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The report is presented in four volumes. Volume 1 sum­
marizes the main results of the study. Volume II des­
cribes the MOSTAB program. Volume Ill presents derivatives 
and transfer functions for the YHC-lA tand~rotor heli­
copter and the S-58 single-rotor helicopter. Volume IV 
presents derivatives ~nd transfer functions for the AH-56A 
compound hel icopter and data on low-altitude turbulence 
representation. 

The program was conducted under the technical management 
of M~ William D. Vann, Aeromechanics Division. 

.· 



Project lrl62214Al42 
Contract DAAJ02-69-C-0004 

USAAVLABS Technical Report 70-74C 
May :971 

STABH.L TY AND CONTROL OF HEI.ICOPTERS IN 
~TEEP APPROACHES 

VOLUME III 

DERIVATIVES AND TRANSFER FUNCTIONS 
FOR THE YHC-lA TANDEM-ROTOR HELICO.PTER 

AND THE S-58 SINGLE-ROTOR HELICOPt ER 

MRI REPORT NO. 2284-1 

By 

Julian Wolkovitch 
John A. Hoffman 

Prepared by 

Mechanics Research, Inc. 
Los Angeles, California 

for 

EUSTIS DIRECTORATE 
U.S. ARMY AIR MOBILITY RESEARCH AND DEVELOPMENT LABORATORY 

FORT EUSTIS, VIRGINIA 



Derivatives and transfer functions are presented for 
the Boeing-Vertol YHc-1A tandem-rotor helicopter and for the Sikorsky 
S-58 single-rotor helicopter. The flight conditions considered f or 
the YHC 1-A include forward speeds fran 0 to 8o knots and descent 
rates from 0 to 25 fps. For the S-58 forward speeds of 0 to 100 knots 
and descent rates of 0 to 22.5 fps are considered. 
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A 

A. 
J. 

B 

B. 
J. 

c 

c. l. 

D 

D. l. 

E 

g 

i 

I , I , I 
X y Z 

j 

t x,y,z 

I.I§T OF SYMBOIB 

Polynomial coefficients 

Coefficient of trans fer function numerator for 
generalized degree of freedom i 

Lateral cyclic pitch, radians 

Polynomial coefficient 

Coefficient of transfer function numerator f or generalized 
degree of freedom i 

Longitudinal cycli c pitch, radi ans 

Polynomial coefficient 

Drag coefficient, (Drag)/(1/2)pU
0

2
SW 

Coefficient of transfer function numerator for gP.neralized 
degree of freedom i 

Lift coefficient, (Lift) / (1/2) pU
0

CSw 

Polynomial coefficient 

Coeff jcient of transfer f unction numerator for generalized 
degree of freedom i 

Polynomial coefficient 

Accelerati on due t o gr avity 

Generalized degree of f reedom 

Moments of inertia 

Product of inertl.t referr ed to stability axes 

Distance f rom center of gravity to pilot's location 

viii 



L 

L. 
~ 

m 

M 

N 

I 

I 
N. 
~ 

p 

q 

r 

s 

s 

T 

T. 
~ 

u 

u 

u 
0 

Roll acceleration 

I 
L. + xz N. 
~ I ~ 

X = I 
1 - xz 

I I 
X Z 

Airplane mass 

Pitch acceleration 

Yaw acceleration 

I 
N. + xz L. 
~ I ~ z = 2 

I 
1 xz - -I I 

X Z 

Rate of roll 

Rate of pitch 

Yaw rate 

= o + jru, Laplace transfer complex variable 

Wing Area 

Thrust 

Time constant of particular mode char acterized by 
subscript 

Time to half amplitude 

Perturbation velocity along the x axis 

Forward speed 

Trim forward speed 

ix 



v 

v 

w 

w 

X 

y 

y 

z 

a 

a 
0 

p 

a 

(.1) 

Sideslip velocity 

True air speed 

Perturbation velocity along the z axis 

Gross weight 

Acceleration along X axis (forward acceleration) 

Spanwise distance from airplane e.g. 

Acceleration along Y axis (side acceleration) 

Acceleration along Z axis (downward acceleration) 

Angle of attack 

Flight path angle to horizontal 

Generalized input (due to control or gust) 

Damping ratio of second-order mode, particularized by 
subscript 

Angle of pitch 

Main rotor collective pitch, radians 

Tail T'tor collective pitch, radians 

Air density (assumed sea level standard) 

Real part of Laplace transform complex variable s 

Angle of bank 

Angle of yaw 

Imaginary part of Laplace transf orm complex variable s 

Undamped natural frequency of a second-order mode, 
particularized by subscri pt (e. g., wd, wp) 

X 



Special Subscripts: 

a 

d 

DR 

e 

0 

p 

R 

s 

sp 

Roll control (aileron, differential thrust or 
equivalent) 

Dutch roll 

Yaw control 

Pitch control (elevator, tail jet or equivalent) 

Basic (unperturbed) condition 

Phugoid 

Roll subsidence 

Spiral 

Shor~period. 

Bank angle 

x i 



v. XHC-1A DQIVATIVIS AND DAlfSFIR JlliiCT!QliS 

This part prcJents the derivative s and transfer functions f or 
the YHC-1A. The format f ollows that of Reference 33 of the main text and 
is largely self-explanatory; however, the fol lowing point s should be not ed . 

All derivatives are quoted in units of angular or linear accelera­
tion per U!1it perturbation quantity. The deri vatives in body axes l•rere 
obtained from Reference 29 of the main text and are quoted at the head of 
the first page of the input for each case. The print-out also shows the 
derivatives in stability axes, and in stability axes "primed", i.e. , 
with the product of inertias eliminated from explicit appearance i n 
the equations of motion through the transformation 

I I 
L. xz N. N. xz 

+ + 
l. I l. l. I 

L. X N. z = 
(I )2 

= 
(I ) 2 l. 1 l. 1 - -xz xz 

I I I I 
X Z X Z 

where i = u, w, p, q, r, or 5 

Note that I , I , I must be re ferred to stabi l ity axes in this 
XZ X Z 

transformation. 

T . ·-i 

The input f ormat also includes some redundant dat a ~ e. g ., span) 
which are arbitrarily set t o zero . 

The tranRfer function data include: 

( 1) Dlmping ratios and undamped natural f r equencies of 
oscillatory modes, denoted by Z and W, with appropriate 
subscripts; e. g . , ZDR, WDR for the dutch roll mode. 

(2 ) Coefficients of the denominator denoted by A, B, C,D , E, 

( 3) Coefficients of each numerator denoted by A, B,C,D with 
appropriate subscr ipts 

(4) d .c. gai n and root- locus gain 



(3)       roll to equivalent sideslip velocity ratio tf/v , «her« 
ve ' Uoß(0     )' 0 a *ir A^Mlty ratio (-1 for the eta 
level conditions considered here). 

The longitvdinal controls are denoted In the print-out as 
'cyclic' and 'collective'.   The lateral controls are denoted as •cyclic' 
and 'tail rotor*,    These labels are not well-chosen for the YH0-1A 
tandenwrotor configuration, however they are standard for the print-out 
of the computer program employed. 

For a full discussion of the derivatives and transfer functions, 
see the main text of this report. 



vv • 
VP • 
VR • 

YVD a 
YPO • 
YRO • 

YA • 
YDR• 

u • 
MACH -. 

MAC • 
HT • 
LX • 
CL • 
IX • 

SPAN • 

vv • 
yp • 
YR • 

YVO • 
YPO : 

YRO • 
YA • 
YOR• 

QOMPQTER PRINT-OUT DATA. 

ROOTS OF A/C ~ATERA~ OIRECTIONA~ TRANSFER FUNCTIONS 

RUN NO, L1 

VERTOL YHC·1A ~EVEL ~LIGHT AT 80 ~NOTS 

INPUT DATA 

DIMENSIONA~ STABI~ITY OEqJVATIVES 
UNITS ARE 1 PER RADIAN 
CBODY AXES DIFFER BV ,2311•01 OECAEESe POSITIVE 

FOR NOSE UP, FROM STABILITY AXES) 

-.1512•00 l.V • •.2.40•01 NV • .. ,4150•02 
-.1233+01 ~p • •,6255•00 NP • •,1]40•01 
-.5820.;.01 ~R • .1170•01 NR • -,5440•01 
·.coco LVD • ... oooo NVO • •,0000 
-.oooo LPO • ·.oooo ~PO • .. ,oooo 
·.coco LRO • •,DODO NRO • -,coco 

,9696•00 LA • ,4510•00 NA • ,2630•01 
,9850•01 ~ORJ •,1391•00 NOA• ,1714•00 

.1350+0J UZ • ,5450•01 (;AMA • -,oooo 
-.coco RHO • ,2]10•02 s • •,oooo 
·.oooo IXZ • ,7114+04 IY • ,7591+05 
-.oooo XI • •.0000 TOT • .,oooo 

• 1700+02 LV • •.DODO LZ • -,oooo 
... 000.0 co • •,0000 w • ,1l40+05 

• 9203•04 IZ • ,1-179+05 c • ,:3220+02 
-.oooo 
DIMENSIONAL STABI~ITY OERIVATtVES•PER FUOIAN, 

STABI~lTY AXES 

... 1512-00 LV • •,2707•01 NV • .,)994•02 
·.1234+01 LP • •,6761•00 NP • •,5194•01 
•,8431.;.02 L.R • ,2157·01 NR • •,5201•01 

.coco l.VO • .oooo NVO • ,oooo 

.coco LPO • .oooo NPO • .oooo 

.coco LRO • .oooo NRO • ,0000 
,9696""00 LA • ,4911•00 NA • ,2375•01 
,9850-01 ~OR= •,8967-01 NOR• ,1709•00 

3 



'tV • 
YP • 
'tflt • 

YVO • 
Y~D • 
v•o • 

YA • 
vo•• 

DIMENSIONAL OERIVATIVES, PRIMED 

•,1,12•00 
•.1234+01 
-.1431~02 

.oooo 

.oooo 

.oaoo 

.t6t6•oo 
,9150•01 

L.V ' 
L.P • 
L.R • 

LVD • 
LPD ~ 
LRD • 

L.A • 
L.Oflt• 

•,2,84•01 
•,6712•00 

.5046•01 

.oooo 
,0000 
.oooo 
,4t50 .. 00 

•.1152•00 

JN ITABIL.!TY AXES• U• ,1351+03 

NV • 
N' • 
Nllt • 

NVO • 
NPO • 
NFtO • 

NA • 
NO fit• 

eiXX• ,81)1+04 JZZ• ,7226+05 IXZ••,4569+04 

.. ,2441•02 
•,9819•02 
•,5709•01 

,oooo 
,oooo 
,oooo 

-,7105 .. 02 
.1188-00 

L.ATERAL DIRECTIONAL OENO~INATOR ROOTS 
-OOTS CCOMPL.EX FORM) 

.2106+000 ,6421+000 
,2106+000 •,6421+000 

•,7683•001 ,6085•031 
··1l6)+001 .1127•029 

Tl • •,130155+02 
ID~ • •,400525~00 

TR • •,733159~00 
WDIIt • ,700764·00 R&D/SEC 

• ·111530+00 CYCL.ESISEC 

DUTCM ROL.L. MODE 

PERIOD • ,97854+01 TIM! TO DOUBL.E AMP, • 

A • 
D • 

.10000+01 B ~ 
,64870•00 E • 

TIME TO TEN TIMES 'MP, : 
CYCL.ES TO OOUBL.E AMP, • 

CYCL.ES TO TEN TIMES AMP, : 

COEFFICIENTS 

,87945-00 c • •,21292-00 
,51462•01 

4 

,24696+01 
,82038+01 
,252)8•00 
,83838•00 



-
RIJN NO· L.1 

TRANSFER FUNCTIONS FOR STABILITY AXES• 
ORIGIN AT AIA,LANE C,3, 

NUMERATOR C~ARACTEAISTICS FOA CYCLIC 

SIDESLIP ALONG BODY Y AXIS PEA DELTA CYCLIC 
PERTURBATIONS ABOUT tNtTtAL VALUE• 

' vo • 0. 0 
ROOTS CCOMPLEX FORM) 

-.5201-001 .oooo 
-,5610+000 .~179•001 
-.5670+000 •,4179•001 

ZVB • e134439·00 WVB • ,421796•01 1/TVB • •,520148•01 
c.c, GAIN • .174357•02• ROOT LOCUS GAIN • ,969600•00 

AVB • ,969600•00 BVB • ,11!007•01 CVB • ,113076•02 
ova • ,897274-oo 

ROLL RATE ABOUT BODY X AXIS PI~ DELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL. VALUE• 

PO • 0,0 
ROOTS <COMPLEX FORM) 

.oooo .oooo 

.5426+oon .oooo 
-.6995+000 .oooo 

1/TPB1 • ,QOOOOO 1/TPBZ • ,542674•00 1/T'B' • • : 699551•00 
DoC, GAIN • .000000 , ROOT LOCUS GAIN • ,495009•00 

APB • ,495009•00 BPR • ,776591•01 CPe • -,181921•00 
OPB • .000000 

YAW RATE ABOUT BODY Z AXIS PER DELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL. VALUE• 

NO • 0,0 
ROOTS CCOMPLEX FORM) 

