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SUMMARY 
This report is written to cover two major purposes. The first is 

to familiarize test program managers and stability and control engi¬ 
neers with the philosophy behind the derivative extraction and char¬ 
acteristic analysis approach. The advantages of this procedure, the 
necessary prerequisites, and the reasons why these prerequisites are 
important are discussed in the first few sections. The second primary 
purpose is to provide a handbook for operating the digital programs 
required for analysis and for understanding the results. Setup, opera¬ 
tion and output is discussed for both the derivative extraction program 
and the characteristic analysis program. In addition, a section is 
included on interpreting and evaluating the results. It is intended 
that all the information required to conduct a successful stability and 
control test program using this approach be included in this report. 
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This report is written to acquaint the flying qualities engineer 
with the advantages and techniques of derivative extraction and subse¬ 
quent data analysis. The techniques and practices included herein 
represent ten years of experience at the Air Force Flight Test Center 
and NASA Flight Research Center. 

The author wishes to acknowledge the work o/ Mr. Kenneth W. Iliff 
and Mr. Richard E. Maine of NASA-FRC for their development of the 
Modified Maximum Likelihood Estimator derivative extraction program. 
The Control characteristics analysis program is largely the effort of 
Mr. John Edwards, also of NASA-FRC. It should be emphasized that the 
original work on these programs was done by these men, and only the 
necessary interfacing with AFFTC computers and computer programs was 
done by the author. Mr. Robert G. Hoey and Mr. Paul W. Kirsten also 
contributed significantly to the information contained in this report. 

Development of the programs and techniques was accomplished under 
Job Order Numbers SC6311 (Development of Flight Test Techniques) and 
8219AO (Handling Qualities Criteria). 
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INTRODUCTION 

advantages over conventional test ino nÎîïrï Üï'"1. ma]or anall's1» 
of extracting stabiñíy deriv«?vé"9¿rom fîfÔÏ; rth0d 

nrogram to give freg^ÄSTM“ 

willFfoliow! The advantages of thls method and the procedures involved 

OtAelMcici of Convonfionil Toofini 

«sr.s-:;„,rsr;d ; ^ 

many cases, a high gain augmentation system win nreieni»írê0.„ 
motions from beinq analyzed at an tÍí« -i PfeYfn - aircraft 
frequency, damping ratio, and other dyíamiíSM?L-F-8785B 
eters. In cases where aircraft mil-f-8785B (MILSPEC) param- 

la tedious and time-consuming, and the accûracv’is^ften e!î* Pf°ce^"re 

(i.e^^ú^tiuor.m^ô^âíd^íf^hi^h aTlflÍf6 COndUi“"*' '■ 
^HirihlVïriL^-vr"8“-priests 

a fiva.i -, aiiowea extrapolation to some degree would be deairahi« 
Safi 1 consid?ratlon comes from a flight safety viewpoint A hiah1 ' 

ventional parÆî, ^e 'tS. 8 15 °ften di,flcult if 

=.nt ^rovLe„rîntt?;.:ï8i:p.^ldtp:?.vi?ïiîyii„t;"“;ir:rt:.;ïsifl- 
OoflRltloiii of a Otrivativo 

su"íííno?iH"£‘Êo°o""'p'h°íp“^ití*‘yf^rii;'«°’;«ent»111* Dinty derivative, as the name implies, is the partial derivative 

* Reference 1. 
Airplanes. MIL .grêwS lEs^TAugC^ÍUS? 0ualltie'' °f 
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of one parameter with respect to another; that is, the change of one 
parameter with respect to one other parameter with everything else held 
constant. An example will help to clarify this definition. Consider 
an aircraft at some initial flight condition (Figure 2). With the 
initial elevator deflection, there will be some pitching moment on the 
aircraft. (It may or may not equal zero.) Now let us change the 
elevator setting some small amount, holding angle of attack, pitch rate, 
and all other flight conditions constant. The change in pitching moment 

3 M 
divided by the change in elevator approximates which is the deriva¬ 

tive M^e. This derivative may be non-dimensionalized by taking out 

dynamic pressure, inertias, and reference constants, and the nondimen- 
sional coefficient derivative, C_ , results. In this case we have 

6e 
measured the change of one parameter, AM, with respect to another param¬ 
eter, A6e, with everything else fixed. This procedure can be accomplished 
in a wind tunnel, and indeed it is the procedure by which wind tunnels 
measure derivatives. In actual flight, this test is not possible since 
the angle of attack and pitch rate will change as soon as thi elevator 
has moved; hence the condition of all other parameters remaining the 
same has been violated. These conditions may be closely approximated 
in flight however, if the parameter which creates the change (such as 
a control surface) is moving rapidly. Table 1 lists most of the common 
derivatives and some comments about each one. Basically any derivative 
may be formed to account for any noticeable aerodynamic effect (C , 

m6a 
C„ , etc.), 

a 

Now let us look at the three categories into which derivatives may 
be classified. The first is called stability derivatives where "stability" 
is defined in a narrower sense that it has been used previously. Sta¬ 
bility derivatives are those derivatives which are taken with respect 
to angle of attack or angle of sideslip. C and C are two examples. 

a nß 
Stability derivatives may be further divided into derivatives which 
describe the natural tendency of an aircraft to return to trim conditions 
when disturbed (C , C. , C ), and torce derivatives which describe the 

“a S n6 
forces on the aircraft and contribute to vehicle damping (C , C ). 

a yß 
The second class is called control derivatives. These are derivatives 
which are taken with respect to control surface deflections, i.e.. 

13 
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Table 1 

COMMON DERIVATIVES 

Lateral-Directional j 
Derivative*_ Definition 

Vehicle Response 

Effectiveness * Comments 

C t 
B 

C 
'61 

C 
6r 

Dihedral effect 

Aileron control 

Roll due to rudder 

Very effective 

Very effective 

Somewhat effective 

Contributes to 
dutch roll sta¬ 
bility especially 
at high angles of 
attack 

Not to be confused 
with C, 

ß 

Roll damping Effective 

'6a 

6r 

*6« 

y«« 

Roll due to yaw 
rate 

Yaw stability 

Not very effective 

Very effective 

Yaw due to aileron Effective 

Rudder control 

Yaw due to roll 
rate 

Sideforce due to 
sideslip 

Sideforce due to 
aileron 

Sideforce due to 
rudder 

Sideforce due to 
roll rate 

Very effective 

Somewhat effective 

Basic yaw damping Effective 

Effective 

Somewhat effective 

Somewhat effective 

Negligible effect 

Primary dutch roll 
stability 

Contributes to 
dutch roll damping 

1 A good reference for a discussion of consnon derivatives is Reference 2s Dynamics 
of the AirfrasMi. Report AE-61-4II, Northrop Aircraft Inc., September 1952. 

* It is difficult to define an effectiveness to cover all sizes, shapes, and types 
of aircraft. The response effectiveness shown here apply primarily to light, 

maneuverable aircraft. 
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Table 1 (Concluded) 

La toral-Directional 
Derivatives Definition* 

Sideforce due to 
yaw rate 

Pitch stability 

Elevator control 

Pitch damping 

Lift curve slope 

Elevator lift 

Lift due to pitch 
rate 

Drag due to angle 
of attack 

Drag due to eleva¬ 
tor 

Drag due to pitch 
rate 

Vehicle Response 

Effectiveness* 

Negligible effect 

Very effective 

Very effective 

Effective 

Effective 

Somewhat effective 
j 

Not very effective 

Effective 

Not very effective 

Negligible effect 

Comments 

Primary contributor 
to short period 
stability 

Provides some pitch 
damping 

a 
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r r c The final set is known as damping, rotary, or rate 

S,' ‘ia’ "St' 
derivatives.* C , C , C . are examples o£ the classification. The 

mQ P R 
common derivatives are summarized in Table ?.. 

A word of clarification might be added about dei[ivat^e 
ities. Quite often a derivative may have severil values at the fligh 
conditions where a single maneuver is conducted. For examp e, 

miii-P Often a function of angle of attack. Since the angle of attack 
varies during the maneuver from which is extracted, the value o 

C will be the average value of that derivative over the range of angle 

ofaattack covered. This value of is known as a "local .lope" deri¬ 

vative. Another example is Cn as a function of sideslip. If sideslip 

non-linearities are present, the value of may be a significant func¬ 

tion ot ’-he maneuver amplitude (what range of sideslip was encountered) . 
AÎÎ derivatives extracted from flight test data are local slope deriva¬ 

tives. 

Oarivativ* Exlraellaa Malfcai 

The aeneral method for extracting derivatives from flight data con¬ 

sists ot three basic steps (Figure 3) . First the 
incut maneuvers which are conducive to derivative extraction. These 
mantuvetn« designed to create a significant vehicle response with 
t-ianer-t to the desired derivative parameters. The second step is to 
process tie measured response timehistories, along with measured control 
surface time histories, in a derivative extraction computer program. The 
program then determines the best coefficients to 

model (equations of motion) by varying the ^tlíles The íhiíd step is 
obtain the best match of the response J^e 
to merge this "best" aerodynamic math model with a math model of th 

TTÜ^Ïd be noted that both wind tunnel and flight te.t derivatives 

combine the terms ¿ and 6 into PitcV“' ' 
While some distinctions have been made ansiytieaHy, theresults 
separating the derivatives in actual testing have been PO°r* Al1 
derivatives discussed in this report are in the combined forms 

c + c: -► c 
mQ mi mQ 

c, + Ct - Cl 
D R 

V 



r 

Longitudinal 

Lateral- 
Directional 

Table 2 

DERIVATIVE CLASSIFICATION 

Stability 

m 

CN ' CC 

Cl * Cn 
np 

Control 

’ie 

C« * » c » 

^ia l*r n6a 

C , C . C 
nir y6a yfir 

18 

Damping 

S' S' 

C» » C» r C 
*R nP 

Cn ' Cy ' Cy 
R yP yP 

ï 
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steady state sideslip’para^teís8 stati^maraP Jrecïuency» damping, 
eters can be computed. rameters' atatic margin, and other MILSPEC param- 

AtfVMtam «f Dtrivativi Analysis 

than merely overcoming the^eficienCie^of conv30^^3? m°rG encomPassin9 
There are about six major advantages and te8ting methods. some detail. ««vantages and each will be discussed here with 

provide, and is verytimportantrwhenhthpdde^ ins^ght which derivatives 
problem or « , 
Assume for example that during testina a wf1 f}lght test data, 
found in trim curves (Se vs Ssíh oí ul “"^derab!, di.crepsncy is 
relation between C , C , and C If urve 18 Primarily a 

ma m<5e Cmo* If the trim curve is not right, 

ÏÏÎ« Sí“ííí íúrrníoiít^1^,0' íhe flight deriva- 
determine what íoíííítiíe'lííLÍ i? íííe'n.í”"?aÍKtely and hel» to 
case is rudder and ailerÎn ÎeÎïï^ f^I. a “ be taken- A similar 
relations (for zero raíííí ííe- eady State sidealiP- The 

6r 
Cl Cn 

6a 

'6a n6r 

- C c 
- 6a nB 

c— ß 
n. 6r 6a 

1. . Ctir S ' Sr C1H 
Ca CT c ß 

■‘«s "ir ijr n5a 

These determine the amount of ailarrm jj 
particular steady sideslip, if the re<3uired to maintain a 
different from predicted P0nlv aknnÏÏÎn d* Íleí;0n °r rudder 
the cause of the discrepancy ïnd if a pílbleí “íuy“^“^.^11 Show 

of attack and Mach number°areasS tThisXisaP°lat<°?i°f data °VCr angle 
angle of attack testir^ I culve If helpful in high 
with much more confidence than a curv^of^tlVeS may be extraP°lated 
ratios. This is especiallv ^ f«^ency and/or damping 

are changing rapidly with respect to^ach n^K6 006 °r m°re derivatives 
their deterioration is maskedPhv*»n°«ííaCh4j?mber °r angle of attacIt and 
trol system. With a math model^Doroï^Îh109 and effective flight con- 
can be "flown" in the diaitai apProachth® suspect flight condition 

This represent, a íuíh Íaí« apííoí^ îô a“*? varlfied hy actual flight, 
angle of attack testing. aPproach to envelope expansion and high 

tions are possible^cTraw flight^esults JtandJrdization* Many corree- 

19 



ÎmÎÏS2t“ioîSC?Îcïc“î:8„Ôte.?0ne OV'r “ Iange of cg and 
zero. An exact trim curve reauires8*0^6 9 is pitch rate alweys 
lowing parameters: 9 * correct*0n for each of the fol- 

1. cg 

2. Weight 

3* Load Factor 

4. Altitude 

5. Pitch rate 

We need to calculate the AC due to each of 
. m co eacn of the variations and divide 
by Cm, to 9et a A6e correction. 

Ae 

Select: 

!• Standard eg 

2. Standard weight 

3. Standard load factor (lg) 

4. Standard altitude 

5. Standard pitch rate (0) 

Now corroct for woight, load factor (lg), ,„d altitude 

AC 
nt wt 

N 

n_ w 
• s 

*+ s q„ s 
nt wt 

q. S 

_ (1) 

S 

Js Va 
2 

AC 
3C 
m 

AC 
m 

N (^) (ACn) 
"N 

To correct for eg 

AC. ^ C - c C '-N 
(cg8 - cgj 

■(cg) c '"N _ '"n rïïF 

To correct for pitch rate (Q^ » o) 

AC. 
*(0) 

(Qt ” Qa)c q c 

~ V ^ CmQ ~w 
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Then 

AC. 
m 

ASe «V 
+ AC 

m 
(eg) 

+ AC 
m 
(Q) 

m 
6e 

The required derivatives for this exercise were C C c r 
m ' m ' ' ln * 

câ?haítitud€U*l bafHahínÍ H*S n°“ ?ee" “«acted to a standa?d »eight, t-y» aitituae, i b flight and zero pitch rate a faig-inn ^ / . 

DroceduíntS Wiü be easier to make and more meaningful. This type^f0 * 
procedure can be repeated on other test data. ^ 

advantage of derivative analysis is that, given a set of 

iuri: “m?}esyir5ain 
by A9ai'' tL «iSaï ^»«îïgi^h.^ïïi.d 

between £ TtíZ íill^TÀll 

prv.„rrs ^ ,ta 
^î““d 1iï«0“;i„^*dt^i“:odyni,"ic data provldes * 

A final advantage is the overall saving of flieht teat t*™« .. . 

iequlr“,Pulse ot doublet type maneuvers i and * 

iatio. ^ entica^informatlon^ca^be^erived^from^he derivatives 

^Uon'orin^i^Slti6'11"9 Can ba mlnl"iIad *"d J» 

Potential0fÍrrfí¡¡HKÍevt/dVfnÍaqe should be considered. This is the 
potential for feedback to wind tunnel engineers on which of their te<s 

riTtl ?avVSCeptable re8ults and which techniques faïled: îî reÎîon« 
it i« on?1*"? f?r ?°0r ^reement between wind tunnel and flight test dat* 
t is only logical to assume that wind tunnel predictions will improvî? ' 

21 



# 

t 
I 

■ 
I 

ï 

t 

.Fl|m I 

A ngl* 
Attack 

uaha.vaf a 

W • Ig ht F laalblllty 

E Maeti 

S^Ca^t.n 

\w~ 
1_J_ •J ft. 

1 C 1 

Lm.„ x P, 

I 

1 • 
'.; % 

.*..—4.--U- 

/. 



PREPARATIONS FOR 
EXTRACTING DERIVATIVES 

Preparing the groundwork for derivative extraction is not easy for 
those who have no access to experience. It is intended that this report 
will help to fill that need. The following three sections are an 
accumulation of approximately ten years of experience at the Air Force 
Flight Test Center and NASA Flight Research Center. Failure to heed 
these recommendations may result in a great deal of wasted time and 
worthless data. Particular attention should be paid to the Data Require¬ 
ments and Flight Maneuvers section. Note that the Data Requirements 
section, dealing primarily with instrumentation and data reduction, must 
be addressed long before first flight. 

Flight CMdltlm 

To intelligently select flight conditions for extracting derivatives, 
a knowledge of what flight parameters influence derivatives is necessary. 
Most derivatives are strong functions of Mach number and angle of attack. 
There are, however, a number of other parameters which may have some 
effect on derivative values. Table 3 summarizes these effects and their 
degree of influence on the derivatives. It should be noted that con¬ 
trary to most contractor's aerodynamic reports, derivatives are not a 
function of altitude. The intention, of course, is to allow for flex¬ 
ibility effects. It is strongly recommended that flexibility effects be 
tabulated as a function of dynamic pressure (which is a measure of air 
loads) to maintain the linear relationship that usually exists. Aircraft 
configuration (e.g., wingsweep, flaps, landing gear, stores, etc.) will 
also effect the derivatives. In addition, there may be some other subtle 
effects. For example, C may be a function of elevator position, i.e., 

n6a 
if lateral control is from a rolling tail. C may be a function of side- m 

a 
slip. A control surface effectiveness may be non-linear. These effects, 
however, are extremely difficult to isolate without specialized testing, 
and therefore are more likely to cause scatter in the data. 

It can be seen from Table 3 that for a rigid aircraft, Mach number 
and angle of attack are the primary factors which influence the deriva¬ 
tives. For the purpose of selecting flight conditions a Mach-alpha 
plot is useful (Figure 4). Conditions which provide adequate coverage 
on this plot should ^»e selected. Consideration should be given to 
testing at Mach numbers where wind tunnel data is available for the pur¬ 
pose of comparison. Mach numbers should also be more closely spaced in 
the transonic regime since aerodynamic flow, and hence derivatives, 
are subject to rapid change here. In addition, wind tunnels are not a.' 
accurate in this region. Angle of attack spacing should be adequate to 
define trends. Four degrees is probably a maximum for fighter type air¬ 
craft. Two degrees gives better coverage, allows for removal of an 
occasional bad point without retesting, and requires more test time. It 
should be noted that, with judicious selection of altitude, most of the 
Mach-alpha plot can be covered in Ig flight. 

Flexible aircraft derivatives are influenced by another parameter, 
dynamic pressure. For a flexible aircraft, an alpha-equivalent 
airspeed plot is useful (Figure 5). For each Mach number, angle of 
attack effects are shown by test points taken along vertical lines. 

23 





Flexibility effects are determined by points taken along horizontal 
lines. If the purpose of the test plan is only to determine if flexi¬ 
bility effects exist, flexibility testing at a single angle of attack 
may suffice. If definition of flexibility characteristics is desired, 
more coverage will be needed. The same Mach number and angle of attack 
considerations which apply to rigid aircraft are applicable here. Note 
that some maneuvers will have to be done in pullups (or turns) or push¬ 
overs. Also some care should be taken to avoid the corners of the 
flight envelope for safety of flight reasons. 

It is worth a paragraph at this point to dispel the popular idea 
that derivatives are dependent upon the mode of the flight control 
system. While that mode may affect the ease with which derivatives are 
extracted, the aerodynamic derivatives are not, in general, a function 
of what the flight control system is or is not doing. Testing of air¬ 
craft with augmentation system on and off will not increase the size 
of the test matrix from a derivative extraction standpoint. 

Data Kajalraaiaati 

One of the more important steps in getting good derivatives is 
getting good data. Having the right parameters is important, as is 
having the right kind of data. Table 4 shows the required parameters 
for two different extraction programs in use at the Air Force Flight 
Test Center. Control surfaces should be measured at the surface itself. 
If two surfaces are involved, as is the case with ailerons, both should 
be measured. Weights and inertias should be calculated as accurately as 
possible since an error in an inertia will manifest itself directly 
as an error in the derivative. Inertias should be measured whenever 

possible by swinging the aircraft.1'1 Contractor-provided curves for 
a "production configuration" should be corrected for known differences 
between the test and production aircraft such as nose boom, ballast, gun 
removal, test instrumentation etc. Center of gravity is not used di¬ 
rectly in the identification procedure but is needed to correct acceler¬ 
ometers to the center of gravity and to correct derivatives to a standard 
eg. The angular accelerations are not necessary to the extraction pro¬ 
cedure but should be used if they are measured independently of the angu¬ 
lar rates. Differentiation of measured aircraft rates should not be used 
since no new information is added and the extraction program may be misled 
by a poor differentiation procedure. 

Testing/ Performance and Flying Qualities Branch. ^ 
Flight Test EngineeringDivision, Edwards AFB, California, May 1971. 

Reference 4s Wolowicz, Chester H. and Yancey, Roxanah B., Experimental 
Determination of Airplane Mass and Inertial Characteristics, NÀÕA - 
TR R-433, NASA Flight Research Center, Edwards, California, October 1974 



Table 4 

FLIGHT DATA REQUIREMENTS FOR DERIVATIVE EXTRACTION PROGRAMS 

PARAMETER COMMENTS 

Time (hrs, min, sec) 

All Control Surface Inputs Variable Time History 
(Measured at Surfac») 

Sideslip Angle 
Angle of Attack 
Bank Angle 
Pitch Angle 

Pitch Rate 
Roll Rate 
Yaw Rate 

Longitudinal Acceleration1 
Normal Acceleration 
Lateral Acceleration 

Pitch Angular Acceleration 
Roll Angular Acceleration2 
Yaw Angular Acceleration2 

Dynamic Pressure* 

Velocity 

Weight 
Inertias 

eg" 

Variable Time History 
Variable Time History 
Variable Time History 
Variable Time History 

Variable Time History 
Variable Time History 
Variable Time History 

Variable Time History 
Variable Time History 
Variable Time History 

Variable Time History 
Variable Time History 
Variable Time History 

Constant 

Constant 

Constant 
Constant 

Constant 

‘Optional. Required only if drag derivatives are to be 
determined. 

20ptional. These should be used if available and measured 
independently. 

*A variable in hybrid matching program, but constant in 
MMLE. 

“Flight eg is needed to correct some derivatives to reference 
eg and to correct measured linear accelerations. 
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Sampling rates are not as critical as other con8ideyation^® 

rate l p Y . «thinned". A minimum saunpling rate for 
else and data can . _.ut 2o samples per second for no information 

:^púrp«’0^c‘nnd°h”“1bêe"nÍ-tched?,but ^ver’ïnce' “to a set of dativa- 

tives is hampered. 

•n Sm: “STsSSS?:1/ 
i:rst; :=: s-â,:ïïôH-E:-H~' 
tion on secondary derivatives (CN , # cn 

ör oa 

rã r^xr^ra^oÄ 
EiaiSn^E^t^û 
roll rate. Some suggested ranges and resolutions ar g 

, rilt"^° rFUter»iproduce'1phai.ni»9t ifthfphLfIT" 
produce ^^han .03 seconds at aircraft frequencies) poor 
derivatives may result. The program ausoeptibility to phase^.^Ua^d 

highest for the °ilterL parameter, in 

“.Shteg^ïT.;. reduction) Uí^en'usjd «i£. «asonahl^amount of 
aiirrpss These require a knowledge of the phase lag ^rk-rrpr»- 
fUre^“-y and. of course, the cô^roî .Sïïïc« 

Sm“r..!íí?rÍSiíbÍ!cl “““program convergence and, hence, no derivative. 

at all.® 

Wild points csn cause convergence problems especially if they are 

i".i^ X^P^/M^el^ 

tives, NASA TN 0-760^, NASA Flight Research >,enrert Edwards, 
California, March 1975. 
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Table 5 

PARAMETER RANGE AND RESOLUTION REQUIREMENTS 

PAPAMETEn Rf MCE • RESOLUTION 

Time 

Control Surfaces 

Angle of Attack 

Angle of Sideslip 

Dank Angle 

Pitch Angle 

Pitch Rate 

Roll Rate 

Yav Rate 

Normal Accel. 

Longitudinal Accel. 

Lateral Accel. 

Pitch Accel. 

Roll Accel. 

Yaw Accel. 

Dynamic Prespure 

True Velocity 

+ Full Deflection 

-10* +40« 

+10« 

♦IRC* 

♦9P» 

+5h*/pec 

+lf!0*/pec 

+5P*/sec 

-3g -*■ +7g 

+2g 

+lg 

tl00#/pec* 

+200^/8601 

♦10n*/sec* 

h - aircraft õ limit 

Milliseconds 

0.1* 

0.1* 

0.1* 

o.s* 

0.5* 

0..-»s* 

0.25* 

0.25* 

O.lg 

O.lg 

O.lg 

l.O'/sec* 

l.O^/sec1 

l.OVsec* 

#î«o2ïîÎ%Î0-^üî?f.maneüVers 0n a tyP1«1 fighter aircraft, 
aspects of stability and control testing may require higher 

Other 
ranges. 
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Flight M hm vin 

The type of flight maneuver used is the single most important factor in 
the success of the derivative extraction process, and some considera¬ 
tions for each axis will be given. The overriding criterion for any 
axis is the ability to separate the effects of stability, control, and 
damping derivatives. To this end, the recommended maneuver is a rapid 
doublet followed by a period of stick free oscillation. A rapid doublet 
most accurately simulates the wind tunnel step input. With this maneuver, 
the control derivatives can be determined from the stick input, and the 
stibility and damping derivatives from the free oscillation. Augmenta¬ 
tion-system-off maneuvers are easier to work with for two reasons. 
First, the lack of augmentation allows more vehicle response, thereby 
giving the computer program more information to work with. Second, 
with the augmentation system on, control surface inputs are mixed in 
with the stick free response and now two factors are contributing to 
damping (i.e., for pitch C and (K )•(C )). The program may have a 

mQ u 6e 
hard time distinguishing between them. Augmentation-system-on maneuvers 
can be, and have been, used successfully but, since aerodynamic damping 
is usually secondary to augmentation damping, increased scatter in the 
damping derivatives will be noted. Control system interconnects may 
produce similar effects. 

Longitudinal maneuvers usually take from five to ten seconds, and 
lateral-directional maneuvers usually last ten to fifteen seconds. It 
is important to maintain reasonable trim conditions during this time. 
The digital extraction program approximates dynamic pressure and velocity 
with constant values, and for most maneuvers, the time is short enough 
that this assumption is valid. High drag configurations may require 
more power to make this assumption valid. (The dynamic pressure limita¬ 
tion does not apply to the hybrid program.) Since derivatives are a 
function of angle of attack and Mach number, it is important to keep 
these parameters constant. Of course the angle of attack will change 
during an elevator pulse, but the derivatives will be valid for the 
average angle of attack during the maneuver. The desire to maintain 
trim conditions is the primary reason for performing doublets rather 
than pulses. One g flight conditions are the easiest for getting 
derivatives. Higher g maneuvers can be analyzed successfully, but the 
pilot workload to attain and maintain trim conditions is increased. 

The maneuver for extracting longitudinal derivatives is a rapid 
elevator doublet. The doublet should be fast enough so that it is 
completed by the time large angle of attack and pitch rate excursions 
occur, but not ao fast that little or no aircraft response is noted. 
An example is shown in Figure 6. The magnitude of pitch rate excursions 
should be on the order of ten to twenty degrees per second, and the 
angle of attack should vary within four or five degrees. Program con¬ 
vergence is aided if the bank angle variation from the trim bank angle 
is kept small. Trim bank angle does not need to be zero. 

The lateral-directional maneuver is a rudder doublet followed by 
three or four seconds of stick free oscillation and terminated by an 
aileron doublet (Figure 7). The rudder doublet is performed first 
since the angle of attack and bank angle transients from a rudder input 
are usually smaller than from the aileron. Again, maintaining a constant 
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angle of attack is important. The time of the stick free oscillation 
should be long enough to allow for a cycle or two of aircraft response 
and no longer. It is not necessary for the response to die out com¬ 
pletely. Prolonged time between the two doublets prevents the simul¬ 

taneous analysis of both, and complicates the extraction process.* 

Experience has shown that a doublet (either longitudinal or lateral- 
directional) which is quick enough for derivative extraction may not 
excite the aircraft enough to permit pilot evaluation of a short period 
or dutch roll oscillation. If this problem occurs, it is suggested that 
one doublet for each purpose be done, since a compromise on the rapidity 
of the doublet may be very detrimental to the matching process. For a 
fighter aircraft doublets can usually be accomplished in one to one-and- 
a-half seconds, and control surface rate limiting is a common occurrence. 
Simulator training is very helpful in familiarizing pilots with these 
maneuvers. 

The advent of recent aircraft with two or more sets of rolling sur¬ 
faces has complicated the extraction process. Obviously if an aileron 
and a differential tail are acting in unison to produce roll rate, the 
program cannot identify how much each is contributing. Some success 
has been achieved where the augmentation system drives only one surface, 
but even here the derivatives show more scatter than normal. If there 
is a constant relation between the two surfaces a "total aileron" may be 

defined.** Wind tunnel "total" derivatives may be calculated in the same 
way, and comparisons with flight test data using this method have been 
good. 

