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INTRODUCTION
 

PURPOSE. 

The identificat~on of relative spectral velocit~ v~lues ndGwg is ?r~sen~ed 

for several typlcal general aviation aircraft utilizing discrete gust 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 th~ 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. 
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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 
det~rmination 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. In 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. 
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SIMPLIFIED PSD ANALYSIS.
 

BASIC STATISTICAL RESPONSE RELATIONS. Procedures for determining airplane 
£esponses to atmospheric turbulence involve the use of two basic quantities; 
A, the response parameter which relates the rms input gust velocity, ~Wg, 

to the output rms quantity, erAn, and No, 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, Aand 
No are presented for the normal load factor as follows: 

(1) 

( 2) 

Equations (1) and (2) contain the function, ~&~w), 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

~Jw):: ~~W) IH~tJ.») 1 (3) 

where, H~~W) , is the normal load factor frequency response function due to 
unit sinusoidal gusts, and the power spectrum for the gust input, ipw,,(w), 
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, 

(4) 

where, .n.: to/u and ~wclw)" ~ qi~L(1) 

L is the scale of turbulence 

Whe~ calculating A,n and No from equat,ions (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 No where the so called top of 
the knee approach applies to A4n . 
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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. 
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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 plane 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 lift function represen~ing lift 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: 

(5) 

(6 ) 
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where, 

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

(7) 

(8) 

where, 

'(~ = 'l'?wCy&/U 

c,= I 

(4" - C ~~ (I -.1 ) + Ko CYrv [4 7~( I -1- ) - I] 
~.e ~ ~~ ?51$CY6v 

DESIGN MANUAL ANALYSIS. 

A rigid airplane in vertical translation forms the basis for the sing1e-degree­
of-freedom analysis of reference 1. The same basic response relations apply 
in this method as in the previous simplified PSD approach. 
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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, 

:. Cl'1~5w UK4_A:=, 
ZWto 

where ~ is the spectral gust alleviation factor, and Ka 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, ~g. 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 (I-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 en or CL used. 

The design considers a (I-cosine) discrete gust with a gradient distance 
of 12.5 chords. The equations used in the calculation of gust loads by the 
met~od 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 

~n design = A ndOwg 

Response design levels utilize a quantity ndowg termed as the spectral 
velocity value where nd 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. 
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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: 

1. Aircraft is considered as a rigid structure. 
2. Little or no wing sweep. 
3. Aspect ratio greater than 5.0. 
4. Maximum Mach number 0.4. 
5. Maximum indicated airspeed 300 miles per hour (mi/h). 
6. Maximum wing loading 40 pounds per square foot (lb/ft2). 
7. Maximum gross weight 10,000 pounds (lb). 

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 lift and moment due to aircraft motion 
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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 lift 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.	 Considers wing contribution to be 85 to 90 percent of total.~~ 
Approximation given for ,aircraft with partial span flaps. 

2. CL'	 Neglects aeroe1astic effects. 
~ 

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

4. C~	 Neglects aeroe1astic effects. 
~ 

5.	 Neglects aeroe1astic effects and fuselage terms.C~ 

6.	 Neglects fuselage contribution.Cm9 

CyS
 
C1r -. Considers wing contribution small.
 

Cns~ f 
8.	 Considers vertical tail to be 70 XO 90 percent of derivativeCnr 

total. 

A summary of the required stability derivatives and suggested sources for 
the~r 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, 6CL a bears an 
almost direct linear variation with_A6n' while 6Cm a may be varied as much 
as 100 percent while only changing A~n 4 percent. Thus, requiring an 
accurate determination of, CL a• 

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. In 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 a may 
be seen in figure 3. Calculations using the incompressible theory may well 
underestimate the derivative. 

9 



Stability 
Derivative 

CIa 

CrnOl 

Crne.. 

Crnq 

I-' 
0 

Cy IJ 

Cn, 

C nr 

TABLE 1. SUMMARY OF 

Applicability to Light Aircraft 

Adequate for single-engine 
aircraft. 

Adequate for wing/fuselage. 
Inadequate for tail contribution 
and downwash factor. 

Adequate because insignificant. 
Inadequate for tail contribution. 

Inadequate for tail lift curve. 

Inadequate vertical tail slope, 
aspect ratio (AR). Inadequate 
sidewash factor. 

Inadequate wing contribution. 
Adequate fuselage contribution, 
sidewash factor. 

Vertical tail terms. 

STABILITY DERIVATIVE CALCULATIONS 

Lindtations 

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 
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TABLE 2. SUMMARY OF LIMITATIONS FOR STABILITY DERIVATIVE CALCULATIONS 

Parameter 

A 

Reference 7 
CR-1975 

Small 

I 
-

0 

II -

0 

AIRPLANE 

III 

0 

IV 

0 

V 
-

4 

VI 

16 

VII 

32 

ARw "> 5 7.4 7.3 7.5 8.2 7.7 5.0 5.8 

U(mi/h) 

w/S(lb/ft 2) 

300 

<40 

149 

17 

195 

20.2 

285 

36.5 

278 

38.5 

254 

45 

599 

38.8 

636 

50.8 

Wto <10,000 2,950 3,600 10,200 10,250 12,500 9,000(1) 17,375 

,.... 
N 

we 

M 

Rigid 

< .4 

Rigid 

.2 

Rigid 

.2 

(2) 

.3 

(2) 

.4 

(2) 

·.4 

(2) 

.8 

(2) 

.8 

NOTES: (1) Weight used in calculation 
W/S = 55.4 1b/ft2. 

= 9,000 lb., weight max. 12,800 pounds, 

(2) May require structural analysis to determine rigidity. 



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

The most important derivative in the calculation of AAn is CL~. The lift 
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, is shown to be consistent with all of theCmw , 
methods. Large differences are noted on the calculation of Cnf, 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 5. The differences in derivatives for airplanes III through VII 
are partially due to exceeding the limitations of M, ,Wto ' etc., as seen 
in table 2. In 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 
deriyatives calculations for the airplane II could be due to the following 
considerations: 

Tail contribution needs empirical data. 
Estimates fuselage contribution. 
Inability to determine sidewash factor. 
Judgment required for Sv, ARv . 

Sidewash term difficult to determine. 
Tail contribution uncertain. 

C~	 Difficult to estimate propeller, fuselage and 
wing contributions. 

C~	 Need to include other than wing terms. 

Need to accurately determine elevator terms. 

NOTE: The above discrepancies may very well apply to airplanes I through V. 
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TABLE 3. STABILITY DERIVATIVES FOR AIRPLANE II
 

-

~ 
NASA 

CR-1975 
(REF 7) 

NASA 
TN D -6800 

(REF 14) 

(1
SECKEL­
(REF 5) 

USAF(l) 
DATCOM 
(REF 6) 

WIND(l) 
TUNNEL 

FLIGHr(l) 
TEST 

CL.cc 4.372 4.350 4.500 4.9~ 4.7'JJ 4.~0 

GLee 1. 726 3.649(2) - ­ - ­ - ­ -

CLq 4.399 8.579(3) - ­ - ­ ._­ - ­

(,mOl -.976 -1.120 -1. 240 -1. 705 -Lorn -1. 210 

(mac 

Cmq 

CY~ 

-4.976 

-11.316 

-.288 

-6.380(4) 

-13.760(5) 

- ­

-

- ­

- ­

- ­

-

- ­

- ­

- ­

- ­

- ­

- ­

--

CYr 
.169 - ­ - ­ - ­ - ­ --

Cn~ 

Cnr 

.047 

-.072 
-

- ­

- ­

.073 

- ­

.053 

- ­

.088 

- ­

.057 

- ­

NOTES: 

(1) Derivatives were furnished by the manufacturer of the airplane. 
(2) Includes fuselage and nacelles. 
(3) Includes fuselage, nacelles, and wing fuselage interference terms. 
(4) Wing/fuselage interaction, tail/fuselage interaction. 
(5) Includes fuselage, nacelles, and mutual interference effects. 
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TABLE 4. STABILITY DERIVATIVES FOR AIRPLANES III, IV, AND VII
 

AIRPLANE IV AIRPLANE III I AIRPLANE VII 

I~ NASA DATCOM(l) NASA PERKINS(l) NASA PERKINS(l 
CR-1975 CR-1975 & RAGE CR-1975 & RAGE 
(REF 7) (REF 6) (REF 7)' (REF 3) (REF 7) (REF 3) 

CLee 4.932 5.203 4.744 5.20 0 4.345 6.300 

CLCt 3.146 3.192 3.358 2.700 2.171 -

CLCf 6.393 3.948 (2) 5.425 8.100 3.046 -

ern"! -.933 -.545(2) -.386 -1. 719 -.571 -1.100 

Cmq -10.842 -7.818 1-11. 064 -9.100 4.433 -3.600 

Clhq -21.262 -23.688 1-21.740 -34.000 1-6.660 -8.050 

ey , -.526 - -.523 -.590 -.374 -.808 

CYr .391 - .365 .394 .218 -

CnB .082 .086 .059 .082 .122(3) .122 

COr -.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
 

~
 
CLQL 

CLiIc 

GLq 

G",.
 

C"'~
 

G"'q 

CVJ 

Cv,.. 

Cn/5 

en,..
 

AIRPLANE 
I 

NASA 
CR-1975 
(REF 7) 

4.610 

1.822 

4.164 

-.955 

-5.822 

1-14.055 

-.306 

.210 

.067 

-.097 

AIRPLANE 
V 

NASA
 
CR-1975
 
(REF 7)
 

5.058 

3.685 

9.399 

-1. 599 

-16.382 

-35.274 

-.834 

.923 

.297 

-.603 

AIRPLANE VI
 

NASA 
CR-1975 
(REF 7) 

4.169 

2.553
 

4.910
 

-.552
 

-7.064
 

-12.658
 

-.449
 

.355
 

.122 (2)
 

-.171
 

DATCOM(l) 

(REF 5) 

5.8«) 

-


-


-


-


-


-


-


-


-

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 lift and moment 
to account for nonsteady lift 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, CL o ' is shown to have a 
pronounced effect on A~n' Data presented in references 3 and 10 show some 
variations in the CL derivative depending upon whether analytical, winda
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, ndGwg 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, Ka, for substitution 
into the equations presented with those figures. The one degree-of-freedom 
normal load factor response A calculated in this manner can produce a spectralr 
velocity which is equivalent to the discrete derived gust velocity. Figure 6 
depicts equivalent spectral velocities, ndGwg solely as a function of the 
mass parameter, ~g, and the relative gus~ scale, s at sea level. Spectral 
velocity values for other altitudes have been adjusted as shown by the 
following equations, 
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where t1n -
-

~~to 
CLWE' 
ZWto 

e5wUI<, u.Je-y 
Sw U KcI'1d(N 

w~ 

~o 
~ 

and 

= 

'l.4 VWj= 

Ar rt..& (J""w ~ 

-yeYe (sO)I ~l 
To accomplish the comparison of the PSD approach of reference 2, which is a 
two degrees-of-freedom analysi~ to the one degree-of-freedom analysis, the 
normal load factor responses, A~n, created by the rms gust input is equated 
to the FAR discrete-gust incremental normal load factor from appendix D by 
the equationAn = Ao.n'1.d G"\AlJ and from this rt4 U'wJ can again be determined 
such that it may be cons'i"dered to play an equivalent role in the spectral 
approach as does the derived gust velocity, Ude' 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. 
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TABLE 6. COMPARISON OF AIRCRAFT CENTER OF GRAVITY RESPONSES USING NASA
 
CR-1975 EST~MATED DERIVATIVES FOR L = 750 FEET 

Airplane Altitude X-I0-3 sa ].lg 

One Degee-of-Freedom 
Reference 1 

A (1) N (1) (2) 
r 0 ndOwg
- ­

Two 

(1)
XlIn 

Degrees-of-Freedom 
Reference 2 

(1) ndowgNo (lin) 

Discrete 
FAR 23/25 

lin 

I 
0 
5 

10 
15 
20 

328.4 

21.02 
24.40 
28.25 
33.55 
39.28 

.0298 
.0269 
.0242 
.0213 
.0197 

1.038 
.931 
.885 
.824 
.748 

83.56 
88.48 
93.39 

100.00 
102.03 

.0253 

.0228 

.0205 

.0182 

.0162 

3.079 
2.882 
2.695 
2.484 
2.300 

98.23 
104.33 
110.32 
117.30 
123.62 

2.49 
2.38 
2.26 
2.13 
2.01 

N 
~ 

II 

III 

0 
5 

10 
15 
20 

0 
5 

10 
15 
20 
25 

301.10 

233.29 

24.25 
28.14 
32.59 
38.70 
45.30 

31.22 
36.23 
41.94 
49.81 
58.31 
70.32 

.0322 

.0303 

.0273 

.0243 

.0220 

.0343 

.0306 

.0279 

.0247 

.0222 

.0192 

1.184 
1.093 
1.002 

.911 

.838 

1.200 
1.097 
1.035 

.931 

.848 

.724 

81.99 
84.00 
87.55 
92.18 
95.91 

70.85 
75.16 
78.14 
82.59 
86.04 
84.38 

.0278 

.0251 

.0227 

.0201 

.0181 

.0337 

.0302 

.0271 

.0239 

.0212 

.0185 

3.501 
3.275 
3.053 
2.804 
2.588 

2.174 
1.987 
1.819 
1.640 
1.492 
1.333 

95.15 
100.41 
105.51 
111. 36 
116.59 

72.20 
76.31 
80.43 
85.35 
89.95 
87.55 

2.64 
2.52 
2.39 
2.24 
2.11 

2.43 
2.30 
2.18 
2.04 
1.91 
1.62 

IV 
0 
5 

10 
15 
20 
25 

241. 59 

32.85 
38.13 
44.15 
52.43 
61.38 
74.02 

.0335 

.0305 

.0273 

.0241 

.0216 

.0187 

1.150 
1.067 
1.004 

.920 

.858 

.753 

70.15 
73.11 
76.92 
81.33 
85.19 
83.42 

.0293 

.0263 

.0236 

.0209 

.0186 

.0163 

2.947 
2.738 
2.542 
2.327 
2.142 
1.937 

80.178 
84.64 
89.03 
94.17 
98.85 
95.67 

2.35 
2.23 
2.10 
1.96 
1.84 
1.56 

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

were calculated from 

(2) fl. UW, spectral velocities from figure 6 have been adjusted for altitude. 



TABLE 6. COMPARISON OF AIRCRAFT CENTER OF GRAVITY RESPONSES USING NASA 
CR-1975 EST:MATED DERIVATIVES FOR L = 750 FEET (continued) 

One Degree-of-Freedom 
Reference 1 

Two Degrees-of-Freedom 
Reference 2 

Discrete 
FAR 23/25 

- (1) 
I (1)

Airplane Altitude X-10-3 sa Ar No (1) T)dOWg~2) At1n~l} No (t1n) T)dOwg t§J.
~ 

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 

N 
N VI 

10 
15 

46.40 
55.10 

.0509 

.0450 
1.905 
1. 746 

75.05 
79.11 

.0467 

.0414 
3.904 
3.555 

81.73 
85.95 

3.82 
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 
25 

179.02 68.06 
82.07 

.0355 

.0307 
1.487 
1.416 

79.72 
77 .85 

.0342 

.0303 
2.934 
2.640 

82.69 
78.87 

2.83 
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 



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) ndO" (2) A (1) (1)
Airplane A1 titude X 10-3	 ndO"wgAr No (1) wg lm No(lm)	 lm~ ~ 

. 
0	 24.37 .0321 1.184 81.93 .0271 3.645 97.03 2.63 
5	 28.28 .0302 1.093 83.11 .0244 3.417 102.71 2.51II 

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

N 
\..oJ 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 
5	 36.14 .0311 1.109 74.92 .0287 2.444 81.12 2.33IV 

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) 'l~ rrw,	 spectral velocities from figure 6 have been adjusted for altitude. 

(3) Derivatives not supplied were calculated from reference 7 methods. 



TABLE 7. COMPARISON OF AIRCRAFT CENTER OF GRAVITY RESPONSES USING 
MANUFACTURER'S, ESTIMATED DERIVATIVES FOR L = 750 FEET (continued) 

One De~ee-of-Freedom Two Degrees-of-Freedom Discrete 
Reference 1 Reference 2 FAR 23/25 

Airplane Altitude X 10-3 
~ ~. 

-(1)
Ar 

(1)
No 
-­

ndo (2)A (1)wg, tm 
-­

(1)
No (Lin) ndowg Lin 

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 

N 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 

VII 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 



TABLE 8. AIRCRAFT C~NTER OF GRAVITY RESPONSES USING NASA CR-1975 
ESTIMATED DERIVATIVES FOR L = 2,500 FEE~ 

Airplane
 

I
 

II
 

N 
U1 

III
 

IV
 

Altitude X 10-3
 

0 
5
 

10
 
15
 
20
 

0 
5
 

10
 
15
 
20
 

0 
5
 

10
 
15
 
20
 
25
 

0 
5
 

10
 
15
 
20
 
25
 

~ 

1094.7 

1003.7 

777 .64
 

805.30 

~..&..-

21.02 
24.40 
28.25 
33.55 
39.28 

24.25 
28.14 
32.59 
38.70 
45.30 

31.22 
36.23 
41.94 
49.81 
58.31 
70.32 

32.85 
38.13 
44.15 
52.43 
61.38 
74.02 

Two Degrees-of-Freedom
 
Reference 2
 

'A.tJ. (1) (1) n (J
 

Discrete
 
FAR 23/25
 

t.n 

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 

------!!. 

.0170 

.0153 

.0138 

.0122 

.0109 

.0187 

.0169 

.0152 

.0136 

.0122 

.0233 

.0209 

.0188 

.0166 

.0148 

.0129 

.0199 

.0179 

.0161 

.0142 

.0127 

.0111 

No (t.n) 

3.062 
2.866 
2.&30 
2.471 
2.288 

3.494 
3.261 
3.040 
2.792 
2.576 

2.108 
1.923 
1. 757
 
1.581 
1.435 
1.279 

2.906 
2.699 
2.506 
2.292 
2.109 
1.906 

d wg 

145.96 
155.01 
163.92 
174.28 
183.67 

141.48 
149.31 
156.89 
165.58 
173.34 

104.52 
110.25 
115.97 
122.77 
129.08 
125.27 

118.05 
124.58 
131.00 
138.50 
145.33 
140.56 

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



TABLE 8. 