,4116+ooo •.1446•001 
,4116+000 ,1446•001 

·.2571+001 -.1179•030 

ZRB • •,27371!•00 WAR • ,150)99+01 1/TRB • •, 251166+01 
D•C• GAIN • •,882299•00• ROOT LOCUS GAIN • •,780!47•02 

ARB • •,780547•02 BRB • •,1)6466•01 CR8 • •,112912•02 
ORB • •,4~4048•01 

5 



P~ l/VE<SIOESL 1 ~)& .3221-01 P~l/BETA• 
FOR ROOTC , 2107-00, , 6421•00 J) 

P~I/V£CSIOESLlP>• ,3221·01 P~l/BETA• 
FOR ROOTC .2107•00• •,6421•00 J) 

P~t/VECSIOESLIP)~ ,448!•00 PHI/BETA• 
FOR RQQT( •,7683•01• ,6086·31 J) 

PHI/VECSIDESLIP)• ,2723•01 P~IIBETa~ 
'0R AOOTC ··1l64•01• e1128•29 J) 

,3680•01 

COERIVATIVE OF) SlOE ACCELERATION 'S MEASURED 
BY AN ACCELEROMETER, PER DELTA CYCLIC 

PERTURBATIONS ABOUT INITIAL VALUE• 
o.o AYO • 

ROOTS CCOMPLE)( 
.oooo 
.13J0•001 

•,6898•000 
-,6898•000 

FORM) 

-,4921-001 

.oooo 

.ocoo 
,9)09•000 

•,9309•000 
•,818S .. 03J 

WAY • .11~870+01 ZAV • ,595339•00 
11TAY1 • .133078+01 1/TAY2 • -,689819-00 

o,e, CAIN • ··165924+01• ROOT LOCUS GAIN • ,969600-00 

AAV • ,969600•00 BAY • ,951621-01 CAV • •,476079•00 
OAV • •,175595~01 EAV • •,153876•01 FAY • ,000000 

<DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICU~AR TO 
INITIAL FLJG~T PAT~· PER OELT' CVCLIC 

PERTURBATIONS ABOUT INITIAL VALUE• 
VGO • Q,O 

ROOTS (COMPLEX FORM) 
,5988+000 .oooo 

-,6470+000 .oooo 
•.2496-001 ,4041+001 
-,2496-001 •,4041+001 

WVG a ,404142+01 ZVG • ,617835s02 
1/TVG1 • ,598847-00 1/TVG2 • •,647054POO 

O•C• GAIN • ··119243+03• ROOT LOCUS GAIN • ,969600-00 

AVG • ,969600•00 BVC a ,951621·01 CVC • ,154632+02 
OVG • ,744673•00 EVG s ~.613646+01 

6 



COERIVATIVE OF) B A N~ A~CLE PROJECTED ON VERTICAL 
PLANE• PER nELTA CYCLIC 

PERTURBATIONS ABOUT INITIAL VALUE• 
PHO • 0,0 

ROOTS (COMPLEX FORM) 
.oooo .oooo 
,5426+000 .oooo 

-,69~5+000 .oooo 
1/TP~1 • .000000 1/TPHt • ,542674•00 11 rp~3 • •.699551•00 

o.c. GAIN c ·000000 , ROOT LOCUS GAIN c ,.95009•00 

AP~ • .•95009•00 ~PH • ,776591•01 eP~ : - 187921~00 
DP~ a .000000 

-,oooo OEGREES TRANSFE k FUNCTIONS FOR BODY AXES UP 
FROM ORIGINAL BODY AXES, 

RESPECTIVE X Y ANO Z Dl~TANCES FROM 
TO ORIGIN OF AXES ARE, 

AIRPLANE C,G 

RUN NO. L1 

~X : ,1700+02 LY • .0000 AND LZ : -,00~0 

NUMERATOR C~ARACTE~IST!CS ~OR CYCLIC 

SIDESL IP ALO NG 90DY V AXTS PEq DELTA CYCLIC 
PERT~RBATIONS ABOUT AN INITIAL VALUE, 

vo=o,o 
ROOTS (COMPLEX FORM) 

-,7347-002 .oooo 
-.4092+000 ,3796+001 
-.4092•000 •,3796•001 

ZVB • .107177!00 WVB c ,381850•01 1/TVB a ·,734105•02 
o,c, GAIN : .2.4860•01• ROOT LOCUS GAIN • .111636+01 

&VB • o1176)~+01 BVA • ,971505•00 evs a ,171595•02 
DVB • .126020•00 

ROLL RA TE ABOUT BODY X AXIS PER DELTA CYCLIC 
P~RTURB~TIONS ABOUT AN INITIAL VALUE, 

PO : 0,0 
RO OTS (COMPLEX FORM) 

.53~3+000 .5125•018 
,9196-002 .1157•031 

-.7040•000 .1114-0)1 

1/TPBl = .~36385-00 1/TPB2 • ,97960l•02 1/TPB' • • 1 704017•00 
o.c, CAIN = .35~792-01• ROOT LOCUS CA!N • ,494921-00 

APB • .494921-0D AP~ • ,761462•01 CPB c -,181723-00 
OPB : .183098·02 

7 



YAW R&TE &BOUT BODY Z &XIS PER OE~TA CYCLIC 
PERTU~B&TIONS ABOUT AN t~IT!&L VALUE, 

NO • 0 1 0 
ROOTS CCOMPLEX FO~M) 

.2074+001 .oooo 
-.60~6+000 .1196+001 
-.60~6+000 -.1196+~11 

ZA8 • ,451132•00 WRB • ,134078+01 1/TAB • ,207498+01 
o,c, CAl~ • •.811581•00• ROOT LOCUS GAIN • .121624•01 

AA8 • ·121624•01 8~8 • ••105039·01 CA9 • -,~70624•02 
DAB • ••• 53679•01 

CDERIVATIVE OF) SIDE ACCELE~ATION AS MEASU~ED 
BY AN ACCELEAOMETE~ •'EA OELTA CYCLIC 

PE~TUABATIONS ABOUT AN I~ITIAL VALUEt 
AVO • Q,Q 

ROOTS CCOMPLEX FOAM) 
.oooo ;oooo 

-,3407•001 .oooo 
,1462+001 .oooo 

•,6715+ooo ,99A3•ooo 
•,67~5+000 •,9913+000 

WAY • .120711+01 lAY • ,562110•00 
11TAY1 • •,340721•01 11TAY2 • ,146203+01 

o,c, CAIN • •,165924•01• ROOT LOCUS CAIN • e1l76J6+01 

AAV • e1176l6~01 BAY • e,8]40l5•01 CAY • •,624085•00 
o•v • -,25212o~o1 EAY • ··853176•01 ,,~ • ,nooooo 

CDERIVATIVE OF) LATERAL CAOUND SPE!Ot PERPENDICULAR TO 
INITIAL FLIGWT PATM, 'EA OELTA CYCLIC 

PERTURBATIONS ABOUT &N l~ITIAL VALUEt 
VGO a O,O 

ROOTS CCOMPLEX FOAM) 
,6255+000 .oooo 

-,6219+000 .oooo 
,3363-001 ,]661•001 
,Jl6l•001 •,3661•001 

WVG • ,366169+01 ZVG • •,918464•02 
11TVC1 • ,625566•00 11TVG2 • •,621929•00 

Q,c, GAIN • ••119243+03, ~OCT LOCUS GAIN • e1176l6+01 

AVG • ,117636+01 BVG • •,1)40]5•01 CVG • ,15]152+02 
OVG • •,265109~01 EVG • •,613646•01 
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TIUNirCN FUNCTION! FO* ITAilLlTV AKCIi 
OftlSlN AT IIMUNl CO. 

«UM NO. II        NUH|«4T0« CMANACTIRISTtei FOR TAIL ROTOR 

IIOCtllF ALONG IO0V V AXIS FIR DELTA TAIL ROTOR 
FIRTURBATIONI AiOUT INITIAL VALUE* 

VO ■ 0,0 
KOOTI (COMFUEX FORM) 
•.I44i.002      .0000 
-, 1203*000       .0000 

i »At« 003      .0000 

l/TVil • -.lA4A3>-02 1/TVI1 ■ •.f203ff-00 l/TViS •  .2»AfAl*03 
O.C. IAIN ■ •.AS473I»00« ROOT LOCUI OAlN ■  .flfOOO'Ql 

AVI ■ .f11000-01 IVB • •,292lff*02 CV1 • •,233324*02 
OVi > •.33Af41-01 

ROLL RATI AIOUT ROOT X Alt I R|R OILTA TAIL ROTOR 
FIRTURiATlONf AIOUT INITIAL VALUE* 

FO • 0,0 
ROOTS (CONFLEX FORM) 

.0000 .0000 

.1011*001       .0000 
•.tOff*001      .0000 

l/TFIl • .000000    l/TF|t • .100047*01 1/TFR3 ■ •,201000*01 
O.C. GAIN ■  .000000  « ROOT LOCUO OAlN • ••lORlOA-OO 

AF| ■ -.1I020A-00 IFB ■ -.3l9f4J-0l CFO • .720100*00 
0F| • .000000 

YAW RATE AIOUT IODT I AXII FIR DELTA TAIL ROTOR 
FIKTURIATIONI AIOUT INITIAL VALUE* 

NO ■ 0,0 
OOOTS (CONFLEX FORM) 

,1303*000     •,7000*000 
.1303*000      ,7000*000 

•.1300*001 •,0304-030 

IRI • • 1107101-00    WRO •     ,033100-00    1/TRO • ••130049*01 
O.C* OAlN >     .333943*01*  ROOT LOCUO OAlN •     .100017-00 

Am •    .100017-00    IRI •     .19A093-00 CRI •    .117107-01 
OR! •    .171047-00 



(DERIVATIVE  OF)   SIDE ACCELEUTtO« AS «EASU^ED 
B^  AN  ACCELE«OMETEBI   »E» DELTA  TAIL WTO« 

PERTURBATIONS   ABOUT   INITIAL  VALUE' 
AYO   •   OiO 

ROOTS  (COMPLEX  FORM) 
.0000 .0000 

-.3239-002 ,T2l9-02l 
-,7344*000 •.9606-03b 
-.U47*001 ,9f8»*00l 
-.1147*001 •.»••»♦OOl 

WAV  ■     .»09612*01 ZAV  ■     ,168194-00 
1/TAV1  ■  -,323990-02 1/TAY2  ■   •,7344A9'.0e 

O.C.   GAIN •     .1*9375-00,   ROOT LOCUS SAIN  >     ,989000-01 

AAV  ■     .989000-01    BAV  ■     ,298748-00 CAV  ■     ,382999«Q1 
DAY  •     ,270271*01     EAV  •     ,871634-02 PAV  •     .000000 

(DERIVATIVE  OF)  LATERAL GROUND SPEEDi   FERFEMOICULAR TO 
INITIAL  FLICHT PATH,   PER  DELTA  TAIL  ROTOR 

PERTURBATIONS   ABOUT   INITIAL  VALUEi 
VCO   ■   0,0 

ROOTS   (COMPLEX  FORM) 
,2947*001 .2186*001 
.2947*001 •.21C6*001 

-,2903*001 .2197-028 
-,6023*001 .7601-028 

WV6 «  .366947*01    ZvC • -.803132-00 
1/TVC1 ■ -,290391*01 1/TVC2 • -,602320*01 

O.C, GAIN ■  .450783*03. ROOT LOCUS GAIN ■  .989000-01 

AV6 "  ,989000-01  BVG •  ,298748-00 CV6 ■ -,213361*01 
DV6 •  ,168937*01 EVG •  .231981*02 

(DERIVATIVE OF) BANK ANCLE PROJECTED ON VERTICAL 
PLANE. PER DELTA TAIL ROTOR 

PERTURBATIONS ABOUT INITIAL VALUEi 
PHO « 0.0 

ROOTS (COMPLEX FORM) 
,0000 .0000 
,1888*001       .0000 

-,2099*001       .0000 

1/TPH1 ■  .000000    1/TPH2 •  .188847*01  1/TPH3 ■ -,209906*01 
O.C, GAIN >  .000000   i ROOT LOCUS CAIN • -,189206-00 

APH ■ -.189206-00  BPH « -.315945-01 CPM •  .720169-00 
DPH ■  .000000 
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RUN !\ln. L1 

TRANS~ER ~U~CTfONS FOR BODY AXES UP 
FROM ORIGINA~ BODY AXES, 

RESPECTIVE X Y AND Z O ! STA~CES FROM 
TO ORIGIN OF AXES ARE, 
LX • ,1?00•02 L.Y • .0000 

•• oooo OECREE5 

A!RPL.A~E C,G 

A~O ~z • -.oooo 
NUMERATOR C~ARACTERIST !CS FOR TAIL ROTOR 

SIOESLIP ALONG BO~Y Y AXIS PER OE~TA TAIL ROTOR 
PERT URBATIO NS ABOUT AN INITIAL. VAL.UE, 

vo=o,o 
ROOTS CCOMP~EX FORM) 

