplanes to Continuous Atmospheric Turbulence"

(reference 2).

Stability Characteristics

Undamped Natural Reduced Frequency - K,

ife
Sw |_ | (2 Crq * oo, 1)
Ry £l \ Ka

Ko, =
Ye
- bw ) 2 Cn -C
Kop = =5 | —— —N N c-2
o RY [ K, Cyb ( K, r 6)] ( )
Damping Ratio —4;
2 . -l-(Ew)a Cmg *Cmi (-3
°‘ 4KOOM. Rx aCl"O(e V
- 4
_ l_ I + bn) Cnf ]
l;ﬁ (PK%. <R’f 3C15 (-4
Mass Parameter - K
- 5W1;o (C=5) K.=" 8 Wro (Cc-6)
®x P SWCWCL o 8 pSw bNCY5

Damping Parameter - Y

5= 5 KK (D RN A (c-8)

c-1



Stability Derivatives

ZW =" &s.w_c’w(
EWro
= pU5u5ow“
T T,
= /ouswEECMq
" 41y
YV - pUSN CYQ
2Wro
USwb,C
Ny = 2N Dwing
Y 21
- PUSN bf Cn"

Undamped Natural Circular Frequency - W,

Ve
wo“'-' (Zqu' UMW)
U)os: (Nr.Yv"' UNv) ’e

Response Formulas

Normal Load Factor

|
Agn® 2 Q‘Ooq[R4+4§:(l— l/x“)sz] /2

q 8«

2 2
N (An) = u"o«[: Re*45.(1-1/4) R
n 2 | R, +4§:~(|-|/z{‘)aRz

Pitch - Angle Rate

4_62;50-‘/0@)-4»?5"

’ = w°v.
AO‘T

N.6)x Lo RaY

aw Rz c-2

Ve
4

(c-9)

(C-10)

(C-11)

(C-12)

(C-13)

(C-14)

(Cc-15)

(c-16)

(€-17)

(c-18)

(C-19)

(C-20)



Pitch - Angle Acceleration

4
Z\'e"-:_u.)_f“ 4_5_‘_‘_("'/3/«) (c-21)
U S
. vz
Ny(6)= Leul Re -22)
o am ( R4) («
Lateral - Load Factor
_ - 2 2 iz
&% | |
- e 2 i
NO(Y/%)'—' Wog R65+‘4’§5("]/1{6) R45 e (C-24)
2 | Ray 45(-1/% ) Rap
Yaw Angle
A ‘_l (l 1/8g) - | l Ro (C-25)
Ul ¥
No(#)= Logf Re -
awﬁ( R:) (C-26)
Yaw—-Angle Rate
;2
Ag= Lesl4 58 (1-1/85)- (C-27)
U P
V4
N (90) w%( R‘e) ? (C-28)
ZW RZa

Response Integrals Longitudinal - Ry

-~

© B.‘ )
= ;}&,‘ 5:«28in [l:8/3(l.333 S.Ko‘ﬁa)z_] qu (C-29)
° [("6:)2"4§:5:][l+(|.3335qK%3¢)*J"/6

Where; _ _ w
J=0929496 B,‘= w/woq Pe = /(.006

Response Integrals Lateral - Rjp

Rip - _&J —J aﬁ %5‘['1-8/3(' 33954'(085#)]63
W & [(1-B;)% 45585 [1+(13395 KogPs) J%

(c-30)

C-3



HORIZONTAL TAIL LOAD

Gust forces along with aerodynamic forces created by airplane motion
counteract the inertial force of the tail surface and the force due to
fuselage restraint. The total vertical force which acts on the
horizontal tail is as follows,

Z, = We( -US) + " a5Ceafi)+ q5Lu, g
+W26*q5 CLq_uaqu CL P‘ Cw

In the frequency domain the equation takes the form

(C-31)

Z(w)= (wWew(w) + (wUW,8(w) +q SfCL,(x/(w)) q5,C, &13(._’?5(@)
- Wl G(w)ﬂqS., Cq WB(W) +1q5,C )
B—J tq, ) +1954Cy; M)C w

Then the frequency response function is

~ W, 8lw) ¥ (wq SyCuC,. E(wz). Sw(, < w(w)
Wl T o T a‘w>)

(C-32)

v Normalizing the tail load equation by

Z$ =9 SWCLO(,(
V)