Other maneuvers than doublets have been used with varied success. 
One maneuver is a high-frequency, continuous sinusoidal input. This 

input was used successfully on the M2 lifting body program.** Another 
input which is under study is a sinusoidal input which sweeps a range 
of frequencies. Still a third maneuver is a computed input which is 
held until a certain response is measured and then reversed. These 
may or may not provide better results, but all lack the simplicity of 
a doublet as a general maneuver for extracting all derivatives. Some 
different maneuver or sequence may be more applicable if information is 
being sought on one specific derivative. 

* The digital derivative extraction program has the capability to 
analyze up to fifteen maneuvers to determine one set of derivatives, 
and this feature may be used to an advantage in some cases. Accuracy, 
however requires that the several maneuvers be done at almost exactly 
the same flight conditions, and this is where problems arise. 

**It is suggested that the two types of ailerons be added to form an 
equivalent total aileron. For example, if 6s is supposed to be one 
third of 6a at all times, the summation of 6a + 6s is better than 1.333 
6a. Even in a system where the relation is supposed to be constant, 
rate limits, hysterisis, or system malfunctions can cause the dynamic 
relationship to vary. 

^Reference 6: Sim, Alex G., Flight Determined Stability and Control 
Characteristics of the M2-F3~LÍitlng Body Vehicle, W'ASA TN D-7S-11, 
NASA Flight Research Center, Edwards, California, December 1973. 





DERIVATIVE EXTRACTION 
There are currently two operational methods to extract derivatives 

at AFFTC. One, MMLE, is an all digital program which is run on the CDC 
6500. The other is a hybrid matching program wuich uses a digital com¬ 
puter for input data storage and analog equipment for equation solving. 
Although both programs are capable of extracting accurate derivatives, 
the digital program is more suited to high speed production processing, 
and the hybrid program is more suited to maneuvers where inertial coupling 
is significant or where coupling has occurred between the longitudinal 
and lateral-directional axes. The setup and operation of each program 
will be discussed and the differences between the two programs will he 
readily apparent. 

Preparing «»* Flight Data 

The final step prior to using an extraction program is preparing 

the time history file. Only one existing program, ADEX,is suitable 
for preparing data for the hybrid matching program. Several programs 
exist to prepare data for the digital program. The initial step in 
either case is converting the telemetry data or flight recorded data 
into an engineering units tape (usually an ADAS tape at AFFTC). This 
report will not deal with that step. Once an engineering units tape 
has been procured, the next step is to convert the data into a time his¬ 
tory file. The time history file for the digital program will be dis¬ 
cussed first. 

Essentially any program which reads the input data and writes a 
specific file will work. The time history file should be an unformatted 

binary file constructed in the following manner:** 

Header record 

Time record #1 

Time record #2 

• Case number one (n time points) 

Time record In 

**Words in the text written with all capital letters will usually 
refer to computer names, variables, or programs. 

**The digital program has the capability of reading files which are 
not exactly in this format. Reordering and record length specifica¬ 
tion for the time records may be done using the ORDER, NREC, and 
BOTH parameters (INPUT namelist, MMLE input data section). The 
information shown here is the default file for MMLE. This type of 
file requires the least amount of input information. 
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Header record 

Time record 11 

* ) Case number two time points) 

Time record #m 

etc. 

K header record is defined as the following: 

N - Case number (integer) 

W - Gross Weight, pounds (real) 

DCG - Increment of test eg from reference, per cent (real) 

IX - Ixx, slug-ft2 (real) 

IY - Iyy# slug-ft2 (real) 

IZ - I , slug-ft2 (real) 
z z 

IXZ - I , slug-ft2 (real) 
X z 

C - Reference chord feet (real) 

B - Reference span, feet (real) 

S - Reference area, square feet (real) 

M - Average Mach number (real) 

Q - Average dynamic pressure lb/ft2 (real) 

V - Average true velocity ft/sec (real) 

ALFA - Average angle of attack, degrees (real) 

START - Start time, total seconds (real) 

STOP - Stop time, total seconds (real) 

All the time records within a case must be the same, i.e., either lateral- 
directional or longitudinal. A lateral-directional time record is 
defined as the following: 

TH - Time - hours (integer) 

Hi - Time - minutes (integer) 

TS - Time - seconds (integer) 

TMS - Time - milliseconds (integer) 

BETA - Sideslip, degrees (real) 

P - Roll rate, deg/sec (real) 

R - Yaw rate, deg/sec (real) 

PHI - Bank angle, degrees (real) 

NY - Sideforce, g's (real) 
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mm ' (rèíir0elerati0n' de9/sec’- '■•‘V* zero If not measured. 

™m ' («air'18"“0"' deg/sec!- « not measured. 

DC1 - First control surface, usually aileron, degrees (real) 

DC2 - Second control surface, usually rudder, degrees (real) 

DC3 - Third control surface, degrees (real) 

DC4 - Fourth control surface, degrees (real) 

ALFA - Angle of attack, degrees (real) 

V - Velocity, ft/sec (real) > 

MACH - Mach number (real) \ Optio-.al 

tfBAR - Dynamic pressure, lb/ft2 (real) / 

Finally, a longitudinal time record iss 

TH - Time, hours (integer) 

TM - Time, minutes (integer) 

TS - Time, seconds (integer) 

TM - Time, miMiseconds (integer) 

ALFA - Angle of attack, degrees, (real) 

Q ~ Pitch rate, deg/sec (real) 

V - True velocity, ft/sec (real) 

THETA - Pitch angle, degrees (real) 

NZ - Normal acceleration, g's (real) 

QDOT - Pitch acceleration, deg/sec2 

NX - Longitudinal acceleration, g's 
(real) 

Leave zero if not measured. 

Leave zero if not measured. 

DEI - First control surface, usually elevator, degrees (real) 

DE2 - Second control surface, degrees (real) 

DE3 - Third control surface, degrees (real) 

DE4 - Fourth control surface, degrees (real) 

PHI - Bank angle, degrees, (real) 

ALT - Altitude, feet (real) 

MACH - Mach number (real) l Optional 

QBAR - Dynamic pressure, lb/ft2 (real)J 

Som. considerations for esse in operating the program are these: 

1. DC2 should be rudder if possible 



2. If 3 total is to b© used: 

DC1 - should be total aileron 

DC3 - should be the first aileron 

DC4 — should be the second aileron 

3. DEI should be the primary pitch control surface 

4. Any surfaces which are not used at all should be set to zero 

5. V and NX may be constant or zero if a time history is not 
available. 

6. As noted the last three parameters in each time record are 
optional. Their use will be explained later. 

mu S®''6™1 programs to prepare a data file are already m existence 
°í ^he Unifonn Flight Test Analysis System (UFTAS) ! 

all íhe iiformlMnï method is by far the easiest since 
îhîcmfw ? is there already. Documentation on how to accomplish 
this may be found in the UFTAS manual. F 

Th* AHFx method for creating the file is to use the ADEX program, 
fho Program reads data off the engineering units tape, searches for 

in oniïe»Sf?Tent'<Teu?eSrthe data with some inPut card data, and writes 
h2ve Î for the digital program. Since each user may 
have a differently formatted engineering units tape, it is necessaryfor 
the user to write a project-specific subroutine to read his own tape 
*his can be and should be done prior to first flight. Several routines 
to read CDAS tapes are already in existence. 

The input data for ADEX consists of four cards per case plus two 
extra cards per run. The cards should be assembled in the following 
manners ^ 

Card 1 - (Format (lOx, 110) 

NSEQ - Number of sequences to be processed 

Card 2 - (Format (A5, 15, 5A10) 

AIRCFT - Name of aircraft, i.e., F-lll, YF-16, etc. 

INSLQ - Sequence number 

MODE - Use LONG or LATDR (left justified) 

IFTAPE - Use BIN (left justified) for digital extraction 

IFWILD - Use YES (left justified) for wild point search of 
control parameters 

IFLIST “ SîtaINPUT (left Ju■tified, to obtain listing of input 

- Use AFTER (left justified) to obtain listing of out¬ 
put data 
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IFDIF - Use^^i'fft JUStÍfÍed) t0 °btain li8tln9 of both 

-Æy —erenUation of rates 

CarU 3 ' (Format (6F10.0) 

W - Gross Weight, lbs 

DCG - Distance of test m f 

XXI r0m reference, percent 
X ' 1xx' slug-ft2 

YYI ' Iyy^ slug-ft2 

ZZI - Izz, slug-ft2 

XZI " 1xzt siug-ft2 

Card 4 - Format (7F10.0) 

AMACH - Mach number 

erage dynamic pressure, lb/ft2 

VT - Average true velocity, ft/8eC 

ALFA ' AVer*9C of attack, degrees 
CH - Reference chord, ft. 

B “ Reference span, ft 

S ~ Reference area, ft 

card 5 - rora.AT (3P10.0, lOx, 3P10.0) 

SH - start time, hours 

SM - start time, minutes 

S ~ Start tiwe, seconds 

EH " End time, hours 

- End time, minutes 

ES - End time, seconds 

Card 6 

Same as Card 2 for 
second case. 
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Last card - porn,at (A5) 

STOPS 
Use stop (left justified) to end 

Some examples of data i d prooessin9. 

fo“"d in Appendix A. *< PUt' SetUP Cards- «d data output can be 

The output of ADFy i„ « r 

*pp™per00f^^oiePg‘ T^® fsput^information p^níed11'’ 0t n0t 

- ‘B" SUbrOUt‘"' "^t-pu“™ -SSpî- £ “lth 

p“"chnePdUtonndaCtard8a d"' Par— 

iencé 'theP“dtatt1an91 tLS^-0^satrodrSyPe 
thê LÍ“ Shown- *°“ever? t£lrr??0''ed 8l”Ply by cíânÔi„íeadUy ao«=s- 

d-Uree;S x^-o? !£-- a-CtaÓdbe ^uT^ 

e than the beck which SsesTpir COnSiderably U^efaid“““0"- th* 

Preparing the tim h ^ °r "»’"«ic^t^6 °™b“- 

Ät-e^e-o^fx. ;ih0.rlde.%.f“ r‘S: ;r^d«tr.ctio„ program 

iob T^ín^nííof““^'«“^'’^'“«?^? hbe‘exception^of 
Y ound in Appendix d. Cards are c°nsiderably chanJedfled) for this 

The fii 9 ' and they may 

M-y different 
«ting exactly fiv*» k. j at f^fty samples per aors«j must be ten 
»even track íagíetiS tin,e Points. 11 Thil 8econd, thus gener- 
“ty is 556 ni iZflTitt bínary co^ dXíí1® i8 ^tten onto a 
»cter records. The ion 18 Passed on 5m *3 form* The tape den- 
information mu list group contal no *.u 9^oups of three q<» mi» 

oondltion.?-etc *?hieCOrd8 ara «".Hy'u.^'L"00^. “ith Utle 
'or th. first time thraa '«oord. oonsUtS?".!?"“38' «Í9ht 

ai1 the Parameters 

II ***owing deck si 

to convert^rf**0^8^^011 Pro9ram, resampt 
second data. “ aamPled «t a general rate^nt^fiftí* fr°T the aut 

^y-sampie-per- 
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Reco dl- Format (8F12.5) 

Q - Pitch rate, degrees per second 

P - Roll rate, degrees per second 

a - Angle of attack, degrees 

ß - Angle of sideslip, degrees 

Ny - Lateral acceleration, g's 

R - Yaw rate, degrees per second 

♦ - Bank angle, degrees 

6e - Elevator, degrees 

Record 2 - Format (8F12.5) 

® “ Pitch angle, degrees 

<5a - Aileron, degrees 

<$r - Rudder, degrees 

q - Dynamic pressure, lb/ft2 

Nz - Normal acceleration, g's 

V - True velocity, ft/second 

T ~ Time, total seconds 

P - Roll acceleration, degrees/sec2 

Record 3 - Format (8F12.5) 

Q - Pitch acceleration, deg/sec2 

R - Yaw accleration deg/sec2 

ösp - Extra control surface, degrees 

Nx ~ Lon9itudinal acceleration, g'a 

H “ Altitude, feet 

- Extra control surface, degrees 
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6c - Extra control surface, degrees 

6x - Extra control surface, degrees 

This pattern continues until all five hundred 
exhausted. 

MMLE Prairair 

time points have been 

The digital program is called MMLE, Modified Maximum Likelihood 
Estimator. This is a maximum likelihood estimation program which uses 
a modified Newton-Raphson algorithm for convergence. The program assumes 

a linear, time-invariant, three-degree-of-freedom model, 18 and cases are 
either longitudinal or lateral-directional. 

Equation* ! 

The equations of motion for MMLE are simplified, three-degree-of- 
freedom equations. The derivation of the full five-degree-of-freedom 
equations and the simplifications required for linearization are given 

herePPendiX E* The three“degree~of“freedom' linear equations are shown 

Longitudinal (Two-degree-of-freedom) 

0 “ F (Cm • a * C • Se) ♦ ï 
yy a m6e ¿ ̂  S •01 

A _ n 9 COS ¢) cos 0 as 
a 0 + V --cos a (CN . a + CN 

Lateral-Directional 

¿ „ ÎSÏ ¿ . i!b (c • B + c, 
XX AXX ß s 

i f 3.?^2 (C P + C, 

6a 

R) 

R * f- P + (Cr, - - 
*zz rzz n0 n 

6 + C. 
6a 

xz ¿ 2sb 

zz rzz 

* ,cn„ • p ‘ Cn • Rl ZZ 

6a + C, 
'6r 

6a C 
n 
6r 

6e 

6r) 

6r) 

6e) 

11 Some non-linearities can be programmed into the model, but this must 
be done on a case by case basis and does not lend itself to produc¬ 
tion processing. K 
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ß * P sin a R cos a + .¾ cos 0 • <J) + (C • ß 
V mV y g 

+ C • ia + c • ôr) 
y6a y5r 

Since thrust is not always easily determined and since drag derivatives 
are usually obtained from different sources the longitudinal mode is 

usually run in two degrees-of-freedom, omitting the u equation: 

To preserve the linearity of the equations, only some of the terms 
are allowed to vary with time. These include: 

Longitudinal - a, Q, 0, 5e (Two degrees-of-freedom) 

• • 

Lateral-Directional - ß, P, P, R, R, ¢, 6a, 6r 

Thus, for example, in the è equation the sin a and cos a terms will be 
treated as constants. Dynamic pressure and velocity are held constant 
for terms in all of the equations. Hence, the necessity of maintaining 
angle of attack and trim conditions during the length of the maneuver 
is apparent. 

The assumptions (See Appendix E) made in linearizing the MMLE 
equations of motion are reasonable ones for most maneuvers described 
in this report. Even in some cases where the assumptions are violated, 
convergence can be attained and good derivatives found. This is 
especially true for lateral-directional maneuvers done with a steady 
state load factor greater than one g (Q ^ 0). The assumptions, however, 
are the primary reason that MMLE is not adept at matching coupled man¬ 
euvers, departures, and similar nontrim maneuvers. 

Although the mathematics behind the modified Newton-Raphson algor¬ 
ithm are fairly complex, the basic idea is simple and can be illustrated 
by a one-degree-of-freedom system. Assume we have a reasured time history 
of yaw rate, Rm (output) and rudder (input). Using the starting value 

of C and the rudder time history, the program will compute a yaw rate 
n6r 

time history, Rc< Now define a "cost function", J as 

J (Rm “ Rc (t))1 dt (T » Total time to be matched) 

The squaring of the difference is merely to account for errors of either 
sign between measured and computer values. Obviously we would like to 
minimize J as this would give us the best match. If we plot J vs 
C , we get i 
n«r : 

43 



Using the starting value of C (shown as C ) the program again takes 
6r n6r 

o 

a local slope and projects to a zero value of —. The new value of 

** 6r 
c (shown as C ) becomes the first iteration value. This process 

Sr 

is continued until convergence at the cost function minimum is attained. 

The process can now be expanded to more general case. For a lat¬ 
eral-directional case we redefine the cost function as: 

J -/oT ['»„ - V’ * "S. - »cl1 + - V ♦ - V 

+ "V„ ' V' * ^ ■ v’l « 
^ J become a vector, and to find the slope it is necessary to take 
the gradient of J with respec- to all the derivatives to be identified. 
The iterative process, however, remains analogous to that of the one 
dimensional case. 
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It is worthwhile at this point to discuss two of the program’s 
features and the effect they have on the process. The first is called 
the D1 weighting matrix and is effectively the inverse of the noise 
covariance matrix. This feature simply allows us to weight some 
measurement variables more heavily than others. It can be used to 
deemphasize noisy parameters, such as N^, or to eliminate a parameter 

which is not known, such as P or R. This is accomplished by multi¬ 
plying each parameter of the cost function by weighting value. Thus 
J becomes 

J -/oT lD1P <Pm - V! + D1R "V - "c'1 + d1B (Bm - V2 

* - V * D1Ny - "y/ t D1P ,Pn, - pc> 

* D1i - V1 dt 

and any term can be eliminated from the cost function by setting its 
Dl term to zero. The magnitude of the Dl weightings are discussed in 
the "Dl Determination" section. 

The second feature is called the a priori feature and allows deriva¬ 
tive values to be weighted toward a priori values from another source 
such as calculations, wind tunnel or previous flight test results. This 
feature is used when there is known to be little information in a 
maneuver about a given derivative, i.e., C. in a SAS off rudder pulse. 

6a 
Because of some extraneous input, the program may deduce that it can 
improve the match slightly by increasing one hundredfold. Obviously 

6a 
this solution is wrong, and we would like to be able to hold a derivative 
at a starting value if there is little or no information about it. To 
do thifi there is an additional term added to the cost function such 
that 

J -/o’' tD1P *Pm - Pc>2 * d1r '% - V2 * D1B (6m - 6c>! 

* D1» * ♦c1 ' + D1N (Ny - V ’ + D1i ^ y •'m ■* c 

+ D)i ,Pm - V] dt 

+ AÜRA_ (C. - C )+ APRBp (C. - C. ) + ... etc. 
cln S *ß ciJÇ “'öa 

ß p o 6a o 

where the subscript o indicates a starting value. The APRA and APRB 
terms determine how much of a penalty will be assessed for deviating 
from the a priori value. Determination of weighting values will be 
discussed in the "A Priori Weighting" section. Care must be taken in 
determining these values since too high a weighting will hamper the 
convergence process and result in incorrect derivative values. It 
should be noted that use of a priori inherently increases the error 
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sum and deteriorates the match to some degree. However, better deriv¬ 
ative values may result. Most high quality test maneuvers can be 
run without using the a priori feature. 

Input Doto ¡ 

The input data for MMLE can be broken down into three types. These 
are the cime history file, the input data cards, and a wind tunnel 
curve file (optional). 

The time history curve file has already been discussed. To use it 
simply attach it as THIST (See Appendix D) prior to execution of the 
MMLE program. A word might be said here about conciseness of the start 
and stop time for the time history. Both too much and too little data 
can be passed. The start time should be about one half second before 
the initial pulse or doublet. The stop time should be when one of the 
following occurs. 

1. The oscillations cease. 

2. The flight conditions (Mn, a, q) change significantly. 

3. Longitudinal or Lateral-directional modes couple. 

4. Unplanr.ad inputs occur. (Gusts, heavy turbulence, etc.) 

Too much time after one of the above conditions occurs will cause 
increased convergence difficulty and probably affect the derivatives 
somewhat. 

There are four sections of data required on the input data cards. 
It should be pointed out that there is a good deal of flexibility in how 
the data can be set up. The information given here is "default" informa¬ 
tion: Default implies that the program will set the normal value of a 
parameter and the user may reset it if required. Much of the information 

in this section is copied from Ken Iliff's and Richard Maine's work.** 

Optional inputs will be pointed out. 

Section 1 

Card 1 (Format 20A4) 
Title Card 

Section 2 

Cards 2-n (Namelist Format) 
Namelist "INPUT" 

The possible parameters for the INPUT namelist are described in Table 6. 
Detailed options may be found in Appendix B. 

^Maine, Richard E. and Iliff, Kenneth W., A User's Guide for Three 
Fortran Computer Program to Determine Aircraft Stability and Control 
Derivatives from Flight Data, NASA TN P-7831. NASA Flight Research 
Center, Edwards, California, April 1975. 
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Table 6 

PARAMETER 

1. LONG, LATR 

2. CARD, TAPE 

3. SPS 

4. THIN 

5. NCASE 

6. SCALE 

7. FIXED 

8. DC 

9. NREC 

10. ORDER 

11. BOTH 

12. PLOTEM 

13. PLTMAX 

14. INCH 

15. ZMIN, ZMAX 

16. DCMIN, DCMAX 

17. NCPLOT 

18. TIMESC 

19. PRINT 

20. TEST 

21. NOITER 

22. ERRMAX 

INPUT NAMELIST PARAMETERS 

DESCRIPTION 

The mode of operation, longitudinal or lateral- 
directional . 

The mode of the input time history file. 

Control sampling rate of time history file. 

Allows thinning of input data. 

Number of case to be matched simultaneously. 

Scale factors for observation parameter. 

Biases for observation parameters. 

Biases for control surfaces 

Number of parameters in each time history 
record. 

Order of the signals on the input tape. 

An option for combining input of longitudinal 
and lateral-directional case. 

Switch for plotting routine. 

Error sum above which plots will be killed. 

Switch for inch or centimeter plotting paper. 

Minimum and maximum plotting values for obser¬ 
vation parameters. 

j- 

Minimum and maximum plotting values for con¬ 
trol surfaces. 

Number of control and extra signals to be 
plotted. 

Time scale for plots. 

Switch to print out time histories. 

Allows intermediate printout for debugging. 

Number of iterations. 

Error sum above which computation stops. 

— » 
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Table 6 (Continued) 

PARAMETER 

2 3. BOUND 

24. PUNCH 

25. PUNCHC 

26. PUNCHD 

27. NEAT 

DESCRIPTION 

Convergence bound. 

Allows punched output for plotting routine. 

Allows punched output for CONTROL program. 

Allows punched output fox restarting the pro 
gram. 

Number of time halving in the computation of 
the transition matrix. 

28. METRIC 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

GROSWT 

IX 

IY 

IZ 

IXZ 

SPAN 

CBAR 

S 

CG 

MACH 

ALPHA 

Q 

V 

PARAM 

XB 

ZB 

XALF 

XAY 

47. ZAY 

Determines whether input data will be in metric 
or English units. 

Gross weight. 

Roll inertia. 

Pitch inertia. 

Yaw inertia. 

Cross product of inertia. 

Reference wing span. 

Reference aerodynamic chord. 

Reference wing area. 

Difference between test and reference eg. 

Mach number. 

Angle of attack. 

Dynamic pressure. 

True velocity. 

Identification parameter. 

Beta vane correction. 

Beta vane correction. 

Angle of attack vane correction. 

Ny accelerometer correction. 

Ny accelerometer correction. 
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PARAMETER 

48. XAN 

49. ZAX 

50. VAR 

51. ZERO 

52. WMAPP 

53. NAPR, WPAC 

54. ND1, D1RLX, D1TOL 

55. PRNTPLT 

56. GAMMA 

Table 6 (Concluded) 

DESCRIPTION 

Nz accelerometer correction. 

Nx accelerometer correction. 

Determines a bias factor on 
observation parameters. 

the last three 

Allows initial conditi 
parameters to vary. 

ons of observation 

Weight factor for a priori use. 

Variables used for a priori determination. 

Variables used for D1 weighting determination. 

Switch for line printer plots. 

Flight path angle. 
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Use case number or leave blank. 

Section 3 „ iy T10 
Time card(s) (Format 312, 13, IX, 31 , 

SH - Start time, hours 
SM - Start time, minutes 
cc _ start time, seconds 
S4 - Start time. miUisecond. 

eh - stop time, hours 
EM - Stop time, minutes 

ES - Stop time, s®^igecond3 
põe _ stop time, milliseconu» 
SEARCH - Activate» search mo . UT 

one time car, is necessary for each “.SAheTtart 
nameHst) Maneuvers to be processed^ ”e‘^ 0cd by i^clorT 

and/or stop times may be ctiang Qn the input tape are sat 

values on th«e c.rd^ If th b ^^^rZ/man^ver. are 
the times on the cara ^ myneuver if one or correct maneuver, 

the program to loca while sea>:chin? J°Lader record matches 
to be skipped. The prog from ^he header rec the 

will skip cases if the SEARCH correct one. 
the SEARCH number on t ^ case on the tape file ^ d sequentially, 

Sr0Samif the maneuvers on the tape f^^«“^a^does not have the capa- fhrl^»thvaluen -y be le t bl,nkMnTheePr ^ have been proces,câ 

biiitv to rewind the 
or skipped cannot be rucalled. 

Section 4 Hnnut data and 

The program depends on matrices for mud^'efîned Çor the program 

equations^ defaulted ej^*«1^.. 

inout*for*'the^remaining^matrices has been »amplified. 

entered, the format is. 

Header card (Eormat AS IS. U0» ^ ^ ^ Bp, D1. r 

mm tri* "*”c ' *£.,( “it if led, 

K imber of row. - 4 for all case, except Dl, AP. and BP 

* i tmns - 4 to 8 depending on the matix 
Number of columns - 4 to 

Matrix cards - Format (8F10.4) 

Matrix values - one card for each row 

I, the D1 matrix i.^m«1I<^lC.ndl,.n““èlydit.go*).ltvãinue. read in on 

« “Â rl Mlu now be diacussed. Fh.y 

- rirta^in-Ä^ 



.iinwr ' 

A (4X4) ~ S ".arting values of stability and damping derivatives. The matrix 

should be set to 

-N 
« 

Ma 

~Ca 

0.0 

1.0 

mq 

0.0 

cos < 

-Nv 

\ 

"cv 
0.0 

- sin 0 cos 

0.0 

-g cos 0 

0.0 

a 
V 

for the three-degree-of-freedom longitudinal case. A two-degree-of- 
freedom case may be run by setting the third row and the third column 
to zero. For a lateral-directional case the matrix is 

e 

J6 

Ne 

0.0 

sin a 

N P 

1.0 

-cos a 

lr 

N„ 

cos <i> tan 0 

^ cos 0 cos <J> 

0.0 

0.0 

0.0 

Note that all derivative values are in dimensionalized form with units 

of per radian. 

B (4X5 to 4X8) - Starting values for the control derivatives and aero¬ 
dynamic biases. The control derivatives must be in columns 1-4 fhile 
the aerodynamic bias for the first four of the NCASE cases are in columns 
5-8. The bias values are cumulative such that for the second case to be 
analyzed biases 1 and 2 (columns 5 and 6) will be added. If NCASE * 1 
the matrix should be read in as a 4X5 matrix and generally the starting 

bias values will be zero. 

The matrices ares 

Longitudinal 

-N 
6e, 

M 
6 e. 

-C 
6e, 

0.0 

-N 
6e. 

M 
6e. 

-C 
6e. 

-N 
6e- 

-N 
6e , 

M 
6e. 

M 
<5e, 

-C 
6e. 

-C 
6e. 

0.0 0.0 

-N 

M 

-C 

o.o Ô. 

-N 

M 

-C 

-N 

*4 

-C 

-N 

M 

-C 

Ô- b 



I 

Lateral-directional 

«C, 6c. 

u«c. b6c. 

^6 c. 

J6C. 

i, 
6c, o.4 

N 
6c, 

0.0 

N 
6c. 

0.0 

N, 

0.0 

N 
6c, 

0.0 

N N N 

¢, 

N 

“iríe^no^c'’:: "MC5a?ufe8tho%COrreSPOndin9 i" the A matrix 
indicates the t.™ iui'be anÕwed t^íar^ °rl be » °ne 
derivative may be allowed to varv in 5!lly; any meaningful 
lateral-directional matrix is usïàllv t^°n' the 81n a term for the 
match on sideslip/ ^fauït matrïce^are: ^ t0 t0 bett6r the 

Longitudinal 

Lateral-directional 

1.0 

1.0 

0.0 

.0.0 

'l.O 

1.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

1.0 

1.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

1.0 

0.0 

0.0 

0.0 

0.0 

0.0. 

o.o- 

0.0 

0.0 

0 

• u I 

■°j 
-iu^’.n^^-h^^^ttt-rre.ponding term. of the a matrix 

the control derivatives the aerodvnami mat^lx• In addition to varying 

allowed to «S. ÎinîifLSnSïTi? blaS terms 1COl,Mm 5-8> ■»o»1» f 

Longitudinal 

ri.o 0.0 0.0 0.0 l.o" 



Lateral-directional 

1.0 

1.0 

1.0 

0.0 

1.0 

1.0 

1.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

1.0 

1.0 

1.0 

I î valu?s corresponding to the A matrix. Usually the 
the A mîtiiî. 6 matrix would be identical. The default AR matrix is 

and ‘default^are ¡iiiKr^o Se^R £111?°^ t0 ^ B matri- C— 

by the WHU-R factor (Iten 52. INPUT namelist) . olfauU öa?r"e. âí“P 

Longitudinal 

13000. 0.0 0.0 0.0 

15. 800. 0.0 0.0 

0.0 0.0 0.0 0.0 

.0.0 0.0 0.0 0.0 

Lateral-directional 

13000. 13000. 13000. 