.l145•ooo .nooo 
-.9920+00 0 .oooo 

,7979+001 .oooo 
1/TVB1 : .114515+00 1/TVB2 • -,992097~00 1/TIJB3 • ,797997+01 

o.c. GAIN • .560014+02• ROOT LOCUS ~A!~ • ,317882+01 

AVA a ,317882+01 oVH : •. 225772+02 CVB : " , 22622?•02 
DVB a .288194+01 

ROLL RATE ABOUT BODY X AXIS PER DELTA TAIL ROTOR 
PERTURBATIONS ABOUT AN INITIAl IJA.UEt 

Pu = o,o 
ROOTS CCOMPLEX FORM) 

,96J1-002 .oooo 
.16J0+001 .oooo 

-.2037+001 .oooo 
1/TP81 a ,96:3115-02 11TPB2 : .U3096+01 11TPR3 • •,203727+01 

o.c, CAIN : -,1)4503•00, ROOT LOCUS ~AIN • •,192669·00 

APB • -.192669•00 BPB • •,)7A940-01 CP9 • ,719070~00 
OPB : •,692179• 02 

YAW RATE ABCUT BODY Z AXIS PER DELTA TAIL ROTOR 
PERTURBATIONS AAOUT AN INITIAL VALUE, 

NO : 0, 0 
ROOTS <C OMP LEX FOR~) 

o20~1+QO Q ,8401+000 
.2041+000 •,8401+000 

-.1266+001 •,3722~029 

ZRB • •,2361~4-00 wRB : ,864580·00 1/TRB ~ ~,126627+01 
O•C• GAIN : .333271•01• ROOT LOCUS GAI N z ,181195•00 

ARA • .181195-0 0 BRR : .155452-00 CR9 • ,417506·01 
ORB c .171508-00 
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CDERIVATIVE OF) SlOE ACCELERATiON AS MEASUREO 
BY AN ACCELEROMETER tPER OELTA TAIL ROTOR 

PERTURBATIONS ABOUT AN I~ITIAL VALUE, 
AVO • Q,O 

ROOTS (COMPLEX FORM) 
.oooo .oooo 

-.1553-002 ,4115-028 
.1523-001 .12~7•001 
.1523-001 -.1267•001 

-.1094+001 ,1867-031 

WAY • .127012+01 ZAY • •,671050·01 
1/TAVl • -,155335•02 1/TAV2 • ,852314•01 

o,c, GAIN • e169375•QO, ROOT LOCUS GAiN • ,317882+01 

AAV • ,317182+01 BAV • ,294143•01 CAV • ,453971+01 
DAY • ,561135•01 EAY • ,171634•02 FAV • ,000000 

CDERIVAT!VE OF, LATERAL GROUNO _SPEEO, PERPENOICULA~ TO 
INITIAL FLIG~T PAT~, ~!R OELTA TAIL ROTO~ 

PERTURBATIONS ABOUT AN INITIAL VALUE, 
VGO • Q,O 

qoo~S (COMPLEX FORM) 
.1001+001 .1221•001 
.1001+001 -.1221•001 

-.1464+001 •,1834•000 
-,1464+001 ,1834•000 

WVG1 • .157956+01 ZVG1 • •,634193·00 
WVG2 • .171024•01 ZVG2 • ,856260•00 

O,C, GAIN • ,450713•03, ROOT LOCUS GAiN • ,317182+01 

AVG • ,31788~ .. 01 BVC • .294143•01 CV~ • •,142392•01 
DVG • ,460100+01 EVG • -,231911•02 
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•OOTI Of A/C LATERAL OIRECTIOWAL TRANSFER FUNCTIONS 

RUN NO. L2 

VERTOL VMC-IA 1900 FT/MIN DESCENT  flO KNOTS 

INPUT DATA 

OIHtMSIONAL ITAB1L1TV DERIVATIVES 
UNITS ARE 1 RER RADIAN 
(BODY AXES DIFFER BV     .1372*02 OECREESi  POSITIVE 

FOR NOSE UP»  FROH STABILITY AMES) 

YV l i  -.li2A-00 LV i v  -.2190-02 NV > -.7100-02 
YP • i  -.1»33*01 LP • »  -.7973-00 NP ■ -.9920-01 
YR i •  -.1924-00 LR • •  •.5090-01 NR ■ -.3700-01 

YVO ' i  -.0000 LVD ' i  -.0000 NVO « .,0000 

YPO « i  -.0000 LPD • i  -.0000 NPO ■ .,0000 
YRO • i  -.0000 LRD • i  -.0000 NRO ■ .,0000 
YA « i   .0700-00 LA i »   .4243-00 NA > .2310-01 
YOB« *         .7000-01 LDRi i  -.1324-00 NOR« ,1994-00 

U • i   .1333*03 UZ « •   .3239*02 CAMA • -.1090*02 

NAOM « i  -.0000 RHO > •   ,2300-02 S ■ •,0000 
MAC i i  -.0000 IXZ i •    .7114*04 IT • ,7991*09 
MT • i  -.0000 XI • i  -.0000 TOT ■ .,0000 
tx < i   .1700*02 LY • i  -.0000 LZ • .,0000 
CL ' i  -.0000 CD « i  -.0000 w ■ ,1340*09 
IX i i   .9203*04 IZ « •   .7179*09 c ■ .3220*02 

SPAN i i  -.0000 

OINENBIONA L STAl ULITV DERIVATtVESiFER RADIAN* 
STABILITY I kxis 

w 1 •  -.li26-00 LV • >  «.1994-01 NV ■ -.6433-02 
YP • ►  -.1729*01 LP • i  -,«494-00 NP » -.4097-01 
YR • i   .2242*00 LR • •   .8721-01 NR ■ -.2943-01 

YVO • i   ,0000 LVD • •   .0000 NVO • .0000 

YPO ■ i   .0000 LPD « •   .0000 NPO ■ IOOOO 

YRO i •   .0000 LRD * i   .0000 NRO ■ .0000 
YA • i   .0700-00 LA ■ i   .4491-00 NA • ,9909-02 
YOR« i   .7000*01 LOR* i   ,1946-00 NOR« .1999-00 
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DIMENSIONAL  DERIVATIVES.   MfMCD 

YV ■ -.1826-00 LV • •.2371-01 NV • •.10ff-01 
VP « -.1729*01 IP  ■ -.9972-00 HP  • •.1701*00 
vq ■ .2242-00 LR ■ .7242*01 Nft • -.ifoo-oi 

YVD ■ .0000 LVO ■ .0000 NVO • .0000 
YPO • .0000 LPO • .0000 Hßü  • •oooo 
YRD • .0000 LRD ■ .0000 NMD • .eeoo^ 
YA ■ .8768-00 L* • .9021-00 NA ■ 

!2124-00 YOR" .7000-01 LOR" .3192-00 HO** 

IN  STABILITY   AXES.   U»   .13;2*03 
»ixxt   .9446*04       IZZ«   .7194*05      !«■  .•10f*04 

LATERAL  DIRECTIONAL DENOMINATOR ROOTS 
ROOTS   (COMPLEX  FORM) 

,7719*000 
-,1404*000 
.2330-002 

-.1832*001 

.0000 
-.3912. 
-,7074- 
,1431- 

•016 
-028 
026 

Tl ■   .129536*01 
T4 «  -.545619-00 

TJ ! ■  -.712123*01    T3 ■ 

COEFFICIENTS 

A ■   .10000*01 
D ■  -,19573-00 

B ■ 
E • 

.11989*01  C ■  -.12SS7*01 

.48311-03 

.42902»♦OS 
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RUN NO, L2 

TRANSFER FUNCTIONS FOA STABILITY A•Eie 
ORIGIN AT AI~PLANE C,G, 

NUMERATOR C~ARACTERISTIC! FO~ CYCLIC 

SIDESLIP ALONG BODY Y AXIS PER DELTA CYCLIC 
PERTURBATIONS &BOUT INITIAL VALUE• 

vo • o,o 
ROOTS CCOMPLE• FORM) 

-.3113-001 .oooo 
.2119+001 .oooo 
,9311+001 .oooo 

1/TVB1 • •,311359•01 1/TVB2 • .211945+01 11TVB3 ' ,t311t0+01 
o.c, GAl~ • o117219+04e ROOT LOCU! CAIN • ,876100•00 

&VB • ,876100•00 BVB • •.100571•02 CV! • ,171207+02 
DVB • .542846•00 

ROLL RATE ABOUT BODY X A~IS 'ER DELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL VALUE• ,0 • o,o 

ROOTS CCOMPLEX FORM) 
,9233+000 .oooo 

•,4273-001 .oooo 
-.10,1•001 .oooo 

1/TPB1 • ,923361•00 11TPB2 • •,427JSl•01 1/T,B3 • •,1Q515l•Ol 
Q,C, GAIN • •,449941•02• ROOT LOCUS CAIN • ,502146•00 

APB • ,502146•00 BPB • ,858i58•01 CPS • - ,414806•00 
DPB • •,201373•01 

YAW RATE ABOUT BODY Z AXIS PER OELT& CYCLIC 
PERTURBATIONS ABOUT INITIAL VALUE• 

NO • 0,0 
ROOTS CCOMPLEX FORM) 

.1195+001 .oooo 
-,5443+000 •,9907+000 
•,5443+000 ,9907+000 

ZRB • ,481513•00 WRB • ,113046+01 1/TRB • ,119566+01 
o.c, G&IN • •,242770+03t ROOT LOCUS CAIN • ,735798•01 

ARB • ,73,798~01 BRB • •,717282•02 CAB • •,174601•02 
ORB • •,112428+00 

15 



COERIVATJVE OF) SlOE ACCELERATION AS MEASURED 
BY AN ACCELEROMETER, PE~ DELTA CYCLIC 

PERTURBATIONS ABOUT INITIAL VALUE• 
o.o AYO • 

ROOTS (COMPLEX 
.oooo 
.12,1+001 

•,l54l•001 

FORM> 

.. ,63)6•000 
•,6336+000 

,0000 
.oooo 
.2294•023 

•,13,9+001 
.13~9+001 

WAY • ,1499,2+01 ZAY • ,422~98•00 
11TAY1 • ·125803+01 1/TAY2 • •,3,4362•01 

o,c, GAIN • ••119786+0), ROOT LOCUS GAIN • ,176100•00 

AAY • ,176800•00 BAY • ,392110•01 CAV • ,5738~6·00 
DAY • •e24,994~01 EAY • •,171911•01 FAY • ,000000 

COERIVATIVE Or) LATERAL GROUND SPEED, PERPENDICULAR TO 
INITIAL FLIG~T PAT~, PER DELTA CYCLIC 

PERTURBATIONS ABOUT INITIAL VALUE• 
VGO • OeO 

ROOTS CCOMPLEX FORM) 
,9474+000 .oooo 

-.9667+000 .oooo 
-.1271-001 ,4)12•001 
-.1271-001 •,4312•001 

WVG • •• 38219+01 ZVG • ,291774•02 
11TVG1 • .9.7476-00 1/TVG2 • •,966700•00 

o,c, GAIN c ··333121+05• ROOT LOCUS GAIN • ,876100-00 

AVG • ,876100-00 BVG • ,l92810p01 eVG • ,160404+02 
DVG • .lOl255•00 EVG • •.1~4270+02 

~ 1/VECSIOESLIP>• ,1791•01 P~l/BETA• 
FOR ROOTC .7720-00t , 0000 J) 

P~IIVECSIOESLIP>• ,1642•00 P~JIBETAw 
FOR ROOTC •,1404•00• •,391,·16 J) 

P~J/VECSIOESLlP>• ,1617+02 P~IIBETA• 
FOR ROOTC .2ll1·02, -,7074·28 J) 

PHIIVECSIDESLIP>• ,1508•01 P~IIBETA• 
FOR ROOTC ··18ll+Ol• ,1431·26 J) 
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(DERIVATIVE   OF)   RANK  ANCLE  PROJECTED  ON  VERTICAL 
PLANE»   PER  DELTA CYCLIC 

PERTURBATIONS  ABOUT  INITIAL  VALUE« 
PHO  ■ 0,0 

ROOTS   (COMPLEX PORM) 
.0000 .0000 
.9105*000 .flQOO 

-,10«9*00l .0000 

1/TPMl  •     .000000 1/TPW2  ■     .910541-00    1/TPH3  •  «.101920*01 
O.C.   CAIN  >     .000000       .   ROOT LOCUS  CAIN   ■     .480329-00 

ARM   ■     .480329-00     BPH  ■     .85M35-01  OPH  ■   -.476370-00 
DPH  «     .000000 

TRANSFER PUNCTICVS PRR BODY AXFS UP -.0000   DECREES 
t-aor* ORIGINAL BODY AXES. 