The equation then becomes

Z (). «wWiUww) il g(eau) Bl Se
Zs q5, CWw%(w q S Cuwz(w “‘a( ! Sw (c-33)

ﬂﬂ!{@.@)). iaoZu Che e(cu) wWE Cl-« w(w)
q5,,Cle We(w 2 Cu WB( 2u C._q WS(“"’)

By definition

=
by, kel 2 au

Therefore the substitution of (w= ( éL)KOq can be made and
grouping terms yields. Cw '

ngKOgéu) 51“+ (BUK“JBx[ Cw L"‘f ,V_!t_ ] W———-ILQ—(K" )
S S\u Cw 2U CLB( w WZ

+{22U~K04 | Wel, (EU Ko B« c..,C..qt R (KaB), h(K,, 'g)s (C-34)
C", W L(‘ w Ld qs CLﬂ(



Airplane responses as developed in reference 2 are obtained by solving

two degrees-of-freedom equations of motion for independently applied gust
forces of unit sinusoidal vertical and lateral gust velocities.

Hw%(& %w(K@ (|+(2§ 6“3/&«) ¢(K ) -
o Wg I- 5,‘*(2?;5 N

(C-36)

Hebp)- kel 1 [4%5/4uli- /ge)- 1] B(Ko B
) Wg |'éj+('2g.(-6“'

Substitution yields the frequency response function

H. XK B)=Z (Ko B.) - B (5.‘)(6.< *(BuCy)
- I-BZ+ (25,8, (c-37)

| 120 BII(B2CE BCY)
“  [(1-B2)2+452E2]

Where

- 2C‘~«4K$:;q 4U KOW K‘kh[ 4% (14 -l:l)
‘1 ?w G 8= 95, C (6« T —<o’a)

SRR R o =
2
el

The ratio of the root mean square output and input yields the
horizontal tail load response parameter of equation (C-38)

(C-38)

/—\z = 21‘ —J @wa(w)l Hzf((uu)l dWa

O@s

Where @wgw), the Von Karman Spectrum is

qmo) o- L 1+8/(t. 339Lw/y)*
*2U [1+(1.339Lw/y)2 |76

C-5



Assuming unsteady lift-function approximation

(kB 0 o

Then

a- (B EiC)e K’ﬁ‘(g‘g& [|*8/3(|.3395“Kq‘§q)2)d6“
CLU-BDH4ALZBT \ T [1+(1.3395.K.B.)7])"e

Therefore it follows that the rms value for the horizontal tail load
can be put in the response integral format utilizing equation (C-29)
and

]VZ

=|ZJ[C$R4*C:R2 (€~-39)

The average number of response zero crossings with positive slope
is given by the following

o w, /2
N(ZJ= L _ [j w? ¢w£@)| H;:(w,‘)lzdw«] (C-40)
¢ o

2oy

Substitution of equation (C-38) yields

-2 2 =2 2+41/2
N(Z)= ' [ B AzTu, ]
2mwAg,
t &
Then,
NSZ) - wo.‘[c. ?Ret C2R4 ]Vz (c-41)
2w [ CER(+CSR

Cc-6



VERTICAL TAIL LOAD

Neglecting the inertial loads the forces acting on the vertical tail
surface are

y (C-42)
Y. (w) = 32%Cyg viw) + 99wy, b, Flw) - iufiw Gog vg(cu)q’(w) :
v U v ZU v v

The frequency response function is obtained in the same manner as
described in the previous section for the horizontal tail. Normalizing
this function with

S
Y:q WCy
) 0 8,

and

Yol@) | W) | ieuby Sy £0)  rwy)

W@ @' 2 Ty Valw) (C=43)

The airplane lateral responses as developed in reference 2 are again
obtained by solving the two degree of freedom equations of lateral motion and
are as follows.

"a(@ ) = v(Ba)_ (14 (Egaﬁa/zﬂ;) Pr(w, 53) (C-44)
VZ) I- 69* (2; 63
. 1)~ g
H(E,) - £(Bs) 0[4—f( 5] Wy (c-45)
v |-Bs+ (2T 5,

Substitution yields the frequency response function

IH |2 B (Koo (BeCsr BaCs)

= = (C-46)
((1-B5)*+455° 82 ]
Where

Cy* |

Com -25(1=1) + Keglre, [45’5 I-L )—l]
¥e Cvp Ll ¥e - 38

The rms value for the vertical tail load in response integral format is
-— F] 2
V% IS [CyRapt C4R2,] (C-47)

c-7



and number of zero crossings is as follows

2
N{Y)= ﬂ’ﬁ[ Cf-; Reg* CZ Ras ] v (C-48)
2 C3 R46f C4 RZ;



APPENDIX D

FEDERAL AVIATION REGULATIONS, PART 23 AND 25

The discrete-gust analysis equations for the determination of gust load
factors and tail loads were taken directly from Federal Aviation Regulations
(FAR), Part 23. The same equations apply for FAR, Part 25.