.15 500. 5. 

15. 800. 800. 

0.0 0.0 0.0 

0.0 

0.0 

0.0 

0.0 

thi®B oÏ5br°JÏÎ(c;.A PÍÍ0rÍ “e,i5htinq values for correapondinci tema of 
moí nUn“írlC^f.JÍ":t^eTarer: "“ltiplled ^ <“« ”, 

Longitudinal 

13000. 13000. 

15. 

0.0 

0.0 

15. 

0.0 

0.0 

13000. 

15. 

0.0 

0.0 

13000. 

15. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
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materai-directional 

13000. 

. 15 

15. 

0.0 

13000. 

.15 

15. 

0.0 

13000. 

.15 

15. 

0.0 

13000. 

.15 

15. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

AP (3X4) - Used in defining the equations of motion for the last three 
terms of the observation vector. Normally these matrices (AP and BP) 
are left defaulted. If AP or BP is read in, both must be read in. 
Default matrices are: 

Longitudinal 

-- 0.0 0.0 0.0 
g 

1.0 1.0 1.0 1.0 

1 
g 

o.o o.o o.o 

Lateral-directional 

- 0.0 0.0 
g 

1.0 1.0 1.0 

_1.0 1.0 1.0 

o.o"1 

1.0 

i.iL 

BP (3X5 to 3X8) - Same comments as AP. Default matrices are: 

Longitudinal 

" V _V 

"g "g 

i.o i.o 

V _v _v 
g 'g 'g 

y _v _v 
g ~g g 

1.0 i.o 1.0 1.0 1.0 1.0 

i i 
g g 

» 

iiiii 
g g g g g 

i 

g J 

Lateral-directional 

V y y 
g g g 

1.0 1.0 1.0 

1.0 1.0 i.o 

y V y y 
g g g g 

1.0 i.o 1.0 i.o 1.0 

1.0 1.0 i.o i.o i.oj 



R (4)(4) - Acceleration transformation matrix. Provides the transorma- 
tion to principle axis. Default matrices are: 

Longitudinal - unit matrix 

Lateral-directional 

1.0 0.0 

0.0 1.0 

0.0 xz 

0.0 0.0 

0.0 

xz 

1.0 

0.0 

0.0 

0.0 

0.0 

1.0 I 

Iï7) 7 ProYides weighting for each signal (see MMLE Algorithm 
he size o* the matrix determines the number of observation 

parameters to be used. Since P, Q, R, and Nx are generally not available 

or not used, a five parameter vector should be used. The omission of ^ 

siderib? parameter® (and hence the smaller matrices) results in a con^ 
siderable saving of computer time. If the matrix is diaconal U- oho.,ia 
entered with zero number of columns and the values all on one card as 
explained earlier. Default matrices are diagonal and values are: 

Longitudinal 

[30000. 20000. 0.0 100000. 2000.] 

Lateral-directional 

[500000. 1500. 1000000. 30000. 5000.' 

columnhnnia!f ^rd °f deck should have an ENDCASE starting in 
°i?e there are more cases to follow. If it is the last case 

cards“ (CARD** ” .the “-history is tV£ llll inl^ 
caras (card .TRUE.) the time history cards would follow. 

«.K i”/?? Pa8t» the formation of the A and B matrices has been one of 

tiverSad Íõebe0ohrin9HPÍrtÍOnS the SetUp Proceá^e, since deriva¬ 
tives had to be obtained from wind tunnel books and then dimensional!zed 
Two new procedures have been implemented to overcome this- delay The 

íítíÍoaêd8bC îhÎenn?rÏMn8i°nal 1?0kup routine. Derivative valî^s are 
cataloged by the ORIGIN program in a format compatible with UFTAS 
Derivatives may be a function of Mach number, angle of attack and/or 

curve numbers, and'tape inflation aïe con¬ 
tained in Appendix B, and information on how to use ORIGIN may be found 

in sn OPTAS manusl. This curve file should be sttsched as CURVES prior 

U(CptÍSi,■■..SS-Cf,enia-1°".°f-the U"?f°r FUght Teat System 
éiTTOFilï? Zi 1,“ ' t0rCe Fll5ht TeB? Center- E,J“«d8 
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that the final value in each case is the same. However, this will only 
work for hiqh quality maneuvers. If the constant mode is used, deriva¬ 
tives to be held fixed during the matching process should be redefined 
using the DERIVIN namelist. Also derivatives for surfaces which are 
not used, (DE3, DE4, DC4, etc.) should be set to zero. Obviously, the 
constants should not be used for a priori operation. 

The intent of the lookup and constant modes is to eliminate the A 
and B matrices. Hence the CURVIN or DERIVIN namelist should replace 
those matrices. If more than one option is entered (CURVIN or DERIVIN 
or A or B) the one occurring last in the list of matrices will be used. 

Output ' 

Three types of output, are available from the MMLE program. A sam¬ 
ple of the printed output is shown in Appendix B. The program will also 
generate plots and punch cards. The printed output section may be 
identified by the numbers written on the sample output. 

1. Program options and input data. This section merely tells the 
user what the program thinks it is supposed to do. The flight 
conditions and vehicle characteristics are also given. When 
trouble is encountered in operating the program, this page 
should be checked first. 

2. Input matrices. The matrices read in by the user are shown here. 
They should be checked for errors. Also, if the lookup or con¬ 
stant mode has been chosen, a message to that effect is given. 

3. Time histories. If the PRINT option has been chosen, the input 
time histories will appear next. These are often valuable for 
finding sign inversions, wild points, misplaced channels, and 
other anomalies. The total number of points received is also 
given. This number should be equal to the sampling rate times 
the time interval. 

4. Starting values. The program prints out the starting values in 
dimensional and non-dimensional form. The values have the units 
of per degree except for the damping (rotary) derivatives which 
are in per radian. An asterisk following the derivative value 
indicates that derivative is to be held fixed during the matching 
process . 

For numbers 5, 6 fc 7 note that no change of the starting derivatives occurs 
on the first iteration. Hence, iteration number one is really a zero 
iteration to see how the time histories computed from the starting values 
match the flight time histories. 

5. A and B matrices. The dimensionalized forms of the A and B 
matrices are shown for each iteration. These generally are not 
of interest unless a problem occurs. Sometimes a problem can 
be localized by looking at the first change of a derivative. 
For example, a change of sign in , (C. ) might indicate a 

6c^ ^Sa 
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reversed sign on 5c., (6a) or P. If the C (C ) derivative 
1 n6c2 n6r 

increases or decreases markedly on the first change, the units 
of 6c2 (ör) and R might be inspected. 

6. Error and error sum. The errors and weighted errors are given 
for each matched observation trace on each iteration. Also the 
weighted error sum is shown. The errors are an indication of 
the contribution of each observation time history to the cost 
function. The weighted errors are simply the Dl weightings times, 
the errors, and the weighted error sum is simply the sum of the 
weighted errors. 

For detailed information on using the errors see the section en¬ 
titled "Dl Determination." 

7. Uncertainty levels. Uncertainty levels are given for each term 
the program has matched. These uncertainty levels are a measure 
of the amount of information in the maneuver about each deriva¬ 
tive. Since they are a measure of information rather than a 
derivative value, they must be multiplied by a scale factor in 
order to apply them as ranges of approximate derivative error. 
This scale factor has been empirically determined to be on the 
order of five to ten. More will be said about uncertainty levels 
in the section "Evaluating the Results". 

8. Final values. The final derivative values are given in both 
dimensional and non-dimensional forms. The 6o at the end of 

each line is an aerodynamic bias determined by the program and 
should generally be small (<< 1.0) for the non-dimensional case. 

9. Computed time histories. If the PRINT option has been set, the 
computed time histories follow. 

If the Dl or WMAPR determination option is used, the output will continue 
as these parameters are identified. 

Plotted output is important in determining the quality of the match. 
A plot may be made by requesting that a magnetic tape be mounted as TAPE13 
before program execution (see example in Appendix D). After the plot 
tape has been created a plotter job request card must be submitted to get 
plots. The card should contain the following information: 

Number of plots - 2 per case 
Time per plot - 1 minute 
Plot number - Start - ! 

End - 999 
Pen position - 2 
Pen type - Wet 
Pen point size - 5 
Paper size - Either 201 or 202 

The plots show the flight and computed time histories. In addition to 
showing how well the program matched the flight data, plots greatly 
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facilitate finding incorrect signs, phase lag, and magnitude problems. 
A good match will overlay the flight data very closely. 

Some data can be salvaged from the plots even if there is not a good 
match. If the magnitude of the rates (P, Q, R) match immediately after 
the pulses, the control derivatives are probably good. If the frequency 
of the computed time history matches that of flight time history, the 
stability derivatives (C , C. and C ) are probably close. 

mc *6 ne 

Some care must be exhibited in setting up the plot program to in¬ 
sure staying within the plotter capability. Plotter matrices are 
dimensioned to hold up to a thousand data points. Thus, if T is the 
length of the time segment to be plotted: 

(SPS (T) < 1000 

In addition, the size of the plot paper is limited to 10 inches. If T 
is large, the TIMESC paramecer from the INPUT namelist must be corres¬ 
ponding large. The following relationship may be used: 

(2)(TIMESC) - 10 

MMLE is capable of generating line printer plots. This is done by 
setting the PRNTPLT parameter (item 55, INPUT namelist) to a value of 
1 or 2. These plots have the inherent advantage that they may be ob¬ 
tained much faster than Calcomp plots. They have two distinct dis¬ 
advantages, however. If continuous plots are used (PRNTPLT®!) a large 
amount of paper is used. If page plots are generated (PRNTPLT®2) resolu¬ 
tion of data points is poor. An example of both a continous plot and a 
page plot is shown in Appendix B. 

Punch cards are the final type of output, and three sets of them 
may be obtained for any maneuver. The PUNCH option (item 24, INPUT 
namelist) will generate cards designed as input for the follow-on 
plotting program, SUMARY. The PJNCHD option (item 26, INPUT namelist) 
gives cards with the dimensionalized A and B matrices on them. These 
may be used for restarting the MMLE program if desired. The third type, 
given by the PUNCHC option (item 25, INPUT namelist) punches five cards 
containing the flight conditions, weights and inertias, and the 
non-dimensional derivatives. These cards are designed to be read by 
the CONTROL program for.follow-on characteristic analysis and Milspec 

computation. 

D1 D«t*r*lnatU* : 

It is not always possible or desirable to use the default Dl matrix, 
and determination of an aircraft-peculiar Dl matrix may be necessary. 

Proper Dl values will drive the weighted errors to equal values 
as the program converges. Since the particular value is entirely rela¬ 
tive, the value one is usually chosen as a convenient standard. Then the 
Dl weighting may be obtained as the inverse of the corresponding error. 
If the Dl matrix is set to give weighted errors of one, then the final 
weighted errors sum will be equal to the number of non-zero Dl parameters. 
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The program has the capability to calculate the D1 matrix by setting 
the ND1 parameter (item 54, INPUT namelist) to some non-zero value (usually 
3-5). The default Dl matrix will serve as an excellent starting point. 
This should be done with several good maneuvers, and the most consistent 
Dl results should be used. While a new Dl may be determined for each case, 
this is usually not necessary and the increased computer time (a factor 
of ND1) makes this procedure undesirable. In addition, a Dl weighting 
that is dependent on the maneuver may mask a poor maneuver and provide 
misleading results. Usually the Dl weighting is a function of instru¬ 
mentation only, however some experience has shown that the Dl weighting 
may change for severe flight conditions, i.e., very high or very low 
dynamic pressure. Given good instrumentation and good maneuvers, the 
final derivatives are a weak function of Dl weighting and this balancing 
process is not as important. One entire test program has been run using 
the default Dl values with good results. However, as the quality of the 
instrumentation and/or the maneuvers decreases, increased attention must 
be paid to getting the Dl matrix right. Again it should be pointed out 
that proper attention to instrumentation and pilot maneuvers makes 
extensive work with the Dl matrix unnecessary. 

A Priori Ootormlnotlon -. 

Data which yield poor convergence properties and/or poor derivative 
estimates may sometimes be salvaged using the a priori feature. The a 
priori option holds a derivative close to its starting value if there 
is insufficient information to determine a new value. The degree of 
immobility is determined by the a priori matrices APRA and APRB, and the 
weighting factor WMAPR. These numbers must therefore be determined before 
the option can be used. The default matrices for APRA and APRB are a good 
initial guess. As an aid in determining the overall gain, the program 
is equipped to give plots of the derivatives as a function of WMAPR (Figure 
9). This may be done by setting the NAPR (item 54, INPUT namelist) to 
some non-zero value. The value of WMAPR should be chosen so that effec¬ 
tive derivatives are free to seek an accurate value. Often the value 
of WMAPR required to double the non-a priori error sum is chosen as a 
convenient standard. Note that the total weighting is for a derivative 
equal to WMAPR times the corresponding term in the APRA or APRB matrices. 
Thus either value may be changed to vary the weighting. 

A check to insure the correct weighting may be made by running a 
number of cases at the same Mach number but at different angles of attack. 
If these cases are run with and without a priori, the effect of the 
weighting may be determined (Figure 10). If there is appreciable scatter 
in the non-a priori-weighted values, and the use of the a priori option 
does not reduce the scatter significantly, the weighting is too light. 
If there is little scatter but significant differences between the deriv¬ 
ative values run with and without a priori, the weighting is too heavy. 
If there is little scatter and good agreement between the two sets of 
data, the weighting may be correct, but a further test is necessary. The 
cases should be rerun with the a priori option using starting values which 
have been doubled. If the new values are approximately the same as the 
original a priori-weighted values, the weighting is correct. Uncertainty 
levels (discussed below) can also be used as a general guide to indicate 
correct weighting. 
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There are several pitfalls to using the a priori feature, even with 
correct weightings. The first is that there should be some confidence 
in the starting values, and hence, the pre-defined constants should not 
be used. The second is that if a derivative falls consistently on the 
wind tunnel value, it does not necessarily mean that the wind tunnel 
result is correct. It may be that there is little information about 
that derivative and it is being held at wind tunnel values by a priori. 
This is especially true of damping derivatives. (Note that this is 
still the best estimate available.) In general a priori should be used 
with care and only by those who understand both its advantages and pit- 
falls. 

Evoluoting tk« Rvtultt : 

Although the mechanical procedure of processing data through the 
available computer programs is not difficult, a proper understanding 
of the resulting output data requires some level of experience. There 
are many things to be considered in determining how accurate a deriva¬ 
tive value is. In general, the more points analyzed, the easier it is 
to evaluate the results; it is very hard to draw conclusions from one 
or two points at each Mach number. If an acceptable number of cases are 
available the following factors should be weighed: 

1. Match - First and foremost, did the computer time histories 
match the flight time histories? This is indicated by a low 
error sum and the equivalence of the two time histories on the 
plots. This condition is necessary for accuracy but NOT suf¬ 
ficient. 

2. Uncertainty levels - Uncertainty levels are given for each deri¬ 
vative determined. By multiplying these values by a scale factor 
(empirically determined to be five to ten), they may be used as 
a range of possible derivative variation: the lower the value 
of the uncertainty levels, the more accurate the derivative is. 
Studies on these uncertainty levels indicate that a high uncer¬ 
tainty level (high range of values) usually means that the data 
point is bad. A low range of values means that the point is 
probably good, but not necessarily so. Uncertainty levels, when 
used in conjunction with the other factors described in this 
section, should be a valuable aid in determining the accuracy 
of individual derivatives. 

3. «catter - Good data will usually exhibit' a low degree of scat¬ 
ter when plotted as a function of angle of attack. The one ex¬ 
ception would be, as discussed previously, when a particular 
derivative stays near its starting value when using a priori 
due to a lack of information or too high a weighting on that 
derivative. A large amount of scatter may mean one of two 
things. The program may be having difficulty in determining 
a value. If this is the case, it means that the derivative is 
not very effective (in that maneuver) or the derivative con¬ 
tribution is being masked by some other effect. A second 
possibility is that the derivative actually is scattered, i.e., 
C may vary greatly near a vertical tail separation boundary, 

p 
or an effect such as pulse magnitude, flexibility effects, or 
aircraft configuration has not been accounted for. 
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Maneuver - As stated previously, the type of maneuver done is 
the single most important factor in determining whether the 
derivative values are good. A rapid doublet maneuver (where 
the effects of individual derivatives are isolated) is much 
more likely to give accurate results than a match of a pilot 
induced oscillation (where the control surfaces are drivinq 

£ÍLÍfeqU?!?Cy» an?.»mi!akin? the effects of the Stability deriva¬ 
tives) . It should be pointed out that the time history match 
of a maneuver like a pilot induced oscillation will probably 
be very good. The derivatives may not be accurate, however! 
since it is quite likely that significant trade-offs have 
occurred between control and stability derivatives. The quality 

0f<.îhLmaneUïer Sh0uld be deterinined by evaluating the maneuver 
with the criteria set forth in the Maneuver Section. 

effectivenefs " Derivatives which strongly influence 
aircraft response may be determined much more accurately than 
noninfluential ones. Table 7 is an attempt to classify the der¬ 
ivatives and show which derivatives are easiest to get and most 
accurately determined. 

Agreement with other data - Derivative values should be evalu- 
3ted with respect to other flight results. For example if the 
pitch short period frequency is less than predicted, it might 
be confirmed by a lower-than-predicted C_ . Theoretical steady 

m 
a 

state sideslip values may be computed from the derivatives and 
compared against flight obtained values. 

HybrM Matching 

The second method of obtaining derivatives is a hybrid matchinq 
program called STABDIV. This program makes use of a Hydac-2400 digital 

t0 ^°re tÍir,e histories and an EAI 231R to solve the equations 
J*16 Pr°9ram is run in a repetitive operation mode and equa- 

ïia fv. solved at flfty times real time. Thus, the flight time historv 
and the computed time history appear together as standing waves on an 
eleven by fourteen inch scope. 

Equattant ■ 

The equations of motion are the same as those derived in Appendix E 
for the full five-degree-of-freedom case. 

™~<r*The8\are li?11 five~df9tee-of-freedom equations wi^h time invariant 
coefficients. The assumptions which have been made in deriving them are 
minor for almost all cases. No linearization or small angle assumptions 
are made. The dynamic pressure is allowed to vary during the maneuver; 

velocity is held fixed.1* it can be seen that for maneuvers, where 
linearity assumptions have been violated, the hybrid matching program 
offers a superior math model. y ^ y 

l*The constant velocity restriction only affects damping derivatives, 
whereas the constant dynamic pressure restriction affects all deriva- 
b X V6 S « 
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The flight time histories are read into the digital computer via a 
seven track BCD tape. The data time must be ten seconds long and be 
sampled at fifty samples per second. Exact formatting requirements are 
given in the section "Preparing the Flight Data". After the digital 
data has been stored, the analog portion must be set up. Internal poten¬ 
tiometers, which set up scale factors, inertias, etc., must be set or 
checked. Initial estimates of derivatives must be set on the external 
potentiometers. Each external potentiemeter corresponds to one deriva¬ 
tive. After these tasks have been completed, the matching process is 
ready to start. The process is started in the uncoupled mode. This 
means that flight time histories for the rates, angles, and control sur¬ 
faces are used. The only unknowns in the equations are the derivatives 
themselves. Both the measured and the computed time histories appear as 
standing waves on a repetitive operation screen. By adjusting the 
external potentiometers (changing the derivatives) the operator may change 
the computed time histories until a good match is obtained. After a good 
match is obtained, the computer is switched to the coupled mode. In the 
coupled mode some of the rates and angles which are outputs to the equa¬ 
tions of motion are fed back as inputs to replace the flight time his¬ 
tories. Now "fine tuning" may be done. When the match is the best ob¬ 
tainable, the potentiometer values are noted, and the derivatives may be 
obtained by the application of a simple scale factor. More information 

may be found in a report by Paul W. Kirsten. ® 

C mi pari m> tf th« Twt Matlali 

While the methods of extracting derivatives are radically different, 
a great many of the comments which were made about derivatives in the 
MMLE section are applicable to derivatives obtained from the hybrid pro¬ 
gram. Both programs are capable of giving accurate derivatives for most 
maneuvers (Reference 9). There are, however, some fundamental differences 
which make MMLE more suitable for one mode of operation and STABDIV more 
suitable for another. These basic differences will be discussed. 

Tlw _ 

The time requirements for the two programs dictate that MMLE be 
used for any production processing of data. While the time requirements 
vary with the type and number of cases, it may be said that MMLE setup 
and processing requires about fifteen minutes of time per case by rela¬ 
tively unexperienced personnel. STABDIV, on the other hand, usually 
requires about an hour of work by a highly trained individual for each 
case. These estimates are for engineering personnel and do not reflect 
the manpower required to operate the computer in either case. 

^Reference 9: Kirsten, Paul W. and Ash, Lawrence G., A Comparison and 
Evaluation of Two Methods of Extracting Stability Derivatives fronT" 
Flight Test Data, AFFTC-TD-73-S, Air Force Flight Test Center, 
Edwards AFB, ¿faiifornia. May 1974. 
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Table 7 

DERIVATIVE ACCURACY 

DERIVATIVE EXPECTED ACCURACY, % COMMENTS 

Primary 

Cm 
a 

c*6 

Cli. 

% 

%r 

+ 7.5 

+ 7.5 

j_ 7.5 

+ 7.5 

+ 7.5 

i 7*5 

+ 7.5 

Secondary 

C-0 

c‘p 

C^B 

+ 15 

1 15 

1 15 

+ 15 

SAS off, double for SAS on 

SAS off, double for SAS on 

Aircraft dependent 

Depends on accelerometer placement 

Transitional (Aircraft dependent) 

S. 

Ctir 

C»P 

C"* 

C^r 

1 25 

+ 25 

t 50 

t 50 

1 25 

Very aircraft dependent 

Maneuver dependent 

Maneuver dependent 

Depends on accelerometer placeisent 

miÊÊmÊKÊÊmKÊÊÊÊtttÊÊtÊKÍÊKÊÊÊKHÊÊÈÊlmÊÊÊÊKÊÊÊÊÊÊÊÍ 
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Table 7 (Concluded) 

DERIVATIVE ACCURACY 

derivative 

Ineffective 

öa 

EXPECTED ACCURACY, a 

+ 200 

+ 100 

COMMENTS 

Depends on accelerometer placement 
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DERIVATIVE ANALYSIS 

A knowledge of the flight derivatives is a very valuable thing, but 
a great deal more information can be gleaned by coupling a model of the 
flight control system with the model of the aerodynamics. A digital pro 
gram, CONTROL, has been developed to do this. The input and output of 
this program will be discussed in this section. 

CONTROL 

The CONTROL program is primarily a characteristic analysis program. 
In addition the program can do frequency response, transient response, 
and power spectrum analysis (Figure 11). The program is capable of 
executing in many different modes, and to explain them all is beyond 
the scope of this report and the knowledge of the author. Thus, the 
primary mode of analysis, that of getting characteristic roots and Mil- 
spec data, will be discussed first. Then several other modes and options 
which are useful will be explained. Power spectral density computation, 
sampled-data analysis, and digital system analysis will not be discussed 
in this report. 

The CONTROL program is a method of coupling the aerodynamics of the 
aircraft with the flight control system to obtain vehicle handling qual¬ 
ities characteristics for the entire system. The aerodynamics, of course, 
are defined oy wind tunnel testing initially and will be modified or 
verified by derivative extraction results as the flight test program pro¬ 
ceeds. Definition of the flight control system requires an accurate knowl¬ 
edge of system description, gains and transfer functions and, sometimes, 

actual component locations.^ These are usually furnished by the aircraft 
contractor and are the result of end-to-end response checks. One of the 
advantages of dividing the aircraft characteristics into components like 
this is the extrapolation which may be performed on each component. For 
example, derivative data may be standardized at a particular dynamic pres¬ 
sure to remove that effect from frequency and damping values. Proposed 
flight control system changes may be analyzed by the CONTROL program much 
faster and with much less expense than flight testing. Final results should 
be verified by actual flying, however. 

CONT ROL Algorithm ««d >y»»—» D«Rwl*Uw 

The concept of state variables is that given the present state of 
the system, a knowledge of the inputs, and a description of the system, 
the future state of the system may be predicted. Define the state vec- 

A * 

tor, X, and the input vector, u, to be the followings 

X 6 a^ 
<$r 

(Lateral-directional) 

21 This applies most often to eg corrections for feedback accelerometers. 

75 



Then 
the equation for predirn« 
c • i m Â . 1 . 2 - n9 the future state is: 

X + B • u 

Here the Â n ¿ 

«Amplified'lateral-dííCerdescribe fche system i 
rectional equations of the 

I ’ * 
P - X* ó 

T «» •t’ L • p X r 
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1 
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Th* tW0 longitud««! 

P Í L4« N«r 

R ♦ 
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Y«* Y«r 
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r6ê^ 

ir 

matrix equation is: 

X a 

1.0 0.0 0. 

0*0 1.0 

0«0 o.o 

0 

0.0 

1.0 

r. • x + b 
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^ «.h A matrix (modified by C 1) constitute the character¬ 
istic roots of the open loop system (basic aircraft -SAS off). This is 
the open loop option of the program. 

The augmentation-system-on aircraft 
closed loop analysis. To provide closed 

to provide an additional equation for the 
in the program for closed loop is: 

characteristics are described by 
loop response it is necessary 

u vector. The equation defined 

u-Kl*x+K2*x+D* 
com 

Here ucom is u8ually a Pilot commanded input and K1 and K2 define which 

A A 

from the x and x vectors will be fed back. Kl, K2, and D 
by the user or by the program using the MIXED option. 

parameters 
be defined 

For the root locus option the 
independent feedback loops. 

u vector is modified to allow for two 

u - (XI • x + K2 • x) + (K3 • x + K4 • x) 

A ^ 

ÎSÎt'TSu« ? 0r V?cíors may be fed back into the system. The 
root locus option is useful for combining a SAS feedback (loop 1) and 
a Pilot model (loop 2). Unlike the closed loop option, the root locus 

with°2ritWMS f?r * U8er*8elfct«d number of iterations of each loop 
with arithmetically or geometrically increasing gains. F 

In addition to the state and input vectors a third vector, called an 
output vector, is defined by the equation. «opor, caxiea an 

A A Ä A A A A 

y - H*x + G** + F*u 

By suitable selection of the terms in the 
parameter may be selected or created from the 
inclusion in the output vector. For example, 
y vector. 

a»,aG, and^F matrices, any 
x, *, and u vectors for 
assume we wish to create the 

Me have P and k from the x vector and the equation for in g's is»** 

alternate equation using Ô and subtracting the unwanted terms would 
have worked just as well. 
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Table 8 

CONTROL SYSTEM EQUATIONS 

Vectors 

X - state vector 
A 

y - output vector 

A 

u - input vector 

System Models 

Open Loop 
A A A A A * 

C*ft*A*x + B*u 

^ A A * A A 

y *H*x + G*x + F*U 

Closed Loop 
A A A A A A 

C'fc^A'X + B’U 

y nH#X + G*X+F*U 

G - KI • X + K2 • X + D • ucom 

Root Locus 
A A A A A A 

C'X^A^X + B'U 

Û - (K1 • X + K2 • ft) + (K3 • X + K4 • it) 
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N. rs ß + c. 
6 " 'óa 

The H, G, and F matrices are defined as: 

6a + ? Cv ' 6r 
w y6r 

H 

1.0 0.0 

0.0 1.0 

0.0 0.0 

0.0 

0.0 

q« c. 

o.o 

0.0 

0.0 

X ♦ 

p' 

L“j 

0.0 

0.0 

qs C. 
6a 

0.0 

0.0 

qs C. 
6r 

6a 

6r 

For this particular y vector the G matrix was not required, since no terms 
from the * vector were used. 

A summary of vectors and system equations is shown in Table 8. 

Data for CONTROL may be subdivided into three sections. The first 
the Pro9ram what to do and is required for all cases (unless 

IFLAG-1). The second section describes the aircraft or "plant" equations 
to the computer, and the third section outlines the flight control system. 
For seme cases either the plant equations or the flight control system 
description may be omitted. 