RESPECTIVE X Y AND Z DISTANCES FROM AIRPLANE C.C 
TO ORIGIN OF AXES ARE» 
LX •  .1700*02 LY >  .0000   AND LZ • -.0000 

RUN NO.  L2        NUMERATOR CMIRACTERI8TICS FOR CYCLIC 

SIDESLIP ALONG BODY Y AXIS PER DELTA CYCLIC 
PERTURBATIONS ABOUT AN INITIAL VALUEi 

vo«n,o 
ROOTS (COMPLEX FORM) 

.9P3S-001 .POOO 

.1145*001 .1462*001 

.1145*001 -.1462*001 

ZVB ■ -.616874-00  WV9 •  .185774*01  1/TVB ■  ,983858-01 
O.C. GAIN ■ -.301856*04. ROOT LOCUS CAIN ■  .411694*01 

AVB *  .411694*01  BVB ■ -.964103*01 CVB «  .151368*02 
DVB ■ -.139791*01 

ROLL RATF ABOUT BODY X AXIS PER PELTA CYCLIC 
PERTURBATIONS ABOUT AN INITIAL VALUE» 

PO ■ 0,0 
ROOTS (COMPLEX PORM) 

.9061*000       .0000 

.1369-001       .0000 
-.1101*001       .0000 

1/TPBl «  .906162-00  l/TPB? •  .136954-01  l/TPfl3 ■ -.110107*01 
D.C. CAIN «  .138785*02. ROOT LOCUS CAIN t  ,470359-00 

APB ■  .470359-00  »PR ■  .«52339-01 CP9 • -.470554-00 
DPS *  .642722-02 
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VAW RATE ABOUT BOQV Z AXIS PH DELTA CYCLIC 
PEKTURRATI0N8 ABOUT AN INITIAL VALUli 

NO • 0.0 
ROOTS (COMPLEX PORM) 

,1053*001       .0000 
-.S602*000       ,S04»*000 
-.5602*000      •.5049*000 

ZRB •  .743074-00 WRB ■  .7S3S2f«00 1/TRB •  ,101377*01 
O.C. GAIN • -.246514*03* ROOT LOCUS GAIN •  .l»0»f7-00 

ARB •  .190597-00 BRB •  .127Q88-01 CRR ■ •.116700*00 
ORB • •.114162*00 

(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED 
BY AN ACCELEROMETER »PER OELTA CYCLIC 

PERTURBATIONS ABOUT AN INITIAL VALUE. 
AYO • 0*0 

ROOTS (COMPLEX FORM) 
.0000 .0000 
•1116*001       .0000 

-.9793*000       .7043*000 
-.9793*000     -.7943*000 
-.2010-001     -.1199*032 

WAY ■  .979134-00   ZAY ■  ,994171-00 
1/TAY1 ■  .111668*01 1/TAV2 ■ ••979396-00 

O.C. GAIN • -.169766*03< ROOT LOCUS GAIN ■  .411694*01 

AAY >  .411694*01 BAY ■  .299330-00 CAY ■ -.141009*01 
DAY ■ -.440069*01 EAY ■ •,676911-01 PAY ■  .000000 

(DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR TQ 
INITIAL FLIGHT PATH, PER HELTA CYCLIC 

PERTURBATIONS ABOUT AN INITIAL VALUE. 
VGO ■ 0,0 

ROOTS (COMPLEX FORM) 
.9676*000       .0000 

-.6429-001       .2071*001 
-.6429-001      -.2071*001 
-,9013*000       .1462-030 

WVG •     .207290*01   ZVG ■  .310094-01 
1/TVG1 ■  .967666-00 1/TVC2 ■ -,642968-01 

O.e. GAIN ■ -.333121*09, ROOT LOCUS GAIN ■  .411694*01 

AVG •  .411694*01 BVG •  .299330-00 CVG •  .140969*02 
DVG ■ -.163790*01 EV6 ■ -.194270*02 
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RUN NO• L2 

TRANSFER FUNCTIONS FOR STABILITY AXEit 
ORIGIN AT AIR,LANE e,c, 

NUMERATOR C~ARACTERISTICS FO~ TAIL ROTOR 

SIDESLIP ALONG BODY Y AXIS PER DELTA TAIL ~OTO~ 
PERTURBATIONS ABOUT INITIAL VALUE• 

vo • o,o 
ROOTS (COMPLEX FORM) 

-.2009-001 .oooo 
-,4104+000 .oooo 

,4229+003 .oooo 
11TVB1 • ~.200954-01 11TVB2 • -,410465~00 1/TVB3 ~ ,42290I+OJ 

o,c, GAIN • •.527266+03, ROOT LOCUS ~AIN • ,100000•01 

AVB • ,100000•01 BVB • •,295130+02 CVB • •,121454+02 
DVB • •,244110-00 

ROLL RATE ABOUT BOOY X &XIS PE~ DELTA TAIL ROTOR 
PERTURBATIONS ABOUT INITIAL VALUE• 

PO • 0,0 
ROOTS (COMPLEX FOAM) 

··1010+000 •,A421+000 
-.1010+000 ,1421+000 
•,42~3·001 •,6162•032 

ZPB • .119103~00 WPB • ,148140~00 1/TPB • •,426318•01 
o.c, GAIN • ·211311+02• ROOT LOCUS ~AlN • ,319211•00 

APB • ,319211•00 BPB • ,180994•01 CPB • ,232311•00 
DPB • .978918•02 

YAW RATE ABOUT BODY Z AXIS PER DELTA TAIL ~OTO~ 
PERTURBATIONS ABOUT INITIAL VALUEt 

NO • 0,0 
ROOTS CCOMPLEX FOAM) 

,5800•001 ,4863+000 
,5100•001 •,4863+000 

-.10~6+001 ,2551•030 

ZRB • ··118424+00 WRB • ,489828•00 1/TRB • •,103660+01 
OtCe GAIN • •114051+0], ROOT LOCUS GAIN • ,212363•00 

ARB • .212363-00 BRB • ,195499•00 CRB ' ,254131•01 
ORB • .521171•01 
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(DERIVATIVE OF) SlOE ACCE~ERATtON AS MEASURED 
BY A~ ACCE~ERO~ETER, 'ER OE~TA TAl~ ROTOR 

PEATUABATlONI ABOUT !NITtA~ VA~UE• 
AYO • OeO 

ROOTS CCOMP~EX FORM) 
-.2192-001 •,9209•019 
•,9423-007 ,6103~041 
•,3349+000 .1296•041 

,l272+001 •,11SJ•001 
,l272+0Q1 ,8135•001 

WAY • ,176926+01 ZAY • •,373220•00 
liTAV1 • •,942311•07 11TAY2 • •,334909•00 

o,c, GAl~ • ,153660•02e ROOT ~OCUS Gat~ • ,700000•01 

''' • ,1ooooo-o1 Bav • .,433222•00 cav • ,522ooo•o1 
DAY ' e19l749~01 EAY • ,3953]4•01 PAY • ,372529•08 

CDERIVAT!VE OF) ~&TERA~ GAOU~O SPEED, PER,ENDICU~AA TO 
INITlAL 'LIGHT 'AT~, PER OE~TA TAt~ ROTOR 

PEATU~BATIONS ABOUT INITIA~ VALUE• 
vco • o.o 

~OOTS CCOMP~EX FOAM) 
-.1226•000 ,7049+000 
-.1226•000 •,7049•000 

,3217•001 •,1]15•002 
,]217•001 .1385+002 

WVG1 • ,?15546•00 ZVG1 • ,111475•00 
wv;z • ,142202•02 zvc2 • •,226237-oo 

Q,C, GAIN • ·156497+05• ROOT LOCUS GAIN • ,700000•01 

AVO • ,1QDDOD•01 IYG • •,433222•00 CVG • ,140803+02 
DVG ~ ,]24299~01 EVG • ,124746•01 

CDERlVATtVE OF) BANK ANGLE PROJECTlO ON VERTICAL 
PLANE• PER OE~TA TAt~ R~TOR 

PERTURBATIONS ABOUT INITIAL VALUE• 
,MD • O,O 

ROOTS CCOMPLEX FOAM) 
.oooo .oooo 

-,7480•001 •,8981•000 
•,74~0-001 ,8988•000 

I'H • ,129320•01 WPM • ,901946• 00 1/TPW • 1 000000 
o,c, GAIN • ,QQOOOO , ROOT LOCUS GAIN • ,215165•00 

A'H • ,275165-00 BPM • ,411648•01 CPM • ,2238•9•00 
O~H ' .000000 
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TRAWE« FUfttCriOW roM BOOr AXES  \JP  -.0000        OE6RCEI 
MO« OHISIKAL •OOY AXEi« 

LK ■     .1700*03 LV •    ,0000        AMD LZ • -.0000 

■«* *•.     L> MJH|«AT0» CM«ilCTER|STfCi PO» TAU. «OTOR 

IlMSU» ALON6 OOOV V AXti H* DEtTA TAIL «OTOU 
R|»TU«BATlOKf Ai9üT AN  INITJAL  VALUE, 

VO«0,0 
•OOTS cCOMPLEX wont») 

«k?40"COl       .0900 
-««9>i*C00       ,0000 
,9T»s*eot    .oooo 

i/Tvot • .»t<o>*-oi i/TvM • -.«»sisi.oe I/TVBS • .STJJTA^OI 
O.C IAIN •  .1441S0*0«. ROOT LOCUI SAtN •  ,4M44i*0l 

AVt •  .4NA4«l«01  »VB ■ •.2«0|t4*02 CVR • -.ilSM^Oa 
OVO ■  .•4/»Af-00 

■OLU »ATE ABOUT BOOT X AX|B »E» OELTA TAIL BOTOB 
RERTuBBATlOkS ABOUT AN !N|TUL VALUEi 

BO ■ 0.0 
ROOTS (COPBLEX BOB**) 
•.BSBS-001       .«104*000 
-.B3AS-001      •.•XB4*000 
.13/1*001      -.1340-033 

in •     .••11B7-01  MBB •  .«29A«T-00  1/TBt •  (iS7S4«*01 
O.C. SAtN • -.«S2000»01. BOOT LOCUt SAtN •  .8SBT34-00 

At • .3f«734-00 BBB ■  .3«4f47-01 CBB •  .21«7l0-00 
OPf • •.3C1«4»-C1 

T4B BATE ABeUT 100« I AX|S BEB DELTA TAIL BOtOB 
BfBTuBBATlOM ABOUT AN IN|T|AL VALUE, 

*0 ■ 0.0 
BOOTS (C0M»LSK BQBI*) 
-.ll«»-00i       .9lSf«006 
•.ii«i-oei    -.»i»»*ooo 
-.71B3«009      .1474-033 

Mm •    .33l7»f-0l    «BB •     .»i^A»l-00    l/T»§ •  -,711301-00 
O.e. 6A1% •    .11»B10*C3. BOOT LOOüS Ul\ •    .333034-00 

AR« •    .3*3034-03    BRP •     .33«44|-09 CR« •    .7fBl04-0i 
On •    .330333-01 



(DERIVATIVE   OF)   SIDE ACCELERATTON  AS MEASURED 
BY  AN  ACCELEROMGTER  .RfR IELTA  TAIL ROTOR 

PERTURBATIONS  ABOUT  AN  INITIAL VALUEi 
AYQ  ■   0.0 

ROOTS  (COMPLEX  FORM) 
-.4451*000 .38411-020 
-.9423-007 .9M3-033 
-,m9-00l -,1120*001 
-.89S9-001 ,1120*001 
-.1445-001 -.2118-032 

WAV  ■ 
l/TAVl  ■ 

o.e. 

AAV  ■ 
OAV  ■ 

.112381*01 ZAV  •     .799956-01 
-.942320-07 1/TAV2  •   -.898998-01 
CAIN •     .B53660*02«   ROOT LOCUS CAIN • .486441*01 

.486441*01 BAY ■  .311035*01 CAV ■  ,857678*01 

.282924*01 EAV ■  .395334-01 FAV ■  ,372529-08 

(DERIVATIVE OF) LATERAL GROUND SPEEDi PERPENDICULAR TO 
INITIAL FLI6MT PATH. »ER HELTA TAIL ROTOR 

PERTURBATIONS ABOUT AN INITIAL VALUEi 
VCO • 0.0 

ROOTS (COMPLEX FORM) 
-.1253*000       .7658*000 
-i1253*000      •.7658*000 
-.1944*000      -.1560*001 
-.1944*000       .1560*001 

tfV61 •  .776066-00 ZV61 • 
WVG2 •  .157282*01 2V62 ■ 

O.C. GAIN •  ,156497*05, 

.1614*0-0» 
,123600*00 
ROOT LOCUS GAIN ■ .486441*01 

AVC •  ,486441*01 BVG • -.311035*01 CVG ■  .154371*02 
0V6 ■  .415474*01 EVG ■  .724746*01 
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ROOTS OF A/C LATERAL DIRECTIONAL TRANSFER FUNCTIONS 

RUN NO. L3 

VERTOL YWC-1A LEVEL FLI6MT AT «0 KNOTS 

INPUT DATA 

DIMENSIONAL STABILITY DERIVATIVES 
UNITS ARE 1 PER RADIAN 
(BODY AXES DIFFER BV  ,4712*01 OECREESi POSITIVE 

FOR NOSE UPi PROM STABILITY AXES) 

YV « •  -.11S2*00 LV ' •  -.1720-01 NV i ■  ••2900-02 
YP • •  -.I24e*01 LP • i  •.6927-00 NP • ■  -.3950-01 
YR « •  -.12B1-00 LR ' •  -.2270-01 NR i •  -«3020-01 

YVO « i  -.0000 LVD ' i  -.0000 NVO i i  -,0000 
YPO « i  -.0000 LPD • i  «.0000 NPD • •  .,0000 
YRD • i  -.0000 LRD • i .toooo NRO « i  .,0000 
YA « •   .9643-00 LA • >   .4558-00 NA • i   .2660-01 
YOR« •   .1Q99*00 LOR« •  •,1354.00 NDR« •   .1703*00 