23.341 Gust Load Factor

In the absence of a more rational analysis, the gust load factor must be
computed as follows:

= ) + KgUdn.vca\v

n 298 W75, (D-1)

Where,
Gust alleviation factor,

Kq = BBV,
5.3404
Airplane mass ratio,
S
Mg = 2/Sn
PC, 3w
Derived qust velocities,

Use = 50 ft/s at V. between altitudes at sea
level and 20,000 feet

Airplane equivalent airspeed (knots),
2
= 2/LY U
Ye= .59 (e)

dw= wing lift curve slope (1/RAD)

23.425 Gust Loads, Horizontal Tail Surfaces

When determining the total load on the horizontal tail, due to gusts, the
initial balancing tail loads for steady unaccelerated flight at the pertinent
speed must first be determined. The incremental tail load resulting from the

gusts must be added to the initial balancing tail load to obtain the total
tail load.



In the absence of a more rational analysis, the incremental tail load
due to the gust must be computed as follows:

AL & K%an,va a-gsf“ - 66/5“) (D-2)

8¢ = Horizontal tail lift curve slope ( /RAD)

Tail load for balanced flight1
Lo O(an"'quCwCMoNs

. T (AFT c.%.) (D-3)
L = ’xawz’::jzwa“c"t'ws‘ (Forward c%) (D-4)

23.443 Gust loads, vertical tail surfaces

In absence of a more rational analysis, the gust load must be computed
as follows:

= 2 aV v
L, = KgeUsaVe 3:5,/498 oos)
Where ,

Gust gallevation Factors

= 88 }_Je.f
5“3+)J3f

Lateral mass ratio

Mt e o, (,;:)e

Derived gust velocities

K%f

Ud¢=50>ff/s at Vo between altitudes at sea level and
20,000 feet

8,= Vertical tail lift curve slope ( 1/ RAD)

NOTE :
1. Tail load equations (D-3) and (D-4) are not part of FAR but are
used here to determine total load on horizontal tail surface.



APPENDIX E

GENERAL AVIATION AIRPLANE DESCRIPTION AND CHARACTERISTICS



LIST OF TABLES

Table - Page

E-1 Airplane I--Four-Seat Single-Engine High Wing E-1
With Fixed Gear

E-2 Airplane II--Four-Seat Twin-Engine Low Wing E-2

E-3 Airplane III--Light-Passenger. Twin-Turboprop E-3

Transport Low Wing

E-4 Airplane IV--Light-Passenger Twin-Turboprop E-4
Transport High Wing

E-5 Airplane V--Twenty-Passenger Twin-Turboprop E-5
Commuter Low Wing

E-6 Airplane VI--Twin-Jet Light Executive Transport E-6
Low Wing

ii



TABLE E-1,
WITH FIXED GEAR

AIRPLANE I -- FOUR-SEAT SINGLE-ENGINE HIGH WING

© @

HINITRIBINEY

HURTM TN

AREA
SPAN
ASPECT RATIO
"TAPER RATIO .

MAC 4.57 FT

SWEEP 0.00°

DIHEDRAL 1.73° :
INCIDENCE 1.500 - 1.500(TIP)

AIRFOIL SECT. NACA 2412 (ROOT)

VERTICAL TAIL

AREA 18.57 FT2 ENGINE
SPAN 5. 75 FT HP RATING
FIN OFF-SET 0.000

AIRFOIL SECT. NACA 0009.5 (ROOT)

NACA 0008 (TIP)

HORIZONTAL TAIL

38.71 FT°
11.54 FT
3.44

.65
3.35 FT
7.640
0.000

3.250
NACA 0009 (ROOT)
NACA 0006 (TIP)

POWER PLANT

CONTINENTAL 0-470-R
230 HP @ 2600 RPM

MASS & INERTIA CHARACTERISTICS

GROSS WEIGHT

WEIGHT FOR GUST ANALYSIS
CENTER OF GRAVITY

PITCHING MOMENT OF INERTIA
YAWING MOMENT OF INERTIA

FLIGHT CHARACTERISTICS

CRUISE VELOCITY 219 FT/SEC.