Controlling CONTROL 

The mode in which the program executes is determined by the first 
section of data cards. These include the following: 

Card 1 - Title, Case number (9A8,I8) 
Card 2-n - CODE namelist (namelist format) 
Card n+1 - OUTPUT labels (10A8) 
Card n+2 - INPUT labels (I0A8) 

The title may be any message in the firct seventy-two columns. The case 
number should be the same as that written by MMLE, if data from that pro¬ 
gram is being used. The sign convention established by MMLE to identify 
the mode (positive for lateral-directional and negative for longitudinal) 
is not applicable here, and the case number is always positive. If the 
case numbers from MMLE and the title card do not match, a nonfatal warning 

given* C0DE namelist follows beginning with the second 
. co2® namelist defines program options, system definition param- 

eters, etc. The parameters in Table 9 are available for use. The actual 
numbers for each option may be found in Appendix C. Any options where 
sero is desired may be omitted. The OUTPUT and INPUT labels are merely 

user-selected, literal names for parameters in y and u vectors, respectively. 
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Table 9 

NAME 

READ 

SYSTEM 

OUTPUT 

MIXED 

DIGITL 

FRPS 

NUMERS 

TRESP 

NX, NY, NU 

NXC, NUC 

ZOH 

NI, N2 

CONTUR 

MULTRT 

MODEL 

NSCALE 

CMAT 

CODE NAMELIST PARAMETERS 

DESCRIPTION 

Determines the form of the input data for the plant equa 

Determines whether open loop, closed loop, or root locus 
will be done. 

Determines the form and matrices required for the output 
equation. ^ 

Determines if a flight control system will be coupled to 
the plant equations. 

Determines whether continuous, sampled-data, or discrete 
system analysis will be done. 

Determines whether frequency response will be done and for 
what type of system. 

Determines whether numerator transfer functions will be 
calculated. 

Determines the number (if any) of transient responses to 
be calculated. 

Determine the size of the plant system vectors, x, y, 

and u. 

Determines the size of the state and input vectors for a 
sampled-data system. 

For sampled-data systems, the number of inputs to the plant 
which are outputs of zero-order-hold devices. 

Determines the number of iterations of the two feedback 
loops for root locus systems. 

Determines whether parameter variation studies will be done. 

For sampled-data systems, determines how many (if any) 
transient response points will be computed for each sample 
period. r 

Determines whether model following will be used. 

Determines whether the state vector will be numericallv 
conditioned. 1 

Determines whether the C matrix is necessary. 
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Table 9 (Concluded) 

NAME 

NK 2 

FORM 

IPT 

IGO 

SAV 

I FLAG 

READ 3 

DELT 

FINALT 

IFREQ, 
FREQ 
DELFREQ 

M 

GAIN 1, 
GAIN 2 

DESCRIPTION 

Determines whether the K2 and K4 matrices are necessary. 

Determines whether plots will be produced. (Inoperative) 

Provides extra printout for debugging. 

Determines whether flight control system information will 
be saved. 

Determines whether data matrices will be saved. 

Determines whether title, namelist, labels, and input 
data will be saved. 

Determines whether CHANGE subroutine will be used. 

Defines time increment for transient responses or sample 
period for sampled-data systems. 

Final time for transient responses. 

Defines initial, final, and incremental frequencies for 
frequency response. 

Code for modified z-transfer function computation for 
sampled data systems. 

Defines gain increments for the two feedback loops in the 
root locus system. 
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fOUOWl"9 ca^rÄf^-cuenî: BíheC-f“' ? f^TL^^L 
Card 1 ' FOrmat l5T5-5X,5F10.4) 

NSEQ - Sequence number, sh 

longitudinal fÍtÍVe f°“ ^tirabai^ion°n ^ title 

SM - start t- aX he left blank. 
sta« time i„ mi„utes. 

ss ' Start time in 1<îft blank- 

SMS . start tlBe SeC°MS- - “Tt blank, 
time in miliiseoonds_ 

s - Reference area, ft2 ^ blank- 

L ' Refatence span, ft 

c - Reference chord, ft 

ALFA - A"9le attack, degrees 

GAMMA - Plightpath angle de 
Card ? P “ng-ie, degrees 

2 - Format (8FI0.2) 

W - Weight, lbs 

IX ‘ Ro11 inertia, slug-ft2 

IY - Pitch inertia, slug-ft2 

12 - Yaw inertia, slug-ft2 

1X2 ‘ Pr0dUct °f Inertia, slug-ft^ 
- Mach number 

Q - Dynamic pressure - ib/ft2 

V ~ True sPeed > ft/sec 

ard 3 “ Forn,at (7F10.6) 

Vr-cN 
a ' Per radian 
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Cy °r-CN - Per radian 
P Q 

CyR 0r'CNv ' Per radian or dimensionless 

Cy- or-cN ~ Per radian 
6c! «Se, 

Cy. or“CNr “ Per radian ÖC« 6<a 
2 c 2 

°r"CN, " Per radian <Se3 

Cy, or~CN “ Per radian 
6<\ 6e4 

Card 4 - Format (7F10.6) 

C«-0 or cm ' Per radian 
p a 

°r Cm ~ Per radian P mQ 

CJir, or cm “ Per radian 
R y 

Clfin °r % " Per redian oc, 6e, 

C«.Jt or cm “ Per radian 
6c2 6e2 

CA. or cm. " Per radian 6c» 6e, 

°r CmA " Per radian ög4 6e4 

Card 5 - Format (7F10.6) 

Cn„ or Cc “ Per radian 
p a 

Cn or Cc " Per radian 
P Q 

CnR °r % " Per radian or dimensionless 

Cn. or Cc “ Per radian 
Sc, ^óe, 

Cnx or Cc ” Per radian 
Sc2 c6ea 
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- Per radian V or Cc. 
OCj oe: 

Cn or Cc - Per radian 
6c4 6e4 

option. InCaddition tbirinformatio^m^be^eld^ ^ Se^ing the PUNCHC 
created by MMLE or a tape created bÍ s^nív re^.fr°m Î file (DERIVS) 
*^-6 and in this cas^ the'iiM cLUTy^e 

allow the program to^construct the A, £, and C matrices. The second sub 

from «rSïeÎÎe?heh?o?ioSingn?oLaî?riCe8- USUally' theSe are read i" 

Card 6 - Format (A2,I8,I10) 

TYPE - Matrix name - H, G or F 

NROW - Number of rows in matrix 

NCOL - Number of columns in matrix 

Card 7 - Format (8F10.4) 

first row of matrix 

Card 8 - Format (8F10.4) 

Second row of matrix 

Card 9 - 

SrH^CiFLroS'3^ ^e^^^9ematrice3Cforhaccelerationdfeed- 

left blank, th. proqrL wilî aLnL ^J î^ Mfd of the iir8t "““i« 1« 
to the .tat. veoto?? âïd it „uHetïn thi ^?“tP,,t VeCt0r ls «“«<=»1 
type is set equal to nz or nv íío ^ P th ““trices as needed, if the 

is equal to the state vector plus a^Z^r ny11 a8fUine ^he outPut vector 
1. uaed it should be done in the followingLnSer"' ” NZ or NY 

Card 6 - Format (A2,8X,2F10.4) 

TYPE - either NZ or NY 
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DELX • iã^lT^Í 0r fr0ra the ^ -elerc 

DELZ ' eter^lîLve do™!“"01 £r0m the Cg to the -«Uron,- 

must be set ir^accordance^ití^the^hn6136^’f N°te that the value of OUTPUT 
(TYPE-blark) SuípSí stoutu te l r^/^0™'"10''- In the fi”t case 

”■tnadditi°- SSSÎSîddäl: 

contrT^ilVXiT^LT^lTTrl XsXïXrXthe fli^ht 
same for both options and contains the fSnÕÍtí*-i„f™^“.Card 18 the 

Card 1 - (Format 215) 

NBLOCK - Number of blocks in' the flight control system. 

NIT Index to which option is to be used. 

second (NIT»1) involved setting^aramet09 3 number of matrices, and the 
first is more versatile buí íeguires predfined ^ock types. The 
option provides a basic undeís?^?™ Cards- Since the 

first. Additional format infoÍÂ ma'y^ ^“„^„di“^ 

a good^bioc^diagram^" A^^^e“^ve^beej"Sí,„“íír°Í1 “’S'i,18 °btai"i"5 
in Figure 12. Arbitrarily number K?n PY611 the block diagram shown 
used). The numbers of these block U? to twenty blocks may be 
feedback loops, aíd once íhe ÍÍsíem ?s eííah?aS¿S,0f.a11 connections and 
The first matrix to be filled is §Sa¿h nÍtoÍv k t mUSt be adhered to. 
is the number of blocks in the svstem”' îîî ¡,®b0CK by 5 "»trix, where NBLOCK 
of GRAPH will be filíed as íotloísí 0396 NBLOCK=10- Each row 

Column 1 - Block number 

Column 2 - First internal input 

Column 3 - Second internal input 

Column 4 - Third internal input 

Column 5 - External input 

Irl tho.emanarated^ithir^th^fliaht^ "T"?1 8y8te"’ ^-n.l inputs 
Mocks, Ext.rS.Ti^îrcâêÂ^dTîhs^^Î-^oÎ^Ï“ 

system? and? henc^^s aí ÍÍÍeí^ríííuf ÍC-lock°U^e the flÍghb ^ntro1 
gram has no internal incuts anîîL«? ^1?ck number one on the dia- 

labeled V,. Th^L^rst row »Î’gSpT^S“* haVe a8bi“ari1^ 
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Internal 

GRAPH 

#1 

0 

«2 

0 

#3 

0 

Block number two has an input from block one and an external input V4. 
Note, however, that the internal input is negative. This is indicated 
by a minus sign in from of the input block number. Then the second row 
is: 

GRAPH 1 0 1 

2 -1 0 0 4 

Similarly blocks three and four may be entered. 

GRAPH 0 

-1 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

4 

0 

0 

Block five has inputs from blocks seven and ten and an external input, 
V5. The fifth row will be: 

GRAPH 0 

-1 

2 

2 

7 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 
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1 
! 

The final GRAPH matrix is then: 

1 

2 

3 

! 4 

0 

-1 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

4 

0 

0 

5 

6 

* 7 

a 

9 

10 

7 

-4 

8 

-9 

0 

0 

10 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

2 

1 

3 

Column 1 - Block number 

Column 2 - Number of numerator coefficients 

Column 3 - Number of denominator coefficients 

oïLîTlÜÜ é.!.00eí£CD0ÍÍño¡;X?e? t° desciibe ‘ polynomial is always the 
Thus »;-beTîîl?Âi:î!1-5s require tW° coatfl=l«>ta. 1.5 and o.O. 

BLOCK 

2 11 

3 1 2 



Constants (as in block two) are treated as: 

0.3 0.3 (M, 
1.0 

After we have defined the order of each polynomial, the actual coefficients 
must be given. This is accomplished in NUMER and DENOM. Each row of NUMER 
gives the numerator coefficients of the corresponding block number starting 
with the lowest power of s (the constant). In this case: 

NUMER 

DENOM 

'6400.0 

1.0 

20.0 

1.0 

1.0 

20.0 

15.0 

0.0 

1.0 

1.0 

("6400.0 

1.0 

20.0 

1.0 

1.0 

20.0 

15.0 

1.0 

1.0 

1.0 

64.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.0 

1.5 

0.0 

0.0 

80.0 

0.0 

1.0 

0.0 

0.0 

1.0 

1.0 

1.0 

0.0 

0.0 

4.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0' 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 



Table 10 

TRANSFER FUNCTION STANDARD FORMS (NIT-1) 

TYPE BLOCK TRANSFER FUNCTIONS 
PARAM (I) 

I“1 1-2 1-3 1-4 1-5 

1 K K 
. 1 

1 

2 Ks K 

1 

1 

3 K 

s K 
1 
1 

4 K 
1 ♦ ./a K a 

.." 

5 K(l+8/b) 

(l+Va) K a b 

—1 
! 

6 
Ks 
(s+a) K a 

i 

7 
Tl+Va) ü+«/b) K a b 

-1— 

1 : 

8 K 

1 ♦ ^ 
K 10 C 

-i- 

i 
! 

9 
K(i+2i, s + 8i/w;) 

w, 

K wi 

"4—. -!- 

1 

u) C 
2 . s a 

! 

10 K (1 + 8/.) 

<1 * i£ . . 
K (0 c a 

11 

• * ‘V.-’ 
K (0 c 

DIGITL^n^ 0 1 2 

0 

1 

2 

GIB) 

G(■)# G(z) 

«(*) 

G(s) 

G (•) 

~ 1 

G(U) 

G(u) 
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The final matrix required is the GAIN matrix. This is a 1 by NBLOCK matrix 
which simply lists the gain of the corresponding block.2Í 

GAIN = [1.0 0.3 1.0 .05a 0.5 1.0 1.0 1.0 a/57.3 0.6J 

In several cases the gains and numerator coefficients could have been inter¬ 
changed. For example in block eight. 

1.0 (^41) 
s+1 

1.5 [~) 
s+1 

It makes no difference to the program where the 1.5 coefficient occurs as 
long as it only occurs once. However, a provision to run multiple cases 
requires that all coefficients which change from case to case be included in 
the GAIN matrix. Thus the 1.5 could occur in either NUMER or GAIN, but the 
.05a (since it will change on the next case) is required to go in the GAIN 
matrix. 

After the above matrices are tabulated, they may be punched on cards, 
one card for each matrix row. The format is (1615) for integers and (8F10.4) 
for real values. The number of cards for each matrix is determined by the 
value of NBLOCK read in previously. Appendix C contains more details on card 
formats. There is no delineation between matrices. 

The second option involves fitting each block into one of several 
predetermined formats. The allowable formats are shown in Table 10. In 
this option, each block is represented by one card with the following 
information. (Format 12,13,515,5F10.4). 

NUM - Block number 

TYPE 

CONNEC 

I = 1, 

Block type 

First internal input block number 

(I) - Second internal input block number 

4 i - Third internal input block number 

External input number 

JÏ 
Proper care must be given to insure that the gains are in the correct 
units. The gain value for the CONTROL program may not be the same as 
that listed on the block diagram. Units for the input and output vector 
parameters defined by READ«5,6 are radians, radians per second, and g's. 
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NOD Domain specification (zero if DIGITL-0) 

Pirat descriptive parameter 

Second descriptive parameter 

Third descriptive parameter 

Fourth descriptive parauneter 

Fifth descriptive parameter 

The cards follow the firtt card (NBLOCK, NIT) of the preceeding section and 
replace all of the control system matrices. The CONNEC numbers are identical 
to the last four columns of the GRAPH matrix and may be found in the same 
way. The MOD parameter specified s, z, or w domains iT DIGITL^O (see Table 
10). Using Table 10 and the block diagram we can define the following 
parameters. 

PARAM (I) 

1-1# 5 1 



NUM 

1 

2 

3 

4 

5 

€ 

7 

8 

9 

10 

TYPE 

9 

1 

4 

1 

1 

4 

4 

6 

1 

1 

1 

0 

-1 

2 

2 

7 

-4 

8 

-9 

O 

0 

CONNEC 

2 3 

0 

0 

0 

0 

10 

5 

0 

0 

0 

0 

0 

0 

0 

o 

o 

o 

o 

o 

o 

o 

4 

1 

4 

O 

O 

5 

0 

O 

2 

1 

3 

MOD 

O 

O 

O 

O 

O 

O 
n vs ) 

O 

O :f 

O 

O 

1 

1.0 

0.3 

1.0 
¡. V a. fi 

0.5a 

0.5 

1.0 
i*». J< «3 "f 1¾ 

1.0 

1.5 
9AJ íl "‘j .n 

a/57.3 

i. °‘6 
í>OñXü !'; 

2 

80.0 

20.0 

PARAM r 

3 

0.5 

■w , no i 

4 

40.0 

5 

0.2 

Sf* 

q ts 9 : 
^ f.i'r.if 

20.0 

15.0 

1.0 

5.0 

: ul 
tlíii 

■•irtß-tstatn Qtsvt triad 
16 O.íf. ' [OI ÍÍSnplHSB 

j- £ "i g, q y JÍ Z í íÍW B X X €Kt 

K vá VOTYM a ti 

The last portion of flight control system information is the same 
regardless of the option selected for block input. The format for each 
required card is (1615). The first two items are ITHINY and ITHINU. When 
the control system is added to the original aircraft, the output and input 
vectors are expanded to include the output and input of each of the ten 
blocks. The expanded ÿ and û vectors become 

(A 

» Xu 1: 

I tw Jr'- f jO,L 

MO* 

p 

R 

8 

♦ 

Ny 

OBI 

OB2 

• 

» 

. 

u 6a 

6r 

Ell 

EI2 

EI10 

‘ ) ,y ‘iadi a yes a JtrfT 

iE twcöß orii ax , y 

qtO’"-1 irtpi11 xlnïm 
-ñUp-A si UOTSiî .llp i'i 

£ UOTS 

J 

3; l ! 

th t j(ocXd îo .iuq.iüo erîT 

ï. . idl) oi aeof xi p 
* 

ni^nih s>d liiw e;.ri5 iud 

O) 
i 

»d t <i i; 

OB10 

K X i 

lift amltian SOT S Y bns ,’JOTS ,VOTY srfT 
i -qa ri- ' t (iw 'tos» [ß i.-jini rm çniwoXloï 

Where OBI - Output of bloch ^ etc. 

Ell - External input 1, etc. 

.esodd hntrôï ®>d ysm pniiisimol 
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...- ■«*—.».. ...... 

Usually it is not desirable to keep all of these outputs and inputs. 
ITHINY and ITHINU perform the job of "thinning" the output and input 
vectors. ITHINY consists of the numbers of the expanded y vector param- 
etei we would like to keep. For example, to keep P, R, 6, ¢, and N 

we would set 

ITHINY - [1 2 3 4 5] 

If, in addition, we wanted save 0B2, 

ITHINY - [1 2 3 4 5 7] 

The setup of ITHINU is identical. It should be pointed out that 
there are approximately NY+NBLOCK possible ITHINY members and NU plus 
all external inputs possible ITHINU members. When these are being read 
in, enough cards must be allowed for all the possible members. For 
example, if NY+NBLOCK-24, at sixteen members per card, two cards are 
required even if we only want to save five members. 

The rest of the data connects the aircraft parameters with the 
flight control system. When the flight control system was setup, num¬ 
bers were arbitrarily assigned to inputs coming from the aircraft. We 
assigned roll rate as Vj^, yaw rate as v2 and Ny as Vj. The YTOV matrix 

tells which y parameters are connected to which v parameters. YTOV is 
an NYTOV by 2 matrix, and since there are three connections, NYTOV is 
equal to three. 

YTOV - ‘i n 
2 2 

5 3j 

This matrix says that y1 (the first y parameter) is the same as 

Similarly y2 is the same as v2# and y5 is the same as v3> The ZTOU 

matrix connects flight control system outputs (6a and 6r) to the air¬ 
craft. Here NZTOU is equal to two and: 

The output of block three now goes to u3 (6a), and the qutput of block 

six goes to u2 (6r). A third matrix YZTOK may be used for root locus, 

but this will be discussed later. 

The YTOV, ZTOU, and YZTOK matrices are added in order (one card per row) 
following an initial card which specifies NYTOU, NZTOU, and NY'TOR. All 
formats are 1615 and again there is no delineation between malices. 
This example setup is detailed in Appendix C. 

All of these inputs are summarized in Appendix C and greater detail on 
formatting may be found there. 
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MultlpU Co»«t : 

The IGO parameter facilitates the running of multiple cases using 
the MIXED option. Normally the flight control system structure does not 
change from case to case, although the system gains may. If this is 
true, it is redundant to load the same flight control system each time. 
An option in CLASS allows the user to retain the flight control system 
data by setting IGO to one. The CLASS subroutine will then read only a 
new GAIN matrix. Thus, one to three GAIN cards replace all the cards 
previously setup for the control system. IGO should be left at zero on 
the first case and set to one on succeeding cases. To efficiently use 
this option all the cases of the same mode (longitudinal or lateral- 
directional) should be run together so the control system will not have 

to be changed. 

Alfrwof Mod*» o< :_ 

The program is capable of operation in other modes than previously 
described. Some of these alternate modes will now be discussed. Some 
samples of user written routines are included in Appendix H. 

R E AD OpUom ■ 

If READ is set equal to one, the program defaults to the LOAD 
input routine. The format then is the same as that required for loading 

the H, G, and F matrices described previously, and all required matrices 
must be loaded in this manner. The required matrices for any given case 
may be found in Appendix C. If the LOAD input routine is used, the MiIspee 

option may not be called. 

The second READ option (READ-2) calls the MATRIX input routine. 
MATRIX is a user written routine which is loaded with the input data 
using the SCOPE 3.4 COPYL routine. Since it is user written, inPut 
data may be loaded in any format, and any required matrices may be de¬ 
fined. MATRIX may be made compatible with the Milspec option and the 
MIXED option. A sample of SCOPE control cards using COPYL is located 

in Appendix D. 

CHANGE is the routine called when READ is set equal to three. As 
the name implies, CHANGE is a user written subroutine which changes air¬ 
craft or flight control system parameters for succeeding cases. CHANGE 
is used in conjunction with READ3, IFLAG and SAV, and is also loaded with 

the COPYL routine. 

If READ is set equal to four, the CLASS subroutine is called. If 
READ-4, all data must be in block diagram form. This option is typically 
used to compute frequency responses for blocks or , 
in a flight control system. The setup to describe the blocks is idéntica 
to that described for the flight control system previously. 

SYSTEM Optiont. 

Open loop analysis iß run by setting the SYSTEM parameter equal to 
one. In this case, only the aircraft matrices are needed; no 
control system description is required. If the control description is 
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already there, it may be voided by setting all gains to zero. An open 
loop case will be run as a closed loop case if MIXED equals one. 

mhe closed loop option (SYSTEM*2) is the one most commonly used. 
The system matrices must contain information on both the basic aircraft 
and the flight control system. It should be noted, however, that it is 
entirely possible to run a closed loop case without using the MIXED 
option. This will be discussed in greater detail later. 

The root locus option is best utilized when a large gain matrix is 
to be studied. The gains of two independently controlled loops may be 
varied. This is accomplished using N1, N2, GAIN1 and GAIN2. If the 
MIXED option is not used, N1 and GAIN1 are applied to the K1 and F2 
matrices, and N2 and GAIN2 are applied to the K3 and K4 matrices. If 
the MIXED option is used, the feedback loops are defined in the YZTOK 
matrix in a similar manner as the YTOV matrix. The connections are now 

A 

made, however, from the augmented and thinned y vector to the augmented 

and thinned G vector. N1 and GAIW1 apply to the first row of the YZTOK 
matrix, and N2 and GAIN2 apply to the second row. The root locus option 
may also be used to determine the migration of a root locus pole from the 
open loop position to its closed loop position. This is done by connecting 
the entire augmentation system through the YZTOK matrix and allowing the 
gain to vary slowly from zero to its nominal value. 

Wlthaut th • MIXED Option 

The use of the MIXED option is by far the easiest way to setup the 
flight control system. For root locus, however, it is not always the 
best way since the YZTOK loops are a little more restrictive. It is 
possible to setup a flight control system (at least a simple one) without 
using MIXED equal to one. Consider the block diagram shown in Figure 13. 
In addition to the aircraft equations of motion, we may define three 
additional differential equations. 

. 10 
s+ 1Ö com 

s+25 com 

Rf * s +*.333 R 

or 

sfia + 106a - 106a 
com 

s6r ♦ 256r - 256r_ 
com 

•Rj + .333Rf ■ sR 
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The feedback loopa then feedback roll rate to and filtered yaw rate, 

R^, into 6rcom. This type of setup allows more versatile use of the root 

locus but becomes very difficult for a control system with any complexity. 

f ,Mu«ntr * >»»»"»« • 

Frequency responses may be generated using the FRPS option. A fre» 
quency response will be calculated for each possible pair of output and 
input parameters which have been saved. For this reason it is important 

to define the y vector sparingly and thin the y and û vectors liberally. 
The range and spacing of frequencies is controlled by IFREQ, FFREQ, and 
DELFRQ. If IFREQ is not set, the program will default to a set of fre¬ 
quencies distributed geometrically between 0.1 and 150 rad/sec. 

T fan >Unt Rttponit* 

Transient responses may be run with or without the flight control 
system by setting the TRESP option and programming an input into a user 

written INPUTV subroutine. This is done by setting the u matrix to a 
step, ramp, sine wave or other function of time. The available inputs 

are the u matrix after it has been expanded by the flight control system 
and thinned by ITHINU. Therefore, any input which has been saved may 
be programmed. Programmed inputs are superimposed on normal inputs. 
Thus if elevator is programmed as a step input the pitch feedback loops 
will still be closed. As with the READ subroutines, InpuTV may be 
changed using the SCOPE 3.4 COPYL routine (Appendix D). A sample INPUTV 
subroutine to generate a sine wave input is contained in Appendix H. 

CONTROL 

A sample output from the CONTROL program can be found in Appendix C. 
The amount of output will, of course, vary with the number of analysis 
options chosen. The first several pages essentially print out all of 
the input information. This is followed by the matrices of the "reduced" 
system. These matrices are the ones from which CONTROL gets its informa¬ 
tion. Three types of output may follow. There are eigenvalues, Milspec 
parameters, and numerator transfer functions. In addition frequency 
responses or time histories may be generated, but their output is simple 
enough not to warrant further comment. 

The eigenvalues will appear first for whatever system has been de¬ 
fined. These eigenvalues describe the transient response of a system to 
a given input. They are, in fact, the denominator roots of the input- 
output transfer functions. Used in conjunction with the numerator roots, 
they define a transfer function which gives total system response to any 
given input. Usually the eigenvalues are plotted on a root locus plot 
as a means of evaluating aircraft handling qualities and flight control 
system performance. A discussion of root locus plots and what they 
mean may be found in Appendix F. 

If the Milspec option is set, the Milspec parameter will follow. 
These parameters are calculated based on the derivatives and eigenvalues 
to relate aircraft response to the user in terms he is probably more 
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Tibie 11 

HILSPEC PARAMETERS 

PAIAMETT* 

Actuel Fr«<,u#ncy (u^) 

■QUATION 

ud * (leanInary Part) 

■aturai Frequency (wb) *»B •V(«aal Part)1 ♦ (Imaginary Part)’ 

Retío (C) r . - (*■«» p«rt) 
“n 

Tiea Oonetant (T) 
T (Seal Part) 

Tie» to Half irl/2) T1/2 - -.6S315T 

Cyclao to Half (C^?) C , . Fart) 
l/2 9.06 (Saal Part) 

FetloA (T) _ 6.21318 

“d 

\ 

_ C 

M m SS (C - C _*9L\ 
a. * ' n n. C ' 
'* * 6-l "iOj 

h'. 

37.3 C. 

*•/, ‘ \ i «.* ; 

Static Margin 

100 c 

S.N. - —¿ - 3 

Nona irrer Point '.ocraaent H.P.1-. • S.M. - i Rc c 
w* “u 

(*r/S) atoatfr ito aldoallp 
(C. ) (c ) - (C, i (C ) 

Sr"* l® "««. 
/# (Ct.)■ (c i - ic, ) i 

Set “ici oci *4cj 

(**/•) ateaiy otate alAaallp 

(C ) (C. ) - <C ) (C, ) 
"«ct *# "8 l«c, 

*•/• ‘ rç-7 Tc" i“íE r(c~ T 
‘«e, "««, l«c, "do. 

(^/^) ateaAy ateta aldaollp 
• - " s * crh, ■ \ * CTfc, • 

C* (Dyuaelc C > 
"l "g 

1. t_ 
C* • C (coea) -(-j¿)c. (alna) ♦ -r*^(C, -coaa - C 'alna) 

8 • « ll *1 
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CONSIDERATIONS FOR QUICK 
RESPONSE DERIVATIVE EXTRACTION 

The need often arises for techniques to provide aircraft derivatives 
and Milspec parameters in a minimum amount of time. This section of the 
report will spotlight the quickest and easiest program modes and proce¬ 
dures. Compromises in the data which cause only minimum loss of informa¬ 
tion will also be discussed. Some of these should be made only after 
considering the ramifications involved, and consultation with someone 
with derivative extraction experience would be well advised. 

FIlKkt CssMtlsn 

The large Mach-alpha-dynamic pressure matrices previously discussed 
are intended to give a complete math model of the aircraft. Usually 
when derivatives are required quickly it is in response to a particular 
handling qualities problem, and the flight regime which requires testing 
is much smaller. The area to be tested can usually be covered easily in 
one flight. 

Oita RtaaiftsiMti 

Some compromises can be made in this area with minimum loss of infor¬ 
mation. Some parameters can be deleted from the list of required inputs 
without sacrificing primary derivative accuracy. These include the air¬ 
craft angles, 9 and ¢, and in some cases, 0. Range or resolution defi¬ 
ciencies can De compensated for by performing small or large pulses, 
respectively. Parameter filtering on angle of attack, sideslip and Euler 
anale« wUi nr.* a major effect on derivative accuracy. 

FlisM Mmkmws 

Unfortunately there are no shortcuts to producing good maneuvers. 
Indeed the ability to use most of tbe simplifying program defaults depends 
heavily on having a good maneuver. Good maneuvers are the key to extracting 
derivatives with minimum effort. 