Airplane 

V 

N 
0\ 

VI 

VII 

AIRCRAFT CENTER OF GRAVITY RESPONSES USING NASA CR-1975 
ESTIMATED D~RIVATIVES FOR L = 2,500 FEET (continued) 

Two~rees:-()f-Fre~dom Discrete 
Reference 2 FAR 23/25 
) (1)

Altitude X 10-3 AL\n~1 No (~& TldOwg lin~g ~ 

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 
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 
25 77.79 .0224 2.868 126.08 2.82 
30 91.20 .0201 2.615 119.01 2.39 
35 110.21 .0177 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 
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 



TABLE 9. AIRCRAFT CENTER OF GRAVITY RESPONSES USING MANUFACTURER'S
 
DERIVATIVES FOR L = 2,500 FEET 

Airplane Altitude X 10-3 
~ ~-g 

Two Degrees-of-Freedom 
Reference 2 

- (1) (1) 
-!ll1L No (lin) ndO"wg-

Discrete 
---- ­

FAR 23/25 

f'..n 

II 
0 
5 

10 
15 
20 

1003.7 

24.37 
28.28 
32.75 
38.89 
45.53 

.0183 

.0164 

.0148 

.0131 

.0117 

3.626 
3.400 
3.184 
2.939 
2.724 

144.20 
152.63 
160.86 
170.36 
178.90 

2.63 
2.51 
2.38 
2.23 
2.10 

N 
'-I 

III 

0 
5 

10 
15 
20 
25 

777.64 

28.47 
33.05 
38.26 
45.44 
53.20 
64.15 

.0217 

.0196 

.0177 

.0157 

.0141 

.0124 

3.222 
2.984 
2.762 
2.518 
2.310 
2.080 

120.99 
127.37 
133.57 
.140.74 
147.21 
141.82 

2.63 
2.49 
2.36 
2.21 
2.08 
1. 76 

IV 

0 
5 

10 
15 
20 
25 

805.30 

31.14 
36.14 
41.85 
49.70 
58.19 
70.16 

.0219 

.0197 

.0177 

.0156 

.0139 
.0121 

2.597 
2.391 
2.204 
2.001 
1.830 
1.645 

112.28 
118.56 
124.83 
132.29 
139.19 
135.16 

2.46 
2.33 
2.20 
2.06 
1. 93 
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) Derivatives not supplied were calculated from reference 7 methods. 



TABLE 9. AIRCRAFT CENTER OF GRAVITY RESPONSES USING MANUFACTURER'S 
DERIVATIVES FOR L = 2,500 FEET (continued) 

~o Degrees-of-Freedom Discrete 
Reference 2 FAR 23/25 

Airplane Altitude X 10-3 
~ ~ 

- (1)
At:.n No 

(1)
(t:.n) 

T) a ' 
d wg fl.n 

0 24.65 .0580 3.535 98.11 5.69 
5 28.61 .0522 3.193 103.60 5.41 

10 33.12 .0471 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 

N 
(Xl 40 99.37 .0211 1.387 103.35 2.18 

45 125.87 .0177 1.191 9'6.79 1.71 

0 25.13 .0451 4.969 110.72 4.99 
5 29.16 .0412 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 

VII 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 A,n for airplanes II 
and III decreased with the increased lift 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 No because it eliminates the high frequency components which do not con­
tribute to the response Aan but affect No, markedly. Cutoff frequencies 
normally can be expected to be in the area of .99~ for the zero crossing rate. 
However, as can be seen in appendix C both Aand No utilize what are termed 
a response integrals (see equations C29 and C30) which are functions of the 
frequency ratio ~ =~Wo' These integrals do not lend themselves easily to 
the selection of a cutoff frequency for each No' 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 No 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 r'\.a 0-""9 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 sing1e-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/cw, due to the larger mean aerodynamic chords involved, 
"s" values on the range of 50 to 100 are appropriate which puts '\tl 0-"", 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. 1'\4 o-w9va1ues 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 98.1 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. 
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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, ~d u,Ng , 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 11 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 (l-g) balancing 
tail load which in this study was only approximate and produced interminate 
results. 

The number of positive zero crossings, No (Zt), 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 derivativ~s 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 ndawg 
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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Airplane 

w 
N 

I 
II 

III 
IV 
V 

VI 

VII 

NOTES: (1) 

(2) 

(3) 

TABLE 10. COMPARISON OF AIRCRAFT 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 

AZt 
(2) (2)

No(Zt} ndGwg Lt Ayv 
(2) (2)

No (Yv) ndGwg 
- ­

9.359 3.493 98.6 923.2 6.109 .989 94.4 
13 .699 3.953 82.6 1131.3 11.411 .774 50.7 

72.973 2.224 50.5 3683.8 55.988 .768 43.6 
50.382 3.202 53.1 2677.0 40.818 1.055 65.9 
46.219 2.745 52.9 2442.7 54.636 1.157 56.1 
98.823 4.810 ---- (3) 95.840 1.935 36.6 

165.884 4.310 ---- (3) 152.172 1.535 35.2 

Comparisons are at sea level altitude. 

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

Insufficient data to determine load for balanced flight.
 

Discrete 

FAR 23/25 

Lv 

576.7 
578.9 

2438.7 
2691. 0 
3063.4 
3505.0 

5350.9 



Airplane 
-­

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 

(2) N o (Yv)(2)AZt 
(2) No (Zt> (2) ndowg Lt A ndowgYv -

Discrete 
FAR 23725 

Lv 

II 13 .204 4.143 86.0 1136.0 11.411 .774 50.7 578.9 

III 
IV 
VI 

54.165 
54.351 

103.317 

3.601 
2.796 
3.665 

61.9 
46.3 
---­

3353.7 
2514.2 

(3) 

50.122 
40.806 
95.840 

.892 
1.063 
1.935 

48.7 
65.9 
36.6 

2438.7 
2691.0 
3505.0 

VII 135.476 5.330 ---­ (3) 117.130 1.820 45.7 5350·9 

t:; NOTES: (1) Comparison are sea level altitude. 

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

were supplied by the 

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

(4) Derivatives not supplied were calculated from reference 7 methods, 
airplane II which used derivatives from reference 14 in table 3. 

except 



TABLE 12. COMPARISON OF AIRCRAFT TAIL LOAD RESPONSES 
ESTIMATED DERIVATIVES FOR L = 2,500 FEET 

USING NASA CR-1975 

Airplane 

Horizontal Tail 
Two Degrees-of-Freedom 

(2) (2) 
Az No(Zt) T)dOwg

t 

Discrete 

Lt 

Two 

(2) 
A yv 

." 

Vertical Tail 
Degrees-of-Freedom 

(2) 
No(Yv ) TldOwg 

Discrete 
FAR 23/25 

Lv 

I 
II 

6.287 
9.195 

3.481 
3.942 

146.8 
123.0 

923.2 
1131. 3 

4.101 
7.697 

.987 

.769 
140.6 

75.2 
576.7 
578.9 

III 
IV 
V 

VI 

50.332 
34.118 
31.248 
67.188 

2.160 
3.166 
2.719 
4.739 

73.2 
78.5 
78.2 
---­

3683.8 
2677.0 
2442.7 

(3) 

38.331 
27.609 
36.832 
64.875 

.754 
1.046 
1.151 
1.920 

63.6 
97.5 
83.2 
54.0 

2438.7 
2691. 0 
3063.4 
3505.0 

LV 
~ 

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

were calculated from 

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



TABLE 13. COMPARISON OF AIRCRAFT TAIL LOAD RESPONSES 
ESTIMATED DERIVATIVES FOR L = 2,500 FEET 

USING MANUFACTURER'S 

Airplane 

Horizontal Tail 
Two Degrees-of-Freedom 

(2) (2) ndG wgAZt No (Zt> 
-­

Discrete 

Lt 

Vertical Tail 
Two Degrees-af-Freedom 

Ayv 
(2) (2)

No (Yv) ndGwg 

Discrete 
FAR 23/25 

Lv 

II 8.868 4.130 128.1 1136.0 7.697 .769 75.2 578.9 

III 
IV 
VI 

36.501 
37.086 
73,099 

3.578 
2.744 
3.471 

91. 9 
67.8 

---­

3353.7 
2514.2 

(3) 

34.118 
27.587 
64.875 

.881 
1.055 
1.920 

71.5 
97.5 
54.0 

2438.7 
2691. 0 
3505.0 

VII 91.110 5.308 (3) 79.507 1.802 67.3 5350.9 

W 
iJl 

NOTES: (1) Comparison are sea level altitude. 

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

were supplied by the 

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

(4) Derivatives not supplied were calculated from reference 7 methods, 
airplane II which used derivatives from reference 14 in table 3. 

except 



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 sing1e-degree-of-freedom 
approach of reference 1. Spectral velocity values ndOwg for both power spectral 
gust analyses are summarized in figures 7 through 10, for 1.=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 
in 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 

A 

AI 

A"Y/ g 

A-p
 

A'
1/J 

Ar. 

ARt 

-,.. 

a.c. 

Computer
 
Equivalent
 

AYVT 

AZHT 

ADN 

ATHD 

ATDD 

ADL 

ASI 

ASID 

ART 

ARW 

ALT 

ALTC 

ABA 

ABB 

BT 

BV 

B 

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, lb/ft/sec 

Normal load factor response, gift/sec 

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

Pitch angle acceleration response, rad/sec2/ft/sec 

Lateral load factor response, gift/sec 

Yaw angle response, rad/ft/sec 

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

Normal load factor response for one-dimensional 
analysis, gift/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 

Drag coefficient,,~r~: 

(1) 



CDE 

CDF 

CDFP 

CDNAC 

CDng	 CDNG 

CDTTKCDttk 

Cnw	 CDW 

CDO 

CLP 

CLT 

Cr.w	 CLW 

CLAP 

CLAF 

CLAT 

CLAY 

CLAW 

CLADP 

CLADT 

CLq CLQP 

CLQTCLqt 

CL CLQWqw 

CLSCIs 

CLATDClat 

CLA2D 

Drag coefficient of empennage 

Drag coefficient of fuselage 

Parasite drag 

Drag coefficient, nacelle 

Drag coefficient. nose gear 

Drag coefficient, tiptank 

Drag coefficient, wing 

Three-dimensional drag coefficient 

Lift coefficient, Lift 
~Sw 

Lift coefficient, tail 

Lift coefficient, wing 

Lift curve slope, d~do' ' per rad 

Lift curve slope~CL;I~~f' fuselage per rad 

Lift curve slope, dC/<~o(t • horizontal tail, per rad 

Lift curve slope,dC~~o(v' vertical tail, per rad 

Lift curve slope, 'dCi.7d o<~ wing, per rad 

~~(~ tw/-zv), per rad 

~CLY~(O<.('w/ZU)t horizontal tail, per rad 

dCyci>(t Cw/?U) , per rad 

~rLY~(~CW/ZU)t' horizontal tail. per rad 

~CL~~(?C~Zu)w,wing, per rad 

Section lift coefficient 

Section lift curve slope of the horizontal tail, 
per deg 

Section lift curve slope of the wing. per deg 

(2) 



Pitching MomentPitching moment coefficient, ..:....:::..::..::=:.:::!!~====-=-
Cl. 5"", c;, 

CMOWS Wing section pitching moment coefficient at zero lift 

Cmq CMQP Pitch rate damping, ~Cr~(fCwllll} per rad 

CMAP Static stability derivative,dt;y!d~' per rad 

CMAF Static stability derivative, ~C""f/~o(f' fuselage, per 
rad 7 

CMAT Static stability derivative,dCMt/'d~, horizontal tail 
per rad 7 

CMAW Static stability derivative,dr~d~, wing, per rad 

CMADP Angle-of-attack damping derivative, dCft\4(J.c~/u)' 
per rad /a 71 

Yawing moment coefficient, Yawing Moment 
".5w bw 

CNRP Yawing damping derivative, ~Cn/~ (rbw/zu)' per rad 

CNRT Yawing damping derivative, ~Cnt/~(tb",,/Zu) , horizontal 
tail, per rad t 

CNRW	 Yawing damping derivative,~C~w;la(tbw/2V)'wing, 
per rad 

CNBP	 Directional stability derivative, ~Cn/~(3 , per rad 

Side force coefficient, Side Force 
If. Sw 

CYRP dry~(rbwAII} per rad 

CYRVT Jl/.,/J(rbwftu), vertical tail, per rad 

" 
CYRW .}Crw/c)(rb~u} wing, per rad 

w 
CYBP Side force derivative, dC)'p~, per rad 

CYBF	 Side force derivative,";;)C'tf~~, fuselage, per rad 
f 

CYBT Side force derivative ,~rrt,h~ horizontal tail, per 
rad. t 

CYBW Side force derivative,(Hy\l'l~~w wing, per rad 

CT Horizontal tail mean aerodynamic chord, ft 

CV Vertical tail mean aerodynamic chord, ft 

(3) 



e.g. 

e 

ez 

f mg 

FH 

FW 

g 

H (w) 

HBCY 

HFCY 
-

HNOSE 

I yy 

Izz 

K 

cw 
CWRT 

CWTP 

E 

EI 

E2 

FCDMG 

FH 

FW 

HBCY 

HFCY 

RNaSE 

IYY 

IZZ 

IW 

K 

KF 

KG 

KI 

KN 

Wing mean aerodynamic chord, ft 

Wing root chord, ft 

Wing tip chord, ft 

Airplane center of gravity 

Oswald's span efficiency factor 

Induced angle span efficiency factor of the wing 

Induced angle sp~n efficiency factor of the horizontal 
tail 

Main gear equivalent parasite area, ft 2 

Fuselage height, ft 

Fuselage width, ft 

Acceleration due to gravity, 32.2 ft/sec 2 

Frequency response function 

Fuselage height at back of canopy, ft 

Fuselage height at front of canopy, ft 

Fuselage height at nose, ft 

Mass moment of inertial about lateral axis, Ibm-ft2 

Mass moment of inertia about vert~cal axis; Ibm-ftZ 

Incidence angle, deg 

Emperical factor 

Emperical factor of fuselage or nacelle contributions 
to Cmoc.. 

Gust alleviation factor 

Wing fuselage interference factor 

Interference factor 

(4)
 



L 

Ka
 

KI3
 

K~ 

Koa 

Ko 13 

Lt 

Lv 

LBCY 

LFCY 

LMH 

lb 

It 

It 

Iv
 

No < )
 

No(Zt)
 

No (Yyv)
 

No (L\n)
 

No(G)
 

No (e)
 

No (y/g)
 

KOA 

KOB 

LGUST 

HTL 

DLVT 

LBCY 

LFCY 

LMH 

LB 

LT 

LTP 

LV 

NOHT 

NOVT 

NODN 

NOTHD 

NOTHDD 

NODL 

Reduced frequency, CwrZU longitudinal 

Reduced frequency, bW wjZtJ lateral 

Spectral gust alleviation factor 

Undamped natural reduced frequency,~~~, 
longitudinal 

Undamped natural reduced frequency, bw c.J0u' 
lateral 

Scale of turbulence, ft 

Horizontal balancing tail load, lb 

Vertical tail load, lb 

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 e.g. to tail quarter chord, ft 

Length from wing quarter chord to tail quarter 
chord, ft 

Length from e.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) 



NOSI 

NOSID 

n N 

q Q 

RJ 

RJB 

Rl 

RNAC RNAC 

RTTK RTTK 

r 

RX 

RY 

SBS 

ST 

SV 

SW 

SAGUST 

SBGUST 

U U 

Yaw angle zero crossings, cross/sec 

Yaw angle rate zero crossings, cross/sec 

Center of gravity normal load factor, g 

Dynamic pr~ssure (1/2 ~ U2), lb/ft2 or pitching 
velocity, G , ft/sec 

Dynamic pressure at the horizontal tail, lb/ft 2 

Dynamic pressure at the vertical tail, lb/ft 2 

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,1J ' ft/sec 

Radius of gyration about pitch aXis,[2¥Y 1,Y2 
ft 

Wto J 
Radius of gyration about yaw axis, ( --!.'ll.)"", f t 

Wz. 

Body side area, ft 2 

Horizontal tail area, ft 2 

Vertical tail area, ft 2 

Wing area, ft 2 

Relative gust scale, Z~{;, longitudinal 

Relative gust scale,lL;lbw ' lateral 

Airplane speed, ft/sec 

Derived gust velocity, ft/sec 

Perturbation velocity along z-axis 

Lateral component of turbulence velocities, ft/sec 

(6) 

v 



WBCY WBCY 

WD WD 

WFCY WFCY 

WH WH 

WHT 

WNOSE WNOSE 

WTO 

w 

Wg 

X' XP 

XA 

.. 
y 

2M 

zww 

z 

0( 

BETA 

L 

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, Ibm 

Fuselage width at nose, ft 

Airplane mass, Ibm 

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 2 

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,;{" deg 

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

Angle of sideslip,:::' v /u , deg 

Frequency ratio, W/CUt> 

Dihedral angle, deg 

(7)
 



s 

~t 

.
 