E-1

2,950 1b.
2,950 1b.

- 26.4% MAC )
43,341 1b. - FT
63,337 1b. - FT2



TABLE E-2. AIRPLANE II --FOUR-SEAT TWIN-ENGINE LOW WING

WING HORIZONTAL TAIL
AREA 178.00 FT2 32.50 FT2
SPAN 36.00 FT 12.50 FT
ASPECT RATIO 7.28 4.61
TAPER RATIO .51 .52
MAC 4.98 FT 2.71 FT

" SWEEP 0.000 . 12.280
DIHEDRAL 5,000 0.000
INCIDENCE 2.00° 0.00°
AIRFOIL SECT. NACA 64,A215 NACA 0008

VERTICAL TAIL POWER PLANT
AREA 14,90 FT? ENGINE 2- LYCOMING 10-320-B
SPAN 4.66 FT HP RATING 160 HP

FIN OFF-SET  0.000

MASS & INERTIA CHARACTERISTICS

GROSS WEIGHT 3,600 1b.
WEIGHT FOR GUST ANALYSIS 3,600 1b.
CENTER OF GRAVITY 19.58% MAC
PITCHING MOMENT OF INERTIA 61,180 1b- FT2 5
YAWING MOMENT OF INERTIA 144,900 1b - FT

FLIGHT CHARACTERISTICS

CRUISE VELOCITY 285 FT/SEC.
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TABLE E-3. AIRPLANE III -~ LIGHT-PASSENGER TWIN-TURBOPROP TRANSPORT
LOW WING

mlim
]ﬁ\
Q

WING HORIZONTAL TAIL

AREA 279.74 FT2 100.00 FTZ

SPAN 45.88 FT 22.38 FT

- ASPECT RATIO 7.52 5.00

TAPER RATIO .4 .50

MAC 6.43 FT 4.47 FT

SWEEP 0.00° : 20.000

DIHEDRAL 7.000 7.000

INCIDENCE 4.85°, 0.00°(TIP) +6.1°T0 -3.25°(TIP)

AIRFOIL SECT. NACA 23018 (ROOT) NACA 0012-64 (ROOT)

NACA 23012(TIP) NACA 0008-64(TIP)

VERTICAL TAIL POWER PLANT

AREA 44.86 FT2 ENGINE 2~ PRATT & WHITNEY PT6A-20

SPAN 7.60 FT HP RATING 550 HP

FIN OFF-SET 0.00°
AIRFOIL SECT. NACA 0008 (ROOT)

MASS & INERTIA CHARACTERISTICS

GROSS WEIGHT ' 10,400 1b.
WEIGHT FOR GUST ANALYSIS 10,200 1b.
CENTER OF GRAVITY + 37.86% MAC 5
PITCHING MOMENT OF INERTIA 719,580 1b-FT
YAWING MOMENT OF INERTIA 1,155,097 1b.FT2

FLIGHT CHARACTERISTICS

CRUISE VELOCITY 418 FT/SEC
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TABLE E-4, ATRPLANE IV -- LIGHT=-PASSENGER TWIN-TURBOPROP TRANSPORT

HIGH WING
WING HORIZONTAL TAIL

AREA 266.00 FT2 58.37 FTZ
SPAN 46.55 FT 19.75 FT
ASPECT RATIO 8.15 6.67
TAPER RATIO .32 21
MAC 6.21 FT 2.96 FT
SWEEP 0.00 © 25.00°
DIHEDRAL 4,000 10.00°
INCIDENCE 3.00°,-1.00%(TIP) - .750
AIRFOIL SECT. NACA 23012 NACA 0010

VERTICAL TAIL POWER PLANT
AREA 44.27 FT2 ENGINE 2-ATRESEARCH TPE 331-5-251
SPAN 8.95 FT HP RATING 700 HP

FIN OFF-SET 0.000
AIRFOIL SECT. NACA 0009

MASS & INERTIA CHARACTERISTICS

GROSS WEIGHT 10,300 1b.
WEIGHT FOR GUST ANALYSIS 10,250 1b.
CENTER OF GRAVITY 21.13% MAC 2
PITCHING MOMENT OF INERTIA 427,358 1b. - FT
YAWING MOMENT OF INERTIA 646,479 1b. - FT2