Pnparisi ike Fli|W Dita 

The conversion of an engineering units tape into a time history file has 
long been one of the major problems in derivative extraction. Ostensibly, 
it is not a difficult task, but the combination of programming errors and 
computer frailties often make this a formidable roadblock. There exists 
some experience in reading CDAS and ADAS tapes; stranger tapes usually 
cause the most problems. It is usually easier to use one of the existing 
programs, either ADEX or UFTAS. 

Imaattai MtLI 

The MMLE input will normally consist of five cards. The title card 
and namelist "INPUT" are as previously defined. Usually only a few of 
the INPUT namelist parameters need to be defined. These include SPS, 
TIMESC, PUNCHC, YAY, ZAY, and XAN. If the initial start and stop times 
are selected carefully the time card may be left blank. The predefined 
constants are the easiest start up values to use, and they will work 
admirably for a good maneuver. No matrices need to be defined with the 
possible exception of the BB matrix. A priori does not need to be used 
and default D1 weighting is adequate if the maneuver is good. 

103 



Eitcaflag COUTBOL 

half S riií *f«“y ««»o; tie0!"!5- The u.e ofín^l.f" alt«native 
third stan i of a CONTRnr a work and time a case output 
;; ^^nptío-1^;-:mth.cP0^^nd;-tí: th. „ “" nÆxl lyp t 

'U"ln*t* th* n**^tto'redafín«?the*l *»P« th."1* 
«e control sy,t.m ™ case, via 



OVERVIEW 

While this report does not require the normal conclusions and rec¬ 
ommendations which are customary to a report containing test results, 
a section which summarizes the most important considerations for obtaining 
good results is useful. It is intended that this section highlight the 
important points of the report without requiring the reader to wade through 
the many pages of the entire volume. 

Conventional testing techniques for dynamic stability and control 
have several deficiencies which may be corrected or improved upon with a 
derivative extraction and characteristic analysis approach. Derivative 
extraction provides a far better insight into the mechanics of stability 
and control than is available with conventional techniques. Accurate 
derivatives are mandatory for standardization and simulation techniques, 
and wind tunnels have often been in error on major derivatives. Finally, 
with careful test planning and a knowledge of the results that are possi¬ 
ble from characteristic analysis, a potential for reducing the flight 
test time e/ists. 

Flight conditions, instrumentation and test maneuvers are the items 
which must be considered in developing the test plan. Test conditions 
must be selected to identify those parameters which influence the deriva¬ 
tives. Experience has shown that these parameters are usually configura¬ 
tion, Mach number, angle of attack, and, sometimes, dynamic pressure. 
For this purpose a Mach-alpha plot or equivalent airspeed-alpha plot is 
useful. Instrumentation can cause problems if parameter ranges, resolu¬ 
tions, and phase lags are not considered. Sometimes instrumentation 
frailties can be overcome by proper maneuver sizes or downstream proc¬ 
essing of the flight data. The flight maneuver is the most important 
aspect contributing to a successful nrogram. A good maneuver will over¬ 
come much of the "art" in derivative extraction, and a poor maneuver will 
compound the effort required to process the maneuver and contribute signi¬ 
ficantly to degraded results. A good maneuver is provided by a rapid 
elevator doublet for longitudinal maneuvers and sequenced, rapid ruddei 
and aileron doublets for a lateral-directional maneuver. 

Prior to executing the derivative extraction program the data must 
be reformatted. Several programs are currently available to edit the 
parameters and put them into the right order and units. If the UFTAS 
program is used for data processing, LINKS provides the fastest method 
and requires the least amount of work for the engineer. 

For the most part, execution of the MMLE derivative extraction pro¬ 
gram may be accomplished by an aide. Initial setup of the weighting 
matrices should be done by the engineer, but the program is designed to 
facilitate this process. The majority of work involved in running the 
program comes from developing starting values. Three modes for this are 
currently available. The original method of looking up derivatives from 
a book and providing them in dimensionalized matrices is time consuming 
and cumbersome. A set of pre-defined constants may be used, and these 
will work admirably for most maneuvers, but they are not suitable for 
use with the a priori feature. The most accurate mechod is to use the 
program look-up capability, but this requires that a data table be devel¬ 
oped from wind tunnel and/or previously determined derivatives. The re¬ 
sults, of course, should be analyzed and interpreted by the engineer. 
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a**.«. 

Parameter 

^• aircft 

^• mode 

3- ÍFTAPE 

4- ifwild 

5- IPIIST 

IFDIF 

Tabl e A1 

ADEX PROgram options 

AVAILABLE 

A-9 
A-IO 
P-15B 
^-248 
VF-H 

long 
latdr 

bin 
BCD 
^lank 

VES 

• V4J £ 

Reads a-9 CDAS ♦- 
Reads A-m nn. tape- 
Reads F.¡s ^ ^ape. 
Reads X-24rCDAS tape- 

"-16B “J« tape ^ 

blank 

INPUT 
after 
VES 
blank 

VES 
blank 

- tape. 

Äef case. 

^u„. blnary t; r;ctionai -«• 

ÄeoVC0 gr'iïÆJ: 

Performs wiin r, • 
faces. Point search on 

No action. COntrol sur- 

Produces 1íq«..í» 
Produces Htn-i ^ ^nPut timo wj 
Produces li|tl"9 of °utPut Se ¿St0rie8- 

No action. Stlng ^ both" t ime^i s tories68 " 

differentiates p o 
No action. P' Q' an<3 R. 
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vs¿f?;pcfHi?;6of:"«Mooen5p.„76fNIli 

»eoífSTÍT»Pfít^0'CN*6r,C',,|*MB*l. 
JEOUFST.tH,S;NpPrF; 

oÍoíooiòóoóooòônnSni!íüCN*G',,CY”<'- 

rrs 
23704 
5.0 

res 
23704 
«.0 

X-24R 
8567. 
1 .49 
10. 

X-24B 
8567. 
1.13 
10. 

STOP 

oooooooöoooöoooöoooooo 
OOOOOOOOOOOOnnAAA«*«-. 

51L0NG 
0.0 
1<*5. 
17. 

1UTDR 
0.0 
181. 
18. 

RIN 
2646. 
H50. 
52.0 

RIN 
2646. 
1090. 
25.5 

24119. 
37.5 
10. 
24119. 
37.5 
10. 

6?0. 
19.1 
17. 

6?0. 
19.1 
18. 

330.5 
59.0 

330.5 
31.0 
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Table A2 

HAIN 

LIST 

READ 

LABSOR 

rdcdas 

READX24 

RDP15 

RDF16 

WILD 

DUZ2 

PREDir 

dirsit 

OUT 

OUTBCD - 

OUTBIN - 

adex program description 

"* Executive routine for ». j 
calle proper options. re pro9ram- Reads card input and 

Listing routine. Writes Um*. 

- Execnfi °ry data t0 line Pinter. 

Proper read°ro¡Une0r read 8ubroutines. Directf program to 

rect sloífrj íeíd'^qíence?6' MatCheS taPe label« with cor 

- IT! rOUtÍne t0r A"9 and A"10- Reada input CDAS tape. 

- R \ rOUUne f0r X"24B' Rea'8 ÍnPUt stran9er tape. 
ead routine for P-15 » 

15. Readj input CDAS tape. 

Read routine for YF-16 í 
At». Reads input CDAS tape. 

Wild point routine. Calls mi7-j ». 
control surfaces. DUZ2 to replace wild points on 

- Wild point routine. Replaces vMh » 

• Rat. »if, P ntS °" COntro1 '«f.ce. 
». Q. and R6"4 *tl0n routil>®. C»U, DIRSIT to differentiate 

êiT“““““ -..... 
Executive routine for 
tape output foutine?r t>Pe °Utput ‘^routine., c.il. proper 

*“ t,p* wrlti"3 routine. »rite. , BCD t.„ , 
a BCD tape for STABDIV. 

Binary tape writing routine. Writes a bln 
writes a binary tape for MMLE. 

117 



APPKNDIX 

MMLB 



Table Bl 

INPUT NAMELIST 

DEFAULT 
PARAMETER DESCRIPTION 

1' f-icaT 0P?ration' longitudinal or 
í!1~dírfCtÍOn 18 det®™ined by which 

n^í8 to TRUE' i-«- LONG-.TRUE. If 
«■o 18 Set the Pr°9ram will attempt 
to determine the mode based on the A P 
matrix. LONG-.TRUE, if A (l?î) >% 

n^RCorkUE'i0therWi8e- This feature will 

are 

Of three vectors.P Theüe ar^shown^elow!-8110^ fÍl6 WhÍCh i* made up 

Lateral- 
Directional 

Longitudinal 

OBSERVATION 

ß, P, R, ¢, Ny, P, R 

a, Q, V, 0, N , Q, N 

CONTROL 
28 

ÍCj» ÍCj, äc^ 

öe^» ÍOj» ôe^, 6e^, 

EXTRA 

a, V, Mn, q 

♦f h, Mn, q 

the progi^aandrirthM4fo«yriqÜiiii8t The*dífaSít®mÍd actually UBed *>y 
first extra parameter is on the tim« .ÎÏ! d*fault mode assumes only the 
eters may be used by relltin^^n^ll^ í^d‘ Th* laBt threeVram- 

PARAMETER 

2. CARD, TAPE 
(Logical) 

DESCRIPTION 

TTRnphiîî0ry fíle ,ourc«- Set CARD- 
.TRUE. for cards or TAPE-.TRUE, for 
vApo • 

DEFAULT 

TAPE- 
.TRUE. 

in •ï*h’^ItK“i^SïÎP^d1î?.î:î"î “»f» f?” 
emit un. difi.r.nt eonSSl“uíSSí1 ÍÍÍ“ÍÍS“Í “n« «=1> »ir- 
í01.2.3.4 th* SS*Í“ Sj«** 

Sí SÎ/tSTS;1 ,Urf*e* ¿ídn to «y on. ot 
following, put*' but th* MU*P«= option of CONuoi r^ulr.. thí 

Total aileron be assigned to ôc. 

Rudder be assigned to ôc2 

Primary pitch control surface be assigned to 8e1 
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PARAMETER 

3- SPS (Real) 

4- THIN (inte¬ 
ger) 

5. NCASE (Inte¬ 
ger) 

6- SCALE (Real, 
7 words) 

7. FIXED (Real, 
7 words) 

8. DC (Real, 
4 words) 

9- NREC (inte¬ 
ger) 

10. ORDER (Inte¬ 
ger, 15 
words) 

11. BOTH (Log¬ 
ical) 

Table B1 (Continued) 

DESCRIPTION 

:::¾ 'S-s- esc s milliseconds, sps i c ♦-hon . 
tocal of this mmber. C en the reclP- 

Thlnning factor for data, if thtm.i .n 
points are used. if ^ 
Point is used? etc Very other 

ïoTl^rÎeï^e't'o^'d"*!8 tt0 be P-«-ed 
gram has the capabi 1 it-uV?f^V6S' The pro_ 
to fi!• P D llty of Processing uo 
to fifteen time segments if thev 

Â^^e^t’oTdlÎ^a^iïr1^^ 

- 

Scale factors for observations 

¿'TrïXlîZ d'??,819" ma°nitud8 

Iwîîed^rîhe^înpS?"«“9;:;, 

Fixed biases applied to the controls. 

Number of parameters in each ♦Hm« ka a. 

record not counting tíê ??mes »pïr î°ry 
no meaning for card input? C haS 

OPDEp'can be íse'd8^“?! 0n the inpUt tapp 
parameters. The value of ORDERntel?e ?hPe 

pPSef ne l?0“' daP iist**the^néeded 

0RDERP???!?t<!rTh? then8eV* 

counted in the numbering príclss^ S^ER 
has no meaning if CARD*;TRUE. * 

Both longitudinal and laterai-d< 

«ïort Ln1if8d S" th« ■«- íi-"Î ™yd8t record in the order a, 0, v, 9, N , J 

«e1,>5e?, óe3, 6e4, ¢, h, Mn, q, 0, 

Ny' P' R> 6C1' 6c2' 6c3' 6c4- If BOTH* 

that the BOTH optiOT Act be us:d0m"ended 

x‘ 
R, 

DEFAULT 

1 

7 * 1.0 

7 * 0.0 

4 * 0.0 

12 

ORDER 
(1)-1 

•FALSE. 
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Table Bl (Continued) 

Item 12-18 affect plotted output: 

PARAMETER 

12. PLOTEM 
(Logical) 

13. PLTMAX 
(Real) 

14. INCH (Log 
leal) 

DESCRIPTION 

Generates plotted output if».TRUE., either 
time histories or a priori plots (Item 52). 

Weighted error sum above which plots are 
no longer desired. PLTMAX prevents plotted 
output if the program fails to converge. 

Plots scaled to inch paper if INCH».TRUE., 
centimeter paper otherwise. 

DEFAULT 

.TRUE. 

I.XIO* 

.TRUE. 

15. ZMIN, ZMAX 
(Real, 7 
words each) 

16. DCMIN, 
DCMAX 
(Real, 8 
words each) 

17. NCPLOT (In¬ 
teger) 

18. TIME8C 
(Real) 

Minimum and maximum values for each of the 
seven observation parameters. Each axis 
is 2 inches long (4 cm if INCH-.FALSE.) 
If minimum and maximum values are 0.0, 
Cal comp automatic scaling will be used.. 

Minimum and maximum values for the four 
controls and four extra signals. Zero 
values give automatic scaling. If auto¬ 
matic scaling is used, signals with no 
non-rero points will not be plotted. 

Number of controls and extra signals to 
be plotted. Only the first NCPLOT sig¬ 
nals after the observation signals appear. 

Time scale for plots in seconds per half 
inch (seconds per cm if INCH-.FALSE.) 

19. PRINT 
(Logical) 

Prints input and computed time histories 
if PRINT-.TRUE. 

20. TEST (Log 
ical) 

Prints intermediate program output for 
debugging. 

7 * 0.0, 
7 * 0.0 

8 * 0.0, 
8 * 0.0 

5 

0.5 

.FALSE. 

.FALSE. 

21. NOITER 
(Integer) 

22. ERRMAX 
(Real) 

23. BOUND 
(Real) 

Number of iterations to be used. NOITER-O 
may be used to compute time histories using 
starting (or wind tunnel) derivatives. Input 
time history is always printed if NOITER-0. 

The error sun' at which the program stops. 
If ERRMAX is exceeded, the program stops 
iterating and prints input time histories. 

1.0X101* 

Convergence bound. Used to stop the 
program if further improvement is in¬ 
significant. If the change in the 

dJvid#d hy th« «rror is less than 
BOUND the programs stops and prints the 
final values. 
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PARAMETER 

24. PUNCH 
(Logical) 

25. PUNCHC 
(Logical) 

26. PUNCHO 
(Logical) 

27. NEAT 
(Integer) 

Table Bl (Continued) 

DESCRIPTION 

Generates punched output of final deriva¬ 
tives and confidence levels suitable for 

a follow-on plotting program. 

Generates punched output of nondimensional 
final derivatives and flight conditions 
suitable for input to the CONTROL program. 

Generates punched output of dimensionalized 
derivatives suitable for restarting the pro¬ 

gram. 

Number of time halvings in the computation 
of the transition matrix. The program uses 
the transition matrix to determine computed 
time histories. If the sampling rate is low 

the time interval (“ g^g;) becomes too large 

for stable computation. Usually applicable 
for SPS < 10. Note that this does not insure 
that some information will not be lost due to 

the low sampling rate. 

I DEFAULT 

. FALSE. 

.FALSE. 

.FALSE. 

Items 28-42 concern the geometry of the a£rcJaJJn*2d££®Efl ls 
conditions. These values do not need to be ' 
they will be overridden by the values on the time history file. 

PARAMETER 

28. METRIC 
(Logical) 

29. GROSWT 
(Real) 

30. IX (Real) 

31. IY (Real) 

32. IZ (Real) 

33. IXZ (Real) 

34. SPAN (Real) 

35. CBAR (Real) 

DESCRIPTION 

Determines the units of input data. If 
METRIC«.TRUE, all units are in the metric 

system. 

Aircraft gross weight (lbs or newtons) 

Moment of inertia about the x-axis 
2 2 

(slug-ft or kg-m ) 

Moment of inertia about the y-axis 
2 2 

(slug-ft or kg-m ) 

Moment of inertia about the z-axis 

(slug-ft^ or kg-m*) 

Cross product of inertia between the 

X and z axes (slug-ft2 or kg-m ) 

Reference wing span (ft or m) 

Reference aerodynamic chord (ft or m) 

DEFAULT 

.FALSE. 

1.0X109 

1.0X109 

1.0X109 

1.0X109 

1.0X109 

.001 

.001 
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Table Bl (Continued) 

PARAMETER DESCRIPTION 

36. S (Real) Reference ving area (ft2 of m2) 

37. CG (Real) Difference between test eg, and reference 
eg, in per cent chord. Test eg, aft of 
reference is positive. Used only for cor¬ 
recting derivatives from lookup curve file 
to test eg. 

38. MACH (Real) 

39. ALPHA 
(Real) 

40. Q (Real) 

Mach number. Used only as an argument in 
lookup routine, and for labeling purposes. 

Average angle of attack. (deg) The 
program has the capability to get an 
average number but if ALPHA is not 
defined here or on the time history 
header record neither the lookup or 
constant startup routines will work. 

Dynamic pressure (lb/ft2 or Newton/m2) 
Same comment as 39. 

DhfAULT 

.001 

0.0 

0.0 

999. 

0.0 

41. V (Real) Velocity (ft/sec, or m/sec). Same 
comment as 39. 

0.0 

42. PARAM 
(Integer) 

Any other parameter that might be used 
to define a flight case, i.e., wing sweep 

0 

Items 43-49 give instrument offsets from the eg. Alpha and beta vane 
readings are corrected to the eg, using angular rates. The accelerometer 
effects are included in the system model, thus time histories of the angu¬ 

lar accelerations (P, Q, R) are not necessary to correct the accelerometers. 
If accelerations and angles have been corrected to the eg already, do not 
correct them again here. X direction offsets are positive for instruments 
forward of the <. ;» Z direction offsets are positive for instruments below 
the eg. 

PARAMETER 

43. XB (Real) 

44. ZB (Real) 

DESCRIPTION 

X direction offset of beta vane from eg, 
(ft or m) 

z direction offset of beta vane from eg, 
(ft or m) 

45. XALP (Real) X direction offset of alpha vane from eg, 
(ft or m) 

DEFAULT 

0.0 

0.0 

0.0 

46. XAY (Real) X direction offset of Ny accelerometer from 

co, (ft or m) 

0.0 

47. ZAY (Real) z direction offset of Ny accelerometer from 

eg, (ft or m) 

0.0 
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PARAMETER 

48. XAN (Real) 

49. ZAX (Real) 

Table Bl (Continued) 

DESCRIPTION 

X direction offset of accelerometer 

from eg, (ft or m) 

z direction offset of accelerometer 

from eg, (ft or m) 

50. VAR (Log 

ical, 3 

words) 

51. ZERO (4 
word Log¬ 
ical Vec¬ 
tor) 

The last three observations (N^, Q, n 

or Ny, P, R) have an unknown b as inclu¬ 

ded in the system model. These biases 
are determined if the corresponding ele¬ 
ment of VAR is .TRUE. Initial values of 
these biases are 0.0 except for the N 

bias which is 1.0. The bias on a signal 
that has a D1 weighting of zero cannot be 
determined, and any attempt to do so will 
be overridden by the program. 

For each element of ZERO that is .TRUE., 
the corresponding state has a variable 
initial condition determined. If variable 
initial condition is used with NCASE > 1 
(item 5), the same increment from the 
measured value is used for the initial 
condition for each maneuver in the case. 

Items 52-53 concern the a priori feature. 

PARAMETER DESCRIPTION 

52. WMAPR (Real) An overall weighting factor for the a priori 
information. Each element in the a priori 
weighting maitrices APRA and APRB (see input 
matrices description) is multiplied by WMAPR 
before use. A value of 0.0 implies that the 
a priori feature is not used in the estima- 
tion process. 

53. NAPR, WFAC 
(Integer, 
Real) 

These two variables control the a priori 
variation option which puts the program 
into a drastically different mode with 
changed output. For each aircraft analyzed, 
a set of a priori weighting matrices should 
be determined at the beginning of the flight 
program. In the determination of the best 
a priori weighting matrices it is useful to 
run the same case with several values of 
WMAPR (Item 52). The option to accomplish 
this is activated if NAPR is greater than 0. 
The program then runs the entire case a 
total of NAPR times with different values 

DEFAULT 

0.0 

0.0 

3* .TRUE. 

4* .FALSE. 

DEFAULT 

0.0 

WFAC-10. 
NAPR-0 
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Table Bl (Continued) 

PARAMETER DESCRIPTION DEFAULT 

53. continued 

54. ND1, 
D1RLX, 
D1T0L 
(Integer, 
Real, Real) 

of WMAPR. The first pass is with WMAPR=0. 
and the second pass with the value specified 
for WMAPR by item 51 (if 0. was specified, 
-.001 is used instead). For each subsequent 
run, the value of WMAPR used is WFAC times 
the value used on the previous run. Time 
history plots are never produced when this 
option is used; instead, if PLOTEM».TRUE. 
(Item 12), the final estimates of each of 
the derivatives are plotted versus WMAPR on 
a logarithmic scale. The a priori estimates, 
which may be considered as the estimates 
obtained with WMAPR-infinity, are also plot¬ 
ted to the right of the other estimates. 
These plots may then be used as described in 
Ken Iliff's and Larry Taylor's report to 
estimate the best values to use for the a 

priori weightings. 

These three variables control the diag¬ 
onal D1 determination option, which puts 
the program into a different mode of opera¬ 
tion. A D1 weighting matrix (see matrix 
input section also should be determined 
for each aircraft at the beginning of its 
flight program. This option automatically 
determines the DI be sed on a particular 
case and is activated if ND1 > 0. One pass 
is done with the initial D1 matrix input 
below. Then a simple iterative algorithm 
is applied ND1 times to determine the proper 
D1 matrix. Each iteration of this algorithm 
involves another pass through the estimation 
loop to obtain a set of weighted relative 
®rror8 (E^). The intent of the algorithm is 

ND1-0, 
DIRLX-1.2 
DITOL"!.4 

tc find a D1 matrix that results in the 
weighted error being approximately 1.0 on each 
signal being used (as indicated by a non-zero 
initial guess of the corresponding D1 ele¬ 
ment) . The revised estimate of each diagonal 
element of the D1 matrix is then produced 
by multiplying the previous estimate by a 
factor that depends on the previous weighted 
error of that signal (E^ and, a relaxation 

Reference lOi Iliff, Kenneth W. and Taylor, Lawrence W. Jr., Deter- 
«Ijlftlon of Stability Derivatives from Flight Data Using a Newtoiv^— 



PARAMETER 

54. continued 

55. PRNTPLT 
(Integer) 

56. GAMMA 
(Real) 

Table Bl (Concluded) 

DESCRIPTION DEFAULT 

factor (DIRIX). If Ei > 1.0, the factor is 

(Ë. - 1) *'blRL)C + YJS and if Ei < 1*' th® 

factor is (=—^r-) * D1RLX + 1.) D1TOL will 
Ei ” * 

stop this process if it has converged before 
ND1 iterations. If, after any iteration, 
none of the weighted errors are greater than 

DITOL or less than one iteration 

will be run, and the process will be stopped. 
WMAPR (Item 52) will be set to 0,0 if this 
option is used, regardless of the input 
value. If plotting was specified (Item 12), 
only time history using the final D1 
will be plotted. If both D1 determination 
and a priori variation (Item 53) are acti¬ 
vated, the D1 determination will be done 
first and the a priori variation will use 
the final D1 matrix. 

If PRNTPLT is set to 1 or 2, line printer 
plots will be generated at the end of the 
normal output section. A value of 1 will 
generate line printer plots with one char¬ 
acter per time point. A value of 2 will con¬ 
dense the each time history to a single page, 
but resolution is greatly reduced. It should 
be emphasized that this option does not re¬ 
place the Calcomp plots but is intended only 
to produce time histories matches in a more 
timely manner than is generally available 
with the Calcomp plotters. 

Flight path angle. Used for calculation 
of pitch angle (6) in matrix calculation. 
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Derivative 

C 

C 

Table B2 

LOOKUP DATA INFORMATION 

Default First 
Number Curve Number 

1 8110 

2 8120 

3 

4 

5 

6 

7 

8130 

8140 

8150 

8210 

8220 

8 8230 

9 8240 

10 0 

U 0 

12 0 

13 0 

14 0 

15 0 

Units 

per radian 

per degree 

per degree 

per degree 

per radian 

per radian 

per degree 

per degree 

per degree 

per radian 

per radian 

per degree 

per degree 

per degree 

per radian 
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Table B2 (Continued) 

Oerivative 

C 

C 
ysCl 

c 
y«c. 

'y6< 

'y6< 

'fie. 

•fie. 

fie. 

'fie, 

'IR 

fie. 

'fie. 

Number 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Default First 
Curve Number 

8400 

' 8410 

8420 

8430 

8440 

8500 

8510 

8520 

8530 

8540 

8550 

8560 

8600 

8610 

8620 

128 

Units 

per radian 

per degree 

per degree 

per degree 

per degree 

per radian 

per degree 

per degree 

per degree 

per degree 

per radian 

per radian 

per radian 

per degree 

per degree ! 

mmmm 



Table B2 (Concluded) 

Derivative Number 

31 

32 

33 

34 

Default First 
Curve Number 

8630 

8640 

8650 

8660 

Units 

per degree 

per degree 

per radian 

per radian 

Number of Curves 

Usually dynamic pressure is the third lookup parameter, i.e., one 
curve for each different dynamic pressure up to ten. If rigid data is 
desired the number of curves for that derivative should be equal to 
one. 

Order of Input Parameters 

Given the function Y - f (x,z,w) 

Order " 

w*dynamic pressure 
w«Mach No. 
w*dynamic pressure 
vr-angle of attack 
w-Mach No. 
wrangle of attack 

for x-angle of attack 
for x-angle of attack 
for x-Mach No. 
for x-Mach No. 
for x-dynamic pressure 
for x-dynamic pressure 

z*Mach No. 
z*dynam.ic pressure 
z-angle of attack 
z-dynamic pressure 
z-angle of attack 
x-Mach No. 



Table B3 

Derivative 

*ma 

m ‘5e, 

m 
‘6 e. 

m 
6e. 

m 
6e. 

m. 

"N. 

'N 
6e, 

'N 
6e. 

'N 
6e. 

"N 6e, 

'N, 

'N, 

'6e, 

CONSTANTS 

Literal Name 

CMA 

CMDE1 

CMDE2 

CMDE3 

CMDE4 

CMQ 

CMV 

CNA 

CNDE1 

CNDE2 

CNDE3 

CNDE4 

CNQ 

CNV 

CCA 

CCDE1 

INFORMATION 

Default Value 

-.001 

-.001 

-.001 

-.001 

-.001 

-1.0 

0.0 

.01 

.01 

.01 

.01 

.01 

0.0 

0.0 

0.0 

0.0 

Units 

per degree 

per degree 

per degree 

per degree 

per degree 

per radian 

dimensionless 

per degree 

per degree 

pez degree 

per degree 

per degree 

per radian 

dimensionless 

per degree 

per degree 
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Table B3 (Continued) 

Derivative Literal Name 

CCDE2 

CODE 3 

CCDE4 

CCQ 

CCV 

CLB 

CLDC1 

CLDC 2 

CLDC 3 

CLDC 4 

CLP 

CLR 

CNB 

CNDC1 

CNDC2 

Default Value 

0.0 

0.0 

0.0 

0.0 

0.0 

-.002 

.0007 

.00025 

.0007 

.0007 

-.2 

.15 

.0025 

.0002 

-.001 

Units 

per degree 

per degree 

per degree 

per radian 

dimensionless 

per degree 

per degree 

per degree 

per degree 

per degree 

per radian 

per radian 

per degree 

per degree 

per degree 
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Table B3 (Concluded) 

Derivative 

C 
n 
6c, 

n 
6c, 

nT 

*6« 

'y6< 

r6c. 

Literal Name 

CNDC3 

CNDC4 

CNP 

CNR 

CYB 

CYDC1 

CYDC2 

CYDC3 

CYDC4 

Default Value 

.0002 

.0002 

0.0 

-.25 

-.015 

-.0005 

.002 

-.0005 

-.005 

Units 

per degree 

per degree 

per radian 

per radian 

per degree 

per degree 

per degree 

per degree 

per degree 



Table B4 

VMLE PLOT INFORMATION 

Plot Checklist 

1. 
2. 
3. 