U ' '   .1007*03 UZ • >   ,«300*01 6AMA ■ i   ,0000 
MACH < i  -.0000 RHO • •   .2380-02 S • .  -,0000 
MAC • i  -.0000 1XZ i •    .7114*04 IT i .7991*05 
WT i i  -.0000 XI i '  -.0000 TOT i >  -,0000 
LX ' «   .1700*0? LY « i  -.0000 LZ i i  .,0000 
CL » i  -.0000 CD « i  -.0000 W i «   .1340*09 
IX • i   .9203*04 IZ ■ •   .7179*05 6 ■ .3220*02 

SPAN * r  -.0000 

DIMENSIONAL STABILITY DERIVATIVES.PER RADIAN» 
STABILITY AXES 

YV • -.1182*00 LV ■ -.2067-01 NV ■ -.2681-02 
YP ■ -.1294*01 LP ■ -.7375-00 NP • -.3610-01 
Y9 ■ -.2519-01 LR ■ .9896-03 NR ■ -.4647-01 

YVO ■ .0000 LVD • .0000 NVD • .0000 
YPO ■ .0000 LPD ■ .0000 NPO • .0000 
YRD ■ .0000 LRD ■ .0000 NRO ■ .0000 
YA » .9643-00 LA ■ .5127-00 NA • .2149-01 
YOR« .1059*00 LDR« -.2809-01 NDR« .1694-00 
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CI"'ENSJONAL. DER1VATtVES, PRIMED 

YY • -.1112~00 L.V • •.2019•01 NV • •.2167•02 
YP 111 -.1254•01 L.P • .. ,7337•00 NP • -.1703•01 v-. • -,2515.;;.01 L.~ • .1146-01 NR • •,4705-01 

YVC • .oooo L.VC • ,0000 NVO • ,0000 
YPO • .aooo L.PC • .oooo NPO • ,oooo 
YRO • .oooo LRO • .oooo N~O • ,oooo 

YA • ,9643•00 L.A • ,52,01•00 NA • ,8192•02 
YDR• ,1DJ9~DD I. OR• •,6641•01 NO'-• ,1721•00 

LATERAL CIRECTtONAL. DENOMINATOR ROOTS 
~DOTI CCO"'L.EX ,0~"> 

,III,•DDD ,6D:Jt•DDO 
.2153•000 •,6039•000 

-,5147•001 ,1571•030 
•e1Z91•DD1 ,9552•030 

Tl • •,171021~02 
ZD~ • •,341603•00 

TR • .. ,774435•00 
WOR • ,644670•00 RAO/SEC 

• ·102602•00 CYCL.ESISEC 

DUTCH ROL.L. MODE 

PERIOD • ,10403•02 TIM! TO OOUBL.E AMP, • 

A • 
0 • 

.10000•01 B • 

.52692•00 E • 

TtME TO TEN TIMES AMP, • 
CVCL.ES TO DOUBLE AMP, a 

CYCLES TO TEN TIMES AMP, • 

COEFFICIENTS 

,89898•00 c • -.11730•00 
,31379•01 
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TfUNtFE* FUNCTIONS FOR STAB I LI TV AXE81 
0RI61N AT AIMLANC C.6. 

«UN NOi us       NUMIHATO" CHARACTERISTICS FOR CYCLIC 

SIDESLIP ALONG BOOT V AXIS PER DELTA CYCLIC 
FIRTURBATlOfcS ABOUT INITIAL VALUEi 

VO ■ 0.0 
ROOTS (CONFLEX FORK) 
-.443S-001      .0000 
.3f43*000      .«150*001 
.3fO*000     •.4190*001 

IVB • ».f49iSA-01 WVB • .41*893*01 1/TVB • -,4A39*t-01 
D*C. CAIN •  ,247991*02i BOOT LOCUS CAIN • ,t*4300-00 

AVB ■ .994300-00 9V9 • •.719799-00 CVS ■ .117243*02 
DVB ■ .779919-00 

ROLL RATE A90UT BODY X AX|9 R|R DELTA CYCLIC 
FERTURBATI0N8 ABOUT INITIAL VALUEi 

RO ■ 0.0 
ROOTS (COMRLEX FORM) 

.0000 .0000 
t9902*000      .0000 

••4999*000      .0000 

l/TRfl ■ .000000    1/TRB2 ■  .39I294-00 1/TF93 • •,499919*00 
DtC« SAIN •  ,000000  * ROOT L0CU9 CAIN • .910I42-00 

ARB ■  .910R42-00 BR6 ■  .♦90449»0l CR8 ■ -.93I430-01 
ORB ■ •000000 

VAN RATE A90UT 900Y Z AXIS FER DELTA CYCLIC 
RKRTUR9ATI0N9 ABOUT INITIAL VALUE« 

NO ■ 0,0 
ROOTS CCORRLBX FORR) 

.1710*001      .0000 
-.9314*000      .1320*001 
-.9314*000     •.1920*001 

ZRB • .431929-00 WRB ■ ,149333*01 1/TRB • ,172*29*01 
O.C. 6A.IN ■ •,999140-00. ROOT L0CU9 OAtN • ,919202-02 

ARB • .919202-02 9R9 • •,991193*02 699 • •,33991109 
ORB • -.903199-01 
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»HI/VE(8IDESLIP)"   .2765-01 »wi/BETA«   .2T9S*?! 
PQR *OOT(  .22&4-00.  .6040-00 J) 

PHI/VE(8I0E5LIP)«  .2765-01 PHI/BETA«   .2793«0& 
FQR ROOT(  .2254-OQi -.6040-00 J) 

RMI/VE<8lOESttP)>  ,4680-00 PMt/BET6«  .472t*02 
FOR ROOTt -.5t47-oi«  .l»T?-30 J) 

PM!/VEt$I0E8LlP)»  .2800-01 »Ht/BETA»  ,»828*01 
FOR ROOT( -,1281*01.  .9883-30 J) 

(DERIVATIVE OF) SIDE ACCELERATION 68 MEASURED 
BY AN ACCELEROMFTER. »E» OELTA evctic 

PERTURBATIONS  ABOUT  INITIAL  VAtL'r. 
AYO  ■  OiO 

ROOTS  (COMPLEX FORM) 
.0000 .0000 
.1128*001 .0000 

-.8998*000 .9388*000 
-.9998*000 -.9388*000 
-,«515-001 .1318-031 

WAV •     .111225*01        ZAV •     ,939350*00 
l/TAYl ■     .112889*01  1/TAY2 • •.999B91-00 

O.C  8AIN >  -.193793*01*  ROOT LOCUS CAIN  •     •984900-00 

AAY ■     .984300-00    BAY  ■     .111949*00  CAY  •  -,109997»00 
DAY •  -.139174*01    EAY  • •,808109-01 FAY  •     ,000000 

(DERIVATIVE OF) LATERAL GROUND SPIED« PERPIN0ICUL8* TO 
INITIAL FLIGHT PATH.   PER DELTA CYCLIC 

PERTURBATIONS ABOUT  INITIAL VALUFi 
VCO ■ 0.0 

ROOTS   (COMPLEX FORM) 
.4084*000 .0000 

-.4941*000 .0000 
-.3917-001 .4138*001 
-.3917-001 -.4138*001 

WV6 •     .413839*01 ZVC ■     .890080-02 
1/TV61 ■     .408417-00 1/TVG2 •  -.494191-00 

O.C.  CAIN ■  -.976202*02.  ROOT LOCUS SAIN ■     .984909-00 

AV6 ■     .984300-00    BVG  ■     .111949*00 CVS •     .183391*02 
DV6 ■     .742708-00    EVC ■  -.306324*01 
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<DE~!VAT!VE OF) BANK ANGLE PROJECTED ON VERTICAL 
PLANEt PE~ DELTA CVCL!C 

PERTURBATIONS ABOUT INITIAL VALUf• 
P ... O • 0,0 

ROOTS (COMPLEX FO~M) 
.oooo .oooo 
,J6B2+ooo .oooo 

.,.9,6+000 .oooo 
11TP~1 ~ oOOOOOO 1/TP~2 : ,368286•00 11TPH3 c -.•95615-00 

o,c, GAIN : ·000000 • ROOT LOCU5 GA!N • ,510842•00 

AP~ a ,510842•00 aP~ a ,650449•01 CPW • •,932~30•01 
DPW a .000000 

·.0000 OECIUEI TRANSFER FUNCTIONS FOR BODV AXES UP 
FROM ORIGINAL BODY AXES• 

RESPECTIVE X Y AND l DISTANCES FROM 
TO ORIGIN OF AXES ARE, 
LX : ,1700+02 L Y = , 0000 

AIRPLANE C,G 

ANO LZ = -,0000 

RUN NO. L3 NUMERATOR CHARACTERISTICS FOR CYCLIC 

SlOESL IP ALONG BODV Y AXIS PER Dt LTA CVC~IC 
PERTURBATIONS ABOUT AN J~ITIA~ VALUE, 

voco,o 
ROOTS (COMPLEX FORM> 

·.1586-001 .oooo 
.3977+000 .3016+001 
.1977+000 -.3016•001 

zvq • -.654093-01 wva = .302299•01 11TVB = •,158Ao•·o1 
o.c, GAIN • .839026+01• ROOT LOCUS CAIN c ,181646+01 

AVB • .181646+01 BVR : -,689535•00 CVB : ,16588l•~2 
OVB • .263279•00 

ROLL RATE ABOUT AO~Y X AXIS PER DEl TA CYr.~tC 
PERTUqBATIO~S ABOUT AN !'l!lTJAL VAL.l 'E• 

PO : 0, 0 
ROOTS (COMPLEX FORM) 

,2744-001 .1300-025 
,J517+000 -,7679-042 

-.~o7J+ooo .1154-039 

1/TPB1 : .274481-01 1/TP~ 2 : ,351748-00 1/T~B) : -,5Q7309-00 
DoC• GAl~ : ,793631-01• ROOT LOCUS GAIN : ,508443•00 

AP~ a .~08443-00 BPB : ,651382-01 CP~ • -,929001~01 
CPR • .249QJ4-02 
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YAW RATE ABOUT BODY Z AXIS PER DELTA CYCLIC 
PERTURBATIONS ABOUT AN INlTIA~ VALUE, 

NO • 0,0 
ROOTS CCOMPLEX FORM) 

,8967+000 .oooo 
•,4637+000 .~760•000 
-,4637+000 •,6760•000 

ZAB • ,565650•00 WRB • ,819165•00 11TAB • ,896710•00 
o,c, GAIN • •,962175•00, ROOT LOCUS GAIN • ,501272•01 

AAB • ,501272•01 BRB • .154414•02 CR~ • •,799686•02 
CAB • •.302142•01 

COERIVATtVE OF) SlOE ACCELERATION AS MEASURED 
BY AN ACCELEROMETER •~ER OELT& CYCLIC 

PERTURBATIONS ABOUT AN INITIAL VALUEa 
AVO • 0,0 

ROOTS CCOMPLEX FORM) 
.oooo ·.oooo 
.1037+001 ,0000 

-.5405+000 ,8324+000 
-,5405+000 -.~324•000 
-.3274•001 •,4391•031 

WAY • ,992574•00 ZAY • ,544617•00 
11TAY1 • ,103711+01 1/TAY2 • •,540573•00 

O,C, GAIN • •,193793+01• ROOT LOCU~ CAIN • ,181646+01 

AAY • ,181646+01 BAY • ,138199•00 CAV • •,245944·00 
OAV • •,186538+01 EAY • •,608105•01 FAY • ,000000 

COERlVATIVE OF) LATE~AL GROUND SPEEOa PERPENntCULAR TO 
INITIAL FLIG~T PAT~. PER OELTA CYCLIC 

PERTURBATIONS ABOUT AN tNITtAL VALUE, 
VGO • O,O 

ROOTS (COMPLEX FORM) 
.4228•000 .oooo 

-,4379+000 ,8372-026 
-.3049•001 ,3017•001 
-.3049•001 •,3017•001 

WVG • .301736+01 ZVG a ,101065~01 
tiTVC1 • ,422897•00 1/TVG2 c ·,437989·00 

o.c, GAIN • ~.976202+02, ROOT LOCUS GAiN • ,1A1646+01 

AVG • .181646+01 BVG • .138199•00 CV~ a ,162032+02 
OVG • .229065•00 EVG • • .306324+01 
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TRANSFER FUNCTIONS FOR STASIUITV AXESi 
ORIGIN AT AIRRLANE CiO. 

RUN NO. L3        NUMERATOR CHARACTERISTICS FOR TAIL ROTOR 

SIDESLIP ALONG BOOT V AXIS PER DELTA TAIL ROTOR 
PERTURBATIONS ABOUT INITIAL VALUE. 