9 

}J.g 

flg
t 

~ 

~o 

rr 
l' 

tt' 
~(W) 

CA 

CB 

DLHT 

D 

DEDA 

ZA 

ZB 

NT 

KA 

KB 

TRW 

UC 

UCT 

RHO 

RHOO 

T 

TT 

Dimensionless damping parameter for short period
 

Dimensionless damping parameter for dutch roll
 

Incremental horizontal tail load. Ib
 

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, Ibm/ft3
 

Mass density of air at sea level, Ibm/ft3
 

Root mean square (subscript refers to rms quantity)
 

Correction factor for induced angle
 

Elevator effectiveness factor
 

Von Karman spectrum
 

(8) 



Unsteady lift function 

Unsteady side force function 

Angle-of-yaw, degrees 

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

Circular frequency 

WOA Undamped natural circular frequency, 

WOB Undamped natural circular frequency, 

SUBSCRIPTS 

f Fuselage 

t Horizontal tail 

v Vertical tail 

w Wing 

m mass 

n yawing 

s side 

y side force 

longitudinal 

lateral 

(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 w= b~/5w (A-I) 

C = 5t /b t (A-2)
t 

~., '"' Ct / e,. (A-3) 

e = £. Cr 11" >Ow + ),.~ (A-4)
1N.3 ,+~w 

e.= 1/1 1'?" (Obtain r from figure A-lor A-2) 

CL :: C = C/ee.., (A-5) 
oc 

l 
OlIO' , ... (Cl /(1"I'E? AR )) 

CIlW I '" 

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

.3 (_ ).ZJ;K= Z.o CLcrw (IIA~) 3 c.... (A-6)
7Z 

&01 57.3(AR",r ' T 
,
 

ea = 1/(1+,),,') (Obtain'" from figure A-lor A-2)
 

CL = C\ "'t (A-7) 
OCt , t (Cl /(rrezAR )

Il(t t

(A-8) 

Change in lift coefficient due to change in pitching velocity: 

(A-9) 

A-I
 



(A-IO) 

CL :: CL + CLo
If q", 't 

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

e:. 1/(1+ b) (Obtain b from figure A-lor A-2) 

CL :: Gh (A-H) 
'" 1+ (2/ARw ) 

CL~ = c.LtI\/ (t1. a) 5"" (_I) (A-12) 
(t Sot 'It 

(A-13)CL=CLw10 (CLf ;:~f) 

CDf'=(C.p5w+1.2CDfAf'+f .Co AnQ +Co.5f 1oCO A"ac+CD A.lJ.K)I.IS/S", (A-14)
P '" lit!. ni 0 iZ nac .• ttl('~ 

(Obtain CD ,CD If .teo C ECo from tables A-I, A-2, A-3. and 
F cz. -"'% "2, I Dnac ttll;,

A-4, respectively) 

Co:: Co~p + CL .., (A-15)rre AR w 

CmCl(: [(,''' cCdOl-<w)... Co) n.~ +( 2CL - (oc.-<w)- CL ) zalC-=- Lei( (A-16)
n-eAR",57.3 CLac ~w freAR", 57.3 C~ C

C"'ott= Cl.ac~ 1- ~E/bO()~ (A-17)( ::)7/t 
w 

2 
Cmoe.; K~ FW Zb/5wvcw (Obtain Kf from figure A-3) (A-18) 

em =em - c'" ... Cm 
G\ Cl( '" II( t 0( f' 

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

C"'o..= - 2CLClU ~~ /S-t)''l-t (A-!9)
~cw(5", 

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

(A-20) 

A-2
 



LATERAL DERIVATIVES 

Change in side force due to change in sideslip angle: 

(A-2l) 

(A-22)(Obtain K and C~ from figures A-4 and 
y 

A-5, respectively) 

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

VI=LFCY[2(HNOSE(WNOSE) + HFCY(WFCY) + HFCY(WNOSE) + HNOSE(WFCY)] (A-23)
 

(A-24)V2=(LMH - LFCY) (2 (HFCY (WFCY) + FH(FW)) + FH(WFCY) + HFCY(FW)] 

(A-25)V3=(LBCY - LMH)(2(HBCY(WBCY) + FH(FW)) + FH(WBCY) + FW(HBCY)] 

2 (A-26)V4= (lb - LBCY) [2 (HBCY (WBCY + R ) + HBCY (R ) + WBCY (R )]
I I I 

(A-27)FUSV= (VI + V2 + V3 + V4) /6 

BRA=(FUSV) 2/3 (A-28) 

(A-29)Cyl'" =-KiCL 8RA/5'-1 (Obtain Ki from figure A-6)
"'f off 

GYe =- .oool/rl (A-30) 

'" 
(Yj5 =C'IfJ..+ CYfJ/ (Yilt 

Change in side force due to change in yawing velocity: 

(A-3l) 

Cy.. = .143 CL -. OS 
'lI\/ W 

(A-32) 

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

BODSA= [OlNOSE + HFCY)LFCY + (FH + HFCY) (LMH - LFCY) 
+ (FH + HBCY) (LBCY - LMH) + (HBCY + R ) (\ - LBCY)] /2 (A-33)

I 

(Obtain K., from figure A-7) 
(A-34) 

A-3 



Change in yawing moment coeffient due 
velocity "yaw dAmping derivative:" 

to change in yawing 

Co =Co.. o Tp 

en ;: ­ .33 ( , + 3 >Ow 
r'l\l 2.,. C~ .... 
. z 

(A-35) 

C :~/"1CyI'Irt b St 
Ilr 

(A-36) 

A-4
 



TABLE A-I. FUSELAGE DRAG WHERE Sc = MAXIMUM CROSS SECTIONAL 
AREA AND lb = FUSELAGE LENGTH 

ReT. Area CDf( f = 
Q~l~::::;:::;a-0.0921 b 

0.266Sc 

c:::::I- ~ 
.- - - -0.119· b

!O.1701~~ .
 0.062ScC 

C 1-- __ -==-­
"_-O.127I b 

0.071ScOo..lS3~ 

C lo.lS0~b :>­
0.063Sc:CJo·i8~ 

C----h·=-~O.121.
L to~ b 0.116Sc 

TABLE A-2. EMPENNAGE DRAG 

Tail 
Arrangement Description 

Tapered fillets, vertic3! 
horizontal tapered surfaces~ 

it = 0°
 
it = -4°
 

Tapered fiilets, tai I
 
. c~:=ij
 with end pi atei;; 

it = 0° 
it = -4° 

Symmetr i <::31 tapered fill ets~
it :.: 0° 

Vertical and horizontal 
surfaces it = 0°~ _.

it. -4°· 
Ta i I surfaces with end 
plates~

it = 0° 
Irapered f i I lets, hor i zon-:-a I 
ta i ! sUi-faces~

it = 0° 
it = _4° 
it - 4° 

CDArea e 

and 
I 

.0043 

.0063 
surfaces 

St 

.0058 

.0063 
St 

.0059St 

ta i I 
.0070 
.0058 

St 

.0058St 

.0039St 

.0083 

.0061 

A-5
 



TABLE A-3. LANDING GEAR DRAG
 

Remarks .Configuration 

g 
. 

-,..­~ 
• I~ 

I\~
 
\8
 
UO
 
~~
 
~¥
 
\:W'
 
~o
 
~?
 

Nose Gear 

8.50-10 wheels, not falred · · · · · · · · 8.50-10 wheels, faired ..· · · · · · · 8.50-10 wheels, no streaml ine members 

8.50-10 wheels, far red · · · · · · · · · · 27-in. stream I i ned wheels, not
 
faired
 . · · · · · · · · ., · · · · · 

27-in. stream: ined wheels, not faired 
8.50~10 wheels, farred · · · · · · · · 21-in. stream I i ned wheels, not faired · 
8.50-10 wheels · · · · · · · · · · · · 

8.50-10 wheels, net faired · · · · · · · · 
8.50-10 wheels, faired · · · · · · · · · 

8.50-10 wheels, not faired · · · · · · · · 

24-in. stream I i Md wheels, & intersections 
fill eted · · · · · · · · · · · · 8.50-10 wheels, no fillets · · · · · · 

8.50-10 wheels · · · · · · · · · · · · 

Low pressure wheels, intersections fill eted 
Low pressure wheels, no wheel fairing 
Streaml ined wheels, round strut, half 

no fairing · · · · · · · · · · · · · 

For the nose gear COn = .5+.8 based on 
A = (wheel ciam\ter)(wheel wIdth)ns 

. fill' CDffl 9.,A"." 

1.67 

·.. 1.50 

· · 3.83 

0.74 

0.98 

· · 0.•'84 

· 0.68 

· 0.53 

· · 0.51 

1.52 

· 1.02 

1.60 

· · 0.86 

· · 1. 13 

· · 1.05 

0.31 
.. . 0.47 

fork 
1.25 

· 

A-6
 



TABLE A-4. AIRPLANE COMPONENTS
 

AREA FOR DRAG
 
COMPONENTS CALCULATION
 

Nace II es 
1.	 above wing, sma I I 

airplane Cross sect i on area. .250 
2.	 la:--ge leading edge 

nacelle, small airplane Cross section area • 120 
3.	 small leading edge 

nacelle, large airplane Cross section area .080 
4.	 improved nace I Ie, no 

coo ling f Iow Cross section area .050 
5.	 improved nacel Ie, typical 

cool ing air flow Cross section area .100 

Wi ng Tanks 
1.	 centered on tip Cross section area .05-.07 
2.	 below wing rip Cross section area .07-.10 
3.	 inboard below wing Cross section area • 15-.30 

Wires and Struts 
1.	 smooth rou~d wires 

and struts (per foot) Frontal area 1.2-1 .3 
2.	 standard airc:aft cable 

(per foot) Frontal area 1.4-1. 7 
3.	 smooth eli iptical 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 streaml ined wire 
(per foot) Franta I area .45-.20 

5.	 square wire (per foot) Frontal area • 16-.20 
6.	 streaml ined struts 

(per foot) , Frontal area .075-0.10 

A-7
 



TABLE A-5. ATTENTUATION FACTORS a
 

~ 0° 30° 35° 45° .AR 

0.2 

1 
-0.96 

-1.28 

-1.40 . 

---­

---­

---­

-1.05 

-1.55 

-2.10 

---­

---­

-­ -­

4.00 

6.00 

9.43 

.4 -0.96 -1.00 -1.00 ---­ 4.00 

-1.28 -1.35 -1.35 ---­ 6.00 

'V -1.44 ---­ _... _­ ---­ 9.43 

.9 

1. 
'----. 

-1.40 

-2.06 

-2.90 

---­

-2.06 

---­

---­

-2.06 

---­

---­

---­

-2.1 

4.00 

6.00 

9.43 
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Sb = (HNOSE+HFCY) LFCY +(FH+HFCY) (LMH-LFCY)+(FH+HBCY) (LBCY -LMH) 
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:r: 
E--< 100 
CJ
 
Z
 
(.Ll 80 
~ 

-..0 >-<
I 
0 Q 60
 
.-I 0
 

P=1
X 
Z 40 

Z 0
 
P::
 Q 20

(.Ll 
r.f) 

-< 0P=1 

12 
2. 5~ 

I / V~b 
SB Jfi= 
- ..- 1-- / '0' ,/e:::::s V-- ~3 V-- IY· 8 IIV)",.'J.;,/

/ -I 

I 
............... 
~~ 

~ V-- 4 

_5 ~ ~ / ~Vt>,~.b' ............... V-- f\.·.JI' 

.... 6 ....... -1/ ~ ~ ~
............... 

~~ / ~~ V 
~ 7 ~ 

/ 
~ 

~~ ~~~V t:::=::: ~ 

~ 
~ 

8:10..:....--......- --V1 :::::::~~--
~ 

/ I ::;...--

~ 
I -• O. 1 O. 2 O. 3 O. 4 O. 5 O. 6 O. 7 O. 8 

x 

I'.........r"-"~--

m 

" 
I 

......... 
........ 

1"- .... 
-

............ .... I b ~..... 

~ 
.... 

.....--- ---~~~ 
.... 

~--- ---

"i "\ 

~~ 
........... 

............... I'.... O. 5 
I .......... 

I ""'-.... 
............... 

'\
~i'...1 ........... 

"'b.6 ... 
I 

I ""'-.... '\~.8I 
I\.'\" "' 

1 
"-

I 

"'-I 
I 

t "' ...
K n (/DEG) FH/FW = 2" 

I I I I 
I 

o 0.001 0.002 O. 003 0.004 

74-44-A-8 

FIGURE A-8. EMPIRICAL INTERFERENCE FACTOR. ~. AS A FUNCTION OF AIRCRAFT 
GEOMETRY AND REYNOLD'S NUMBER 

A-I3 



APPENDIX B 

COMPUTER PROGRAM USER'S GUIDE 



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: 
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PRINT 
STABILITY 
DERIVATIVES 

CALCULATE 
PSD 
RESPONSES 

CALCULATE 
RESPONSE 
INTERGRAl..S 

NOYES 
STOP 

74-44-B-l 

FIGURE B-1. PROGRAM FLOW CHART 

NO 

AIRCRAFT DERIVA TIVE I .C 
PARAMETERS 

IJj
 
I
 

N
 

NO CALCULATE 
~ I STABILITY 

DERIVATIVE 

CALCULATE 
STABILITY 
CHARACTERISTICS 

PSDADDITIONAL
 
DATA
 

PRINT 
DISCRETEDISCRETE 

RESPONSES RESPONSES 

PRINT 
STABILITY 
CHARACTERISTICS 

PRINT 

RESPONSES 

CALCULATE 



MODEL Airplane model. 

8 Wing area, ft 2 . 

8T 2Horizontal tail area, ft . 

B Wing span, ft, 

BT Horizontal tail span, ft. 

Airplane mass, ibm. 

CWTP Wing tip chord, ft. 

CWRT Wing root chord, ft. 

lIT Mass moment of inertia about lateral axis. 

lZZ Mass moment of inertia about vertical axis. 

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

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

LT Length from e.g. to tail quarter chord, ft. 

LB Length of fuselage or body, ft. 

LTP Length from wing quarter chord to tail quarter chord, ft, 

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

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

8V Vertical tail area, square ft. 

BV Vertical tail span, ft. 

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

u Airplane speed, fps. 

~T Mass of the horizontal tail, ibm' 
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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. 

dCLt/~ (o<C""/IU)of horizontal tail, per rad, use zero 
to calculate or enter value. 

~rL/~(~flN/ZIJ) of plane, per rad, use zero to 
calculate or enter value. 

dCLt Ifq,Cw hU) of horizontal tail, per rad, use zero 
to calculate or enter value. 

de 1./(t ew/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. 

Ang1e-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, 

dey" I;}(t" bw/2U)of vertical tail, per rad, use zero 
to calculate or enter value. 

dCy/~("'bw/'lu)of the plane, per rad, zero to 
calculate or enter value. 
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CNBP Directional stability derivative of plane, per rad, 
use zero to calculate or enter value, 

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

CLA2D Section lift-curve slope of wing, per deg. 

CLATD Section lift-curve slope of horizontal tail, per deg. 

TT Elevator effectiveness factor, use figure A-lor A-2. 

NT Efficiency factor for tail, use 0.85. 

D Correction factor for induced drag, use figure A-lor A-2. 

CLS Section lift coefficient. 

CDW Wing drag coefficient. 

CDF Fuselage drag coefficient, see table A-I. 

FH Fuselage height, ft. 

FW Fuselage width, ft. 

CDNG Nose gear drag coefficient, see table A-3. 

FCDMG Main gear equivalent parasite area, ft 2 , see 
table A-3 . 

WD Nose wheel width, ft. 

WH Nose wheel height, ft. 

CDE Empennage drag coefficient, see table A-2. 

CDNAC Nacelle drag coefficient, see table A-4. 

RNAC Nacelle radius, ft. 

CDTTK Tip tank drag coefficient, see table A-4. 
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L 

RTTK Tip tank radius t ft. 

IW Wing incidence angle, deg. 

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

K Emperical factor, see figure A-4. 

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

Dihedral angle, dega 

KI Wing-fuselage interference, see figure A-6. 

CLAF Lift curve slope of fuselage t per rad, use 0.1. 

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

HFCY Fuselage height at front of canopy, ft ( see figure A-7). 

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

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

HBCY Fuselage height at back of canopy, ft (see figure A-7). 

LBCY Length from nose to back of canopy, ft (see figure A-7). 

WNOSE Fuselage width at nose t ft (see figure A- 7,. 

WFCY Fuselage width at front of canopy, ft (see figure A-7). 

WNCY Fuselage width at back of canopy, ft (see figure A-7). 

RI Height of fuselage in area of the tail, ft (see figure A-7). 

KN Interference factor (see figure A-B). 
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SAMPLE INPUT. 

The input for airplane III was accumulated from table E-3, figures A-I 
through A-8, and tables A-I 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 interval? 
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. 
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:0/02. 13.16.46. 
~l: SR~ CLUS~ER CTR/KRONOS 2.1.4.103.0-0 SYS 8 
~~Q ~U~3ER: s7639crn, 
~QMINAL: 61,TTY 
e~"f"'~J'ER ISYSTEr-<:old,gusttt 
~:. ',DY . 

~ttl;0700 

tt.'::\DY. 

74/10/02. 10.17.47. 
l1'O;:PA~ GUST I I 

PSSPONSE ~~ QIGID LIGHTPLANES 
~ C~NTI~U~ryS TURBULENCE 
J, PETRAK I S ARD 521 
~~BER O~ AIRCRAFT RUNS? 1. 