Magnetic tape 
Sample rate X 
Time interval 
Time scale 

requested 
time interval <1000 

X i <10 

Plot Tape 

Local file name - TAPE13 

Plotter Job Request Card 

Time Histories 

Nunbei of plots - 2 per case 
Time per plot - 1 minute 
Plot number, start - 1 

end - 999 
Pen position - 2 
Type pen - wet 
Point size - 4 or 5 
Paper size - 201 or 202 

WMAPR Plots 

Number of plots - Number of derivatives 2 
Time per plot - 15 seconds 
Plot number, start - 1 

end - 999 
Pen position - 1 
Type pen - wet 
Points size - 4 or 5 
Paper size - 201 or 202 
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v^fî;fEMifîs0*;i:”««»*s3îP.Tm.NT,. 

»Four s T . T a¿e ;3 , ' “"Ç^GÍ . CY.? . mb, , . 
»EOUEST.OeBlvs..p; G" 
mmle. • 

oco‘j.*«L.°^D.E.R¿;0s;;0^;j*c*<*or.cr,5. 
CASE P-!»®»! à4 

»INPUT •-ONG«.T.,XAM«-4.1p7’jEi5oF**5*0 P0,,ER 0N SAS OFF 

fNOCASEIN CMOe2*0*0’CHOE3*0*°*CMOE4*O.OtCNOE?*0 
CASE 33., M„ „ ,ir CWE?*(’-,,’C‘,0«-»-»-CNOE*.0.0.,emo 

uTb,,..;.ï-:-.â.Æo:eenosaS „M 

B 

-.106 
O.o 
6.11 
O.o 

.070 
-.2bS 
• 0<*2 
1.0 

-.998 
.37« 
-.195 
• 0* 

.029 
0.0 
0.0 
0.0 

.000 
7.42 
—1.764 
0.0 

1530. 
0 

4 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

1500, 

-.010 
21.03 
1.629 
0.0 

°1 s 
136000. 

4PRA 4 

• 100E*06 0.0 p. 
•2«9E*01 .104F4OC •¡i0E*®6 °«0 

: jîf:,*î :î -«| 

APRB 4 5 0*° 0.0 

»100E*06 
*289E401 

•289E403 .289E«03 
°»0 0.0 

ENO ,W 

90000. 

•100E*06 0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
o.o 

0.0 
o.o 
o.o 
o.o 

10600, 

o.o 
0.0 
o.o 
o.o 
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Table B 5 

NR 

AADD 

AEAT 

AMAKE 

AMULT 

APRPLT 

ASPIT 

AZOT 

DERIV 

LINES 

PLTDAT 

SCALES 

EDIT 

CORDR 

CREAD 

FIND 

FOU RD 

1NV 

LATCON 

LONCON 

KMLE PROGRAM DESCRIPTION 

- Executive routine for program. Calls subprograms in proper 

order. 

- Utility subroutine to add two matrices. 

- Transition matrix subroutine. Uses transition matrix to develop 

computed time histories. 

- Utility subroutine to copy a one dimensional matrix to another. 

- Utility subroutine to multiply two matrices. 

- A priori plotting subroutine. Plots derivatives versus a 

priori weighting. 

- Utility subroutine to write out a matrix. 

- "tility subroutine to zero a matrix. 

- Derivative printing routine. Prints dimensional and non-dimen¬ 
sional derivatives and performs non-dimensionalizing process. 

- Utility plotting routine to plot time histories. 

- Utility plotting routine to plot date and time on Calcomp plots. 

- Utility routine to determine scale factors for plotting routine. 

- Program initialization routine. Reads card input and performs 

data initialization. 

- Reordering routine for curve lookup. Reorders input arguments 

based on IORDER parameters. 

- Read routine for curve lookup. Reads curve file for derivative 

lookup. 

- Time history repositioning routine. Repositions read pointer 

at the next reader record. 

- Four dimensional interpolation routine. Performs four dimen¬ 

sional lookup of curve file. 

- Matrix inversion routine. Performs inversion of a general 

matrix. 

- Lateral-directional constants routine. Defines constants and 
performs dimensionalizing process. 

- Longitudinal constants routine. Defines constants and performs 

dimensionalizing process. 
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Table B5 (Concluded) 

lookup - 

MAK 

MATLD 

TABENT 

DATA 

agirl 

CRAME ï' 

DIAGIN 

dmult 

reduce 

SOLVE 

vin*» Calls FOURD to look up deriva- 

c rve process. 

tlves and perfor ^ dimenBlo„.l matrix to another, 

utility subroutine to copy 
a matrices from data cards. 

- Matrix read routine. Rea ^ conjunction with 

- Ä Ä^Äives“" • 

- l history inline, heads time histories and 

correction, to the . ^ ^ be8t natch 

- «ain iterative core routine. 

derivatives. rramer-Bao bounds and 
! Computes Cramer 

. uncertainty level routine, 
uncertainty levels. 

. rinds diagonal elements of inverted matrix. 

. performs D1 weighting matrix multiplication. 

. symétrie matrix reduction routine. 

SUMULT 

OUTPUT 

PLOP 

THPLOT 

PLOTA 

tlne Performs printing of output time histories 
- Output routine, 

and other parameter non-dimensional 

A and B matrices. ^ Jnd computed time 

- Time history plot routine. 

histories. printer. 

. printer plot routine. Generates p 
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•PENDIX C 

CONTROL 



Table Cl 

CONTROL DATA REQUIREMENTS 

Title card, case 
number 

Code namelist 

Output, input 
labels 

Derivative data 
cards 

System matrices 

NBLOCK, NIT card 

Block description 
cards 

Block description 
cards matrices 
GRAPH, BLOCK, 
NUMER, DEMON, 
GAIN 

ITHINY 

ITHINU 

NYTOV, NZTOU, 
NYZTOK 

YTOV, ZTOU, 
NYZTOK 

Required always 

Required unless IFLAG=1 
for previous case 

Required unless IFLAG®1 
on previous case 

Required for READ®5 

Required for READ=1 
always and for READ®5,6 
unless special inputs 
are used 

Required if READ®4 
or MIXED®1 

Required if READ®4 or 
if (MIXED*1 and NIT-1) 

Required if READ*4 or 
if (MIXED*1 and NIT=0) 

Required if READ*4 or 
MIXED-1 

Required if MIXED*1 or 
if (READ-4 and SYSTEM*3) 

Required if MIXED*1 or 
if (READ-4 and SYSTEM-3)‘ 

Required if MIXED-J or 
if (READ-4 and SYSTEM-3) 

Format (9A8, 18) 

Format (Namelist) 

Format (10A8) 

Format (515,5X,5F10.2) 
(First card) 

Format (8F10.2) 
(Second card) 

Format (7F10.6) 

Format (A2,I8,I10) 
(First card) 

Format (8F10.4) 

Format (215) 

Format (12,13,515,F10.4) 

Format (515)(Integer) 
Format (8F10.4)(Real) 

Format (1615) 

Format (1615) 

Format (315) 

Format (215) 



Table C2 

CODE NAMELIST 

The condition codes and input data are contained in the namelist code 
and are listed below. All of the codes and data are initialized to zero 
at the start of each case unless the SAV option is set 

Condition Codes (Integer Variables) 

READ, SYSTEM,OUTPUT »MIXED,DIGITL,FRPS,NUMERS,TRESP, NX,NY ,NU,NXC,NUC, 
ZOH,N1,N2,CONTUR,MULTRT »MODEL,NSCALE,CMAT»NK2 FORM,IPT,IGO,SAV, 
IFLAG, READ 3,MILSPEC 

Input Data (Real Variables) 

DELT, FINALT, IFREQ,FFREQ,DELFRQ,M,GAIHI,GAIN2 

Condition Code Description (Integer Variables) 

READ 

SYSTEM 

OUTPUT 

MIXED 

DIGITL 

FRPS 

1 Data matrices input through LOAD subroutine 
2 Data matrices constructed in user written MATRIX subroutine 
3 Data from previous case altered in user written CHANGE 

subroutine 
4 Data matrices constructed from block diagram information 

in CLASS subroutine 
5 Data matrices constructed in NRREAD from input cards 
b Data matrices constructed in NRREAD from input file 

1 Open loop system analysis 
2 Closed loop system analysis 
3 Root locus analysis 

A A A 

1 y * Hx 
A A A A • 

2 y - Hx + Gx 
A A A A A 

3 y - Hx + Fu 

4 y » fix + ôx + Fu 

0 No action 
1 Mixed system analysis. The MIXED option allows the merger 

of the aircraft matrices and the flight control system 
description. 

0 Continuous system analysis 
1 Sampled-data system analysis 
2 Discrete system analysis 

If DIGITL t 0, DELT specifies the sample period of the dis¬ 
crete or sampled-data system. 

0 Not applicable 
1 Frequency response calculated for each transfer function 

s-Plane If DIGITL - 0 
w-Plane If DIGITL - 1,2 (DELT required) 

-1 s-Plane frequency responses calculated from Z-transfer 
functions with DIGITL - 1,2 (DELT required) 

2 s-Plane power spectra calculated (DIGITL»0) 
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Table C2 (Continued) 

NUMERS 

tresp 

NX,NY,NU 

NXC,NUC 

ZOH 

NI, N2 

CONTUR 

? Numerator zeroes of s- or , ► 
Numerator reroea not caloula'íed" er functt-"a calculated 

vectors. JhTl^ 
options allow uíífn. T18'" analysis,Ytherm?ÏÎ °utput 

0 No action " transfer functions to be eliminaíed. 

tion ste^sizef011868 calculated. OELT specifies integra- 

Dimensions of it C r, * 

NU specify dimensions of rKt0r’' If MIXED * l.Wt NY s 
States added in the Plant (airÎÆi) 
NX' NY' and NU. option automatically increment 

Dimensions of stat*» 

mu8t°be pa-rt“^-"^' ^pîeS“«.*1:^"9 tbe con- 

matrices «A.B.H.r.etc", o^be^s^"4 

For sampled-data svsi-omo au 

Z-0-^â"boeïd°dfeÂstS t0nthe Plant 
ZOH components of the input "cior 08° mU8t 

T.tn. to be speci- íK1,K2) and. N2 is . ■lte-rations of the n »peci- 
variabie (Kl K4,a (c^r of iterations of“ifsl^d^ 

” "* ‘ -=.8 S SÄViViV PPlicable 1.2,4,8, 

multrt 

MODEL 

NSCALE 

? Not applicable 
i Root contour ootion f, 

Prog™mnf8r0nMt8íãnâtiÍ,enVal“e'"""t®turÍsdÍÕ8tC0NTr1' «to. (ü,ed wltth^^3Ç|«inu.. ^ O^'to 

For sampled-data avstem. 

lated i, Ä\t:d..t0nlY brans lent ^response^are^alcu-8 

o Not applicable 

r^r::’ -——— Nottapplicable ^ ^8^868 



Table C2 (Continued) 

CHAT 

NK2 

FORM 

IPT 

IGO 

SAV 

IFLAG 

READ 3 

MILSPEC 

ISUBNAM 

DELT 

FINALT 

A A 

(K2,K4 not required) 
(K2,K4 required) 

Not currently operational 

0 ó Matrix is the identity matrix (C not required) 

I * ;drÍfy matrix (C rec>uired usually required if 
ixz ^ ' 

0 ift “ 0 , K 4 = 0 
1 * 0 or K4 * 0 

0 Print only for output 
1 Print and plot output 
2 Plot only for output 

Code for extra printout for debugging 
0 No extra printing 
1,2Extra printing 

Code for data required by CLASS subroutine 
0 Input data required by CLASS 
1 CLASS uses data from previous case plus new gains 

0 Data matrices not saved 

1 Data matrices saved for subsequent cases. If MIXED = 1 

ÍS0^aVeSf,TaÍriCeS defined f°r P1“1 tí on», (¿¡ass 
input data, flight control system description, is not 
destroyed and is available for subsequent cases). 

0 On subsequent case «-he condition codes and input data are 
zeroed before the call to CARD. CARD reads title name- 
list, output labels, and input label cards. 

1 On subsequent cases, the condition codes and input data of 
the present case will be used. CARD reads only a title 
card for all subsequent cases. (The option may be cancelled 
by setting IFLAG » 0 or by end of data deck). 

0 
1 

0 
1 

-1 

0 
2 

No action 

0La;Sr?SÍSÍ.CaT' "f“ defaul-s to 3 to force program 
to the CHANGE subroutine. The option is used with IFLAG 
for parameter variation studies. 

No action 

Computes miIspee parameters for lateral-directiomil case. 
Compute milapec parameters for longitudinal case. 

No action 

Subroutine names will be printed to allow the program's 
path to be traced. 

Time increment for transient responses and/or sample 
period for sampled-data systems, seconds 

Final time for transient responses, seconds 
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Table C2 (Concluded) 

IFREQ » PFIU5Q, DELPRQ 

final Arts? i 

‘pecined in 
•y»tems. zt (IFREO .T" Drnndi8CÎetG and 3™pled-<Jati 
«t of frequency pointa «»'«ulte to an internal 
for sampied-datfl fi-IÍ. «Paced between .1 and i«tn 5, 

r"pon,s' con™°l defa“itr| *r' 

If DIGITL^O and FRPq j*, *i) 

FPRnn * ï« 
FREQ ■ TAN (FFREQ*dELT*.5) 

..%Malfíyedt^.tra"rÍÍ Sn10" comPutation for 

Ä^.18.1" îhG”„"eô. <H t'r'r.'z ^'Zrio* 
uitv tran8f°™ if the ïionïl ha«M I•ÇFives the 
wiïh » n he samPle instant. M9" Í hJf n° jump di«contin- 
uiïtVí* :T^ perlod delay. Sowli^' the z:tr«"*fom, 
to eíaídira a^’2- Thetefore, If mT in""”'1'1“1 'rr°t3 

“jBL"*041,i*d °ni; dP«PP^pri".W,U“8 
y ' P'tfP'dned with thi. option "" “d fr,quencl' «»P^nee.) 

0AIH1,GAIN2 

,^ï«10Iuo^dnwÎÏSrî"n^î01r th* feedback ,,ln varl 
Program default, to "« «et? 
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Table C3 

CONTROL SYSTEMS MODELS AND MATRIX REQUIREMENTS 

SYSTEM MODELS (Continuous System) 

Open Loop 

A • A A A A 

Cx * Ax + Bu 
A A A A ^ A A 

y * Hx + Gx + Fu 

Closed Loop 
A 

/y • A A A A 

Cx ■ Ax + Bu 

Û » Klx + K2x + Du 
com 

A 
A A A A « A A 

y * Hx + Gx + Fu 

Root Locus 
A 

A • A A A A 

Cx * Ax + Bu 
C* A 

û - (tflx + Kix) + (KÎ3x + K4x) 

MATRIX REQUIREMENTS 

System 

1 

2 

3 

Description 

Open Loop 

Closed Loop 

Root Locus 

Required Matrices 

À, Ô, à, fl, Ô, f 
A A A A A A A A A 

A, B, C, H, G, F, Kl, K2, D 
AAA A A A A 

A, B, C, Kl, K2, K3, K4 

If 
If 
If 
If 
If 
If 
If 
If 

CMAT - 0, 
NK2 - 0, 
OUTPUT « 1, 
OUTPUT « 2, 
OUTPUT - 3, 
MIXED * 1, 
NRREAD » 5, 6, 
N2 » 0, 

eliminate 
eliminate 
eliminate 
eliminate 
eliminate 
eliminate 
eliminate 
eliminate 

C 
k2, lf4 r 
ÍL IÍ5, K3, K4t HiV D 
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EN323«Cm120000«CH99B3008?30P«T177. 
ATTACH*DERlVS»X?48tID*CNA6Y»CY»Ç. 

C0NrM0LC0WTR0L,AMC*Ir>*CNAGV’CV*3,MR*1* 
0000000000000000000000 

X-24B CASE 23-51 H»1.49 ALEA»5.0 POWER ON câç on 

tC00EoRCA0.6.S*STEM.J.0OIPUT.*.MI«E0.1.N)l.3,NY.4.2u»i?2lLSPEC-l.$EN0 
ELEVATOR 
NZ 

1 
2 
3 
0 
0 
3 

1 
1 
2 
1 

THETA 

-*.27 

0 
4 
0 
0 
4 

0 
0 
0 
0 

0 
0 
1 
2 

0 
0 
0 
0 

1.0 
0.5 
1.0 
0.56 

20.0 
40.0 
3.0 

0.6 

4 
4 
A 
6 
1 
1 
1 
2 
1 
4 
1 

X-240 

SCOOE(>RE»O.S.S*STEM.E;iÛT»uÏÏï:«ï;Ëo.lïi5:*ïir».s.MÎÎ2™M»T.|.Nas»>EC.»,«MO 
s-Anfl f1 0 POWER OFF SAS ON 

DA 
1 

8567. 
-.579 
• 0076 
.1514 

• 
1.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
-.377 

10 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

DR 
10 

0 
0 

-1 
2 
2 
7 

-4 
8 

-9 
0 
0 

18 
2646. 
0.0 
-.0574 
-.0909 

0.0 
1.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
.290 

0 
0 
0 
0 

10 
s 
0 
0 
0 
0 

25 500 
23704. 
0.0 
-.0076 
-.3167 

0.0 
0.0 
1.0 
0.0 
-4.04 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
4 
0 
0 
5 
0 
0 
2 
1 
3 

330.5 
24119. 
-.054 
.0537 

.0318 

0.0 
0.0 
0.0 
1.0 
0.0 

19.1 
620. 
• 0415 
• 0176 
-.0410 

37.5 
1.13 
0.0 
0.0 
0.0 

4.0 
181. 
0.0 
0.0 
0.0 

0.0 
1090. 

(CONTINUED NEXT PAGE) 
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Table C-4 
MILSPEC PARAMETKRS 

PARAMETER 

Actual Frcquancy <u^) 

EQUATION 

aij ■ (laaglnary Part) 

Natural Frequency (w ) 
n un -V(R*al Part)1 + (Imaginary Part)’ 

Daapln* Ratio (C) _ (Real Part) 
^ (Il 

n 

Tlaa Conatant (T) T - - i** 
(Real Part) 

Tina to Half (TJ/2) T1/2 - -.6931ST 

Cycle* to Half (Cjyj) c . . 
1/2 9.06 (Real Part) 

Period (T) T _ 6.28118 

"d 

N 

C 

N - lî (C - C y - -) 
t* w n n» C 

a “ S*1 Vj 

‘“'R 

J7.3 C 

*•/. (N V (C ) 

/« S*1 

Static Margin 

100. c 

S.M. - —J-S 
“n a 

Manauvar Point Incrcmnt M.P.l. - S.M. - 160*~'7 * *C C 
WVJ mQ 

(*r/0) ateady atate aldaallp 

(C, ) (C ) - (C, ) (c ) 

, "« s. 

/6 (ci ) (c ) - (c, nr y 
* de * “íc, ‘de i “de 

ateady atata (Ideallp 
"de, lB "B de 

â*/b • (c: vTcn -y - <c. Hc ) 
de, "de, ‘de, "de, 

(^/|) etaady atata aldaallp 
\ • •“ “ c., * %«, ■ * Sfc, • "v 

Ç* (Dynamic C ' 
*• “• 

I- 
cî “ c- (¢000)-(7-)0. (alna) + *coaa - C «elno) 

"B nB l* B x« lB “B 
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f 
Table C5 

MAIN 

ADD 

CARD 

CHANGE 

CLASS 

CNTRLR 

CPMT 

CONTROL PROGRAM DESCRIPTION 

®n^r*nc® prograifi. Main overlay. 

Utility subroutine to add two matrices. 

3orÄ\„rOUtlne- Reaa’ ,ir,t ,our 0«* «rd.. Print, op- 

User written input routine. 

Convert, block dlagr«. infon..tlon in .y.tam matrice.. 

2U^?îo2rc2î.^0,r"' Can* -“»routlna. in order 

EAT 

EIGEN 

HESSEN 

INVR 

LOAD 

LOAD1 

MAKE 

MATRIX 

MIL 

MULT 

NRREAD 

OREIG 

‘ hwîÎ“ r0utl"e- c°mpnte. tran.ltlon matrix for tlm 

- Eigenvalue routine. Find, the eigenvalue, of a matrix. 

~ u»®d by EIGEN to find eigenvalues. 

- Matrix inversion routine. Compute, the inver.e of a matrix. 

- Input read routine. Read, input matrice». 

- Used by LOAD to read matrices. 

- Utility subroutine to copy one matrix to another. 

User written input routine. 

- Milspec computation routine. Computes Milspec parameters. 

- Utility subroutine to multiply two matrices. 

- Input read routine. Reads data produced by MMLE. 

QRT 

^18° ' 5ÍÍ^"POt routin*- «»«ll* «<=* fro. a previo«. case if re- 
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Table C5 (Concluded) 

RDISCl 

REDUCE 

ROOT 

SCALE 

SPIT 

SPIT1 

SWZ 

WDISC 

WDISC1 

ZOT 

ZOT1 

NMRATR 

BLKDAT 

FRQRSP 

PSD 

TANG 

ZTOW 

SETUP 

THIST 

INPUTV 

- Used by RDISC to recall data. 

Matrix reduction routine. Determines irreducible submatrices 
of a matrix. 

Root locus routine. Determines root locus points. 

Matrix scaling routine. Performs a diagonal similarity trans¬ 
formation on ill-conditioned matrices. 

- Matrix print routine. Prints matrices. 

- Used by SPIT to print matrices. 

NIT conversion routine. Converts predetermined format data 
(NIT=1) to block diagram form. 

Disc write routine. Writes data to disc to be used by subse¬ 
quent case. 

- Used by WDISC to write data to disc. 

Matrix initialization routine. Utility routine to zero matrices. 

- Used by ZOT to zero matrices. 

Numerator routine. Determines the numerators of system trans¬ 
fer functions. 

Predefined frequency distribution for frequency response analysis. 

Frequency response routine. Calculates frequency response for 
system transfer functions. ^ ^ f 

Power spectrum routine. Computes power spectrum of system 
transfer functions. 

- Subfunction. 

- Converts z-plane transfer functions to x-plane transfer functions. 

Matrix reduction routine. Reduces and couples all input matrices 
and information into a complete system matrix.* 

- Time history routine. Calculates time hi-itories in response to 
input from INPUTV. F 

User written routine to define system inputs. 
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ENDIX D 

CONTROL 



Table Dl 

PROGRAM RCTMM.MT FIU® 

mmle 

CONTROL 

Local 
yitp- Naine 

Any (OLDPL) 

adex 

Any (OLDPL) 

mmle 

(OLDPL) 

CONTROL 

Permanent 
pile Name 

amcupdate 

amc 

amcupdate 

amc 

AMCUPDATE 

AMC 

I.D^_ 

CNAGY 

CNAGY 

Ç^cle 

1 

1 

CNAGY 

CNAGY 

CNAGY 

CNAGY 

Type 

Update 

Absolute 

Update 
Absolute 

Update 

Absolute 
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A D E X CONTROL CAROS 

CONTROL CAROS REQUIRED TO CREATE A BINARY FILE FOR MMLE 

XXXXX.CH70000.CHXXXXXX8I15P.T776»NT1 
VSN.TAPE*XXXXX, 
ATTACH * AOEX•ANC « 10»CNA6Y•CY«1•MR*1. 

REQUEST,TAPE*E*PE. 
REQUEST,TMIST**PF• 
AOEX. 
CATALOG,THIST*XXX*!D«XXXX,CY*X. 

7/8/9 

CARD 1 
CARD 2 
CARD 3 
CARD 4 
CARD 5 
CARD 6 
CARD 7 
CARD 8 

- AOEX DATA - 
7/8/9 
6/7/8/9 

NOTES 
CARO 1» XXXXX-USER BANNER TITLE. THE TIME ESTIMATE WILL VARY DEPENDING ON 

THE ENGINEERING UNITS TAPE* BUT 200 OCTAL SECONDS PER CASE IS A GOOD 
INITIAL GUESS. XXXXXX*USER JOB ORDER NUMBER. 

CARO 2« XXXXX-ENGINEER1NG UNITS TAPE NUMBER. 
CARO 4, PARAMETERS ON THIS CARO MAY VARY DEPENDING ON THE ENGINEERING 

UNITS TAPE. 
CARO 7* CATALOG PARAMETERS FILLED IN BY THE USER. 
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À D E X CONTROL CAROS 

CONTROL CARDS REQUIRED TO CREATE Â BCD TAPE FOR STABDIV 

XXXXX *CM70000*CHXXXXXX8115P*T776*NT1*MT1• 
VSN*TAPE®XXXXX« 
VSN*THIST=XXXXX. 
ATTACH*OLDPL»AHCUPDATE*ID=CNAGY«CY=1*HR=1. 
REWIND*DUMMY. 
UPDATE.FtNtI=DUMMY. 
ftn.l*o.r=o.i=compile. 
REQUEST,TAPE»E.PE« 
REQUEST,THIST,HI,S.RING. 
MAP,OFF. 
FILE(THIST.BTSK,RB=1,MBL®100) 
LÖSET(FILES=THIST) 
LGO. 
7/8/9 

- ADEX DATA - 
7/8/9 
6/7/8/9 

CARD 1 
CARD 2 
CARD 3 
CARD 4 
CARD 5 
CARD 6 
CARD 7 
CARD 8 
CARD 9 
CARDIO 
CARD11 
CARD12 
CAR013 
CARD14 

NOTES 
CARD 1, XXXXX=USER BANNER TITLE. THE TIME ESTIMATE WILL VARY DEPENDING ON 

THE ENGINEERING UNITS TAPE. BUT 200 OCTAL SECONDS PER CASE IS A GOOD 
INITIAL GUESS. XXXXXXsUSER JOB ORDER NUMBER. 

CARO 2, XXXXXsENGINEERING UNITS TAPE NUMBER. 
CARD 3, XXXXX*STABDIV TAPE NUMBER. 
CARO 8, PARAMETERS ON THIS CARD MAY VARY DEPENDING ON THE ENGINEERING 

UNITS TAPE. 
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CONTROLS CARDS REQUIRED TO EXECUTE MMLE 

XXXXXtCH72000*CHXXXXXX4532P.T7T6«NTl 
VSN*TAPE13*XXXXX. 
ATTACH«CURVES*XXX*ID=XXXX«CY*X* 
ATTACH*NCURVE*XXX*ID*XXXX.CY=X. 
attach«thist*xxx*id*xxxx»cy*x. 
attach*mhle*amc*id*cnagy*cy=2*mp=i. 
REQUEST,TAPE13«PE«RING. 
REQUEST,DERIVS.*PF, 
MULE. 
CATALOG,DERIVS*XXX*IO*XXXX*CY«X. 
7/8/9 

CARD 1 
CARD ? 
CARD 3 
CARD 4 
CARD 5 
CARD 6 
CARD 7 
CARD 8 
CARD 9 
CARDIO 
CARD11 

- mmle data - 
7/8/9 
6/7/8/9 

NOTES 
CARD 1, XXXXXsUSER BANNER TITLE. TIME ESTIMATE SHOULD BE APPROXIMATELY 100 

OCTAL SECONDS PER CASE. IF NO PLOT TAPE IS REQUIRED. THE NT1 MAY BE 
DELETED. XXXXXX«USER JOB ORDER NUMBER. 

CARD 2, XXXXX*PLOT TAPE NUMBER. IF NO PLOTS ARE TO BE GENERATED, THIS CARD 
MAY BE DELETED. 

CARD 3, PARAMETERS DEPEND ON WHERE THE DERIVATIVE CURVE FILE IS STORED. IF 
NO CURVE FILE IS TO BE USED, THIS CARD MAY BE DELETED. 

CARD 4, PARAMETERS DEPEND ON WHERE THE CURVE FILE DATA ARE STORED. IF NO 
CURVE FILE IS TO BE USED, THIS CARO MAY BE DELETED. 

CARD 5, PARAMETERS DEPEND ON WHERE THE TIME HISTORY FILE IS STORED. 
CARD 7, IF NO PLOTS ARE TO BE GENERATED, THIS CARO MAY BE DELETED. 
CARD 8, IF NO DERIVATIVES ARE TO BE SAVED FOR CONTROL, THIS CARO MAY BE 

DELETED. 
CARDIO, CATALOG PARAMETERS FILLED IN BY USER. IF NO DERIVATIVES ARE TO BE 

SAVED FOR CONTROL, THIS CARD MAY BE DELETED. 