VO ■ 0.0 
ROOTS (COMPLEX FORM) 
-.2474-002       .0000 
-,8*41*000       .0000 
.1435*003       .0000 

l/TVBl ■ -.247411-02 1/TVB2 ■ •.844197-00 1/TVBS •  .143902*03 
B.C. GAIN ■ •.114128*01. ROOT LOCUS GAIN ■  .10S400*00 

AVB ■ .10»*00*00 BVB ■ «.172314*02 CVB " -.190120*02 
DVB ■ -.370477-01 

ROLL RATE ABOUT BODY X AXIS PER DELTA TAIL ROTOR 
PERTURBATIONS ABOUT INITIAL VALUEi 

PO ■ 0.0 
ROOTS (COMPLEX FORM) 

.0000 .0000 

.2243*001      .0000 
-.2431*001      .0000 

1/TPB1 * .000000    1/TPBt • .224394*01 1/TPB3 ■ •.S43l|S*0l 
D.C GAIN ■  .000000  * ROOT LOCUS GAIN ■ -.4440f4-0l 

APB • •.444094*01 BPB " •.111384-01 CPB ■  ,349477-00 
DPS ■ .000000 

YAW RATE ABOUT BODY I AXIS PER DELTA TAIL ROTOR 
PERTURBATIONS ABOUT INITIAL VALUE. 

NO ■ 0.0 
ROOTS (COMPLEX FORM) 

.If40*000     •.7112*000 

.1940*000      .7112*000 
-.1249*001     -.4101-030 

ZRB • •.243144-00 WRB ■ .737279-00 1/TRB ■ -.124922*01 
D.C. GAIN • .371323*01* ROOT LOCUS GAIN • .172140-00 

ARB • .171140-00 BRB ■  .147993*00 ORB •  .103921*01 
ORB • .114918*00 
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(DERIVATIVE OF) SIDE ACCELERATION Al NlAlU*EO 
ay AM ACCELEROHETE*! »in DELTA TAIL WOR 

PERTURBATIONS ABOUT INITIAL VALUE* 
AYO ■ 0,0 

ROOTS (COMPLEX FORM) 
.0000 .0000 

-.349S-002 -.SBlO-Oil 
-.•»15*000 ".1211-034 
-.41>7*000       .41***001 
-.4i»7*ooo    •.4in*ooi 

WAV ■  .431**1*01   ZAV •  ,**30**«01 
l/TAYl ■ -.349SA6-02 1/TAV2 • -.A91S3S-00 

O.C 6A1N ■  .1S2139-00. ROOT LOCUS ^AlN ■  .101*00*00 

AAV ■  .10B*00*00 BAY ■  .161454-00 CA* •  .203441*01 
DAY ■  .137143*01  EAY ■  .4773*7*02 PAY •  ,000000 

(DERIVATIVE OF) LATERAL GROUND IKED« PERPENDICULAR TO 
INITIAL PLIGHT »AT*. PfiR DELTA TAIL ROTOR 

PERTURBATIONS ABOUT INITIAL VALUEi 
V6C • 0,0 

ROOTS (COMPLEX PORM) 
.2000*001       .?42**00l 
.2000*001      «.2424*001 

-.2743*001      «.1*02*001 
-.2743*001       .1*02*001 

WV61 •  .314213*01 ZV61 • «.434441-00 
WV62 ■  .335414*01 2VC2 ■  .823753-00 

D.C. CAIN •  .375190*03« ROOT LOCUS CAIN •  .105*00*00 

AVI •  .105*00*00 BVG •  .141454-00 CVI ■ -.10371**00 
OVI ■  .1012*7*01 EV6 •  .117731*02 

(DERIVATIVE OF) RANK ANCLE PROJECTED ON VERTICAL 
PLANE. PER DELTA TAIL ROTOR 

PERTURBATIONS ABOUT INITIAL VALUE* 
PHO ■ 0.0 

ROOTS (COMPLEX FORM) 
.0000 .0000 
,2243*001       .0000 

-.2431*001       .0000 

1/TPH1 ■  .000000    1/TPH2 ■  .224354*01  l/TPh3 ■ -.243111*01 
O.C. CAIN ■  .000000   « QOOT LOCUS CAIN ■ -,4440**-01 

APM ■ -.4440*9-01 BPM ■ -.111384-01 CPu •  .345477-00 
OPM •  .000000 
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~UN NO, L.3 

TRANSFER FU~CT! C~IS FOR BOOV AXES UP 
~ROM ORIGINAL BODY AXES, 

RESPECTIVE X V &NO Z DISTANCES FROM 
TO ORIGIN CF AXES ARE, 
LX • ,1700•02 LV • oOOOO 

-.oooo "ECREES 

AIAPLANE C,G 

AND LZ • ··0000 

NUMERATOR C~ARACTERJSTICS FOR TAIL. ROTOR 

SIDESLIP ALONG BODY V AXIS PER DE~TA TAIL ROTO~ 
PERTURRATtONS ABOUT AN tNtTtAL VALUE, 

vo•o.o 
ROOTS (COMPLEX FORM) 

.1205+000 .oooo 
-.9371+000 .oooo 
.58~0+001 .oooo 

1/TV~l • ·120~96+0 1 11TVB2 a -,937148•00 11TV83 c .585034+01 
o.c. GAl~ : .617302•02• ROOT LOCUS CAIN • ,292965+01 

&VB • .292965•01 eve • •,147472•02 ev~ • -,t4326J•o2 
OVB : ·193704~01 

ROLL RATE ABOUT BOOV X A~IS PE~ DELTk TAIL ROTOR 
PEqTURBATJO~S ABOUr AN INITIAL VbLUE, 

PO • 0,0 
ROOTS CCOMPLEX FORM> 

.26le-oot .oooo 

.1973+001 ,0000 
-,2288+001 ,0000 

1/TPB1 • .263176·01 1/TPB2 • .t973t0+01 1/TPB3 • •,221158+01 
o.c, GAIN • -.305021-00, ROOT LOCUS ~At~ • •,80l258•01 

APB • •,803258-0t BPB • •,232215-01 CP! • ,363311•00 
OPB • •,957129·02 

VAW RATE ABCUT BOOV Z AX!S PER DELTA TAIL ROTOR 
PERTURAATJONS ABOUT AN I~lTIAL VALUE, 

NO • 0,0 
ROOTS CCOMPL.EX FORM) 

o1418+ooo ,7559+000 
.1488+000 •,7559+000 

-.1177+001 .1172-027 

ZRB • •.193206•00 WRR • ,770518•00 1/TRB • -,117755+01 
o.c, GAIN • .37006&+01• ROOT LOCUS ~A!N c ,166103•00 

ARB • •166103•00 BRR c .146140-00 CRB • ,403790•01 
ORB • .116124+00 
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(DERIVATIVE OF) Sl~E ACCELERATION AS MEASURED 
BY AN ACCELEROMETER ,Df.R OELTA TAIL ROTOR 

PERTUR~A ~ IO~S ABOUT AN INITIAL VALUE, 
AVO • 0,0 

~OOTS <COMPLEX FORM) 
.coco .oono 
,7484-001 -.1038•001 
,7484-001 ,1038+001 

-,142A•002 •,1271•031 
•,10!1+001 ,7A!7•031 

WAY • .1041~8+01 ZAY • •,71A5)0•01 
11TAY1 • -.142854•02 1/TAY2 • •,105144+01 

o,c, CAIN • e152139~00t ROOT LOCUS GAIN • ,292965+01 

AAY • ,292965•01 BAY • ,264603•01 eAY • ,272106+01 
OAY • ,]]4574•01 EAY • ,471391•02 FAY • ,000000 

COERlVATlVE OF) LATERAL GROUND SPEEDe PERPENOlCULA~ TO 
lNlTlAL FLtG~T PATH• PER neLTA TAlL ROTOR 

PERTURBATIONS ABOUT AN l~ITtAL VALUE, 
VGO • 0,0 

ROOTS <COMPLEX FORM) 
,7784•000 .1099•001 
,7184+000 •,1099+001 

-.1230•001 •,8370+000 
-,1230+001 ,R]10•000 

WVG1 • .134736+01 ZVC1 • •,577761·00 
WVG2 • ,148783+01 ZVC2 • ,R26140•00 

o,c, GAIN • .375190+0], ROOT LOCUS CAIN a ,292965+01 

AVG • .292965+01 BVG • . • 26460]+01 CV~ • ,582651•00 
OVG • .298108+01 EVG • ,117731+02 
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vv • 
VP • 
v~ • 

VVO 11 

VPO II 

VRO • 
VA • 
VCR• 

u • 
JII1AC~ • 

MAC • 
HT • 
LX • 
CL • 
IX • 

SPAN • 

YV : 

VP • 
v~ • 

vvo • 
VPO • 
VRO • 

VA • 
VCR• 

ROOTS OF A/C LATERAL OlRECTIO~AL TRANSFE~ FUNCTIONS 

RUN NO, L4 

VERTOL VHC-lA 1500FTI~I~ DESCE~T AT 60 ~NOTS 

INPUT DATA 

DIMENSIONAL STABILITY DERIVATIVES 
UNITS ARE 1 PER RADIAN 
CBOOV AXES DIFFER BV ,1930+02 OEGREES• POSITIVE 

FOR NOSE UP, FROM STABILITY AXES) 

-.1517•00 
-.1862~01 
-.2282-00 
-.oooo 
-.oooo 
-.oooo 

,8469-00 
,7300-01 

,9850+C2 
-.oooo 
-.oooo 
-.coco 

.170C+C2 
-.coco 

.9203+04 
-.oooo · 

LV • 
LP • 
LR a 

LVO • 
LPD • 
LRO • 

LA • 
LOR• 

UZ • 
RMO • 
IXZ • 
X I • 
LV • 
co • 
IZ • 

•,3710•02 
•,8746•00 
•,7680-01 
·.0000 
•.0000 
-.oooo 

,4323-00 
•.13!55-00 

,3450+02 
,2380-02 
,7114+04 

•. cone 
... oooo 
-.oooo 

,7179+05 

NV • 
NP • 
NR • 

NVO • 
NPO • 
\IRO • 
~A • 
NOR• 

GAMA • 
s • 

IV • 
TOT • 

LZ z 
w • 
G • 

DIMENSIONAL STABILITY OERtVATIVEStPER 
STABILITY AXES 

-.1517•00 LV • -.1210-01 NV • 
-,1833+01 LP • •,7)64-00 NP • 

,4001-00 LR • ,1255-00 NR • 
• coco LVO • .oooo NVO • 
.oooo LPO • ,0000 NPD • 
.oooo LRO • .oooo ~RD • 
.8469-0C LA • ,3724-00 NA • 
,730C·C1 LOR• ,224C·OO NI:>R• 
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-,4560-02 
.. ,4000•01 
-,3300-01 
-,oooo 
-.oooo 
-.oooo 

,2385-01 
,1591•00 

-,1390+02 
-,oooo 

,7591+05 
.. ,oooo 
•,0000 

,1340+05 
,3220+02 

RADIAN~ 

... ,4290-02 
•.1021-01 
-,2700-01 
,oooc 
.coco 
.oooo 
,4J]4-02 
,1613-00 



CIMEN8|0N4l OEmVATfvlf. »■txro 

W ■   -.m7-00   LV ■   •.1271-01    NV • ••1171-01 
VP ■  -.l«33*0l  L» •  •,♦••1-00   N» ■ •.279f-00 
v« •   .«001-00  t« ■   .lttl*00   NU • -»yOH'OZ 
VVO ■   'OOOC    uVO ■   .0000    NVO ■ i0000 
v»5 •   .3300    L^ •   .TOOO    WP • ,0000 
v«9 ■   .0000    u«0 •   .0000    WO ■ 10000 
VA •   .•«««-00 La •        .«««S-OO   N« • .tltl*00 
VO**   .'300-01  LOU*   .«»l«-00   NOR» ,lf««-00 

IV ITAttLlTV AXf&. u* ilO««*OI 
•|M»i .11«0*0>  IZZ« .««S«*0S  fXI« .1J«7*09 

k«Tf«AL DINICTIONAL OINO-f^TO« «OQTI 
«OOTS iCO"»Ll« 'O«-» 

.ll«3*000 .»7is.e22 

.M2e»O00 .2773-037 
-.«•10-931 .«|T«*03« 
•.1??1»001 .l2««-93« 

Tl t   .'«««««•::     T2 •   .U«««S*01     TS ■  •.t070«9*02 
T« ■  -.»«4«ii-00 

cowietiNTt 

« •   .10000*01  H •   .ll«2«*0l  C ■  ••1072«*0t 
0 •   .'«It2«0l k •        .«2030-02 



TRANIFEft FUNCTIOMI FOi STABILITY AXEIi 
0HI6IN AT AlMtANE CO. 