VPUT THE ~OLLOWING REQUIRED AIRCRAFT PARAMETERS 

~DEL,S,ST,B,BT,~TO,C~TP,C¥RT,IYV, 

~Z,ALT,XA,ZAA,LT,LB,L~P,XP,ZW, 

g7, 3'1, U7, RHO, U, LGUST, lJIHT ,ABA, ABB, CMOWS, ALTC 

NPUT IN ORDER OUTLINED PLACING COMMAS OR BLANKS BETWEEN VARIABLES 

';'	 AIC- I II , 279 • 74 , 1 0 0 • , 45 • 88 , 22. 38, 1 02 0 0 • , 3 • 5 , 8. 635 , 7 19580 • , 
IIJj097.,5000.,.8917,-.1925,21.186,43.66,22.013,-.827,.679, 
1.14 • b; . , 7 • ':' , 1 7 • 625 , • 0 6 b , 4 1 fj. , 250 0 • , 197 • , 1 • 35 , • 8 , -. 0 OS, 23000 

~E REQUIRED STABILITY DERIVATIVES CAN BE CALCULATED OR 
£XPERIMENTAL/~IND TUNNEL DERIVATIVES MAY BE INPUT DIRECTLY 

~PEN A STABILITY DERIVATIVE IS REQUESTED, IF KNOWN, INPUT 
~J4NITY DIRECTLY, IF UNKNOWN, INPUT ZERO AND THE DERIVATIVE 
~LL BE CALCULATED 

VDITTIONAL DATA ~ILL BE REQUIRED IF THE STABILITY 
~QIVATIVES ARE TO BE CALCULATED 

"JNPUT THE FOLLO~ING STABILITY DERIVATIVES 

~AP,CLAT,CLADT,CLAOP,CLQT,CLQP,CMAP,CMADP, 

~QP,CYBT,CYBP,CYRUT,CYRP,CNBP,CNRP 

?	 ::;;. 2 " 0 • , 0 • , 2 • 7 , 0 • , 8. 1 , - 1 • 71 9, - 9. 1 , 
?	 - J 4. 0 , 0 • , - .59, 0 • , .394, • 082, -. 1911 

CLATO=? .074 
TT= ? .0.:;0 
NT= ? .85 
K=? • 1.0 
CLAV= ? .045 
:';'H= ? ;S. 91 

~RUN SAME AIRCRAFT?? no 74-44-B-l 
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 RIGID LIGHTPLANES 
~_NtIOVS fVRBtIt.~1'/e£ 

J. PETRAKIS ARO 521 
·~-III 

~.6666 FPS 
5=219.1400 saFT 

_I~"t* 
B. 45.8800 FT 

~/S- 3b.~ L8Sr5QFT 
ST'IOO.OOOO ~a~T 

c-w­ 6 .... l97 
BT. 2203800 

fT 
f'T 

TRW­ ••OS) 
5V' 44.8600 safT 

ARw-
BV' 

7.5248 
7.'000 fT 

ALT­
LGUST~ 

O. FT 
750.00 fT 

-s-T-A8ILHY ~RIVATIVES ARE CALCULATEO FROM NASA CR-191S
 
RIOING ANO HANOLING aUALITiES or LIGHT AIRCRAFT~A REViEw ANO ANALYSIS)
 

LONGITUOINAL LATERAL 

LI fT CURVE SLOPE CHANGE IN SIDE FORCE DUE TO CHANGE IN SIOESLIP ANGLE 
CLAP. 4.1438 IRAO . CY8P- -.SlJ27 IRAO· 

CIIANGE --t1'/-tiFf-~H€ftfH- illIE- 'HI H*E CHANG£ IN SlOE FOR~E OUE TO CHANG£ IN YAWING VELOCITY 
RATE OF CHANGE IN ANGLE-OF ATTACK 

CLAOP' J.3~7B IRAO . . ~YRP' .36525 IRAO 

e"'1'IGE IN LIfT COEFrICIENT O~ TO CHANGE IN YAWING MOMENT COEFFICIENT O~~ TO CHANGE 
CHANGE IN PITCHING VELOCITY . IN SiDESLIP ANGLE, WEATHERCOCK] -

Ctap. 5.4252 j RAD ~Nilp. .0"90) IRAO' . - - - ­

CHAN6E IN PI TCttl1'lG MOMENT COEH ICIENT CHANGE IN YAWING MOMENT COEFFICIENT OUE TO CHANGE 
DUE TO CHANGE IN ANGLE Of ATTACK iN YA.ING VELOCITY' YA. DAMPiNG OERIVA!IVEJ ­

CMAP. -. J8tl2 I RAO - CNRP- -.lJ¥JZ I~A~ 

e++At<6E11'/ PIf£t+lNG- _NT WYf ICIENT OUE TO
 
TIME RATE Of CHANGE IN-ANGLE OF ATTACK
 

CHAOP--ll.0640 IRAQ 

CHANGE IN PITCHING MOMENT COEFFiCiENT OUE
 
TO CHANGE IN PITCHING VELOCITY
 ----..e..e- ...... t-.-1<o1l3 1_ 

STABILITY CHARACTERISTICS 

MASS PARAMETERS OAMPING RATiO CSHORT PERIOO OUTCH ROLL'
 
KA- 12... 852 KII. 158.619 ZA- ~ ;89fjl ~zsa .1878 ­

UNOAMPEO NATURAL FREQUENCY DAMPING PARAMETER CSHORT PERIOO OUTCH ROLL' 
KOA- .0270 K08- .1167 GA- -~~OZb2- (;8·- 3~4745 

GUST SCALE 
SAcusr- 233.~~ n.694 

~SPONSE INTEGRAL PARAMETERS 
SKOA- &.2891 S1<08- 3.8144
 
AKQA- .0364 AKQB- .0933
 

RESPONSE INTEGRALS 

LONGITUDINAL LATERAL
 
R-e- .6839 RZ- .0871 Rit- .1"9 R6- 3.910! - ROB- 1.354[ R2B- ,6880 R4a- .7856 R6S- •• 1342
 

_ RESPONSES ARE C-ALCutATED 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 

----~~~~~---~~-~~~~~---~~~~--~-~"~~~---------

PITCH-ANGLE RATE ~SPONSE yAW ANGLE RESPONSE
 
ATHD_ .0001 RAD/SLC/FT/SEC NOH-W- e 719~ CR5/SEC AsI·- .00l1 RAD/~T/SE~ NOSI- .2412 CRS/SEC
 

PITCH-ANGLE ACCELERATION RESPONSE YA"'-ANGLE RATE RESPONSE
 
A~OO- .0632 RAO/SEC~fT~C HOTOD- 2.B980 ~RS/SEC ASIO- ;004,1 RAj)/SE~/F!/SEC HOSIO- .3616 CRS/SEC
 

HORI ZONT AL TAIL LOAD VERT ICAL TAIL LOAD
 
AZHT- 12.9126 LBS/FT/SEC NOHT- 2.223B CRS/5EC AYV!- 55.~884 L8S/~!/SE~ NOV!- .7671 CRS/SEC
 

AIRPLANE RESPONSES TO D/CRETE GUST LOADS ARE DERIVED
 
TReM PHQCEOVRES OUTL~D-I~ fAR PART Z3 AIRWORTHINESS STANOARDS NORMAL, UTILITy, ANO A~RDBATI~ CATEGORY AIRPLANES
 

DISCRETE GUST LOAO rACTOR 
N- 3 .. 4321 ­

DELTA LOAD ON HORIZONTAL TAIL DUE TO O/SCRETE GUS! DELTA LOAO ON VERTICAL TAIL DUE TO DISCRETE GUST
 
-~ttf~3IB7.151 LBS· OLVT.2~38.b81 L8S
 

HORIZONTAL TAIL LOADC8ALANCED FLIGHTI 
HTL- 496.625 LBS 

TOTAL HORIZONTAL TAIL LOAD TOTAL VERTICAL TAIL LOAD
 
LIIT'368h"'~· LilS - LV!-l4JB.681 L&S
 

RHS GUST INTENSITY (AON-Nl RATIO OF ADN/N (SI~WG.62 FT/SEC) 

SIGW6- 1l.202 'T/SEC .900 74-44-3-A 
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AC.· : : 1 

0"'8.0000 FPS ~TO-10200.00 LBS ~/S. 3&.~&l~ L8S/S0FT CliI- 6."297 fT TRW_ ."053 ARliI- 7.52,.8 .LT. O. FT
 
""1_~Sf<OF-FTf--~B-.~.88~-,-,-~.mO'~T ' ST-- 2Z.i8" ~~ sv. ".8&00 50FT 8V. 1.&000 FT LGUST. ilSOO.OO n
 

';l	 SC.LE
 
SAGUST- 111.&~1 S8GUST. IOB.9~0
 

"'~PONSE INTEGR.L P.R.METERS 
SKO.- rlt.9&35- S"Ojje'12.114-1 
AKOA- .0364t AKOSa .0933 

L'9'.GIT~aIN.L ------.----- ,-------, - - ~.TEIlM.'
 

RO- .8501 RZ- .04t4t0 R4t- .0~S7 ~6- 1. 7S~5 - - ROB- 1. ~ 90S ~ZS. .3370 R4tB- .3678 R6S. 1.8706
 

.IRPLANE RESPONSES .RE CALCULATEO FROM N.S. TN 0-6213
 

... ><ETHOO FOR ES!IM.TlNG SOME L.ONGITUOIN.L .1'10 L.TERAL RIGIO BOOY RESPONSfS Of" .IR~L.NES TO ~ON1IN~OUS G~ST TURBULENCE·
 

Lm'GITU9U••L "- -- ----	 I..ItlEllAL
 

NORM.L-LO.O F.CTOR RESPONSE LATER.L-LO.O FACTOR RESPONSE
 
AON- .0233 G/Ft/SEC 2.1085 CRS/SEC '.OL•• 00<;S'G/U/S~C NODL- .1~~~ CRS/SEC
 

PITCH-.NGLE R.TE RESPONSE U~ .NGLE RESPONSE
 
'.TiIe- .eees R.e/S~C/'!/5r:~ NOTile- .-6&I-~----f-M~ - - -1tS1. ;eH5 RAI?-/~!~SE~ .1 BOO ~IlS/SEC
 

~TC~-.N&lE .CCELER.TION RE~PONSE Y.~-.NGLE R.TE RESPONSf
 
'.TOO•• 0021 R.0/S~C2/~T/SEC NOTOD. 2.8829 ~RS/SEC .5100 .0029 "'.~/SE~/~!/SEC NOSIO. .3S3S CRS/SEc
 

HORIZONT.L TAIL LO.D VERTlC.L TA IL LO.D 
----~i-,70,..Hr~IlS/Fr,SEC ~i--~~~~-~~~~~~~~~~-~*_~~----------

~5--ws-T I-NTtttS-tT-'/ (-A6_ ­	 R.TlO OF .ON/N (SIG~G-62 FlISEC' 

~ Ilt~.!>23 rll5f:C	 .DN/N- .112 

AC-III 

U'~ I B. 0000 FPS ~TO.IOlOO.OO LBS ~/S. 36.~62~ LBS/SO'T C~. 6.~291 FT rRlIIa .,.053 ARlII. T.S2~8 .L t. 5000.00 FT 
-s-rMo_-S~H' e-..,.._ ~+'--- ,-s-T-I 00. &lHl& '~f 8T- 22.38&9 U §.v. !!.~ftOO SQfT BV· 1."&0 FT LGUST. 150.&0 H 

STAillL ITY C~R.CTER ISTICS 

M.SS P.R.METERS	 O.MPING R.TlO (SHORT PfRIOO OUTCH ROLLI 
-~~-- Kli. 18~. __-'	 l~· ;-e6-~ - "-lite .17~" ­

tIHO_Eil "lATUR.1.. FRE-QVENC. D.MPING P.R.METER (SHORT PERIOD OUTCH ROLLI
 
KOA- ~OZ4t2 "f<OS-- .1081 G•• '3;0262' ~B.' j;~HS
 

r.uST SC.LE 
---1-S.""66<tj'"'S!rTf'.......2"'3"l3".i!2~9....-S51Ili16!1~~S>1Tf'.O----C~--' 

"tSl'ONSE INT£GllAL _T£~ 

5"0.· 5.&~29 SKoil.' 3.5336.tW.... .K{lil- '.&865.e32T 

RESPONSE INTEGR.LS 

LONGI TUOIN.L	 L.TER.L 
~- ~-61 R~- .0-9?1 R'!- .1~J7 A6· ~.'!'O~? .- - AOB· 1.4335 ~?~ .779~ R4B· .~910 R68- ~.6481 

'tRPL."E RESPONSES ARE CALGYLATEQ fReN -m5A-TH 9-6lU 
• METHOD fOR EST 1~.T1NG SOME LONGiTUOIN.L .NO L.TERAL RIGIO ilOO. R~SPONSES OF .IRPL.N~S TO ~ONTlN~OUS GUST TURilULENCE. 

.. ,NGITUOIN.L	 L.TER.L 

NORMAL-LO.O FACTOR RESPONSE LATER.L-LO.D FACTOR RESPDNSf
 
_ .1802 6IFt/SE~ NOON--' 1.98-1Z ~/SEC 'M>L- .oo&n~/~!i~~' NOOI.· .101~ CRS/SEC
 

PITCK-.NGLE R.TE RESPONSE ••~ .NGLE RESPONSE
 
'.THO•• OOOB R.D/SLC/'T/SE~ NoTHO. .6~99 ~RS/SEC .si.' ;00Z8 R.~/~T/S~~ NOS1- .2~1I ~RS/SEC
 

PITCK-.NGLE .CCELERATION RESPONSE YO-.NGLE R.TE RESPONSE
 
----'AAfjT9I1lQ,,-~,.~ RAe/5~CUH'-I~~~Z.~I-S£C-- ASIpa. ;00__1 RA~~~/~!/SE~ NOSIlle .3351 CRS/SEC
 

HORIZONTAL TAIL LO.D VERTIC.L T.IL LO.O
 
.ZHT. 65.1309 LBS/FT/SE~ NOHT. 2.0~~~ ~RS/SEC ".YV!.'SI.216l'LIlS/~T/SEC .1092 ~RS/SEC
 

.IRPL.NE RESPONSES TO OICRETE GUST LO.DS .IlE DERIVEO 
FRQII PRQCEQYRES OO-Tt.-I-N9't-H'~-c3-" .IRWQil!HI~" -su__ NORl4AL. ~!IU!Y. ANI) .~RDIIATI~ C.!E~RY .IRPLANES 

OISCRETE GUST LO.D FACTOil 
'N0 3.3039 .... , 

DELTA LO.D ON HORIZONTAL TAIL OUE TO DISCRETE G~S! DELTA LO.D ON VEIlTICAL TAIL D~E TO OIS~RE!~ (;UST
 
, 'QLlIT.3819.ell LIS- ' -----~~l ....~l..iIs
 

_IZONTAL TAIL 1..00EHIlALANC£& 'I..IGIITI
 
HTL. ~il~.910 LBS ' .. ," ­

TOTAL HORIZONTAL TAIL LOAO	 TOTAL VERTICAL TAIL LO.O-. ~.!-t~!.'!!!-L~--------------------------~~~---~-----------
<lM5- -ws-T-Iftf£ItS IT' (_ R.!ID Ot:: .I?N/N (SIG~(;"l FT/SECI 

~ n.308 p"T/SEe	 .DN/N- .869 14-44-3-B 
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FIGURE B-4. FORTRAN PROGRAM LISTING (16 Pages) 



00010 PROGRAM GUSTV(INPUT,OUTPUT,TAPE7)
 
&O&2e EKTERNAL fUNC,FUNCB - ­
00030 DIMENSION KINTS(4I,TMPI(4),TXIl(4),TXI2(4),XINTSB(4),TMPIB(4)

00&400· ,TXIIB('o),TXI2B('o) -- - - - -- - ­
00050 COMMON ABA,SAGUST,KOA,ZA,AB8,SBGUST,KOB,ZB


REWIND 1 - - - - - ­
00070C 
OOOBOC PROJECT NO. 18'0-520-04 POwER SPECTRAL DENSITY TECHNIQUE APPLIED TO 
00090C SMALL RIGID GENERAL AVIATION AIRCRAfT UTILIZINu PROCEDURES OUTLINED 
00100C IN NASA TN O-bZ73 )A METHOD fOR ESTIMATING SOME LONGITUDINAL AND 
00110C LATERAL RIGID-~ODY-RESPONSES Of AIRPLANES-TO CONTINUOOSATMOSPHERIC 
&&t-2* lURBUL£NC~). - - - ­
00130C 
00l'oe REAL IW,iXX~fY~,fZZ,HO~
 

00150 REAL NT,Kf,LT,Ltp,IVT,LGUST,LVT
 
&0160 REAL L,KI,K,LB,LMH,L~CY,LBCY'LV,KN
 
00170 REAL N,M,MW,MQ~NV,NR,KA~KB,KOA,K08,KG,KGT
 
66186 ~kl-tHT~N6DN,NOTHO~NQTOO,NOOL,NOSI,NOSIO,NOHT,NOVT
 
00190C
 
~OZOO PRINT I
 
00210 1 'ORMAT(*RESPONSE Of RIGID LIGHTPLANES*I
 
~2Z0. -TO CONTINUOUS TURBULENCE*I*J. PETRAKis ARD 521*)
00230 WRITE(7,2) - - - ­
662400 Z FORMAfl*R€SP6ftSE-OF- IH&IO LlGHTPLANES*1
 
00250- *TO CONTINUOUS TURBULENCE*I*J. PETRAKiS ARD 521*/)

00260- PRINT 5 - ­

, 00270 S fORMAT(*NUM~ER Of AIRCRAfT RUNS*,~ )
 
eozeo READ 50,AC
 
00290C
ttl 

I --iM*K-- - - D~fINITIONS Of INPUT PARAMETERS 
t-' 00310Co -00320C S. WIN6 AREA (SQ fT) ST· HORIZONTAL TAIL AREA (sa fT)

00330C B- WING SPAN (fT)- aT· HORIZONTAL TAIL SPAN (Ft)­
~03400C WTO- AIRPLANE TAKE-OfF wT (LBS) WLU­ LANDING-WEIGHT (LBS)
00350C CwTP- WING CHORD TIP (fT) CWRT­ WING CHO~O ROOT (FT) 
993&9C IY¥-&- " KloSS MOKf.NT - Of I NERTI A A80UT Ili- . MASS MOMENT-Of INERTIA ABOUT 
00370C PITCH Axis (LBS- SQ fTi YAW AXIS (LBS:SQ ~T) 
00380C XA- WING AC TO CG (fT)­ ZAA- WING AC TO CG (fT)
00390C (POS-AC AHEAD CGf (POS-AC ABOVE CGf 
&04tOOC ALT­ ALTITUDE (fT) LTE CG TO TAIL 1/4 CHORD (FT)
00410C LB­ fUSELAGE LENGTH (fT) LTp. WINu 1/4 CHORD TO TAIL-­
-~20C­ XP- CG TO WING" 1/4 CHORD (fT) 1/4 CHORD" (fT) 
00430C (POS-CG AHEAD 1/4) LV· CG TO VERTICAL TAIL AC (fT)
0044tOC ZWW· BODY CL TO 1/4 CHORD EXPOSED SV= VERTICAL TAIL AREA (SQ ftJ 
00450C W CHORD 1fT) (POS-1/4 BELOW CL) 8V­ VERTICAL TAIL SPAN (fT)-­
OO4t6OC RHOE DENSITY ALTITUDE (LBS/CU Fl) UE AIRSPEED IfT/SEC)­
00470C LGUST-GUST LENGTH- - wHT .. HORIZONTAL TAIL wEIGHT (LBS) 
~ -~-ABA· UNSTEADY-UfT fORCE AB8" UNSTEADY LIfT fOHCE- ­
00490C ATTENTUATIONFACTOR (LONG.) ATTENTUATION fACtOR (LAT.)
00500C CMONS- wING SECt PITCHING MOMENt ALTC- SERVICE CEILING 1fT) ­- ., - ­00510C COEfFICI£NT AT ZERO LIfT 
00520C 
00530C T- wING EFfICIENCY FACTOR CLA2D- W 20 LIfT cURVE SLOPE (/DEG) 
~~­ GLATD- TAIL 2D LIfT CURVE SLOPE (/DEG) TT- ELEVA!OR-EF~E~TIVENESS ~A~TO 
00550C 
00560C - NT- TAIL EffICIENCY FACTOR CLAVE VVERTICAL TAIL LIfT CURVE 
00570C SLOPE-(/DEG) 74-44-B-4-A 