CONTROL CONTROL CRROS 

CONTROL CAROS REQUIRE TO EXECUTE CONTROL 

CONTROL ^^Tf*°*'**MC* Ï0«CNA6V»CT«3 •MR«,. 
7/8/9 

t/^control oat, - 

6/7/8/9 

CARO 1 
CARD ? 
CARO 3 
CARO A 
CARD 5 

NOTES 

CARD 1, XXXXX=USER BANMFR tit. r , 

18« 
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CONTROL CONTROL CARDS 

CONTROL CAROS REQUIRED TO EXECUTE CONTROL WITH COPVL DECK SUBSTITUTION 

XXXXX «CM125000tCHXXXXXX8230P»T776* 
FTN«L*0»R*0«B»SUB. 
ATTACH.OLDPL♦AMCUPDATE. ID*CNAGY* CY*3.MR=1. 
REWIND«DUMMY. 
UPDATE•F * N♦I«DUMMY. 
ftn«l«o.r«o*i«compile«b*main. 
COPYL»MAIN»SUB«LOO. 
REWIND.LGO. 
ATTACH.DERIVS*XXX«ID*XXXX.CY«X. 
MAP.OFF. 
LGO. 
7/8/9 

- FORTRAN SUBSTITUTION DECKS - 
7/8/9 

- CONTROL DATA - 
7/8/9 
6/7/8/9 

CARD 1 
CARD 2 
CARD 3 
CARD 4 
CARD 5 
CARD 6 
CARD 7 
CARD 8 
CARD 9 
CARDIO 
CAROll 
CARD1? 

NOTES 
CARO 1« 

CARD 9« 

XXXXX«USER BANNER TITLE. TIME ESTIMATE SHOULD BE APPROXIMATELY 20 
OCTAL SECONDS PER CASE. XXXXXX-USER JOB ORDER NUMBER. 
PARAMETERS DEPEND ON WHERE THE DERIVATIVES ARE STORED. IF NO 
DERIVATIVE FILE IS TO BE USED. THIS CARO MAY BE DELETED. 
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C»“». N. ,, ON CONTROL C.ROS 

control cards rfouirfd to fxecute >oex, mmif â*n 
c MMLEf AND CONTROL 

uÎÎXÏInMl?0000,CHXXXx,(*fl?30P.T776,NTl VSN*TAPÇ*XXXXX, 
VSN»TA(-tl3*XXXXX, 

ATTACH.AOEX.AMC* IO*CNAGY.C¥:il .md^i 
»EQUEST.TAPF.E.Pf . ‘ 1 . 
ADEX. 

UNLOAD.TAPE. 

HMLE u• 
RETURN,TAPE13.LOO. 

ÍÓ;ÂÍ0NTB01**MCi,d'CN«».cv.3.hR.,. 
7/8/q 

, - adfx data - 
7/8/q 

- MMLE DATA - 
7/8/q 

- CONTROL DATA - 
7/8/q 
¿/7/8/q 

IN SEQUENCE 

CARD ? 
CARD 3 
CARD 4 
CARD 5 
CARD 6 
CARD 7 
CARD 8 
CARD q 
CARDIO 
CARDIK 
CARD1? 
CARD13 
CARD14 
CARD15 
CARD16 

NOTES 
CARD 1. 

CARD ?, 
CARO 3. 
CARD 5, 

CARD 8, 

CARD q. 

Ä5.THf THB" "oo^s'liï 

t,pe NuMeeB- 

îÏSters Z™'' C,R° M,r ^ 0EPFND'"G °N THF ENG,NfEB,NG «"ns 

-OREO. lF 

CUBVE EILE « '0 RE US^?Et^ ÄJVM 5T0BE°- IF NO 



LISTING CONTROL CAROS 

CONTROL CAROS RfOUIREO TO OBTAIN A PROGRAM LISTING 

DUE TO THE LENGTH OF THE PROGRAMS* NO LISTINGS ARE CONTAINED IN THIS REPORT. A 
LISTING OF ANY PROGRAM MAY BE OBTAINED FROM THE FOL'OWING SET OF CARDS. 

XXXXX«CM65000*CHXXXXXX8?30P*T177. 
ATTACH*OLDPL♦AMCUPDATE*ID*CNAGY.CY«X. 
REWIND«DUMMY. 
UPDATE *F «N*I«DUMMY. 
FTN*R»X*I«COMPILE . 
7/8/9 
6/7/8/9 

CARD 1 
CARD 2 
CARD 3 
CARD 4 
CARD S 
CARD 6 
CARD 7 

NOTES 

CARD 1* XXKXX«USER BANNER TITLE. XXXXXX»USER JOB ORDER NUMBER. 
CARD 2* X=i ?» OR 3 FOR ADEX* MMLEt OR CONTROL RESPECTIVELY, 
CARD 5* X«0* 1» ?, OR 3 DEPENDING ON HOW EXTENSIVE A REFERENCE MAP IS 

REQUIRED, 
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■QUATIONS OF MOTION 

tu» "ï, IT,™- nt, f,rst «»' -rl« the 
night Test Center. The second section will rh«í h9en!ral use at the Atr Force 
fheJ1n??r matr1x e(1uat1ons used in MMLE and CONTROi^îrf05? !quat1ons evol''e Into 
In the linearization process. d CONTROL and what assumptions are made 

periods of time* ^urin^thisperiod ofatíimeSthre J¡Sual1íf c°ncerned with short 
fuel flow is usually negligible SLI Z îf6 ch2?9e ,n ?ircraft due to 
usually assumed to be Constant6 (and 1nert1as) are ° 

( « KëV) 
dt 

may be written as 

P , dV 
F '"dt " 

This last equation will be our starting point in this derivation. 



SECTION I 

Translational Equations 

Let us start with Newton's law 

F * ma (mass)(acceleration) 

Since a = 

F » m 

dV 
dt’ 

dV 
dt 

Now define the components of V, 

V » ul + vj ♦ wk 

dV d 
F “ m dt = m dt (ui + VJ + wk) 

Also define the components of F 

F - XI ♦ Yj ♦ Zk 

Then 

XI ♦ Yj + Zk « m 
at (ul vj + wk) 

• • • • # 
“ m (ul + ul + vj + vj ♦ wk + wk) 

■ m (ul + vj ♦ wk ui ♦ vj + wk) 

Now recall that 

1 * w X i 

J ■ w X J 

t 

k > u X k 

where x represents the vector cross product. Then, substituting for i, j, k 



Xi + Yj ♦ 2k - m (¿1 ♦ vj + wk ♦ ui ♦ Vj ♦ *¿) 

-"M*,j*.k.u(.xl)t,(„Xj,t> (uxk)) 

* m (ul + vj + «fe + (u x vjj 

Now define the components of u> 

o» » PI ♦ QJ ♦ Rk 

To evaluate u x V 

ui x V » 1 j k 

P Q R 

u V w 

w « V “ 1 (Qw - Rv) ♦ J (Ru . + k (Pv + pu) 

Now substituting the w x V term 

XI ♦ Yj ♦ Zk » m (¿1 ♦ ¿j ♦ ¿k + u x v) 

Equating components, we get 

X - m (u + Qw - Ry) 

Y » m (v ♦ RU . p^j 

2 ■ m (w ♦ Pv - Qu) 

Using the definitions of a and B 



we can rewrite u, v and w 

’j • V cos a cos 3 

v • V sin 0 

w ■ V sin a cos 0 

Differentiating u, v and w 

• • * * 
u • V cos a cos 0 ♦ V (-0 cos a sin 0 -a sin a cos 0) 

v ■ V sin 0 ♦ V 0 cos 0 

w * V sin a cos 0 ♦ V (-0 sin a'sln 0 + a cos a cos 0) 

For five degrees of freedom, we make assunotlon ^ " Q- Then 

• • * 
u * -V (0 cos a sin 0 ♦ r. sin a cos 0) 

• • 

v ■ V 0 cos 0 

w " V (-0 sin 0 sin 0 ♦ a cos a cos 0) 

Using the Y force component equation and substituting velocity component terms 

Y ■ r (v ♦ Ru - Pw) 

~ ■ v ♦ Ru - Pw 
m 

■ V 0 cos 0 + R (V cos a cos 0) - P (V sin a cos 0) 

■ V cos 0 (0 ♦ R cos a - P sin a) 

Rearranging terms and solving for 0 

g ■ V cos 0 (0 ♦ R cos a - P sin a) 

0 ♦ R cos a - P sin a « v ]!os'-ß 
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Y 
0 • P sin a - R cos a * m v cos g 

Th# Y fore# component Is composed of the gravity components and the aerodynamic 
sideforce 

Y • mg (sin 0 cos 0 - sin 6 sin ß) ♦ q S Cy 

Therefore 

Y 
0 - P sin a - R cos a ♦ m v cos ß 

a sin 0 cos 6 a sin 9 sin g + —Li—_ tc. ) 
■ P sin a - R cos a ♦ ÿ —cos-! V cos ß m V cos ß ' y 

FI nelly, expending the Cy from 

0 • P sin a - R cos a ♦ J '^cos^!“ ' f s1n e tan ß 

♦ rfán \ ■6 * cylt •S1 * cy4r •5r) 

(1) 

To determine the a equation, recall the Z force component and substitute for com¬ 
ponent velocities. 

Z • m (* ♦ Pv - Qu) 

^ » w ♦ Pv - Qu 

- V (a cos a cos ß - ß sin a sin ß) ♦ P (V sin ß) - Q (V cos a cos ß) 

• V (ó cos a cos ß - ß sin a sin ß ♦ P sin ß - Q cos a cos ß) 

or ■ à ..i o cos 0 - ß *1n a sin ß ♦ P sin ß - Q cos a cos ß 

e 

Substituting for ß 

■ ó cos a cos ß ♦ P sin ß • Q cos a cos ß - sin ß sin a (P sin o - R cos a 

y 
♦ ■ v con1 

1,7 



« a cos a cos 0 + P sin ß - Q cos a cos ß - - l1??.J-AlÆ ^ . p sin2 a sin 3 
m ? cos p 

♦ R sin ß iln a cos a 

a cos a cos ß +■ P (sin ß - sin2 a sin ß) ♦ R sin ß sin a cos a 

Y sin ß sin a 
- Q cos ß cos a - m V cos 6 " 

Using the following sine-cosine relationship 

cos2 a ■ 1 - sin2 a 

and 

P (sin ß - sin2 a sin 3) * P sin ß (1 - sin2 a) = P sin ß cos2 a 

We have 

7 * * 

-Tr ■ a cos a cos ß P sin ß cos2 a R sin a cos a sin ß - Q cos a cos ß 

Y sin a tan ß 
m V 

Rearranging terms and solving for a 

p sin ß cos2 a R sin a cos a sin ß + Q cos a cos ß 
K cos ß cos a ‘ * cos ß cos a y cos a cos ß 

7 

m V cos a cos ß cos a cos ß cos ß cos a 

+ Y sin a tan ß 
m V cos a cos ß 

Y tan a tan ß 
m V cos ß 

Z - P tan ß cos a - R sin a tan ß ♦ Q ♦ 
m V cos a cos ß 

Now the second assumption must be made. Assume that the product òf a sine or 
tangent of two small angles Is neallfllMe. In this case. 

R sin a tan ß « 0 

Then the a equation simplifies to 
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Q - P tan ß cos a + 
m V cos a cos ß 

The Z component of force may be written as 

Z * mg cos 6 cos 0 - q S CN 

Substituting Into the o equation and expanding 

a « Q - P tan ß cos a ♦ & —s- 9 cos ^ n—9_§-ir ♦ r . 0 
V cos a cos ß mV cos a cos ß ''N 0 

♦ C, 
6e 

«e) 

Rotational Equations 

Start with the rotational analog of Newton's law 

dH 
T “ dt (Tor<lue “ change In angular momentum with respect to time.) 

The momentum of each particle of mass Is 

Mass momentum ■ V_ dm 
m 

and the angular momentum o' each particle Is 

dH ■ r X Vm dm where r ■ radius of the mass. 

The velocity of each mass may be written as 

» V ♦ U X r 

Then substituting 

dH ■ r X V_ dm in 

■rx(V + wxr)dm 

■rxdm(wxr + V) 
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“ dm [r X (m * r ♦ V)] 

■ <*n [r X (u> X r)] + dm (r X V) 

The totel angular mneent Is the suanatton of all the particles. 

h ■ r dH 

“ i: [r X (u X r)] dm ♦ r (r X V) dm 

■ E [r X (w X r)] dm ♦ E rdm X V 

By the definition of the center of gravity 

E rdm ■ 0 

Then 

H • E[r X (u) X r)] dm 

Using the components of r and w 

r • xl ♦ yj + zk 

u • PI ♦ Qj ♦ Rk 

we can evaluate <j x r 

io X r 1 j 

P Q 

k 

R 

* y z 

« x r - 1 (Qz . ♦ j (Rx . Pi) + k (py _ 

To evaluate r x (u x r) 

r x (u x r) ■ i j . 

r x (« x r) 

(Qz - ty) (Rx - Pz) (py mQx) 

1 [y (py * Qx) - z (Rx - Pz)] ♦ j [z (Qz - Ry) - x (Py - Qx)] 

♦ k [x (Rx - Pz) - y (Qz - Ry)] 
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'W
H

'.l
a

u
»

. 

r X (u> X r) - 1 (Py* . QyX . Rzx + p2*) + j (Q2, . Rzy . Pxy + Qx2) 

♦ k (Rx* - Pxz - Qyz ♦ Hy*) 

Now th« angular momentum may be broken Into Its three components 

- I (Py* - Qyx - Rzx - Pz2) dm 

- I [P(y* ♦ z2) - Qxy - Rxz] dm 

♦ P Z (y* ♦ z2) dm - Q z xy dm - R r xz dm 

Hy ■ I (Qz2 - Ryz - Pxy ♦ Qx2) dm 

• I [Q(x* ♦ z2) - Pxy - Ryz] dm 

• Q I (x* + z2) dm - P i xy dm - R i yz dm 

Hf ■ I (Rx* - Pxz - Qyz + Ry2) dm 

■ I [Rix* ♦ y2) - Pxz - Qyz] dm 

* R I (x* ♦ y2) dm - P i X7 dm - Q E yz dn 

üí ng the deflnltlun of Inertias, we can rewrite these equations as 

H. • ^ « 

V'yy Q - 'x, « 
"« ' *« « ' Q 

Recall now the original torque equation 

• JÎ <"« ' ♦ V ♦ U 
• Hx 1 ♦ Hx I ♦ Hy J ♦ Hy j ♦ M2 k ♦ M2 k 

• Hx 1 ♦ Hy j ♦ H2 k ♦ Hx 1 ♦ Hy j ♦ Hz k 

Aaspilng constant Inertias 



î 

H» ■ '« P - <i - >„ « 

"/ "/y 11 • 'v ^ " 

HZ ’'zi"- K, P - 

Also recall that 

^ “ w X 1 

j “ l*> X j 

^ * <*i X k 

X2 ' ly2 Q 

Then 

Hx 1 + Hy j + H2 k - (w * i) ♦ « (u * .i) ♦ Hz (<** X k) 

* “ * (Hx 1 ♦ Hy J ♦ h, k) 

" w X H 

To evaluate u x H 

<*> X H > < J k 

P Q R 

", "y "y 

« « H . I (Q H u, , 

, y> J ", - l> H,) ♦ k ( p H. - q H ) 
SuktUtutlnq ,„r te™s the 

T ■ * "y 4 * H, k ♦ Hy j + j 4 ¿ 

■^ ;'«y ^ "H M,yy q - lyy P. ^ jj J 

lyyQjkMiqHy.qypj (*q tpw) 

* k (p Hy - q Hy) 
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• ñ I P - I ^ 
,. p. , 1,1 

T - U*,, y xy xz 

n «.i p-iŸZQ)k ♦ (lzz K ‘xz yz 
* ' CQ (1„ p • 1 xy 

Q - !„ «) 

■ P ('zi " 
i p - ï , Q)1 *k tP "»»Q ‘ '»y ^ 'lyl 10 

XZ yz 

Q d„ p • >*, O - R)1 

Into Us components 

th. P, Q •»<! « N“**10"*- 

Bï dtvtdtrfl tl» torq« 

T . L1 ♦ *j ♦ Nk 

.W «n«tlP9 «« * «" V” ' ’ ' R (I Q - V - *' 

, P-I il - I„ " * 1 “zz l( • yI 
L ■ lxx p ‘«y X' „1 1 0« ♦ l W ♦ ‘»Z * 

«« T po -1 q1 - »vv ^ *y y* 
; 1 ó -1 R ♦ i,zQI1 -xz , y* yy 

. I w P - 1-v y « 1 

• * (lzi ’ yy 

xy ' R‘ . _ A . /o* . q*) 
/oo ♦ 1 l-R - PQ) + 'R 

. I ) QR ♦ (PR * + ^Z V y ‘xy 

P - Q 
. ¿J - I P - ly, R + R (I^ r ' • lyy y lxy yz 

lXI K) - p l'zz ^ - ‘xx p ‘ ly' 0) 

. ! PR ♦ Ixz P* + ^Z ^ 
QR - l-z R* * !zz 

« i p - i r ♦ i** RR ” **y 
■ lyy 11 - xy yx .p, . ♦ t (Pq • R) 

• „ ) PR ♦ !„ (-P - 1«) ‘ 'x. lP yI 

"yy “ .. p . i ,..UR) 
• ./i o-I R - 1„ *> * q “«I ^ 

; t p - l Q ♦ P ^vyq lxy yz 
..I„«-I,zp yx p,*.,,!!**!,,* 

1. . p., QPlyy«!-««' -'»X” “ ” . 
■ !zz Q « yZ • J (_PR - Q) 

. q * (i,y -'>»> "* «y Pli 

• 1 -, )qR*.x,«-p"'4,«»t,*P,> y‘ p - -J— LUyy ‘zz' *y 
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, , ÍB* - P1) ♦ 1 , (R - PQ) + Ml 
¿ . ^ [(,iz - I„) ■>« » >xy (P * W) * 1 , 

y> (P - QR) ♦ !„ <0 * ^ * H1 
* 1 r(1 . 1 ) PQ + Ixv (P ' Q } *« 1 n 

" ' ^ [l » y> ... tM c«P..« R. Q - « ^*‘’OTS- 
txp.M.n, t« L. H .,d R «ms. « c, -rU. 

¿ I [(, -I ) QR + l^y ^ PR) * '»I ** * Iyl * P » -ï- Ulyy ‘ZZ ^ ... 

XX Jt * -à (C * P ^ Cl ’ ^ 
-CK ir . 6 + C • 6a ♦ C, • «r + 2V tR 

♦ <Cl6 ß «-«a sr 

\ T ÍB* - P*) +1. (P “ PQ) 

Q. ¿ - *J « *’«ytP ‘XI 

* c. • » ‘ c... •5e * ^ (S 'Q)n 

yy 

♦ qSc (C 
mo ma 6e 

♦ qSb (C * & + Cn 
ß 6a 6r 

(♦) 

i iP* - Q*) ♦ I ^ - QR) + xyz (Q + W) 
I rn - I ) RQ ♦ 'vu 'P 11 ' R* 1 

r ■ r“ c(1m » ^ 
ZZ b ir • P ♦ c * R)ÎJ 

• 6. *C„ • f*1V \ "R 

Suimary of U»«™ 
ÏÏ S <C • 0 

n ^in p cos 9.. 1 sin 6 tan 0 ^ m y cos ß v y- 
j 0 ■ P si** a - R cos 0 + V cos 0 • 

♦ S, • “4 cy.r •ir) 

2 ; . Q . p an 8 CO» » ♦ }■«» o coT& ' * » co» « o»> 8 N0 “ 

♦ Cy * 
"6« 
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• ,-y 

3- ^ Cííyy ’ *„) QR + ^ (Q - PR) + 'xl (R + PQ) + Iy2 (Q2 - R2) 

♦ iSb(C, *ß + C • 5a ♦ C . 6r + (C# • P + C0 • R))] 
ß 5a 6r ÄR 

4- ’ • [(IH - ■„> P" * 'xy ^ 4 W) ♦ 1„ 0<’ - P') ♦ IyI (¿ - PQ) 

♦ ’* <c.0 «»I 

*• * ’ ij; C<,x. • ‘yy’ 'O * 'xy (l" ' ^ <p * »«) * lyi (Q * PR) 

♦ qSb (C • ß + C • 5a ♦ C • 5r ♦ »fe (l • P ♦ C • «))] 
"ß n5a n5r ZV nP nR 

AMMptfOilS 
• • • 

1. V ■ 0 (a and ß equations) 

2. tin a tan 6 : 0 (a equation) 

3. tan a tan 0 « 0 (a equation) 

4. Constant Inertias (P, Q, R equations) 
• • 

5. Constant mass (a, ß equations) 
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SECTION II 

Longitudinal Equations of Motion 

1 
Iyy C(Izz ' Ixx) PR + ^ (P + QR) + I„ (R2 - P2) + I "yy “ xy 

(Cm + Cm • a + C 

yz (R - PQ) 

m. m o a "S. 'Se ‘ s \ ■Q))1 

a * Q - P tan 3 cos a + a cos 9 cos p _ o S 
V cos a cos 3 m V cos a cos 0 + * a 

+ C N * 6e) 
6e 

N ' VN O a 

thrust and drag^erîïîtîves^rravaîlabÎe^Î^ othei*«^ freedoü! aMl>s1s- Usuell 
the extra effort to obtain thW oTthTSlrd 

not^suïtable ^^MMLE’o^CojTROL^wwse^heraii1^ íi th*ír Pr*Sent fonn ire 
terms which are not available Th#» ar® )r,2î*f and make use of 
which must be made «rTtl»«'' Tt" S'i5P",,,n9 «s«P‘tons or approxiMtlons 

'■ ^ 15 "« cooplíoç, bet»e.n «os. For , long Hud Inal pulse. P . R . 0. 
2 

3 

'xy ' 'yz - 0 

cos 3*1 

of C"o S\- 

If th.s. assumptions ar, us«!, th, Rations simplify to th, fo, 

qsc 
i [ c 

“ * Cm,. ' 5e * 5Ï (^ • Df7 yy a '"6e 

a ■ 0 ♦ a cos e cos » ï s 
v cos a m V cos a (Cm * a + C 

•ae) 

57 

Both programs do^hls automat1cany?Uat1°n$ ar* n°W p*rturbitions from trim. 
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EjFä sss as s,? 
Lateral Directional Equations of Notion 

P ' ^ i{1yy ' I«) QR + lKy IQ - PR) ♦ IX2 (R ♦ pQ) + (q2 , 
R2) 

ÍC¿e e + Cjl6a ’ 6a + CÄ6r ‘ 6r ♦ 27 (C, • P ♦ ct . 

“IT [(Ixx- U*) zz /y) PQ * '«/(pi • O’) * (P - W) * Iyl (Ó 

«))] 

PR) 

+ qSb (C * 8 + C . ôa ♦ C . 6r ♦ 
'•Sa nár ’ 2V iCnp * P + Cn * R))] 

8 “ P sin a - r cos a + a_ç2s_e_slnji _ g sin e sin « 
V cos * V cos ß 

Al 
m V cos ß ^Cy * 8 c • 6a + c Jg V. 6r) 

)¾ .1¾ — - 

2. IhCr* T T n0UPl1n9 betWen aXeS* FOr * literaNd1^«or«l case. ( 
2* “ !yz " 0 

3. cos $ - 1 

sin 6 sin ß > o 

These assumptions allow us to write th. i 
« write the following equations. 
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ß ■ p sin a - R COS o + 3- cos 8 f 

S. » ct4r . Jr ♦ ^ • P ‘ CtR . D), 

«. * Cnjr • är (Cn(> • P * Cn(i • R)] 

* 21 (Cy ‘ 8 * Cy • ♦ C„ • Jr) 
ß •'«a y6r 

The variable terms In the above equations are P, R, p, r, g, pt ga an(j jr 
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ROOT LOCUS DISCUSSION 



A root locus plot 

thî.^^r1"9 the re- 
y ‘ "ethod »re presented hère ^ some fun^- 

-/“^rentUl equa- 
this system ,„0 input ï^'isT1"' The »‘««.«Isi’e^S»,««. 

m + f 3? + kx = 0 

j 

where 

* 38 displacement from reference 

m * mass 

motion 

k * spring constant 

1,8109 Laplac® transform* thi* equation can k 
q ation can b* rewritten as 

Inoc + - 

for thls^system °5 shis poi^nonli»l is called th 
to a 9ivenyií“í. íhu'rSr* dete™i"« the ^equ.tlc 
pl,x roots, the real TOrèîèi’mï'ïu1’® re>1 « cèrnè"« ïï'eî1"“ -'••Pon. 

portion of the equal to ÍÍÍ¿, In th* c*“ of c 

C * damping ratio 

wn - undamped natural frequency 

The ima9inary part of the root i« , 

t * raai root, th. “ 3V ‘-e d^.d fr.qu.nCy. 

systlffl0’ ' *nd th* r0Ot u «O““ Ó*í^.í: (“>»t i., 
• la • time constant of the 

Os fore, ar. th. v.lue.*^^"*.^ «of of th. , 



Flpm Fl • UNI Lawi PrtiNtatlM 



The dynamic characteristics 
represented by the two parameters 
be calculated: 

for any given mode of oscillation can be 
Cun and V From these, ç and u)n may 

0) '^7 ) * 
n <“d)2 

C'lj) 

equation for wn is in the form of a circle from which these parameters 

pointas plotted * SliîrîJ"* 5r°m Figure P1 that once the ro°t locus 
L V Ä-5 ^ro, 
Will result in the movement of the root locus point from the » axis 

(point II, along the perimeter of the circle, until it reachea the tw 

“eBo££tL ¿c^aV^Sr^0-^?10"1 aa"Pl"9 " ■ 11 -h«' 

eoualTÏI rtéôri« raîl° ' is equal to co»in« e- Thus for c - 0.707, 0 will 

natural frequent r.^H.^rch^gin^^í.Síúr^fíhí^irô^!'’9 

dempiíri^nn^r^^c^lí^^ntr^e^he^1 

the'çw'^xis t0l5l“CîLd^î"q (C -aH the rS”‘ locu. point will O rne ;u,n axis. If damping is increased further, overdamping occurs. 

The uie'SZM ^‘oieW^ïîMua:1^ th' “ • 

T-¿r 

^ïoï^: rî" be portI‘*‘d ,nd li-ntified on a root 

lin«i.rhLÍÍ?Ít?tíun8 of this m®thod should be pointed out. This is a 

control surface rates^SAS*author!ties*1 ?0t tak® int° con,id®ration 
However, good r.^uí'hfO' 
g.ln. and motion, are limited to“„Îô^bï. EoSîidï ' “ ** 
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appendix o 

SAMPLE USER WRITTEN 
ADBX READ ROUTINES 



'1 

»ÜJWANC.isro« 

S A M P I f STPAigepp TAPp 

THE FOLLOWING IS A SanplF P»00*am nNITT,n to pE4n J ° “ T ’ < E 

program »eadx?<, AN * ? 8 STPÄNf^ tarc. 
COMMON/ARRAV/A(S10«PA) 
COMMON/SAVF/MOOE*LlC»TAÎI »Teer 

i Î9riù?Uîcr0’,NSEO'!‘*"*N''ST*PT.'wI«IIBï2;IP01''ri’* — 
Di«€NMõr7;;LT''r,‘0í:’MB'rT ^ ,ir0B-,ST*ÍT- 
PEAL milsec 
I*l 

70 no 

GO TO oom' c or “«UTf» SUN..«10,lX..n,Ir or rL,GMI. „„ 
■ ,1A "E*D 0*T» OECORO tIGHT..»,,, 

sasar'-""''"'". 

SsäSE;«:«- 
IF(A8S(MILSEC-RRFAK?j’he*«**2’ lP1*I 
í7,,1;'-'-'''»'“''?» 'R?*' 

120 
GO TO 500 
IL(I° •‘-T. 0) 
assume 50 sps 
A (I•I ) »?(74) 
A(I»?)*2(l6) 
A(I«3)s2(io) 
A (I«4)«2( i}) 
A (I»5)»2(14) 
A (I«6)«2(76) 
A ( I#7)»? (136) 
A ( I*0)«2(17) 
A<I«9)«?(i35) 
A ( I»10)»?(JR) 
A(I»11)»7(21) 
A<I»12)*?(4) 
A(I»13)»?(17) 
A ( I*14)*2(7) 
A ( I•IS)»MILSEC 
A(I*16)»0.0 
A (I»17)»0«0 
A(I»18)*0,0 
A(I*19)»?(29) 
A ( I*20)»?(15) 
A (I»21)»2(2) 

1C0NTINUE0 NEXT RAGE) 

GO TO 110 
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)=0.0 
A ( I«23)=0.0 
A ( I«24)=0.0 
I*IM 
GO TO no 

500 RACKSPACE 15 
I STOP“I«1 
ISTART-1 

9999 CONTINUE 
End 



O
 O
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 U
 

SAHPLF coas tape read routine 

iHf FOLLOWING IS sample SUBROUTINE WRITTEN TO read A YF-16 coas tape. 

PROGRAM RDF 16 

c 
c 

THIS subroutine reads an coas edit tape for the afftc 
EXTRACT»ON <*<**> INTE fJ?e PrSgRaÜ* " 

INTEGER CHECK0.CHECKC*REMARK 

COMMON/ARRAY/A(510*24) 
COMMON/OL Y1/NUMBER (SO) 

1 C0MMKOnNT VL/|ï2r « * t íí; T A Í L *1TEST • FLT * DFl-T * I »UN , I PO I NT. NM ANE . I SE01 i 
0Aí¡nFÍlí!!1cÍDÍTÍ!¡P.*íMALFAMN*5H8ETAM*4HXNVM,lHR,4HRANK. 