NUN NO. L4        NÜMIR4T0« CMA«ACTE«I8TIC8 FOR CTCLIC 

SIOEtLlP ALONG BOOT V AXIS RED DCLTA CTCLIC 
HNTUIIBATIONS ABOUT INITIAL VALUE* 

VO • 0.0 
ROOTS (COMPLEX FORM) 

.1123*001      .0000 
•.3IS4-001      .n000 
.1595*002       ,0000 

1/TVB1 •  .112300*01  1/TVB2 • •.30SS22-01  1/TVBS ■  .199949*02 
O.C CAIN ■  .9433l**02i ROOT LOCUS SAIN ■  .•«A900-00 

AVB •  .•4S900-00 BVB ■ «.144903*02 CVB •  .14*1*1*02 
DVB • .9S9137-00 

ROLL RATE ABOUT BOOT X AVIS HR OiLTA CTCLIC 
PERTURBATIONS ABOUT INITIAL VALUE* 

RO ■ 0.0 
ROOTS (COMPLEX FORM) 

«7139*000      .0000 
-.7404-001      .0000 
-.7099*000      .0000 

1/TR01 ■ .7139*2-00 1/TRB2 • -.740AS2-01 1/TRB3 • -tTBtf11*00 
O.C* GAIN ■ -.339909*01* ROOT LOCUS SAtN •  .491332-00 

ARB • •«90992-00 BRB • .747997*01 CRB • -.770239.00 
DM * -.200149-01 

VAN RATE ABOUT BOOT 2 AXIS RER DELTA CTCLIC 
RERTURBATIONS ABOUT INITIAL VALUE* 

NO • 0.0 
ROOTS (COMRLEX FORM) 

•0194*000      .0000 
-.4470*000      .7942*000 
••4470*000     •.7941*000 

SRB ■ .92049S-00 MM ■ .••«042-00 1/TRB •  .S234S9-00 
O.C. BAIN • ••199999*02* ROOT LOCUS SAtN • .199009*00 

ARB • •19BOBB*60 BRB • .99A421-02 CRB •  .2990A9-03 
ORB ■ -.•41092-01 

y* 



*4l/V|(tlOEtLlM>       .i»C«->F3 »wl/BETAi      .1IIM3S 
re* «00T(     .|>43-00.     .3009        w» 

PMl/VKtIOIItl*)*       .2«4*«0i »Ml/lfti«      ,9074*01 
ro« •OOTt     .Mlt-OO»     .2773-37 gJ 

»Mt/V|(||0(IL1*)*       .1003*91 »Mi/iftAt      .1047*09 
fO" •00»(  -.4911-01«     .ti7*-3* j) 

»Mt/VfCilOClLl»)«        .1947-0)   »ut/fETl«       .1*14*01 
rO* HOOtt  •.1771*01*     .12M-      j) 

(ocmvATivE of) st.   AceiLmTtoN it Mfituno 
•V  «S ACCekE«e>   TfR,  Pf» 0lt74 CYCLIC 

H«TUM4T|0K«   AOQUt   INITUu  VALUEi 
AVC • CO 

«OOTS (COOLEM roKM) 
.0000 .9000 
.«{•«*000 .9000 

-.4*99-001 -.13*4-021 
-.4901*000 «.1404*001 
-.4901*000 .14M*001 

WAV ■    .14*M**01        ZAV •    .t92l39-00 
1/TAV1  •     .921*11-00  1/7AV2  •  -.4*992*-0l 

O.C.  OAIN ■ •.127399*02* *00T LOCUO UX** •    .94**00-00 

AAV •  .94*900-00  BAv • •.19**4*-01 CAV •  .11*792*01 
OAV • •.1**3*4*01  EAV ■ •.7*014*-01 »A* •  .900000 

(oc'ivAim on LATERAL OROU*« OHEO* HMENCICUIA» TO 
INITIAL ^LlftMT »ATM« H« DELTA CTCLIC 

HVTUMATIONS AIOUT INITIAL VALUi* 
V60 • 0*0 

ROOT* (COMPLEX »0«-) 
.719**000      .0000 

-.79*4*000      .0000 
.2*29-001      .43*2*001 
.2*2*-00l     •.43*2*001 

wv6 ■ .43*2***01   ZvC • -.«7l9*2-C» 
1/TVtl • .7l**2*-00 1/TV62 • -.79*44*.0C 

o.e. uxs • •.i4i9i**04* ROOT tocu* OAiK •   .*4**oe-oo 

AVC •  .••*tC0-0ö BVG ■ •.19*949-01 CV5 • .19*9*1*02 
OVC •  .919723-00 SV6 • •.97^923*01 



(0C«IVAT|VE   Of)   PAV<  A^CLC  »«OJECTfC  ON VCKTICAU 
PLASE*   »I«  OCL^A  CVCktC 

P|«TUM«T|OKt  A0nuT   INITIAL   VALUE* 
PMO ■  0,0 

«OOTS  f COMDEX F3**} 
•7003*00L .0000 
.•äI«-OO« .coeo 

-.•»•I*OP? ,cgoo 

l/T»Ml ■  .700i7»-00  1/TPU2 «  .Hlllt-O* I/TPMS ■ •.•9«lif*00 
0«e« GAIN •  .37«3S3-0'« vor LOCUt 64f\ • .«^0»«'«00 

A»U •  .4»0»*7*00  «»»M •  .'OlW'O* C»- • -.2T31A2-90 
0»H •  .232U1-09 

T««i«srE« FUKCtto^ rrt B?OV Avrs jr -.ocoo  octHH 
»«C- 0«I6INAL BCOV  AXES, 

<»M»ECTIVE  K V AND Z OUTANCEI rQO»<  Al^LANi CO 
TO 0*I6th 0' AXEI AH. 
L< ■    .1700*02 I* •     «0006        4»0 LZ ■ -.0000 

«UN SO*    L« •.W-E»ATC« r-A«*CTf»|8T!C« roo OVCLIC 

&I9C8L:P At.CN6 0^v v  AVIS PI« 0ELTA CYCLIC 
pfHTuahATio^s Aoru^ A\ :MV!«. VALHI 

V3«3,0 
«09T8   (CO^kEX »O«-) 

./2«ft-00l -.MSO-02* 

.11 «««001 .MM*000 
,1144*001 •.»•»••COO 

IV« ■  -.M/>4«-0C    -vp •     .143»S0*01    l/TVB •     .72f4«3-0l 
O.C*  6A1X • •.142C7M03«  «OOT tOCw« OAfV •    .»M2I0*01 

AVft ■     .M*20e*01    «v« • -.13«J03*02 CVt •    .130372*02 
DV« • -.••1309*00 

«Ott «A*t A»0ü7 •OP* > A«|« »!• "CLVA cvetic 
»f«VU«bATlS^^ ABOU* AS l\'lTt«L V«UUlt 

p« ■ 0 9 
9907» CCO«*».EX 90»*) 

.•93i*0C-       .0000 

.3133-001      .9000 
-. ••33*00'*      .9000 

l/Wl   ■     .*93»«4-::    !/*••? ■     .313993-01    1/TM3  ■  -.••3307-00 
9.C.   UW  •     .1S!»7M91.  990* kOCu*  64?\ ■     .«2497t-00 

A»9  •     •4244/I-00     <«*»  •     .*7»t94-01  CM   ■  -.?*299f-00 
9»« i     .■iM*7-02 



VAN «AU «icjT ioo* r Ami MI O«LTA CVCLIC 
n«Tu«B»T|0M AIOUT AN |^|T|Ak VAkUl* 

NO • 0.0 
«OOTf (CO(#Lll »Ot") 

.77J«*000     .nooe 
-.««47*000        •4t41«000 
-.4447*000      •.4t4t*000 

mi •   .'23nt-oo   wan •   .AIAAOA-OO   I/TM ■   .i»jfT4.oc» 
o.e. uiH • -.IJ«OA»*O2. MOOT toctt *AI* •   .tnofs*oo 

AM •    .tfftOftS-OO    RM •    .S411M-0I CM • -.♦UMJ-Ol 
OH  •   -.AAIAIS-Ol 

101« I VAT t VI Of) tlOE ACCILIRATION At NlAtUHO 
•v äH  ACeCLCROMffTIR ,»f* OILTA CVCktC 

HRTUMATIOM AtOUT AN |Ntt|AL VALUf. 
AVO • 0.0 

•OOTt fCOMRLlK »OR«I 
.0000 .0000 
.0l4ft*000      .0000 

•.A424«000     •.AMl^OOO 
-.4424*ooo .*m*ooo 
•.t»«R-001 •.«IffOSl 

WAV •    .00R»t9*00        ZAV •    .tAfttl-OO 
f/TAVl •  .•14444-00 1/TAV2 • -.«4J444-00 

O.C SAIN • -.127300«02* ROOT uOCu« OAtN ■    .MRttO*01 

AAV ■    .HR2l0*0t    RAV ■    .fAlt»0-00 OAV • -.AitOM-OO 
OAV • -.SU02«*01    EAV • •.7tOlRf«01 »AV •    .000000 

lOfRlVATIVE 0») tAtC«AL SROUNO %Htü» RfRRfNOlCULRR TO 
INITIAL 'LIOMT »ATM,  »fN BCLTA evCLfC 

RfRTURiATIONS ARCJT 4N  |N|T|Ak  VALK» 
VOO «0*0 

ROOTt CCOM^LC" 'OR«) 
.7301*000 .0000 

-.•ti5-00l .1707*001 
••0109-001 -.l70»*00l 
-.'011*000 •.l700-0>0 

WO •     .l70iT0*0l        2VC •    .M1991-01 
1/TV01  •     .TS0ltl-00  1/TV02 •  -.Alif|7-0l 

O.e.   CAIN  •  ••1410U*OA«  «OOT LOCUf CAIN  •     .M0S00*01 

AVO •     .»OfttOO'Ol    0V6 •    .901170-00 CV« •     .lAfif7t*et 
OVO • -.OOO'IS-OO    tVO • •.077R19*01 

)8 



RUN NO, L.4 

TRANSFER FUNCTIONS FOR STA~I~lTY AXES, 
ORIGIN AT AIRP~ANE C.~, 

NUMERATOR C~ARACTEAISTIC~ ,0~ TAI~ ROTOR 

SIOES~IP A~ON G BOOY Y AXIS PER OE~TA TAIL ROTOR 
PERTURBATIONS ABOUT INITIAL VALUE • 

vo • 0,0 
ROOTS CCOMPL.EX FORM) 
-.2385•001 .oooo 
-,1512+000 ,0000 

.5249+003 ,0000 

1/TVB1 • -,238529•01 11TVB2 ~ •,151227• 00 1/TVBl • ,524913•03 
o,c , GAIN • ··222834•02• ROOT ~OCUS GAIN • ,7)0000•01 

AVB • ,730000·01 BV B • •,]83059•02 CVB • -,670851•01 
DVB • •,131223•00 

RO~~ RATE ABOUT BODY X A~IS PER DELTA TAt~ ROTOA 
PERTURBATIONS ABOUT INITIAL VALUE• 

PO • 0,0 
ROOTS CCO~P~EX FORM) 

- , 7871-001 -.5655•000 
•,7871•001 ,5655•000 
-,7424•001 ,8281•032 

ZPB • .137850•00 WPB • ,571012•00 1/TPB a •,742418•01 
o.c, GAIN • ·215l21•01t ROOT ~OCUS GAIN • ,55~757•00 

APB • .551757•00 BPB • .127825·00 CPB • ,116352•00 
· OPB • .133563•01 

YAW I'UTE ABOu~· BOOY Z AXIS PER OE~TA TAIL ROTOA 
PERTURBATIONS ABOUT INITIAL VALUE• 

NO c Q,lj 
ROOTS CCO~PL.EX FORM) 

,6112•0C1 ,4189+000 
,6112·001 •,4119•000 

~.8374+000 .1224•030 

ZRB • •.146003•00 WRB • ,423446•00 1/TRB • •,837464•00 
o.c, GAIN ' ,870073+01• ROOT ~OCUS GAIN • ,359412•00 

ARB • . ]59412•00 BRB • ,256554•00 CR~ • ,27221]•01 
ORB • .539704•01 
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COERIVATIVE OF) SlOE ACCE~ERATtON AS MEASUAEO 
BY AN ACCELEqOMETER, PEA DELTA TAIL ROTOR 

PERTURBATIONS ABOUT INITIAL VALUE• 
o,o AVO • 

ROOTS <COMPLEX 
,coco 

·,J9JI·001 
-.8251-001 

,5506•001 
,5506+001 

FORM) 
.oooo 
.oooo 
.oooo 
,6909+001 

•,6909+001 

WAY • ,883551+01 ZAV • •,623240•00 
1/TAY1 • •,393873•01 1/TAY2 • •,825870•01 

o,c, CAIN • .291855+01• ROOT LOCUS ~AIN • ,730000•01 

AAV • ,730000•01 BAY • •.195013•00 CAY • ,560110•01 
DAY • ,692508•00 EAY c ,185]79·01 ~AV • ,000000 

CDERIVATIVE OF) LATERAL GROUND SPEECe PERPENDICULAR TO 
INITIAL FLIG~T PAT~, ~EA DELTA TAIL ROTOR 

PERTURBATIONS ABOUT INITIAL VALUE• 
VGO • 0,0 

ROOTS CCOMPLEX FORM) 
-.7261-001 .5235•000 
-,7261-001 •,5235+000 

,5511•001 •,1567+002 
,5511•001 ,1567+002 

WVG1 • ,528534•00 ZVG1 • ,137393•00 
WVGZ • .166191+02 ZVG2 a •,JJ20ll•OO 

o,c, CAIN • ,908070+03, ROOT LOCUS GAIN • ,730000•01 

AVG • ,730000•01 BVG • •,195073·00 CVG • ,200672+02 
OV~ • ,270342~01 EVG • ,563274+01 

COERIVATIVE OF) BANK ANGLE PROJECTED ON VERTICAL 
PLANEt PER DELTA TAIL qo;OR 

PERTURBATIONS ABOUT INITIAL VALUE• 
P~O • Q,O 

ROOTS (COMPLEX FORM) 
,oooo ,0000 

-,6950•001 •,6190•000 
-,6950-001 ,6190+000 

Z~H • .111569+00 WP~ a ,622971•00 1/TP~ • .000000 
o,c, GAIN • .000000 , ROOT LOCUS CAIN • ,449259·00 

AP~ • ,449259•00 BP~ = , 624506•01 ~p~ • ,174354-00 
OPH • .000000 
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T«ANmR rUtCTlCNt Pm BOOV  4VFS U» ••0000        OfeKCH 
r«0H 0«l6tKAL P*3V  AV^Si 