FLIGHT CHARACTERISTICS

CRUISE VELOCITY 408 FT./SEC.
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TABLE E-5., AIRPLANE V -- TWENTY-PASSENGER TWIN-TURBOPROP COMMUTER
LOW WING

WING HORIZONTAL TAIL
AREA 277.50 FT2 75.97 FT2
SPAN 46.25 FT 15.96 FT
ASPECT RATIO 7.71 3.08
TAPER RATIO .40 .39
MAC 6.37 FT 5.17 FT
SWEEP 4.000 40.00°
DIHEDRAL 5.000 : 0.00°
INCIDENCE 1.000,-1.009(TIP) VARIABLE
AIRFOIL SECT. NACA 65,A215(R00T) NACA 66A009 (ROOT)
NACA 64,A415(TIP) NACA 63A009(TIP)
VERTICAL TAIL POWER PLANT
AREA 56.00 FT2 ENGINE  2- AIRESEARCH TPE 331-3U-303
SPAN 10.12 FT HP RATING 840 HP
FIN OFF-SET .33°

NACA 66A009 (ROOT)
NACA 63A009 (TIP)

MASS & INERTIA CHARACTERISTICS

GROSS WEIGHT 12,560 Tb.
WEIGHT FOR GUST ANALYSIS 12,500 1b.
CENTER OF GRAVITY 10% MAC

PITCHING MOMENT OF INERTIA 942,576 1b.-FT2
YAWING MOMENT OF INERTIA 1,643,450 1b. FT2

FLIGHT CHARACTERISTICS

CRUISE VELOCITY 372 FT./SEC.



TABLE E-6,

AIRPLANE VI -- TWIN-JET LIGHT EXECUTIVE TRANSPORT

LOW WING

AREA

SPAN

ASPECT RATIO
TAPER RATIO
MAC

SWEEP
DIHEDRAL
INCIDENCE

AIRFOIL SECT.

AREA
SPAN
FIN OFF-SET

GROSS WEIGHT

1.000
NACA 64A109

VERTICAL TAIL

40.75 FT2 ENGINE
5.81 FT RATING
0.00

HORIZONTAL TAIL

54.00 FT2
14.70 FT
3.97
.47
3.70 FT
29.00°
0.000
-7.00° to -.500(T1IP)

POWER PLANT

2-GENERAL ELECTRIC CJ610-6
2,950 1b.

MASS & INERTIA CHARACTERISTICS

WEIGHT FOR GUST ANALYSIS
CENTER OF GRAVITY

PITCHING MOMENT OF INERTIA
YAWING MOMENT OF INERTIA

CRUISE VELOCITY 878

12,800 1b.
9,000 1b.
20.9% MAC _,
528,000 1b.-FT" ,
681,000 1b. - FT

FLIGHT CHARACTERISTICS

FT./SEC.
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TABLE E-~7.

AIRPLANE VII -~ TWIN-JET BUSINESS TRANSPORT LOW WING

AREA

SPAN

ASPECT RATIO
TAPER RATIO
MAC

SWEEP
DIHEDRAL
INCIDENCE

AIRFOIL SECT.

AREA
SPAN
FIN OFF-SET

ATRFOIL SECT.

GROSS WEIGHT

WEIGHT FOR GUST ANALYSIS
CENTER OF GRAVITY

PITCHING MOMENT OF INERTIA
YAWING MOMENT OF INERTIA

CRUISE VELOCITY

WING HORIZONTAL TAIL
342.05 FT2 77.00 FT2
44.43 FT 17.55 FT
5.77 3.00
.32 .30
8.38 FT , 4.39 FT
32.00° 35.000
3.14° 0.00°
.0059 2.900(T1IP) -6.000 to 0.00°(TIP)

NACA 64A SERIES NACA 64A010

VERTICAL TAIL POWER PLANT

41.58 FT2

7.66 FT
0.00°
NACA 63A010

ENGINE
RATING

2- PRATT & WHITNEY JT12A-8
3,300 1b.

MASS & INERTIA CHARACTERISTICS

18,650 1b.
17,375 1b.
S 27.2% MAC
978,880 1b. FT
1,655,080 1b. - FT?

FLIGHT CHARACTERISTICS

932 FT./SEC.
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