?ÏOEL^,5 ITCM’IO,*4MOPUO,5MOR*RT*4MXNZM.3HVTT. 15..16.. 17., 

*0Au,ííÂíJ.;Mi;SHHCT,íMOT;,*MW-tr<24-/ 
WRITE(6,900) 

900 FORMAT(IHI,«ENTERED SUBROUTINE RDF16*) 
!■! 
IF (INMANE .GT. 0) GO TO 100 

READ COAS LABEL RECORD 

910 

29 

920 

CAN NOT BE FOUNDED«) 

109 

READ(15) CHEtKC 
BACKSPACE 15 
IF (CHECKC.E0.1HC) GO TO 20 
WRITE(6,910) 
FORMAT(1H1,«CDAS LABEL 
GO TO 9999 

Üîîi!?,£MECXC,LIC*ITAlL,T,TI*E*ITFST.FLT,DFLT,DREO,DECOM 

rSR¡íííí2f0i,Líí,ITíiL*TITLE,,TEST,FLT*OFLT,ORFO*nFCON FORMAT (IHl,«Lie*«,15.6X,«ITAIL««,14, 
I //IX,«TITLE*«.5X.10A6 
i ä^*ITFST**,I7.6X,*FLT*«,A5.6X,*0FLT.«,A6,6X, 
3 //1X,«DRE0*«,A8,6X,«DEC0M*«,A6) 
GO TO 9999 
READ BDAS LABEL RECORD 
READ(15) CHECKD 
BACKSPACE 15 
IF(CMECKD.E0.5HLABEL) GO TO 105 
IF (CHECKD.NE.0) GO TO 300 

NOT EQUAL TO D AND EQUAL TO ZERO - END OF BDAS 
NOT EQUAL TO LABEL AND EQUAL TO ZERO-END OF RDAS 

CHECK FOR END OF COAS 
READ(15) CHECKD 
BACKSPACE 15 
IF(CMECKD.E0.5HLABEL) GO TO 105 
WRITE(6,1000) 

(CONTINUED NEXT PAGE) 
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Or DATA*) 

I 

looo format(]o*.«fnd 
GO TO 400 

10S HfrA0n5)CHFCKD.Kl»5FCT»NMFM. i» ■ . 
1 AG1 ( j) ,plar? « i» miiu/ii ^ «NLAB» 
W^ITF ( 6 « 1 OOS ) 1 * *fLAR?(j) , N'JM ( j) ,j=j «nil ar ) 

1005 FOPMAT(1X»*THf FOLLOWING MOAc iadc. 

l^'TJi^'lO'CHtCKO.WSfd.NRFir OR0Cf'*ED.> 
ia.» r ivJl « J=1 tNREM) 
1010 FORMAT (IHN 10X,.LARFLS.,A5.6X, 

1 *NRSFCT = *« T4»ftX » 
? *NPFM=*,|?t 

3 ^®X•*RFMAPKr*, J OXf (A J 0) ) 

1 /II0»..PL«RU..,6,r<. 
rpi. P*-AR',s*»A6tGX»*N()M**t Tl) I 

300 00 310 J*f,300AMI*PNâM?,PLAR1*PLAH?,NUM’NUMHFP»24»NLAfl) 
310 Z(J)rO.O 

PFAD DATA PfCOPOS 

3?° írí?.úí5cNP‘“,TIME,<Z,J',J*I<NP*B> 
îr 60 Eû 100 
IF(T IME,LT.STAPT) GO TO 3?fl 

ri !î2c<IIMF‘RPFA'in#Lr‘0*0î) I«1 
IF î Fn Mf¡?PrAK?,,LF*0*01> IR?=Ï irn.Fo.i) samplf=tihf 
IF (I,GT.510) GO TO 400 
JF (TIM£,LF.STOP) GO TO 500 
ISTOP=I-l v 
GO TO 9999 
IF(TIMF.LT.SAMPLE) GO TO 3?0 
Z(NUMBEP(1) )*7(MUMRFRm)*57.?9 
Z(NUMBER(2))*Z(NUMBER(2))*57.29 
Z(NUMBER(3))*Z(NUMBER(3))*57.?q 
Z(NUMBER(4))*z(NUMBER(4))*57.29 
Z(NUMBER(fe))«Z(NUMBER(6))*57.29 
Z (NUMBER (7))*2(NUMPER (7))*57.29 
Z(NUMBER(9))«7(NUmbe9(9))*57.29 
A(I*1) »Z (NUMBER (1)) 
*(I»2) *Z (NUMBER(2)) 
A(113)a Z(NUMRE R(3)) 
A (I*4)*Z(NUMBER(4)) 
A(I*5) «Z (NUMBER(5)) 
Ä(I*6) *Z (NUMBER(6)) 
A(I»7) *Z (NUMBER(7)) 
A (I«8)«Z(NUMBER(8)) 
A(1*9) *Z (NUMBER(9)) 

ÎÜ.’ni.'zÂ^ï^r ’ '*'«***"«> > > 
A (I « 12)*Z(NUMBER(12)) 
Antis) «Z (NUMBER(13) ) 
A (I*14)*Z(NUMBER(14)) 
A(1*15)«TIMF 
A (I•16)*Z(NUMBER(16)) 

(CONTINUED NEXT PAGE) 

400 

500 
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A ( I•17)*Z(NUMRfR(J 7)) 
A ( I * 18)»Z(MUM6^R(1^)) 
A(I»19)«Z(NUMRrR(l9)) 
A( I*20)*Z(NUMRPR(PO)) 
A ( I « 21 ) * Z ( NUMRPR (ZD ) 
A( I*?2)*Z <NUMRFR(Z2)) 
* ( I*23)»Z(NUMRFR(Z3)) 
8( 1124)«Z(NUHRPR(Z4)) 
I«N1 
SAMPLE*SAMPLF♦O.OZ 
GO TO 320 

9999 CONTINUE 
ISTARTsl 
END 



APPENDIX h 

*CONT * WRITTEN 
CONTROL ROUTINES 

220 

iiiiaj 



SAMPLE matrix subroutine 

THE FOLLOWING IS A SAMPLE MATRIX SUBROUTINE WRITTEN TO SET UP THE AIRCRAFT 
MATRICES. 

c 
c 
c 

SUBROUTINE MATRIX (A.B.C.H.G.F.K1»K2.K3.K4.0.W1.W2.W3. 
IMX.MYfMU.MÇ.MATl »MAT2»MAT3.MAT4.MAT5»MAT6) 
INTEGER READ.SYSTEM.OUTPUT.FORM.CONTURfSAV.CMAT.FRPS.TRESP.READS 
INTEGER DIGITI. SCAPLT. 20H , 
Dr ai lx.IY.I7.TXZ.IFRE0.KP.K0.KR.KRA.Kl.K2.K3.K4 
DIMENSION A(MX.MX).B(MX.MU).C(MX.MX).H(MY.MX>.G(MY.MX).F(MY.MU)• 
1K1(MU.MX).K2(MU*MX).K3(MU»MX).K4(MU»MX).O(MU.MU)* 

^Â/Üc^ÍteÜiÜi^Í^ÍÍzÜsarea.bspan.choro.obar.vtrue.alpha. 

'rnMMON/ACUNO/ nELT.FlNALT.IFRE0.FFRE0.DELFR0.GAINl.GAIN2.MM 
COMMON /CONO/ READ.SYSTEM.OUTPUT.NX.NY.NU.NXC*NUC.NI.N2.DI6ITL. 

-C0C0NtUR*NUMER5«rRPS*TftESP*.00EL*NSCALE»S.V»C.*T«NK2*IFL.G* TOO* 
• FORM.TPT.READS.MIXEO.MULTRT.SCAPLT.ZOH.KOUNT.MILSPEC 
COMMON /DERIV/ CMA.CMDE1.CMDE2.CMDE3.CM0E4.CMO.CNA.CNDE1.CN0E2* 

rMOF'i »cnOF 4. CMO.CC A .CCDE1 .CCDE 2 .CCDE3.CCDE4 .CCO .CLB .CLDC 1. 
I CLDC2*CLDC3*CLDC4»Ct.*CLR*CN8«CN0Cl.CN0C2.CNDC3.CN0C4.CNP.CN». 
- CYB.CY0C1»CYDC2.CYDC3.CY0C4 
COMMON /SUBWRIT/ ISUBNAM.ISEO.NREP 
IF (ISUBNAM .EO. 2) WRITE (3.9R0) 

”0 «TR*Î1 Is"rís°¿*wB11ten’ subroutine .hich is project specific. ÏÎ siíuto BE L040ED »NO Cn-PILEO USING THE “COPYL" ROUTINE. 
100 FORMAT(BF10.4) _ _ „ ^ 

REAO(I.100) AMACH.O.V.ALFA.GAMMA.S.B.C 
READ(1.100) W.IX.IY.IZ.IX7.KP.KR.KRA 
READtl.100) CLB.CLDA.CLDR.CLP.CLR 
READIl.100) CNB.CNDA.CNDR.CNP.CNR 
READ(l.lOO) CYB.CYDA.CYDR 
0SB«0#S#B 
0SBB*Q*S*B#B 
0SMV»0*S#32•174/W/V 
A(l.l)«OSBB*CLP/IX 
A(1.2)«0SBB*CLR/IX 
A (1*3)»OSB*CLB/IX 
A(2.1)*OSBB*CNP/IZ 
A(2.2)*0SBB«CNR/IZ 
A(2.3)*OSB*CNB/IZ 
A(3.1)*SIN(ALFA/57.3) 
A(3.2)«"COS(ALFA/57,3) 
A(3.3)*OSMV*CYB 
A(3«4)*32.174/V 
A(4.1)*1.0 
B(0.1)*0SB*CLDA/IX 
B(6.2)*QSB*CLDR/IX 
8(7.1)*OSB#CNOA/IZ 

(CONTINUED NEXT PAGE) 
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8(7.2)=0SH*CN0»/1Z 

DO \ 1 = 1 
1 €(1.1)=1.0 

C(2.1)*“1XZ/I? 
0(1.1)=1.0 
D(2.?)=1.0 
DO ? 1*1*^ 

? H(l.1)=1.0 
K1 (1.1)=0.1 
K1 (P.l)3-»'»» 
K3(1.1)=KH 
K3(2.5)*KW 
RrTURN 
END 



u
u
u
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l 
I 

SAMPLE 
change subroutine 

THE FOLLOWING IS A SAMPLE CHANGE SUBROUTINE 
FUNCTION OF THE FOUNT PARAMETER. 

WRITTEN TO CHANGE PARAMETERS AS A 

^.«ROUTINE CHANGE <A*B»C»H«G*F*K1*K2*K3*KA«0«Wl*W2*W3« 
i5^my^mÍ.ms.mati,mat2.mat3.mau.matsfmat6) frps.tresp 

oEimension2whmx,mx).w2(mx*mm.W3ImxjMX)^^^ 

DA 
DA 
OA 

OA 
DA 
DA 

¿¿M¿ON /COND/ AO.SYSTEM.OUTPUT,NXf iFLA6# 

COMMON /SUBWRIT/ ISU9NAM * ISE O tNREP 

-D«..T»L.r Tn rHANGF SYSTEM PARAMETERS SET UP IN 
USER WRITTEN SUBROUTINE TO CHANor 

PREVIOUS CASE 

IF(ISUBNAM.GE.2> WRITE(3*RR0) 
990 FORMAT(IX.«CHANGE*) 

IF (FOUNT.GE.3?) GO TO 60 
IF (FOUNT.GE.21) GO ¡0 SO 
IF (FOUNT.GE.I*») GO TO 40 
IF (FOUNT.GE.17) GOTO 30 
IF (FOUNT.GE.6) GO TO 20 
IF (FOUNT.GE.4) GO TO 10 

; EXAMPLE I OPEN LOOP 

IF (FOUNT.EO.i) IFLAG*0 

NUMERS-2 % 
READ (1*1) 
IF (EOF(1).NE.O) STOP 

1 FORMAT (7F10.4) 
return 

C EXAMPLE 2 ROOT LOCUS 

C 10 READ (1*D *<2*3* 0 
IF (EOF(l).NE.O) STOP 
IF (FOUNT.E0.5) IFLAG*0 
return 

(CONTINUED NEXT PAGE) 

DA 
DA 
DA 
OA 

DA 
DA 
DA 
DA 
DA 
DA 
OA 
DA 
OA 
DA 
DA 
OA 
OA 
OA 
DA 
DA 
DA 
DA 
DA 
DA 
OA 
DA 
DA 

200 
210 
220 
230 

260 
290 
300 
310 
320 
330 
340 
350 
360 
370 
360 
390 
400 
410 
420 
430 
440 
450 
460 
470 
400 
490 
500 
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EXAMPLE 3 ROOT CONTOUR 

20 IF (K0UNT.E0.16) IFLAG-0 
READ (1*1) A(2*3) 
IF (EOF (1)«NE *0) STOP 
return 

EXAMPLE a class cmeckcase 

30 IF (K0UNT.E0.18) IFLAO-O 
READ (1*1) GAIN(2) 
IF (EOF(l).NE.O) STOP 
IG0«1 
CALL CLASS (¿«9*C*H*G*F*0*Wl*W2*W3t 
)MX*MY«MU*MS»MAT1*MAT2*MAT3*MATA*MAT5*MAT6) 
return 

EXAMPLE 5 MIXED SYSTLff 

40 IF (KOUNT*E0*20) IFLAG*0 
READ (1*1) GAIN(1) 
IF (EOF(l).NE.O) STOP 
IG0«1 
return 

BENDING MODES ROOT LOCUS (CONTOUR) 

50 IF (MOUNT.CO.31) IFLAG-O 
GAIN(6)«GAIN (6) + .1 
100*0 
retufn 

60 CONTINUE 
return 
end 

DA 510 
DA 520 
DA 530 
DA 540 
DA 550 
DA 560 
DA 570 
DA 580 
DA 590 
DA 600 
OA 610 
DA 620 
DA 630 
DA 640 
DA 650 
DA 660 
OA 670 
DA 680 
DA 690 
DA 700 
DA 710 
DA 720 
DA 730 
DA 740 
DA 750 
DA 760 
DA 770 
DA 780 
DA 790 
DA 800 
DA 810 
DA 820 
OA 830 
DA 840 
OA 850 

224 



o
 o

 o
 o
 

SAMPLE INPUTV SUBROUTINE 

TME FOLLOWING IS A SAMPLE INPUTV SUBROUTINE WRITTEN TO SET UP A STEP INPUT. 

SUBROUTINE INPUTV(DELT.TtU. 

1MX *MY*MU«MS«MAT1«MAT?«MAT3«MATA*MATS*MAT6) 

USER WRITTEN SUBROUTINE CONSTRUCTING INPUT VECTOR FOR TRANSIENT 
RESPONSE• 

¡W«R ot*iTl!sC»PLTlízOHT'FORM’CONTU,í"S*V'C"*T’“t*03' r0P5'T,tE5P 
DIMENSION U(MX) 
COMMON /COND/ PEAD.SYSTEM«OUTPUT*NX«NYtNUvNXCvNUCfN1*N?tOIGITL* 

" c?îîIU?*Î,U^FR<î,rRPS,TRESP*M0DEL.NSCALE.SAV.CMAT.NK2,IFLAG.!GO. 
- FORM«IPT.READ3.MIXEO.MULTRT »SCAPLT.ZOH.KOUNT.MILSPEC 
COMMON /SUBWRIT/ ISUBNAM.ISEO.NREP 
IF (ISUBNAM .GE. 2) WRITE (3.990) 

990 format(ix.*inputv#> 
IF (T.GT.0.0) RETURN 
READ (1.1) (U(T)»I*I.NU) 
IF (EOF (1).NE.0) STOP 

1 FORMAT (8F10.4) 
RETURN 
END 

9520 
9530 
9540 
9550 
9480 

9510 

9560 
9570 

EAFB0772 
9580 
9590 
9600 
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list Ol abbrsviations and symbols 

Symbol 

a 

a 
AA 

A 

AP 

Definition Unit» 

Acceleration 

Matrix containing »tability and 
damping derivatives 

Matrix to determine which of^the 

corresponding terms in the A 
matrix will be allowed to vary 

Matrix to define the observation 
vector in MMLE 

APRA 

APR3 

AR 

b 

B 

A 

BB 

& 

BR 

c 

Ô 

C°l,2,3,4 

A prior weighting values for cor¬ 

responding terms in the AR matrix 

A priori weighting values for cor¬ 

responding terms in the BR matrix 

priori starting values of eta- 
hnu-v &nd damping derivatives 

Reference span 

Matrix containing the control 
derivatives 

Matrix to determine which of the 

corresponding terras in the B 
matrix will be allowed to vary 

Matrix to define the observation 

vector in MMLE 

A priori starting value» of the 
control derivatives 

Reference chord 

Acceleration matrix in CONTROL 

Chord force asrodynaraio biases 
for the first four of MCA** 
maneuvers 

Number of cycles to damp to half 
amplitude 

Chord force coefficient 

ft 

ft 

dimensionless 

dimensionless 
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Symbol 

C 

'6e 

'6e, 

'6e. 

'6e- 

'6e. 

cg 

C„ 

'6a 

'6c, 

'6c. 

'6c. 

Definition 

Chord force coefficient bias 

3C /3(Qc/2V) 
c 

I OCc/3V) 

8C /9a 
c 

9C /96e 
c 

9Cc/96e1 

9C /96e_ 
c ¿ 

9C /96e- 
C 3 

9C /96e. 
c 4 

Center of gravity 

Rolling moment coefficient 

9Cl/9(Pb/2V) 

9C^/9(Rb/2V) 

90^/96 

90^/968 

9Cjl/96c1 

9Ct/96c2 

90^/9603 

Units 

dimensionless 

per rad, per deg 

dimensionless 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

percent c 

dimensionless 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 
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Symbol Definition Units 

3Ct/36c4 

3CA/36r 

Pitching Moment coefficient 

Pitching moment coefficient bias 
when a * 6e * 0 

3C /3(QC/2V) 
m 

ï ,3c»/3v) 
3C /3a 

in 

3C /36e in 

30/36«. 
in i 

3V3{*2 

ac /Sie, 
U» J 

3C /3«e. in ^ 

Yawing moment coefficient 

JC /3 (Pb/2V) 
n 

ÍC /3(Rb/2V) 
n 

»V» 
Dynamic C 

"ft 

3C_/36a 
n 

per rad, per deg 

per rad, per deg 

dimensionless 

dimensionless 

per rad, per deg 

dimensionless 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

dimensionless 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 
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Definition 
Units 

^Cn/SÓG^ 

9Cn/3dc2 

9Cn/9(5c^ 

3C /9ác 
n 4 

3Cn^3l*r 

Total normal 
force coefficient 

Normal force 
when a = (5e coefficient » 0 bias 

3cn/3(Qc/2V) 

J (3Cn/3V) 

dCfj/da 

3CN/3«e 

3CN/36e1 

dCN/36e2 

3CN/36e3 

aV36«4 

r:i •rr^-yr: . 

per rad, per deg 

Per rad, per deg 

Per rad, per deg 

Per rad, per deg 

Per rad, per deg 

dimensionless 

dimensionless 

Per rad, per deg 

dimensionless 

Per rad, per deg 

Per rad, per deg 

Per rad, per deg 

Per rad. 

Per rad. 

Per rad, 

9'»/rad 
•ec' 

per deg 

P«r deg 

Per deg 

9'»/deg 
•ec 

9'»/ft 
•ec 
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Symbol 

C 
y 

c a 

Definition 

Total side force coefficient 

3Cy/3(Pb/2V) 

3Cy/3(Rb/2V) 

3C /dß y 

3Cy/36a 

aCy/Sôc, 

3Cy/36c2 

3Cy/36c3 

3Cy/36c4 

3Cy/36r 

Units 

dimensionless 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

per rad, per deg 

g’a/rad, g'a/deg 

g'a/rad, g’a/deg 

g'a/rad, g'a/deg 

g'a/rad, g'a/deg 

g’a/rad, g’a/deg 

g'a/rad, g'a/deg 
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Symbol 

d 
a 

D 

D1 

f 

F 

Fn 

9 

j 

J 

k 

Definition Units 

Differential operator 

Input vector definition matrix 
in CONTROL 

Signal noise weighting matrix 
in MMLE 

Weighted relative errors in MMLE 

Friction _ _ _ 

Total resultant force lbs 

Net thrust its 

Acceleration of gravity, 32.17495 ft/sec2 
ft/sec2 

Output vector definition matrix --- 
in CONTROL 

Altitude ft 

Angular momentum slug-ft2/sec 

Output vector definition matrix - - 
in CONTROL 

Unit vector along the x-axis --- 

Moment of inertia about the x*-axis slug-ft2 

Product of inertia about the x- and slug-ft2 
y-axes 

Product of inertia about the x- and slug-ft2 
s-axes 

Moment of inertia about the y-axis slug-ft* 

Product of inertia about the y- slug-ft2 
and z-axes 

Moment of inertia about the z-axis slug-ft* 

Unit vector along the y-asis or --- 
imaginary axis 

Cost function ... 

Unit vector along the s-axis or - 
spring constant 

231 



Symbol 

K 

KAR 

Kl 

K2 

A 

K3 

*4 

L 

LP 

L 
R 

3,4 

Lß 

Definition 

Transfer function de gain 

Aileron to rudder interconnect 
gain 

Roll SAS gain 

Pitch SAS gain 

Yaw SAS gain 

Input vector feedback matrix j i 
CONTROL 

Input vector feedback matrix in 
CONTROL 

Units 

deg/deg 

deg/deg/sec 

deg/deg/sec 

deg/deg/sec 

Input vector feedback matrix in 
CONTROL 

Input vector feedback matrix in 
CONTROL 

Total rolling moment 
ft-lb 

rad ,,rad rad /rad 
seC'sec, aec2'sec 

rad /rad rad /deg 
sec 'sec, sec2'sec 

Rolling moment aerodynamic biases 
for the first four of NCASE 
maneuvers 

rad/sec* 

rad , rad ,, 
sec2/rad' Si£2/de9 

rad rad A. ;a/rad, ^^2/deg sec' sec' 

adr*/rad, r^î/deg sec' sec' 

rad / . rad ,, 
ra/rad, ^rtrj/deg sec' sec' 



Symbol 
Definition Units 

iH!/deq 

i^/rad- |iHî/deg sec 

^2/rad, H72/deg 
sec sec 

m 

M 

Mn 

«0 

«V 

M 
°1,2,3#4 

Mass 

Total pitching moment 

Mach number 

Pitching moment aerodynamic biases 
for the first four of NCASE 
maneuvers 

slugs 

ft-lb 

dimensionless 

rad /rad rad /dea 
sec2'sec, sec2'sec 

rad /ft 
sec2'sec 

rad/sec2 

rad 
sec 

2/rad, 
rad 
sec 

2/deg 

rad 
sec 

2/rad, 
rad 
sec 

2/deg 

rad 
sec 

2/rad, 
rad 
sec 

2/deg 

rad 
sec 

2/rad, 
rad 
sec 

2/deg 

rad 
sec 

2/rad, 
rad 
sec 

2/deg 

rad 
sec 

2/rad, 
rad 
sec 

2/deg 

n Load factor 
g’s 
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Definition Units 

Total yawing moment 
dimensionless 

rad /rad rad /de^ 
sec2'sec, sec sec 

rad /£51 rad /deg 
sec2/sec, sec2'sec 

rad ,rad rad /deg 
sec2'sec, sec2'sec 

rad /ft 
sec2'sec 

Longitudinal acceleration g's 

Lateral acceleration g's 

Normal acceleration 

Yawing moment aerodynamic biases gec2 
for the first four of NCASE man¬ 
euvers in a lateral-direction 

matrix 

a aerodynamic biases for the rad/aec 
first four of NCASE maneuvers xn 
a longitudinal matrix 

rad /rad rad /deg 
CM iic'sec, sec'sec 

mV Na 

—2/rad, “““2/deg 
80C 

rad 

sec 

rad 
,*¿^r*a' Mcl/de9 

rad 
sec 

t/rad, 
rad 
sec 

2/deg 

rad 
sec3 

/rad, 
rad 
sec 

2/deg 
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Symbol Definition Units 

rad /t-a rad ,. -2/rad, rr^j/deg sec' sec4 

rad , . rad ,. 
sec*/rad* n?*/d®9 

N 
6e as c 

mV ’"N 
6e 

j£§/r«a, ïî|/a.. 

P 

q 

Q 

r 

R 

A 
R 

• 

S 

SAS 

SM 

^ c mV N 
6e, 

CN 
6e. 

is 
6e. 

ã§. c 
mV UN 

6e, 

Kz N6r 

Roll rate 

Dynamic pressure 

Pitch rate 

Distance from eg to a incremental 
particle 

Yaw rate 

Acceleration matrix in MMLE 

Laplace transform variable 

Reference area 

Control and/or stability augmenta¬ 
tion system 

Static margin 

rad, rad,. 
sec'rad' sec^®9 

r4",:/r«d, ££/„., 
sec' sec 

rad, rad,. 
iïc/rad' 

ïn/r*d' Hl/d«î 

rad , rad .. 
55?í/rad' iê?í/d®9 

rad/sec, deg/sec 

Ib/ft2 

rad/sec, deg/sec 

irai| 

rad/sec, deg/sec 

fi 

percent C 



Definition 
Units 

Svwbol 

t 

T 

Tl/2 

u 

A 

u 

V 

Time 

Time constant for a nonoscillatory 
mode or the period for an 
oscillatory one 

Time to damp to one half amplitude 

Velocity component along the x-axis 

Input vector 

Velocity component along the y-axis 

sec 

sec 

sec 

ft/sec 

ft/sec 

V 

V 

V 

M 

X 

A 
X 

X 

y 

y 

Y P 

Y 
X 

3*4 

Transfer function block input 

vector 

True velocity 

Equivalent velocity 

Velocity component along the z-axis 
or w-transform variable 

Gross weight 

Distance along the x-axis 

ft/sec 

kts 

ft/sec 

lbs 

State vector 

Force component along the x-axis 

Distance along the y-axis 

Force component along the y-axis 

läh cyp 

fir «y, 
& aerodynamic biases for the 
first four of NCASE maneuvers 

ÏK, 

lbs 

lbs 

rad/rad rad /deg 
sec'sec sec sec 

rad yrad rad /deg 
sec'sec sec'sec 

rad/sec 

g§/r.a, ïg/aeg 

6a »a. 

S§/r«a. üs/a** rad, 
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Symbol Definition Units 

I¥c-/rad' 
rad 
sec 

/deg 

rad 
sec 

/rad, 
rad 
sec 

/deg 

Ü5á/rad, “â/deg 
sec' ' sec' y 

rad 
sec 

/rad, 
rad 
sec 

/deg 

rad 
sec 

/rad, 
rad 
sec 

/deg 

z 

a 

z 

Distance along the z-axis 

Transfer function block output 
vector 

Z 

a 

6 

Y 

6a 

6c^ / 

Force component along the z-axis 

Angle of attack 

Angle of sideslip 

Flightpath angle 

Aileron deflection 

icr 
Four available lateral-directional 
control surfaces in MMLE and 
CONTROL 

lbs 

rad, deg 

rad, deg 

deg 

rad, deg 

rad, deg 

6a Elevator rad, deg 

6#j, 6a2* 6a3, 6e4 

Four available longitudinal con- rad, deg 
trol surfaces in MMLE and 
CONTROL 

6r 

6s 

A 

Rudder deflection 

Rolling tail deflection 

Prefix meaning increment 

rad, deg 
I .f'lOi t £:Hyl 

rad, deg 



Symbol 

i 

0 

Definition 

Damping ratio 

Pitch angle 

Units 

dimensionless 

rad, deg 

6 0 aerodynamic biases for the first 
°1,2,3,4 four of NCASE maneuvers 

p Density of air 

$ Bank angle 

1 4> aerodynamic biases for the first 
four of NCASE maneuvers 

ui Frequency for an oscillatory root 
or general expression for rotation 

3 Partial differentiation operator 

rad/sec 

slug/ft5 

rad, deg 

rad/sec 

rad/sec, Hz 

SUBSCRIPTS 

c computed 

com command 

d damped 

f filtered 

m measured 

n natural, undamped 

s standard, reference 

ass steady state sideslip 

t test 

X X component 

y y component 

z z component 

SUPERSCRIPTS 

• Denotes a differentiation with --- 
respect to time 

A Denotes a matrix --- 

NOTEi All symbols, equations, notation, etc., are in the aircraft body 
axis. 
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