-iH~5f::lOC 

00590C Iwz WING INCIDENCE IDEG~ CLSz WING SECT LIFT COEFFICIENT 
90699C ~ CQRRECTION-FACTOR INDUCEO DRAG COWs WING DRAG CotrFICIE~T- - -
OOblOC CDF- FUSELAGE DRAG COEFFICIENT FH- FUSELAGE-HtIGHT IFTI­
OOb20C FW- FUSELAGE WIDTH IFTI CONG- NOSE &EARD~AG COErFICIENT 
00b30C FCDMG- MAIN GEAR EaOIVACENT WD- NOSE WHEEL DEPTH ~Ffl· - ­
~C PARASITEARtA Isa FTI WHz NOSE WHEEL HEIGHT IFTI 
OObSOC CDE= EMPENNAGE DRAG COEFFICIENT RNACz NACELLE-~ADlus irTI­
-~E--~F-·_·-£MPeRi-6ltt~~~Q~- ~M-+i~~~1t& -et)t:+FTC+tI'f+------ - --­
00b70C NAC CONTRIBUtIONS TO CMAD RTrK- TrIP TANK RADIUS IfTI 
~ObBfrC- - CONAC- NACELLE DRAG COEFFICIENT
00b90C - . - - 0 -.• . ­

~o70&c L- OEHEDRAL ANGLE IDEGI KI- WING-FUSE INTERFERENCE FACTO 
00710C CLAF- FUSELAGE LIFT CURVE K- EMPERicAL FACTOR- -- - ­

~----_._-

UU'CU\; SLOPE irRAOi HNOSE- ~USE HEIGHT NOSE SE£f (FT)
00730C WNOSE- FUSELAGE wiDTH NOSE HFCya FUSELAGE HEIGHT FRONt 
1)1)1<t6e SECTION If'l) CANOPY -iFTI - ­-0 

007S0C WFCY- FUSELAGE WiDTH FRONT LFCY- LENGTH NOSE TO FRONT 
~()760C CANOPY IFTI - CANOPY IFTI ­
00770C LMH- LENGTH NOSE TO MA~IMUM HBCY. rUSELAGE-AtIGHT ~ACK 
~ fUSELAGE HEI6ttl 1FT) - CANOPY 1FT) ­
00790C WBCY- FUSELAGE wIDTH-BACK LBCY- LENGTH NOSE TO BACK 
~()80()£ -i:ANopv-In) - CANOPY IFTI ­
OOBIOC KN- INTERFERENCE FACTOR I/DEG) Rl- OIA OF EMPENNAGE 1FT) 

"o1)8l0C 
00B30C AIRCRAFT PARAMETERS 
~----- --_.- ._- ­

00850 10 PRINT 15 
008bO 15 FORMATI/*INPUT THE FOLLOwING REQUIRED AIRCRAFT PARAMETERS*//*MODEL,­

I 00870' -S,ST,B,BT,WTO,CwTP,CWRT,IYV,-/-IZZ,XA,ZAA,LT,LB,LTP,XFl,ZWW,i/· ­t:d 

f-' 00B60' ·SV,BV,LV,U,WHt'ABA,ABS'CMOWS,ALTC*i/-INPUT IN ORDER OUTLINED-
o 00890. - PLACING COMMAS OR-BLANKS BETWEENVARIASCES-/I ­
III 90990 -Rf-~l.S.Shth-ah1HO'Cwtp,C1iRT,IVY­

00910 READ,IZZ,~A,ZAA'LT,CB'LTP,XP,ZWW .
 
~20 READ,SV,BV,LV,U,WHT,ABA,ABB,CMOWS,ALTC
 
00930 30 FORMATIF8.4,+ 1- - - ­

o~o 5() FOkMAtIF8.4)

009S0 110 FORMATIF8.S,+ I
 
~-----R+iOO- .. ~706 

00970 PRINT 20 
~980 29 rORMATI/-THE REQUIRtD STABILITY DERIVATIVES CAN BE CALCULATED OR-/ 
00990' -EXPERIMENTAL/WIND TUNNEL DERIVATIVES MAYBE INPUT DIRECTLyi// ­
~009. -WHEN-A STABILITY DERIVATIVE IS REQUESTED' iF KNOWN, INPUT-/ 
01010. -QUANTITY DIREC1LY,-IF UNKNOWN, INPUT ZERO AND THE DERIVATivE-/
91929 ......tl-L--8E-CAl-£1JLATEO..// - ­
01030. -ADUITTIONAL DATA WILL BE REQUIRED IF THE STABILITY­
-~HO"O' /oDERIVATIVES ARE TO BE CALCULATED*/i- - ­
01050 22 PRINT 40 - - - ­
~1060 40 FORMATI/oDO YOU WANT ALL DERIVATIVES CALCULATED-,tl

01070 READ 413,DC - - - ­
~l~- IFIOC~EQ.3HYESI70.55 
01090 55 IFIDC.EQ.2HNOI35,bO
 
01100 bO PRINT b5
 
01110 6S FORMAT I-YES OR NO ANSWERE. TRY AGAIN.-I
 
01120 - GO TO-22 - ­
01130 70 CLAP-CLAT-CLADT-CLADP-CLQT-CLQP-CMApaCMADPsO. 
911~0 ---€MQPeCY8T-CY8P-CYRVT-CyRPe£NBP-CNRpeo. 74-44-B-4-B 
011so GO TO~80 ­



- - - -

01160 3S PRINT 4:'
 
01170 ~5 fORMATI/.SOURCE OF INPUT DERIVATIVES~.,+
 

01180 READ 90,PA,PB,PC,PU,PE,Pf,PG,PH ­
01190 90 fORMATlBAI01 -- - ­
~ PRINT 25
 
01210 2S fORMATI.INPUT THE fOLLOWING STABILITY DERIVATIVES.//
 
01220+ *CLAP,CLAT,CLADT,CLADP,CLQT,CLQP,CMAP,CMADP,*/
 
01230+ *CMQP,CYBT,CYBP,CVRVT,CYRP,CNBP,CNRP*/I
 
-01-240 READ,CLAP,CLAT,CLADT,CLADP,CLQT,CLQP;CMAP,CMADP
 
01250 READ,CMQP,CYBT,CYBP,CYRVT,CVRP,CN~P;CNRP -- .
 
01260f*- Li;UST-1S0. - - ­
01210 ALTzO.O
 
~12BO RHO-RHoa
 
01290C
 
~rleOC LONGITUDINAL AND LATERAL STABILITY DERIVATIVES ARE CALCULATED FROM
 
01310C NASA CR-191S JRiDING AND HANDLING QUALITIES Of LIGHT AIHCRAFT-­
-e-t-~-e---------A RE:. IEw-----A-I't&~'I'-5i-s-t._:__-------'-----=----'---·-=---~ - -=------- ­
01330C 

--&1340C AIRCRAfT LIMITATIONS 
01350C 
~136()C 1. RIGID STRUCTURE WITH LITTLE OR NO WING SWEEP. 
01310C 2. MAX. GROSS-WEIGHT - - 10,000 UlS. 

--&-HSGe-- -----3. ~. WI~6 LeADING 40 L8S/SQFT 
01390C 4. MAX. INDICATED AIRSPEED 300 MPHI441 FPSI 
1H41>OC 5. MAX. MACH NUM8ER - .4 
01410C 6. MIN. ASPECT RATIO 5.0 
-61420C
 
01430C LONGITUDINAL STABILITY DERIVATIVES
b::l 

I V~
 

I-' 01450 WSaWTO/S
o 61460 ARW- I rl+s I /S ­
01410 CTaST/rlT 
01480 ART- on.BT I /ST 
01490 TRwaCWTP/CWRT­
eT5% ~W-.2./~.T*€~R1·.ll ••TRW+ITRW*·2.11/ll.+TRWII 
01510 IfICLAP.EQ.01225,240 
61520 225 IfIT.EQ.OI226,236 . 
01530 226 PRINT-230 
~154~ 230 FORMATI4X,2HT-,+ I 
01550 READ 30,T 

--&1566 --fl-R1#T 235 __~n 

01570 235 fORMATI4X,6HCLA2Dz,+ 
~1S80- READ 50,CLA2D 
01590 236 El-l./ll.+TI 
01&00 CLAW-ICLA2D/ll.+IICLA2D*S7.31/13.1416.El*ARWIIII*llBO./3.14161
01610 CLAPaCLAw - -. - ­

cr' 

~l~e--~CLAW-CLAP 
01630 DEDAa(20.*CLAW*13.1~lb/180.11.1(ll./TRWI••• 31/IARW**.725)1*1(13.*
01640+ Cwl/LTPI.*.lSI· . --. - ­
01650 IFICLAT.Ea.01250,215 
~1660 250 IfICLATD.Ea.01251,266 
01670 251 PRINT 255 
~-2SS-fORMATl4X.6HCLATua,+ 

01690 READ 30,CLATD ­
01100 PRINT 260
 

-- ­


74-44-B-4-C
 



ttl 
I 

...... 
o 
n 

01710 260 FQ~~Ar(··.3hTT3,. 

01720 READ 26~.TT 

01730 265 FQRMATlF8.51 
-&17~0 E2-1./11 •• TTI 
01750 266 CLATsICLATD/l1 •• IICLATDo57.31/13.1416oE20ARTlllloI180./3.14161 
01760 275 IFICLADT.EQ.oi290,300 - - - - - -
01770 2~0 IFINT.EQ.01291,296 
01780 291 PRINT 295 -
01790 295 FQRMATI4X,3HNT-,' I 
91899 ---REAl}--2-b5y/H­
01810 296 CLADT s 2. OCLAToDEDA o ILTP/CWl o IST/S)ONT 
01820 300 IFICLADP.EQ.01310,315- ­
01830 310 CLADP-CLADT -­
~1840 315 IFICLQT.EQ.0132S,345 
01850 325 IFINT.EQ.01330,340 

1H-8*--:nO PRiNT 33':> ­
01870 J35 FQRMATI4X,3HNTs" I 
01880 READ 265,NT 
01890 340 CLQT-12. o ILT/CWloCLAT o IST/SloNTI 
~1~0 345 IFICLQP.EQ.01355,360 ­
01910 355 CLQW-12. o IXP/CWloCLAPI 

-it-1920 -- -CL()P-CLfht+i:U~t -­
01930 360 IFICMAP.EQ.01370,485 
01~40 370 IFID.EU.01371'376 
01950 311 PRINT 375 ­
~~~~ -FORMAT 14X,2ttO-,. I 
01970 READ 110,0 

-8l988 ~F-tC'"tST£Itr<tT:l+f,~---------------------------
01990 377 PRiNT 385 
~GOO--- 385 FORMAlI4X,4HCLS-,. I 
02010 READ 110,CLS 
G2{)2{)~ 390 IfICOW.EQ.01391,401 
02030 391 PRINT 395 
020ltO ~---f-{)RfltAT-I4X.-4HCOW-,+-I 
02050 READ 110, CDW­
G20bO PRINT 400 
02070 400 FORMATI4X,4HCDF-,' 
02080 READ 265,COF ­
02090 401 IFlfH.EQ.01404,406 
~ttl1r-----40-~-PjHNT 405 ­
02110 405 FORMATI4X,3HFH-,. I 
O~120 READ 3o-,'H 
02130 406 IFIFW.EQ.01407,411 
G2140 407 PRINT 410 
02150 410 FORMATI4X,3HFW-,' I 

itfT6{)---':""'_--Rf-frt> 30 ,F.., - ­
02170 411 PRINT 412 
Gl180 412 FORMATI4X,oRETRACTABLE GEAR." 
02190 READ 413,RG '­
1>22Glr 413 FORMAT IA101 
02210 IFIRG~EQ.3HYESI~31,414 
82228 "I It tr-t-RU--. EGl. 21"1,.0 lit 1-8 ;4fl--6---­
02230 416 PRINT 417 
~--.H-FQRMAl10Yf:S OR- NO ANSWERE. TRY AGAIN.ol 

74-44-B-4-D 



02250 GO TO 411 
~2160 418 IfICDNG.EQ.Ol419,456 
02270 419 PRINT 415 ­
~-4i~'~f-{lrJt,SHCDNUa,1' I 
02290 
~2300 

02310 
~3~ 

02330 
623106 
02350 
62360 
02370 
~2380 
02390 
~60­

02410 
62420 

102430 
62440 
02450 
6f466 
02470 
~2480 

02490 
62500­
02510 
~C6­

txl 02530 
I ~2540

I-' 02550 
0.. 02560­

02570 

o 

READ 30,CDNG . ­
PRINT 420 

420	 fORMATI4X,6HfCDMGz,+ 
READ 30,FCDMG 
PRINT 425 

425 -f'ORM*Ti4t1t., JttW{)e• .,. 
READ 30,wD . 
PRINT 430 

430	 fORMATI4X,3HWHz,+ 
READ 50,WH 

431 IfICDE.EU.01432,456 
~32 PRINT 435 
435 FORMATI4X,4HcDEa,+ l 

READ 30,CDE 
PRINT 440 

440 fDRMATI4X,6HCDNAC-,1' 
READ 30,CDNAC _. 

----ff1#T-44S­
445 fORMATI4X,5HRNACa,+ I 

- READ 30,RNAC ­
PRINT 450 

450	 fORMATI4X,6HCDTTK-,1' I 
READ 30,CDTTK - ­
PRINT-loSS 

455	 fORMATI4A,5HRTTKa,1' 
REAU 30,RTTK ­

456 IfIIW~EQ.01457,461 
457 PRINT 460 ­
460 fORMATI4X,3HIW-,+ I 

62586- ~EAO 50,IW ­
02590 461 IfINT.EQ.01465,475
 
02666 465 PRINT 470 - ­
02610 470 FORMATI4X,3HNTa,+ I
 
~C6-- RE.AI) 110,NT 
02630 475 IfIKf.EQ.01-476,481 

-02640 416 fO~...-so--"':-'':'---------------------------­
02650 4~0 fORMATI4X,3HKf-,+ I 

i)166-6 REAU SO,Kf ­
02670 481 blW 
62680 
02690 
62160 
02710 
02720 
02730+ 

i)2740 
02750 
62166· 
02770+ 
~Z780 

02790 
02800 

E-l./ll.+DI 
CLW-CLS/ll.+12./ARWII 
~T-eLW.IXAtlTI*IS/STI.ll./NTI 
CLP-CLW+ICLT*isT/SI*NTi 
CDfP-CIICOW*SI+ll.2*CDF*fH*fWI+fCDMG+ICDNG*WD*WHl+ICDE*STI+CDNAC* 
3.1416*RNAC*RNAC+CDTtK.j~14i6*RfTK*RtTKl*i~15l/S- - - . 
CDP-c6FP+IICL••CLWI/IJ~1416*E*ARwll - _. 
CMAw=1111.+1112;*CLPI/IJ.14i6*E*ARWll*IIA-lwl/57.3ll+1COP/CLAPII 
.IXA/CWII+11112.*tLPI/13.1416*E*ARWII~IIA-lwl/57.31 . -
-ICLP/CLAPII*IZAA/CWlll*CLAP -
CMAT-CLAT*ll.-DEDAj*IST/SI*ILT/Cwl*NT 
CMAf-(Kf*IFw*~2;I~L81/iS"CWI - 74 44 B 4 E 
CMAP-CMAW-CMA T-CMAf 

- . - - - -



02810 
-it-2&20 
02830 
02840 
02850 
02860 
02810 

485 IFICMADP.EQ.01495.515 
495 IFINT.E~.qI500.S10 
500 PRINT 505 
505 FORMATC4X.3HNTz.+ I 

READ 265.NT . 
510 CMADP-I-2 ••CLAT.DEDAI.ILT/C~I.ILTP/C~I.IST/SI.NT 

515 IFCCM~P.EQ.01525.5~5 
1T=v--5"CS- If CNT • EQ. 0- I 530-,"'0 
02890 
02900 
02910 
02920 
02930+ 
02940 
029501l 
029601l 
029101l 
02980 
02990 
~~6 
03010 
03020 
03030 
63040 
03050 
~3660 

03010 
b:J 03080I 
to-' 03090 
o 03160 
(D 03110 

530 PRINT 535 
535 FORMATI4X.3HNT-.+ I 

READ 265.NT 
540 CMQP-IIC-2 ••XPI/IC~**2.II.ABSIXPI.CLAPI-12.·IILT**2.11IC~••2.11. 

CLAT.IST/SI.NTI - - - - - --- ­
545 CONTINUE 

LATERAL STABILITY DERIVATIVES 

ARV-IBV*BVI/SV 
IFICY~T.EQ.01590.b20 

~O IFIK.tO.01591.604 
591 P~INT 600 ­
600 fORMATC4X.2HK-.+ I 

READ 30.K 
PRINT 603 

603 fORMATI4X ••CLAVz•• + 
READ 30.CLAV ­

604 IFCFH.EQ.01605.615 
60S PRINT 610 
610 

615 
~26--- ­
03130 620 
03140 630 
03150 631 
63160 635 
03110 
1T31~~ 

03190 b40 
03200 
03210 
63220 ~5 
03230 
~324e 640 
03250 641 
03260 650 
03210 
~3-2aft--

03290 660 

FO~MATI4X.3HFH-.+ I 
READ l65.FH 
S~DPR-.124.Cl.5J*ISV/SII'I.4.CZ~W/FHII'I.009.ARWI 

-€-V-er-K*CLA ....SwvPR. I SV15 I *5 7.3 - ­
IFICY&P.EC.01630.162 ­
IFCL.EQ.01631.646 
PRINT 635 ­
fORMATI4X.2HL-.+ I 
READ JO.L 
PRINT 640 
fORMATC4X.3HKI-.+ I 
READ JO.KI 
PRINT 645 
fORMATI4X.5HCLAF-.+ 
READ 30.CLAF ­
IFCHH05f.€Q.01641.651 
PRINT 650 
FORMATI4X.6HH~05E·.+ I 
READ JO.HNOSE 
PR I NT 66i} 
fORMATI4X.5HHFCY-.+ I 

~~-~~~~~---------------------------03310 PRINT 610 
~3320 610 fORMATI4X.5HLFCY-,+ I 
03330 READ JO.LFCY 
03340 PRINT 615 
03350 615 fORMATC4X.4HLMH-.+ I 74-44-B-4-F
 



u..,..,ou 
03370 
03380 
03390 
034~0 

03410 
034z0 
03430 

-03440 
03450 
03460 
03470 
03..80 
03490 
03500 
03510 
O~l1)--

03530 
03540 
03550 
-~35bj)-

03570 
~3S8j) 
03590 
63666 
03610 
~3620 

03630 
b:J	 ~304& 
I 03650I--' 
o 63666 
H> 03670 

03680 
03690 
~3700 

03710 
-031Z0­
03730 
03740 
03750 
03160 
03770 
0*&0--135- -f>RHH 7,,"0 - - ­
03790 740 
03800 
03810 745 
038Z0 750 
03830 
-o~-755 
03850 
03860 
03870 
03880 
03890 
63966 
03910 

REAo--jO, LJItH 
PHINT 680 

680 'ORMATI4X,5HHBCYa,. 
- READ 30,HBCY . 

PRINT 690 
690 fORMATI4X,5HLBCY-,. 

-RrAD JO,LBeY 
PRINT 695 

695 'ORMATI4X,3HR1-,. 1 
READ 50,Rl .
 

651 Ifl.NOSE.EQ.01664,6~4
 
664 PRINT 655 ­
~~fT4X.6HWNOSE~1>-t 

READ JO,WNOSE
 
PRiNT 665
 

665 fORMATI4X,5HwrCY-,.
 
- READ 30, WFey ­

PRINT 685
 
685 FORMAT t4X.511WBC~ ........----)-­

READ 30,WBCY 
694 IflfH.EQ.01696,6~8 

696 PRINT 697 
697 'ORMATI4X,3HFH-,. I 

READ 30,fH ­
69& Iflf••EQ.01699,701 
699 PRINT 700 ­
700 FORMAT(4X,3Hfw-,. 1 

READ 30,fW 
701	 VlaLfCY*IZ.-IHNOSE*WNOSE'HfCY*WfCYI'IHfCY*WNOSEI.IHNOSE*WFCYII 

V2.1LMH-LfCYI*IZ •• (HfCyiWftY'fH*~WI+fH*WftY'HftY*fWI - ­
V3-1LBCY-LMHI*(2. 6 (H6cy.weCY.FHiFWI+FH6wBtY+Fw*HBCyl 
V4-1LB-LBCYI*(Z.*IHBCY*WBCY·(Rl*·z.ii'HBCY*Rl.WBCY*Rll 
FUSY-lVl.V2.v3.Y41/6. - ­
BRA-fUSV**IZ./3.1
 
CYBf--KI*CLAf*I~RA/SI 

CYBW.-.0001*ABSlLI*1180./3.14161 
CYBP-CYBw,CYBf.Cyef
 

70Z IflCyRVT.EQ.01710,715
 
710 CYRVT--Z.*ILV/ei*cV.T
 
715 IflCYRP.EQ.01725,755
 
725 IflCL~.EQ.017JO,150
 
730 IflCLS.EQ.01735j745
 

765 
766 
767 

rORMATI4X,4HCLS-,. 1 
READ il0,CLS 
CLW.CLS/ll.'12./ARWII 
CYRW-l.143*CLWI-.OS 
CYRPaCYRw,CYRVT 
I-flCNBP.EQ.017b5T786 
IflHNOSE.EQ.oi766;774 
PRINT 767 - ­
fORMATI4X,6HHNOSE-,. I 
READ JO,HNOSE 
PRINT 768 

768	 FQRMATI4X,SHHfCY-T. I 74-44-B-4-GREAD ~O,HfCY 



b::l 
I ..... 

o 
OQ 

03920 PRINT 1b9
 
03930 169 FORMATI4X,5HLFCYs,t
 
0~40 READ 30,LFCY
 
03950 PRINT 110
 
-~-fflH~~~~~-------------------------

03910 READ JO,LMH 
-e-)-9aO ---f>Ri NT rft - ­
03990 111 FORMATI4X,5HHBCYs,t 
04000 READ JO,HBCY 
04010 PRINT 112 
~r6--T12 FORMAT 14X,5HLB{;Ys,~ 

04030 READ 30,LBCY 
04040 PRINT 113 
04050 113 FORMATI4X,3H~1=.t ) 
04060 READ ~O,Rl . 
04010 114 IFIKN.EQ.0)181,182 
~fteO-181 PRINT 115 
04090 115 FORMATI4X,3HK~-,t ) 

-04100 RtAD SO,KN 
04110 1d2 IflfH.cO.0)116,185 
04120 176 PRINT 180 
04130 1dO fORMATI4X,3HfH-,t ) 
~i:40--- READ 26~,Ft1 ­
04150 185 BOD~A-IIIHNOSE.HfCY)*LfCY).llfH.HfCY).ILMH-LfCY».llfH.H8CY) 

04ibO' *ILBCY-LMH».iIHBCY'Rl).ILB-LBCY»)/2; - - -. ­
04110 CNBP=-IKN*51.3*IBODSA/SI*ILB/B»-IICYBT)*ILV/B» 
04180 186 CDO-CDfP - ­
04190 - IfICNRP.EO.0)B05,850
 
~~--tl6'5--tf"-(CLw.f-Q.1» 81 0.830 
04210 810 IfICLS.EO.0)815'825 
~4220 815 PRINT 820 
04230 820 fORMATI5x,4HCLS=.t ) 
04240 READ il0,CLS 
04250 825 CLW-CLS/ll.'12./ARW» 
&4260 830 IfINT.EO.0)835,541 
04210 835 PRINT 840 
04280 840 fORMATI4X,3HNT-,' ) 
04290 READ 110,NT 
04300 841 IfICDU.EO.0)181,845 
04310 181 IfICDW.EO.0)842,B43 
~43-26-- 842 PRINT 188 
04330 188 fORMATI4X,4HCDws,t 
04340 READ 110, COW 
04350 PRINT 1d9 
04360 189 FORMATI4X,4HCDf-.t ) 
04310 READ 265,CDf 
04380 843 IfIFH.EO.0)801,B02 
04390 801 PRINT 190 
04400 190 fORMATI4X,3HfH.,~ ) 
04410 READ 30,FH 
044~O &62 Iflf •• tO.01803,B04 
04430 803 PRINT 191 
~4"t(}- 791 FORMAT 14X.3Hfllll.... ) 
04450 READ 30,fw 
04460 804 IfIRG.EO.3HYES)811,806 
04470 ~06 PRINT 801 . 74-44-B-4-H
04480 801 fORMATI4X,*RETRACTABLE GEAR*,t ) 
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04490 REAU 413.RG 
0~5QQ IFIRG.Ea.3HYES)dl1,808 
04~10 ~08 IFIRG.EQ.2HNO)809,812 
04520 ~12 PRINT 813 
04530 813 FORMATI*YES OR NO ANSWERE. TRY AGAIN.*) 
04540 GO TO-806 
04550 809 IFICDNG,EQ.0)844,64b 
~~5tn)--- ~ PRINT 792 - ­
04570 792 FORMATI4X,5HCDNG=,. ) 
04580 READ 30,CDNG ­
04590 PRINT 793 
04600 793 FORMATI4X,6HFC~G-,. 

04610 READ 30,FCDMG- ­

-~--~~~~-----------------------------_.
04630 794 FORMATI4X,3HWD-,. )
 
-0-4640- ---RtAf:I ·3ihwtr
 
04650 PRINT 795
 
04660 795 FORMATI4X,3HWH-,.
 
04670 READ ~O,WH
 

~680 811 PRINT 796
 
04690 796 FORMATI4X,4HCDE=,.
 
04700 READ 30,CDE ­
04710 PRINT 797
 
0~720 797 FORMATI4x,6HCDNAC-,.
 
04730 READ 30,CDNAC ­
~1~6 PRINT 798
 
04750 798 FORMATI4X,5HRNAC-,.
 
04760 READ 30,RNAC ­
04770 PRINT 799
 
04780 799 FORMATI4X,bHCDTTK-,.
 
04790 READ 30.CDTTK ­
64806 ~RINT-800
 
04810 600 FORMATI4X,5HRTTK=,. )
 
04820 READ 30,RTTK
 
04830 846 CDFPziIICDW*SI+ll.2*CDF*FH*FWI+FCDMG+ICDNG*WD*WHI+ICDE*ST)+CDNAC*
 
0~8~6+ 3.1416*RNAC*RNAC+COttK*3.14ib*RTTK)*i.151/S - - - - ­
04850 CDO=CDFP - ­

.1t4ao;}- -8405 CNR....;. i .33* I I 1.+t3.*TRIIt) ) I 12. +12. +TRwl ) ) *COOI - 1.02* 11.- I I ARw-b.) I 
04870+ 13.)-111.-TRWI/2.S)j*ICLW**c.» - - ­
&4880 CNRT-2.*IILV/B).*2.I*CYBT 
04890 CNRP-CNRW+CNRT - - ­
64900 850 CONTINUE 
04910 WRITEI7,851)MODEL,U,wTO,WS,CW,TRW,ARW,ALT,S,B,ST,BT,SV,BV,LGUSr 
~920 651 FORMATIAI011*U-.,F8~4;IX,*FPS*,5X,*WTO-*;F8~2,IX,*LHS*;~X;*W/S-*, 
04930+ F6.4,IX'*LBS/saFT*,5X,*C~.*,F8.4,ix,.FT.;SX,*TRW_i,F8;4,5X;*ARW_i, 
0~9~0+ F8.4,5X,*ALT-*,F8~2,lX;.FT.i*S-.,F8~4;lX;*SUFT*,4X,iB•• ;FB.4,lX,­
04950+ *FT*,8X,*ST.*,F8.4,ix,*SOFT*'lOX,*ST-i,F8:4;lX;*FT*;5X;iSV-*, . 
04960+ F8.4,lX,*SQFT*,lX,iYV_i,F8.4,lX,*FTi,3x'*LGUST-*,F8.2,iX,*Ft*/1
04970 IF(LGUST.EO.2S001900,84t - - - - - . - ­
~~98~- a47 IFIALT.EQ.01852,879 
04990 652 CONTINUE 
05000 IFIPA.Ea.0)854,853 
05010 853 WRITEI7,856)PA,PB,PC,PD,PE,PF,PG,PH 
05020 
05030+ 
&SO~O 

656 FORMATI/*STABILITY DERIVATIVES 
*NASA-CR-1975~/~AND INPUT FROM 
GO TO 857 

ARE CALCULATED FROM 
*,8AiO/l-­

* 
74-44-B-4-1 
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05050 854 ~RITE17,d551
 

05060 855 FORMAT II-STABILITy DERIVATIVES ARE CALCULATED FROM NASA CR-197S.
 
05070­ I·RIOING ANO HANDLING QUALITIES OF LIGHT AIRCRAfT. - ,
 
05080­ ·-A REVIEW AND ANALYSISj·lloLONGITUDINAL.,4jX,.LATERAL./1
 
05090 857 ~RITEI7,860ICLAP,CY~P - - - ----, , 
~Sl-&~ 860 FORMATISX,*LIFTCURVE SLOPE-,39X,·CHANGE IN SIDE FORCE DUE TO. 
05110­ • CHANGE IN SIDESLI~ ANGLE.i9X,·CLAP~.,F8.4,lX,./RAD-,31x;.CYBP •• 
05120­ ,F8.5,lX,-/RAD·il - - - - - - - - - -- ­
05130 WRITEi7,8651CLADP,CYRP 
05140 865 FORMATI5X,.CHANGE IN LIFT COEFFICIENT DUE TO TIME.,17X,.CHANGE IN. 
05150­ - SlOE FORCE DUE TO CHANGE IN YAWING-VELOCITY./5X,ORAT('Or CHANGE' 
~16G-+­ • IN ANGLE Of ATTACK O/9X,.CLAOP•• ,FS.4,lX;./RADo,36X,-CYRP.i ­
05}10­ ,F8.5,lX,·/RAD·il - - - - - - - ,- , ­
051aO WRITEi7,870ICLQP,CN~P 
05190 870 FORMATI5X,.CHANGE- IN LIfT COEFfiCIENT DUE Too,22X,.CHANGE IN. 
05200­ - YAWING MOMENT-COEFFICIENT DUE TO CHANGE·/5X;.CHANGE IN PITCHING. 
05210- - VELOCITY.,28X,*lN-SIDESLIP ANGLE,-WEATHERCOCK)0/9X;oCLQP•• ;- - , 

F8.4~lX.·/RA{)· ...j7X~·CN8P··,fB.5~lX,o/RAooil- - - ' ­
05230 WRITEI7,875ICMAP;CNRP - , 
05240 875 fORMATISX,OCHANGE-IN PITCHING MOMENT COEFFICIENTO,18X,oCHANGE IN. 
05250­ • YAWiNG MOMENT· COEFFiciENT DUE TO CHANGE*/SX,oOUE TO CHANGE INO­
05260· • ANGLE OF ATTACKO,23X;oiN YAwING VELOCITY, YAW DAMPING- -- ­
05270- o OERIVATIVEJ*/9X;*CMAP•• ,F8.4,lX,./RAO*'37X,OCNRP.o,F8;S,lX,

-8Si?a8- --7it~--":--:"':"::_-=----------=---=--:'_:"'::"'-'---=---=----_':":'--'---------­

05290 WRITEl7,8761CMADP 
-05300 87& FORMATl5X,oCHANGE IN PITCHING MOMENT COEFFICIENT OUE Too/SX, 
05310- -TIME RATE Of CHANGE IN-ANGLE OF ATTAtK~7?X!.CMADP.~,~8;4!IX, 
05320- -/RADo/I 
05330 WRITEl7,8781CMQP 
~~40- 878 FORMATl5x,oCHAN6E IN PITCHING MOMENT COEFFICIENT OUEo/5X,oTOo 
05350- - CHANGE IN PITCHING VEL6CI!yo/9X;oCMQP=~!lX,F8.4'lX;~/~A~~/j 
05360 879 CONTINUE ­
05310C 
05380C STABILITY CHARACTERISTICS
05390C 
05400 WRITEl7,8801 
05410 880 FORMATl25HSTASILITY CHARACTERISTICSIII 
05420 RX-IIYY/WTOI00.5 ­
05430 RY-IIZZ/~TOI••• 5 
05440 KA-la.oWTOI/I~HOoSoCWoCLAPI 

05450 K8--18~.WTOl/iRHO.S.8.CYSPI 
05460 KOA-ICW/RXl o lll-l;/IKAiCLAPll o II12./KAloCMQPI_CMAPII00.51 
05470 KOS=I&/RYlolll1./IKSOCYBPII011(2./KBI.CNRPI~CNBPII00~5I 
05480 ZA=11./IKAoKOAlloll.-IIICW/RXlo02.101(CMQP_CMADPI/12.0CLAPIIII 
05490 ZS-11./IKS.K0811-11.-IIIB/RYlo02.10ICNRP/12.oCYSPIIII 
-~1)o--- 6AsZAttKA-KOA ­
05510 GB-ZS-KSOKOB 
O~5Z0 WRIT~i7,885IK*,~~tZ*tZ~ 
05530 885 fORMATl5x,oMASS PARAMETERso,40X,oOAMPING RATIO ISHORT PERIODo
 
05540. • OUTCH ROLLl o /9X,oKA.o,FB.3,5X,oKS.-,F8.3,28X,OZA.o,fB.4'
 
05550- 5x,oZB-o,F8.4/1­
~560 WRITEI7,890IK~A,KOB,GA,GS 

05570 890 fORMATI5X,oUNDAMPED-NATURAL FREOUENCyo,29X,.DAMPING PARAMETERo 
-osse~-- .. tSHORT PERIOO DUTCH ROlu o /9X,OKOA.O,F8;4,4X,OKOB.o, - -­
05590- F8.4,27X,oGA•• ,f8.4,SX,oGB-o,F8.4/1 ---- - ­
~5600 900 CONTINUE ---- 74-44-B-4-J 
05610 SAGUST=12. o LGUSTI/CW 
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05620 SBGUST=IZ.*LGUSTI/B 
05630 WRITE(7.910ISAGOST.SBGUST 
~i}--~HI--~ORMAT I *GUST SCAL£*/5X.*SAGUST-*.F 8.3.1X. *StlGUST-* .F8.]/1
05650 Sl.SAGUST*KOA - -.. - - -- . - ­
~5660 SZ-SBGUST*KOB 
05670 AI-ABAoKOA 
~5680 AZ-ABB*KOB 
05690 WRITEI7.915IS1.SZ.Al.AZ 
-&51~6 915 fORMATI28HRESPONS£ INTEGRAL PARAMETERS/5X.5HSKOA•• f8.4. 
05710. 3X.5H5KOB-.f8.4/5X.5HAKOA-.f8.4.]X.5HAKOB-.f8.4111 ­
057Z0C ­
05730C RESPONSE INTEGRALS 
~574eC 

05750 WRITEI7.9Z01
 
~--9C&~QRM"'H~EsPQH5£INTEGRALS-II
 
05770 CALL TRAPII.0000l •• OOl.ZOO.XINTS.fUNC.TMPl.41
 
&5780 CALL 5IMPI I .001oZ; .ZOOO;TXllofUNC.TM~i.41 ­
05790 CALL TRAPIlZ •• 20.,200.TKIZ.~ONC.TMP1,4~
 
~8eO DO 925 1-1.4 -. ­
05810 925 XINTSlil a lISAGUST*KOAI/3.14161*IXINTSlII.TXI1111.TXIZI111

95829 R&-IHNTS I H -.. -- - ­
05830 RZ.XINTSIZI 
&5840 R4-xiNtS131 
05850 R6.XINTSI41 
~6~ CALL TR"'PIl.0000l •• 00l.ZOO.XINTSB.fUNCB.TMPIB.41 
05870 CALL SIMPIl.00l.Z;.ZOOO.TXIlB.fUNCB.TMPIS.41 
95886 ~i;---TR"'P-I(2-.,2~•• 20lt,TXiZB;fUNCB;TMPIB.4j­
05890 DO 935 1-1.4 ­
~ 935 XINtSBlII-llS8GUST*KOBI/3.14161*IXINTSBlll~TXIlBIII.TXIZ81111 
05910 - ROB.XINTSBlll . -. --.- ­
~---- RZS-XINTSBIZI 
05930 R4B-XINTSBI31 

~---R~+tof!;&t-'rI~------------------------------
059S0 WRITEI7.93011XINTSIII,I-l.4I,IXINTSBlll.I.1.41 
~-~~~ATrs~*LQ~ITUDINAL*.43X'*LATtRAL*/9X.*HO-*.f7.4.1X.*RZa*. 
05970· - f7.4,ix.*R4-*.f7.4.1x.*R6a*.f7.4.15X,.ROB••• f7~4.1X.*R26••• f7.4. 
~6" lX ••R4B••• F7.4,iX ••R6a.... F7;41l -.-. -­
05990C - . .. ­

_~~----RE-SP6NSES--ARf CALCULATED FR~ NASA TN D-6Z73 -A METHOD FOR 
06010C ESTIMATING SOME LONGITUDINAL AND LATERAL RIGIU BODY RESPONSES 
~6Z0C Of AIRPLANE~ TO CONTINvOUS ATMOSPERIC TURBULENCE_ ­
06030C 
~6C- AIRPANE RfSPOI'tSES­
06050C ­
66666 9~fTEt1,~51
 

06070 945 fORMATl*AIRPLANE RESPONSES ARE CALCULATED fROM NASA TN 0-6Z73*
 
-6~080. I·-A METHOD F~-ESTIMATING SOME LONGITUDINAL AND LATERAL RIGID*
 
06090. * BODY RESPONSES Of AIRPLANES TO CONTiNUOUS GUST TURBULENCE.*I/
 
·6~100. .LONGITUDINAL*.43X;*LATfRAL*/1 ­
06110 ZW--(IRHO*U*Sj/12.*WTOlj*CLAP
 
~----~ti~0*tl*s+e.1/12.·1yyjl·CMAP 
06130 MQ-llRHO*U*S*CW**Z.1/14;*IYY/I*CMQP
 
~6140 WOA a lZW*MQ-U*MWj.*.5 .
 
06150 YY.llRHO.U.SI/IZ~.WTOII*CYBP
 

~- NY-I I~O.U.S.81/12•• 1ZZj I.CNBP 
06170 NR-llRHO.U.S*8**Z.I/14 •• IlZII*CNRP 
6618(1 11108- (t~R*'f'V~f~.-s---- - 74-44-B-4-K 
06190 ADN-llZ.·ZA.WOAI/13Z.Z*GAlloIR4.114 ••ZA.*2.1*111.-II.1GAI/**2.I*R21 
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~6l00. 1·".5 
06Z10 NOli""~\oL '12.' ·,141E>1)·IIR6+114.*lA"·".I·111.-11./GAII""Z.I·R4))/IR4 
06ZZ0+ +114."ZA".Z.I.111~-11.iGAlli*Z.I.RZij)*.;5 .,. 
06Z30 ATHD-lwOA/UloAijSI14 •• 11ZA**2.I/GAI*11.-ll./GAIII-1.I.RZ.... 5 
062~0 ffOfHO-iWOA/lZ ••3.141611*IR4/RZI**.5 - ­
06Z50 ATDO-llWOA**Z.liul·ABSll4 •• 11ZA**Z.I/GAI"11.-11./GAIII-1.I.R4••• 5 
~Z60 NOTOO-IWOA/lZ.*3.141611*IR6/R41*•• 5 ' . 
06Z70 ADL-llZ.*ZB*w09J/i32.z"GBII·IR4a+14 •• 1ZB••Z.I*111.-11.IGBII ••Z.1 
~8'6+ *RZBII**.5 .. .., - , 
06Z90 NOOL-IWOB/lZ."3.141611"IIR6B+14.*IZs*"Z.I·lll.-ll./GBI1 ••Z.I.R4BIII 
96399' (R4B.14.*(l&*~.I.{{1.~~1./G811"2.I*RZBlil**.5 . .. ­
06310 ASI-ll./UI*A8S114;*IIZB**Z.i/G8r*11.~11./GBrll-l.I*IROS.... 51 
~3Z0 NOSI- lwOBI lZ ••3. 14161 I "( lRZB/ROBI **.51 .. 
06330 ASIO-IWOB/UI*ABSI(4.*I(ZB"*Z.I/GBI*11.-11./GSIII-1.1.1RZS••• 51 
&6340 NOSID-IWOB/IZ.*J.141611*IIR4B/RZBI*.~51 . ­
06350 Q~II.51*RHO*IUi*Z;iI/3Z;Z - . 
~- SReST IS . ­
06370 Cl--SR+ll.*ICLADT/CLATI*IIKOA*ZAI/GAII+1114.*U.U.KOA.WHTI/13Z.Z* 
06380+ Q*S*CW*CLATII*112A/GAI-(IIKOA*LTI/CWI*114.i l(ZA*ZAI/GAI*ll.~ll;i 
06390+ GAlil-l.IIII' -.. -' . 
'66400 CZ-12.*ZA*SR*11.-11./GAIII-IICLAOT/CLATI*KOAI+IICLOT/CLATI*KOA.114. 
06410+ *IIZA*ZAI/GAI*ll.-il./GAIII-l.II-(I(Z.*U*U*KOA*WHTliIQ*S*CW.CLAT

06420+ ·~-rt-t4-tt(-4-i6-~At-IUAI"U.-11./6AIIII.-.. - ." , ..
 
06430 AZHT-ABSllQ*S.CLATI/UI*ICl*Cl.R4+CZ.CZ*RZI**.5
 
&6440 NOHt-lwOA/lZ.ij.14161I i l(Ci*Cl*R6+CZ*CZ*R4iilC1*Cl*R4+CZ*CZ.RZII ••• 5
06450 C)- i • . -' ,. . ,- '" , , 

~oO~ C4--Z.*ZB*11.-11./GBII+KOB*ICYRVT/CYBTI*1114.*ZB*ZBI/G81*11.­
06470+ 11./GBil-l.1 . 
66480 ---A1'Y-~S-I~.l(&H1l:t1*'t£3*'C3*'R48+C4*C4*R2B 1**.5 
06490 NOVt-IWOB/lZ ••3.1~161Iil(Cj*C3"R6~+C4*C4*R4Bj-
~5iI0+ /(Cj*C3*R4B+C4*'C46-RZBlj**.5' .....
 
06510 WRITE(7,lOOOIADN,NODN,ADL,NODL
 
~2o-~000 ~OR~AT{5X,+NOR~AL-LOAD fACTOR ~ESPONS~*,28X'*LATERAL-LOAD fACTOR.
 
06530+ * RESPONSE*/9X,*ADN-.,lX,f6.4,lX,*G/fT/5EC*;8X,*NODN-.'1x,f8.4,lx
 
96549' ;*C~5E~~T5*~~~ix.f6.~~X.6G/flisEC.;1x,*NoDL-*';lx,F8.4,-·
 
06550+ 1X,*CRS/SEC*/1 - - . - . -- - ... - - ­
~ WRITE{7,1005IATHD,NOTHD,ASI,NOSI
 
06570 1005 fORMATI5X,*PITCH-ANGLE ~ATERESPONS~.,30X,*YAW ANGLE RESPONSE.
 
06580' - 19X,+ATHD-*,F&.4,lX,+RAO/SEC/fT/SEC*'ZX,*NUTHD-*,f8.4,lx,

06590+ *CRS/SEC.,5X _. .. .' -..., - ... 
'96698' ~"'~i*.r6.4rl-~f)/FT/SEe+-,-5jl.T*NeSI•• ,-Ht-~rtltT-'"eR~*'It-----------
06610 WRITEl7,1010lATDD,NOTDO,ASID,NOSID ..- ..-. 
~- iei+--f-QRMAT {'S'X,+PI TCI~··ANGLE ACCELERAT ION RESPONSE*,Z2X,*YAW-ANGLE. 
06630+' * RATE RESPONSE*/9X,*ATDD-*,f6.4,lX,.RAD/S~tzifT/SEC*,lX,iNOT00-*, 
~604'(t.. !"B.It,IX, _. .. - --.' 

06650+ ·CRS/SEC*,5X,.ASID-*,f6.4,lX,*RAD/SEC/fT/SEC*,lX,*NOSID-*,fB.4,lX,

66660 - ~57SfC1'n . - - - - - ..
 
06670 WRITEI7,lOl~IAZHT,NOHT,AYVT,NOVT
 

06680 1015 'ORMATlSX,.HORI20NTAL'tAIL LOADi,35X,.VERTICAL TAIL LOAO*/9X,
 
06690- "AZHT.*,f8.4,lX,*L9s/ft/SEC*,4X;*NOHt.*'lX,f8.4,lX,*CRS/SEC.,SX~
 
~100·- *AYVT-*,fB.4,lX'*LtiS/fT~Eei'3X,*NOVT-*'iX,fB.4'lX,*CRSISEC*/I06710C - - _.. _..- . . 

66120C ---~ISCRETf UUST LOADS AND LOAD fACTORS ARE DERIVED fROM PROCEDURES 
06730C OUTLINEO IN ~AR PART Z3 

-olH40e 74-44-B-4-L 



06150C 
061bOC 
06110 
~6180 

06190 1040 
06800+ 
06810+ 
06820 
06830 
~840-

06850 
06860 10~2 

06810 
06880 1043 
06B90 1044 
96900 
06910 1045 
06920 
06930 
06940 
06950 
06~60-

06910 
06980 10~0 

06990+ 
01000+ 
01010 
01020

b":l 
I 01030 1050 

I-' 01040 1058 
a 01050I-' 

01060 
01010 
079BO 1060 
01090+ 
07100 
07110 lObS 
01120+ 
01130 1010 
07140 
01150 
01160 
07110 
07180 1080 
07190+ 
01200. 
01210 
07220 
07230 
01240 1095 
07250 

DISCRETE GUST LOADS 

IFILGUST.EQ.2500.IGO TO 1010 
WRITEl1,10401 
FORMATI*AIRPLANE RESPONSES TO D1CRETE GUST LOADS ARE DER1~ED*1 

*fkOM-PROCEDURES OuTLINED IN FAR PART 23 -AIRwORTHINESS STANDA~DS* 
* NORMAL, UTILITY, AND ACRO~ATIC CATEGORY 
UG=12.*IWTO/SlliIRHO*CW*CLAWI ­
KG=I.88*UGI/IS.3+UGI­
V~TS=U*II./1.68&8l*IRHO/RHOOI**.5 
1FIALT.GE.20000.l1043,1042 
UDE-SO. 
GO TO 1044 
UDE=IALT-80000.1/1-1200.l 
N=I.+IKG*UDE*~KTS*CLAWI/149B.*IWTO/Sll 
WRITEl1,104SlN ­

AIRPLANES */l 

FORMATl5X,25HDISCRETE GUST LOAD FACTOR/9X,2HNz,F8.4,/l 
DLHTtiIKG*UDE*~KTS*tLAT*STl/498.1*11.-DEDAI-
C~zS~/~V - ­
UGT·112.*WTOI/IRHO*C~*CLA~*S~*51.311*IRY/L~l**2.
 
KGT=I.~8*UGTI/15.3+UGtl ­
DL~T·IKGT*UDE*~KTS*CLA~*S~*S1.3 1/498.
 
WRITEI1,1050lDLHT,DL~T
 

FORMATI~X,*DELTA LOAD ON HO~IZONTAL TAIL DUE TO DISCRETE GUST*,
 
5X,*DELTA LOAD ON ~ERT1CAL TAIL DUE TO DISCRETE GUST*/9x,
 
*DLHT-*,f8.3,lX'*L~S*'38X,*DL~T~*,F~.3,lX'.LBS*/l
 
MOM=QoS*CW*CMOwS- ­
IFIXA.LT.OI10S6,10S8 
HTL=II-XA*wTOI+MOMI/ILT+XAI 
HTL-IIXA*wTOl-MOMl/IXA+LTl 
LHT=DLHT+HTL 
L~T-DL~T 

wRITEI1,1060IHTL
 
FORMATl5X,37HHOR1l0NTAL TAIL LOADI~ALANCEO FLIGHTl/9X,4HHTL=,FB.3,
 
1X,]HLBSII - ­
WRITE(7,106~lLHT,LVT
 

FORMATI5X,*TOTAl HORIZONTAL TAIL LOADo,29X,oTOTAL ~ERT1CAL*
 
* TAIL LOAO*/9X,*LHT-*,Fci.3,lX,*LdS*,39X,*LVT-*,FB.3,lX,*LBS* II 
CONTlNUi:C - - . - - . 
SIGwG-IN-1.I/ADN 
ADN1=IADN*62.1+1. 
RATIO=ADN1/N 
WRITEI7,1080IS1GwG,RATIO 
FO~MAT(*RMS GUST INTENSITY IADN=Nl*,29X,*RAT10 OF ADN/N * 
*ISlGWGz 62 FT/SECl*i/~X'*SlbWG=*,F8.3,lX,.Ff/SEC*,34X, 
*ADN/Nz*,Fd.31Iill - - ­
IFILGUST.EQ.2500.IGO TO 1095 
IF ILGUST.EU.750.lLGuST=2S00. 
GO TO 850 
CONTINUE 
IFIALT.GE.5000.II0B3,1082 

·~~~tt~~~----------------------------------01210· RHOz.06b 
01280 LGUST=750. 
01290 GO TO 850 74-44-B-4-M 
01300 1083 IFIALT.GE.15000.11068,1081 



07310 1081 
"07320 
07330 
07340 
07350 1068 
07360 1071 
07370 i072 
07380 
07390 
07400 
07410 1059 
01420 1001 
07430 1062 
"01440 
07450 
07460 
07470 1057 
07480 1063 
07490 1064 

-01'3-0-0- -- ­
07510 
07520 
07530 1065 
07540 1100 
07550 1110 
~7560­

07570 
07580 1130 

b:l 07590 1140 
I 07600 i150

I-' 076101r -~7020 1160 
07630 
07640 1090 
07650 
07660 
07670 
07680 
07690 
07700C 
07710 
01720 
07730 

iT'j'-140 
07750 
07760 
07770 
07760 
07790 
~18{)0 

07810 
07820 
07630 
078400 
07850 
~786it-- -10 
07870 
07880 
07890C 

ALT:ALTo"'OOO.
 
RHO=I-<HU-.OO'/
 
LGUST:7:'>O.
 
GO TO tlSO
 
IFIALT.GE.ALTCI108S,1071
 
IF(ALT.GE.25000.l10S9,1072
 
ALT=ALT+SOOO.
 
RHO=RHO-.OO-'
 
LGU~T"'750. 

GO TO 850 
IFIALT.GE.ALTCl108S,1061 
IFIALt.GE.40000~110S7,1062 
ALT"'ALT+SOOO. 
RHO=RHO-.OOS 
LGUST:750. 
GO TO 850 
IFIALT.GE.ALTCI108S,1063 
IFIALT.GE.45000~110BS,1064 
ALT-ALT+SOOO. 
-RHO-RHO-.004 
LGUST:z7S0. 
GO TO 850 
CONTINUE 
PRINT 1110 
FORMATI*RERUN SAME AIRCRAFT>o,. 
REAl) 4t13,RSA 
IFIRSA.EQ.3HYESI22,1130 
IFIRSA.EQ.2HNOI1160;1140 
PRINT 1150 
fORMATI*YES OR NO ANSWERE. TRy AGAIN.ol 
GO TO-1100 
AC-AC-1. 
IfIAC.EQ.0II090,1100 
CONTINUE 
ENt> fILE 7 
REwIND 7 
CALL SAVEISHTAPE7,3HPSD,0,O,Ol
STOP - - - ­
END 

SUBROUTINE fUNCIBETA,RJl 
DIMENSION IUllo1 
COMMON ABA,SAGUST,KOA,ZA,ABB,SBGUST,KOB,Zb 
REAL KOA 
J=O 
DO 10 1"1,4 
Zl:SETA**J 
Z2-2.7182S 0 0(-1.*ABAOKOAoBETAI 
SKOA-SAGUSToKOA 
Z3-1.+IIB./3.1*1.33901.3390 SKOAoSKOAOBETA08ETAl 
Z4=1.-8ETAOBETA - - ­
Z5 .. l4oZ4 
Z6-4.*ZA*ZAoSETA*BETA 
Z7-11~+11.33901.3390SKOAoSKOAoBETAoBETAllooI11./6.1 
RJl1l:ZIZ1*Z2*Z31/IIZS+ZojOZ7l ­
J·J+2 ­
RETURN 
END 74-44-B-4-N 



t::d 
I 

i-' 
o 
::l 

01900 SUBROUTINE SIMPIIA.~.N.ANS.FUNC.TEMP.NII 
01910 DIMENSION ANSINII.tEMPINII ­
-~--~o-<t--i---t..-rtt-----=-------------------------------

01930 4 ANSIII-O. 
01940 IF(B-All.2.3 
01950 2 RETURN 
01960 1 X-A 
01910 A-B 
07986 B~X 

01990 3 HEIS-Al/N 
08000 NMI-N-l 
08010 CALL FUNCIA.TEMPI 
08020 DO 5 !=I.NI ­
08030 5 ANSIII=ANSIII'TEMPIII 
CHHI.. O CALL FUNCIB.TEMPI 
08050 DO 6 1=I,NI 
08060 6 ANSIIlzANSIII.TEMPIII 
08010 K"2 
08080 00 1 j-l'NMI 
08090 CALL FUNCIA'j*H,TEMPI 
~81{}6 IF (K-21 8.9.8 
08110 8 K"2 
08120 GO TO 10 
08130 9 K=4 
081"0 10 00 1 1-1, NI 
08150 1 ANSlllzANSIII'K*TEMPIII 
%1f3ir- OU 11 I ~l • NI • 
08170 
081tlO 

11 ANSIII=ANSIII*H/3 
RETURN 

Otl190 END 
08200C 
08210 SUBROUTINE TRAPIIA.B.N.ANS.FUNC,TEMP,NII 
08220 DIMENSION ANS INI I. TEMP iNI I -
08230 DO 4 I-l,NI 
08240 4 ANSIII-O. 
08250 IF Ib-Al 1.2.3 
08260 2 RfTU~N 

il8210 1 X=A 
6B280 A-a 
08290 a-x 
08300 
08310 

3 H-IB-Al/N 
NMI=N-l 

08320 CALL FUNCIA,TEMPI 
08330 DO 5 I=I.NI 
08340 5 ANSIII-ANSII).TEMPIII/2 
08350 CALL FUNCIB,TEMPI 
08360 DO 6 I=I,NI 
08310 
08380 
08390 

6 ANSIII=ANSIII.TEMPIII/2 
no 1 j-l.NMI 
CALL FUNCIA.j*H,T~MPI 

084000 00 1 I a l,NI 
08410 1 ANSIII=ANSIII.TEMPII) 
08420 DO tl 1-1, NI 
08430 8 ANSlll=ANSIII*H 
Otl440 
08450 

RUUf<N 
END 74-44-B-4-0 



08~60C
 

08470 SUtiROUTINE ~UNCB(6ETA,RJ81
 

08~60 OIMtNSION RJB(41
 
08490 COMMON ABA,SA~UST,KUA,ZA.ABB.5BGUST,KOB,Z8
 

08500 REAL KOB
 
08510 JzO
 
08520 00 10 I.l.~
 

08530 ZI=BETA**J
 
08540 Z2=2.71628**(-I.*ABB*KOB*BETAI
 
08550 SKOB=SBGUST*KOB - - ­
08560 Z3=I.+«B./3.1*1.339*1.339*SKOB*SKOB*BET.~BETAI
 
08570 Z~zl.-dETA*BETA . - ­

~--~~~----------------------------------08590 Zbz4.~ZB*ZB*BETA*8ETA
 
08600 Z7c(1.+(1.339.1.339*SKOS*SKOB*BETA*SETAI)**(11./6.1
 
08610 RJB(II=(Zl*Z2~Z31/(izs+Z61*Z71 .
 
08620 10 JzJ+2
 
08630 RETURN
 
08640 END
 

b::l 
I ..... 

o o 

74-44-B-4-P
 



APPENDIX C 

AIRCRAFT RESPONSE TO CONTINUOUS ATMOSPHERIC TURBULENCE 

MOTION OF CENTER OF GRAVITY 

A simplified method for estimating longitudinal and lateral responses, 
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 - Ko 

KoO( = Ow [__I (LC"q +C,J 'Ie 
(C-l)

R)C KCl(~ KQ 

Ko~ 0.,[1 ('~C -C)r (C-2)= Ry K"CYt; K& "tr IICa 

Damping Ratio - t; 

i; = _I [I - (',.yeM...C..;. J (C-3) 
oc ~ Ko. Rl( CCL"cf 

t; - _1_ [ 1+ bw 2 COr 
(C-4)

fJ - KpKo-, (- RJ ]c. c'(~ 
Mass Parameter - lC. 

(C-6)(C-5) 

Damping Parameter - ! 

(C-7) (C-8) 

C-l 



Stability Derivatives 

(C-9) 

(C-lO) 

(C-ll) 

(C-12) 

(C-13) 

(C-14) 

Undamped Natural Circular Frequency - ~o 

(C-15) 

(C-16) 

Response Formulas 

(C-17) 

(C-18) 

(C-19) 

(C-20) 



Lateral - Load Factor 

Yaw Angle 

Yaw-Angle Rate 

2 '/2
Ar,=- Wo~/4 ~1I(1-'/6'H)-11 RzS 

U (H 

No'~) = WOl'(.B.:tS)1/2
2rr RZ13 

Response Integrals Longitudinal - Rjk 

Where;
 
j=O,2,4,6
 

Response Integrals Lateral - Rj~ 

(C-21) 

(C-22) 

(C-23) 

(C-24) 

(C-25) 

(C-26) 

(C-27) 

(C-28) 

(C-29) 

(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, 

(C-3l) 

Then the frequency response function is 

Zic.o) =(WWi'!1.(W)\- (WU 
~ 

w,Je(l.c])\t ~Cl.,,(~\-+ qStCl.o( ¢)(~)
 
W&(W) 1W~(w)J Iw&('O)) U 'W~l<ol U ~
 (C-32) 

- 4lW 1}l(w)'.t icog S6CL~(e.u) \t qc",SwCL.' icq~(w) \t 
,\W!(W~ eu WiC4J1 c.u 2 ll(t VJ'b(W)} 

Normalizing the tail load equation by 

(C-33) 

~ = 'U and 
G( wOo(. 

Therefore the substitution of can be made and 
grouping terms yields. 

(C-34) 

C-4 



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. 

H:;(~EL):~=- (1+ i2. 5../3~~0l) ¢( KOa(t3,,J
2 (C-35) 

<It W~ , - a. -+- ics(3
1-'10( ... "l, 

2 

H:C\F-)= ~b I/U[4~..y'~(l-I/~)-IJ ¢(Ko",~,J (C-36) 
e "W2, I ~ fj: + ( e;".c fjO( 

Substitution yields the frequency response function 

(C-37) 

Where 

c. ~'" Si' (I -_I ) - Koo( C~'f + Ko.c CLctt (4 ~: (I-..L )-I)

5", ('DC Cl.c>I. ('-o<t ~ot '(0(


t 

- 2Ko.W-tU 2 (4~: (I-..L))
ctovg S", Cl.a. 7'; ~'" t 

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

_2 a JCO Ws 12 
A = cr2~ -= 4> wi~ IH%t(4.l.t) d (Ve(

Zt a: ~ - --==:-.---:2,.-1----- (C-38)
w'- 0 O"w2, 

Where CI?",,(w), the Von Karman Spectrum is 
& 

C-5
 



Assuming unsteady lift-function approximation 

Therefore it follows that the rmsva1ue for the horizontal tail load 
can be put in the response integral format utilizing equation (C-29) 
and 

(C-39) 

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

(C-40) 

Substitution of equation (C-38) yields 

Then, 

(C-41) 

C-6
 



VERTICAL TAIL LOAD 

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

(C-42) 

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

and 

(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. 

(C-44) 

(C-45) 

Substitution yields the frequency response function 

(C-46) 

Where 

C = I3 
~ 

C4 = -2~1'(I-JJ+ Ko,Cy,.v[4~s(I-.L)- 11
 
lfs Cy~v t"tJ· 6S J
 

The rms value for the vertical tail load in response integral format is 

(C-47) 

C-7 



and number of zero crossings is as follows 

2R "'C2~_ ]'12N~YJ:. ~,. C, '-s i '''''tjl (C-48)[
2fT' c; R4~ T C~ Rt " 
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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: 

(D-l) 

Where.
 
Gust alleviation factor)
 

K = .88»,. 
1. 5.3+}J~ 

Airplane mass ratio. 

)J,. ::.	 2 ~/SW
 
PCwo.,
 

Derived ~ust velocities, 

Ud4 = 50 ft/s at Vc between altitudes at sea 
level and 20,000 feet 

Airplane equivalent airspeed (knots).
 
1/2.
 

V«= .592(~) U 

a*= wing lift curve slope (lIRAD) 

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 unacce1erated 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. 

D-1
 



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

(D-2) 

a~ = Horizontal tail lift curve slope (/RAD) 

Tail load for balanced flight l 

L _ 
t­

'7<a WTO i' q5wC_CMoII/S 
!Xai' 20t 

(AFT C.2,') (D-3) 

L = "'aWTo-qSwC.,G",o~ 
t 1f - tXa 

(Forward C-2;) (D-4) 

23.443 Gust loads, vertical tail surfaces 

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

(D-S) 
Where, 

Gust allevation factors 

K _.88)J'l.t 

~r 5.3+jJ~~ 
Lateral mass ratio 

c 
)J	 - 2.WTO 

!.t - PC dy5 (~:)v v 

Derived gust velocities 

Udt=SO- ft/s at Vc between altitudes at sea level and 
20,000 feet 

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

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. 

D-2
 



APPENDIX E
 

GENERAL AVIATION AIRPLANE DESCRIPTION AND CHARACTERISTICS
 



LIST OF TABLES
 

Table Page 

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

E-l 

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

E-3 Airplane III--Light-Passenger.Twin-Turboprop 
Transport Low Wing 

E-3 

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

E-4 

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

E-5 

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

E-6 

ii 



TABLE E-l. AIRPLANE I -- FOUR-SEAT SINGLE-ENGINE HIGH WING 
WITH FIXED GEAR 

I 

AREA 
SPAN 
ASPECT RATIO 
TAP ER RATIO . 
MAC 
SWEEP 
DIHEDRAL 
INCIDENCE 
AIRFOIL SECT. 

VERTICAL TAIL 

AREA 18.57 FT2 
SPAN 5.75 FT 
FIN OFF-SET 0.00° 

: Ii 

WING
 

174.00 FT2 
35.88 FT 
7.40
 

.69
 
4.57 FT
 
0.00°
 
1.73°
 
1.500,- 1.500 (TIP)
 

NACA 2412 (ROOT) 

ENGINE 
HP RATING 

HORIZONTAL TAIL 

38.71 FT2 
11 .54 FT 
3.44 

.65 
3.35 FT 
7.64° 
0.00° 
3.25° 

NACA 0009(ROOT) 
NACA 0006(TIP) 

POWER PLANT 

CONTINENTAL 0-470-R 
230 HP @2600 RPM 

AIRFOIL SECT. NACA 0009.5 (ROOT)
NACA 0008 (TI P) 

MASS &INERTIA CHARACTERISTICS
 

GROSS WEIGHT 
WEIGHT FOR GUST ANALYSIS 
CENTER OF GRAVITY 
PITCHING MOMENT OF INERTIA 
YAWING MOMENT OF INERTIA 

CRU I SE VELOCITY 

2,950 lb. 
2,950 lb. 

·26.4% MAC 
43,341 "lb. 
63,337 lb. 

-
-

FT2 
FT 2 

FLIGHT CHARACTERISTICS 

219 FT/SEC. 

E-1 



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

~ c; .II . 

WING 

AREA 178.00 FT2 
SPAN 36.00 FT 
ASPECT RATIO 7.28 
TAPER RATIO .51 
MAC 4.98 FT 

, SWEEP 0.00° 
DIHEDRAL 5.00° 
INCI DENCE 2.00° 
AIRFOIL SECT. NACA 64 2A215 

VERTICAL TAIL 

AREA 14.90 FT 2 ENGINE 
SPAN 4.66 FT HP RATING 
FIN OFF-SET 0.00° 

MASS &INERTIA CHARACTERISTICS 

GROSS WEIGHT 
WEIGHT FOR GUST ANALYSIS 
CENTER OF GRAVITY 
PITCHING MOMENT OF INERTIA 
YAWING MOMENT OF INERTIA 

FLIGHT CHARACTERISTICS 

CRUI SE VELOC ITV 285 FTjSEC. 

E-2 

HORIZONTAL TAIL 

32.50 FT2 
12.50 FT 
4.61 

.52 
2.71 FT 

12.28° 
0.000 

0.00°
 
NACA 0008
 

POWER PLANT 

2- LYCOMING IO-320-B 
160 HP 

3,600 1b. 
3,600 1b. 
19.58% MAC 2 

61 ,180 1b- FT
 
144,900 1b - FT2
 



TABLE E-3. AIRPLANE III --LIGHT-PASSENGER TWIN-TURBOPROP TRANSPORT
 
LOW WING
 

J 

.~~
 
f\ 
I ( 

WING HORIZONTAL TAIL 

AREA 279.74 FT2 100.00 FT2 
SPAN 45.88 FT 22.38 FT 

. ASPECT RATIO 7.52 5.00 
TAPER RATIO .41 .50 
MAC 6.43 FT 4.47 FT 
SWEEP 0.00° 20.000 
DIHEDRAL 
INCIDENCE 

7.00° 
4.85°, O.OOO(TIP) 

7.00° 
+6.1 0 TO -3.2So(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 lb. 
CENTER OF GRAVITY . 37.86% MAC 2 
PITCHING MOMENT OF INERTIA 719,580 lb-FT 
YAWING MOMENT OF INERTIA 1,155,.097 "I b. FT2 

FLIGHT CHARACTERISTICS 

CRU 1SE VELOC ITV 418 FT/SEC 

E-3 



TABLE E-4. AIRPLANE IV -- LIGHT-PASSENGER TWIN-TURBOPROP TRANSPORT 
HIGH WING 

\~I NG HORIZONTAL TAIL 

AREA 266.00 FT2 58.37 FT2 
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 ° 25.000 

DIHEDRAL 4.000 10.000 

INCIDENCE 3.000 ,-1.000 (TIP} - .750 

AIRFOIL SECT. NACA 23012 NACA 0010 

VERTICAL TAIL POWER PLANT 

AREA 
SPAN 
FIN OFF-SET 
AIRFOIL SECT. 

44.27 FT2 
8.95 FT 
0.000 

NACA 0009 

EN
HP 

GINE 
RATING 

2-AlRESEARCH TPE 331-5-251 
700 HP 

MASS &INERTIA CHARACTERISTICS 

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

FLIGHT CHARACTERISTICS 

CRUISEVELOCITY 408 n./SEC. 

E-4 



TABLE E-S. AIRPLANE V -- TWENTY-PASSENGER TWIN-TURBOPROP COMMUTER 
LOW WING 

AREA 
SPAN 
ASPECT RATIO 
TAPER RATIO 
MAC 
SWEEP 
DIHEDRAL 
INCIDENCE 
AI RFOIL SECT. 

AREA 
SPAN 
FIN OFF-SET 

GROSS WEIGHT 

WING 

277.50 FT2 
46.25 FT 
7.71 

.40 
6.37 FT 
4.000 
5.000 
1.000,-1.000 (TI P) 

NACA 652A215(ROOT) 
NACA 642A415(TIP) 

VERTICAL TAIL 

HORIZONTAL TAIL 

75.97 FT2 
15.96 FT 
3.08 

.39 
5.17 FT 

40.000 
0.000 

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

POWER PLANT 

56.00 FT2 ENGINE 2-AIRESEARCH TPE 331-3U-303 
10.12 FT HP RATING 840 HP 

.33° 
NACA 66A009 (ROOT)
NACA 63A009 (TIP) 

I~ASS & INERTIA CHARACTERISTICS 

WEIGHT FOR GUST ANALYSIS 
CENTER OF GRAVITY 
PITCHING MOMENT OF INERTIA 
YAWING MOMENT OF INERTIA 

FLIGHT CHARACTERISTICS 

CRUISEVELOCITY 372 Fl./SEC. 

E-S 

12,560 1b. 
12,500 1b. 
10% MAC 
942,576 1b. _FT2 

1,643,450 1b. FT2 



TABLE E-6. AIRPLANE VI -- TWIN-JET LIGHT EXECUTIVE TRANSPORT 
LOW WING 

WING HORIZONTAL TAIL 

AREA 231.80 FT2 54.00 FT2 
SPAN 34.12 FT 14.70 FT 
ASPECT RATIO 5.02 3.97 
TAPER RATIO .51 .47 
MAC 7.04 FT 3.70 FT 
SWEEP 16.00° 29.00° 
DIHEDRAL 
INCIDENCE 

~.500 

1.00° 
0.00° 

-7.00° to -.500 (TIP) 
AIRFOIL SECT. NACA 64Al09 

VERTICAL TAIL POWER PLANT 

AREA 40.75 FT2 ENGINE 2-GENERAL ELECTRIC CJ610-6 
SPAN 5.81 FT RATING 2,950 lb. 
FI N OFF-SET 0.00° 

MASS &INERTIA CHARACTERISTICS 

GROSS WEIGHT 12,800 1b. 
WEIGHT FOR GUST ANALYSIS 9,000 lb. 
CENTER OF GRAVITY 20.9% MAC 2 
PITCHING MOMENT OF INERTIA 528,000 lb.-FT 2 
YAWING MOMENT OF INERTIA 681,000 lb. - FT 

FLIGHT CHARACTERISTICS 

CRUISEVELOCITY 878 FT. jSEC. 

E-6 



TABLE E-7. AIRPLANE VII -- TWIN-JET BUSINESS TRANSPORT LOW WING 

n "..J] 

Cd~ 
o 0 

cd~
0\1 0 

WING HORIZONTAL TAIL 

AREA 342.05 FT2 77 .00 FT2 
SPAN 44.43 FT 17.55 FT 
ASPECT RATIO 5.77 3.00 
TAPER RATIO .32 .30 
MAC 8.38 FT 4.39 FT 
SWEEP 
DIHEDRAL 
INCIDENCE 
AIRFOIL SECT. 

32.00° 
3.14° 
-.005~ 2.900(TIP) 

NACA 64A SERIES 

35.00° 
0.000 

-6.000 to O.OOo(TIP) 
NACA 64A010 

VERTICAL TAIL POWER PLANT 

AREA 41.58 FT2 ENGINE 2-PRATT &WHITNEY JT12A-8 
SPAN 7.66 FT RATING 3,300 1b. 
FIN OFF-SET 0.00° 
AIRFOIL SECT. NACA 63A010 

MASS & INERTIA CHARACTERISTICS 

GROSS WEIGHT 18,650 1b. 
WEIGHT FOR GUST ANALYSIS 17,3751b. 
CENTER OF GRAVITY 27.2% MAC 2 
PITCHING MOMENT OF INERTIA 978 ,880 1b. FT 
YAWING MOMENT OF INERTIA 1,655,080 lb. - FT2 

FLIGHT CHARACTERISTICS 

CRU ISE VELOCITY 932 FT./SEC. 
E-7 