MiincTlvi  »  *  i^f) Z OISTA^CCI r«0M AlMtANf Ci6 
TO 0«I6!S C  AXES A«Ci 
L«  •    .1700*02 LV •     »0000        AND Ll • -«0000 

«UN NO.     LA SÜH|«AVO" euA>ACT|»tlTtef r0* TAIL »OTO* 

SIMSut» ALC^O BOO« V AXtl n* 0£LTA  TAIL »OTO« 
PE«TullbAT|0\S  ABOUT AN  INfTfAL  VALUE« 

vro.c 
»OQTS (CC^LEX 'C«M) 

.f«0»-001       .0000 
-.IAOA-CC:-     ..•"»ec 
.3Nft«c9;     .nooc 

I/TVHX • .no*»-:: i/tvbJ • -.;«:MI-C: I/'.O • .M*t2Mot 
D.C.  6A1N •     .I2t4i«*03*  MOOT LOCuB 6AlS  ■     .••A0l»*0l 

AVB ■    .•9«3l»*0l    nv« • «.SSATU^Ot CVB • •.»21450*01 

•OLL  »ATE  ABOU*  "30* X «X|B •£• SELTA TilL «QTOB 
rt»»       *A»|C\4   Ad-Jt   •\   I*l|T|At   ^Uti 

}   ■   Q   Q 

4C0T* (cc••Pi.£x^^•,,» 
-.•Cl7-::i .M44*29C 
•.*012«0?1 •.«444*000 

.3J04-Cil •.4T40-0S2 

IM   ■      .»?«4M-0l     «M   •      .•4Tf4S-00     l/T»B   •      . SlO«l»-ei 
9*e*  CAIN •  •.MS«T«*30«  «OOT ^OCUB CAIN  •     «AOlBJfOO 

4M •    .431131-00    «M •    .S»4St«-Cl CM •    .lBBBTB-00 
OM • •.»?in4-02 

v«* «ä'E ABCV» BC,5V / AXIB PE» SI^TA ^AU "OTOB 
rE»Ti>«4AT|OS»   AB^^*  AN   I^I'fAt   V^fE» 

NO ■ :.- 
•OO'I cco^vt« f&Vi 

.14V2-?31 .42«i*C3C 

.X4«2-9C: -.4f«J*000 
•.*'»0*03r -.1440*02» 

2tt • •.»4/443-31    «•• •    .42«»T2-89    !/*•• • •.»'BO'O'OO 
3.t.  OAl^ •     .4f^l»B«';i.  «*:• fc.OCw» BA**   •     .»2l»tB-0C 

A«« ■    .»2iM»-0e    B«« •    .24454»-5: ••• •     .'Tj«»»-?! 
3««« •    .5>m*-cx 



'3F.«IVATIVF. Of)   «IDE *CC?UE«*TlO\ AS NIlSUHfO 
B* *^ ACCEuEiOHPTEB ftR* ^EtU »All »«TO« 

P|«TU«eATI0\5 ABOUT AN IMITfAL VALUE* 
AVO ■ OiO 

«oots ICO^L^X r (>■*•) 
.0000 .0000 

-.23*4*000 .7*9I-01» 
-•1027*000 -.^»35*000 
-.1027*009 .«»3B«000 
-.im-ooi -.Tts^-oso 

MAY •  .ISfTQi-oo   ZAV •  .ll»4«i*00 
1/TAV1 • •.2344A9-00 1/TAV2 ■ -.102700*00 

O.C. 6A1N •  .29M9«*01* MOOT LOCUS 6AIM ■  .M«0l7*0i 

AAV •  .894017*01  BAV •  .40Sf4f*0i CAV t  .70S»l7*01 
OAV • .10341*01 CAV ■ .IM3M-01 rAV ■ ,000000 

(OEHIVATtVE OP) LATERAL OROU«« ••EIO. »EMENOICULAB TO 
INITIAL PLIBMT PATM. •!■ OILTA TAIL •OTO* 

PEHTUVBATIOKB ABOUT AN |V|TtAL VALUEi 
V60 ■ 0.0 

«00T8 (CO**LC* PO*«) 
•.7M4-001      .MTS*000 
• ,7404-001       •.0470*000 
-.1490*000      •.1427*001 
-.1490*000       .1427*001 

WVOl •  •»»3202-00 ZvCl •  .1SS904-0O 
wvet ■ .143414*01 Iv62 •  .103997*00 

O.C. GAIN • .909070*03* «OOT LOCUS 6AfS •  «994017*01 

AVO •  .994017*01  BVO •  .403949*01 CVS ■  .71»»lS*02 
DVO •  .394439*01  EVC •  .»43274*01 
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«OOTf Or A/C I.ATI9AL niHCTIONAL ▼•••*»!• 'ü%C»IONt 

•US ^0«    Ll 

VEHTOL VMC-iA  MOVI« 

ISPJT DATA 

HMWiONAt »TABUITV ocatvAttvfi 
UNITS An i n* MoiAs 
(«oov AXIS wn* •¥   ,fi7t*oi nenn, »oii^tvi 

vv • -.tU4«00 LV • •.»•00-01 HV • •1000*03 
Vf • -.ust-oo L*  • •.f0»3-00 *» • ••1000*01 
¥• • •.IJS2-00 W« • *.1300*01 Ml • •.3000*01 
wo ■ ..oooo LVO • •.0000 W • ••oooo 
v^O ■ ••0000 LW • ••0000 VO • •.0000 
v*o ■ -.0000 L«9 ■ -.0000 «MO • ••oooo 
VA ■ •ff00*00 UA • .4004*00 HA • .3000*01 
VOK« .l«M-00 LOM •.1104*00 soo» .1700*00 

u • .lOiO^Oi UI • .1000*00 OAMA • •oooo 
MACM ■ ..oooo «MO • .isoo*ot %  • •.0000 
HAC • -.0000 IXI • .7114*04 IV • •7»fl*0S 
MT ■ -.0000 X| • •.0000 TOT • ••oooo 
LX • .i700«0I LY • •.oooo Li • •.0000 

.1340*00 CL • -.0000 CO • •.oooo w • 
IK • .f103*04 It • .n't*o» 0 • •3110*01 

MAN • -.0000 

OINCNSlONAk STAOUITY DC«|VAT|VftiPC« «AOUH« 
STAlltlTY AkiS 

YV ■ -.1AM-00 tv • •.0017*01 sv • •3300*03 
Y» ■ -."M-00 t« ■ *.»71A*00 •# ■ •.1704*01 

•.0471.01 YN ■ -.1057-03 t« ■ •.1114-01 Ml • 
YVO • .0000 LVO • .0000 NVO • •0000 
YPO • • OOOO L*D • .0000 1*0 • .0000 
v«c • •oooo L«0 • .0000 MIO • .0000 
YA ■ .ff00*00 LA • .9340*00 M • .1001-01 
YO«« .14*0*00 LOU« .103»«00 liOO* .1740*00 
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DIMENSIONAL DERIVATIVES• PRIMED 

'f'V • -.Z664•oo LV • •.1035•02 NV ' ·- .2105-04 

"'' . •,7753•00 L.P !I •,5111•00 Nil' • -,4391-01 

"'" ' -.2057•03 LR • •,3233•01 NR • .. ,5111-01 
'f'VD • • aooo LV" • .oooo ~vo • ,oooo 
"''D .. .oaoo LPO • .oooo NPO • ,oooo 
'fRO • .aaoo LRO • ,oooc ~RO • ,oooo 

'fA • ,t9IO•OO LA • ,5!106•00 NA • ,4500•01 
'fOR' .1466•00 I. DR• ,1719•00 NOR• ,1153•00 

IN STAIILIT'f AXES• UW e1023•01 
••••• ,1!166+04 IZZ• .7242•C5 tXZ• ,,214•04 

LATERAL. DIRECTIONAL DENO"INATOR ROOTS 
ROOTI CCOM,LlX ,ORM) 

,!1164•001 
,,, .... 001 

.,!1701-~01 
-~9746+000 

Tl • .,s,7!1406•02 
ZD~ • •·11!17!15~00 

OUTCN ROLL MODE 

II'ERIOD • 

,!1111•000 
•,ts.11•ooo 
•,2465•031 
•,1556•030 

TR • •,102606•01 
WOR • ,515302•00 RADISEC 

• .120129•0! C'fCLIIISEC 

,12276•02 TIM! TD DOU!~E AM,, • 
TIME TO TE~ TJMEI AMP, • 

CYCL.EI TO DOUBLE AM,, • 
CVCLEI TO TEN TIMES AMP, • 

COEFFICIENTS 

' . 0 • 
• 10000•01 B • 
,26730•00 E I 

,91232•00 c • 
.14154•01 

,19103•00 
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TRANSFER FUNCTIONS FOR STAB!~ITY AXES• 
ORICIN AT A!A,LANE c,c, 

NUMERATOR C~ARACTERIST!CS F~ CVCLIC 

SIDESLIP ALONC BOOV Y AXIS PER DELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL VALUE• 

vo • o,o 
ROOTS CCO~PLEX FOAM) 
·.5446·D01 .ooao 
-.5171•001 ,4214•001 
-.5171•001 •,4214•001 

ZVB • .139469•01 WVB • ,421490•01 1/TYI • •,544669•01 
o,c, CAIN • .654530•02• ROOT LOCUS CAIN • ,991000•00 

AYB • ,991000•00 BYB ' ,171693•00 CYI • ,177362•02 
DVB • .965619•00 

ROLL RATE AIOUT BODY X AXIS PER DELTA CVCL!C 
PERTURBATJONI ABOUT INITIAL VALUE• 

PO • o,o 
ROOTS CCOMPLEX FOAM) 

.coco .aooo 
•,5762-0D1 .ooao 
-.2••6•ooo .oooo 

1/TPB1 • ,QQOOOO 1/TPI2 • •,576254•01 1/TPil r •,241671•00 
D.C. CAIN • ·000000 , ROOT LOCUS CAIN • ,550612•00 

APB • ,550612•00 BPB • ,1616!4•00 CPB • ,719037•02 
·DPB • .oaaoao 

YAW RATE ABOUT BODY Z AXIS ,ER DELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL VALUE• 

NO • 0,0 
ROOTS CCOMPLEX FORM) 

.2144•000 .5310•000 
. • 2144•000 •,!310•000 
•,74~4•000 •.1556•030 

ZRB • •.370322•00 WRI • .579214•00 1/TRB • •,746411•00 
o.c, CAIN • ,763711•00• ROOT LOCUS CAIN • ,449967•01 

ARB • ,449967•01 lAB • ,142160•01 CAB • ,616401•03 
DAB • ·112611•01 
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P~tiVECSIOES~lP>• .1185•01 PHI/BETA• 
FOR ROOT C • 5965-01 • ,5118·00 J) 

~HtiVtCIIOEI~l~l• ,1185~01 ~~IIBETA• 
,OR ROOTC ,5965•01• •,5111•00 J) 

~HtiVECIIOES~I,l• ,1439•02 PHI/BETA• 
FOR ROOTC •.5701•01• •,2465·~1 J) 

~JIVICIJOEILJ,l• ,2146•01 PHI/BETA• 
'OR ROOTC •.t746•DO• •e1556·30 J) 

.tt2t•01 

,147lw02 

COERIVATIVE OF) SlOE ACCE~ERATION AS MEASUREO 
BY AN ACCELEROMETER, PER OELTA CVCLIC 

PERTURBATIONS ABOUT INITIAL VALUE• 
o.o AVO • 

ROOTS CCOM~L.EX 
,aoao 

-,54l2·001 
.1592+001 

•,17i1+0DO 
-.1711+000 

FORM) 
.oooo 
.nooo 
.oooc 
,1427•001 

•.1427•001 

WAY • .167610+01 ZAV • ,523945•00 
11TA'1 • •,543204-01 11TAY2 • ,159251•01 

OeCe GAIN • -.164381•02• ROOT LOCUS GAIN • ,991000•00 

AAY • ,ttiOQO•OO BAY • .211742•00 CAY • ,211372•01 
OAY • •,446428~01 EAY • •,242537•00 ~AY • ,000000 

COERIVAT!VE OF) LATERAL. GROUNC SPEECe PERPENOICULA~ TO 
INITIA~ F~IG~T PAT~, PER OELTA CVCL.IC 

PERTURBATIONS ABOUT INITIAL VALUE• 
VGO • CeO 

ROOTS CCOMPL.EX FORM) 
-.3610-001 ,8988-019 
-,1766•001 •.2719•033 
-.1185-001 -,4215•001 
-.11i5-001 ,4215•001 

WVG • ,421626+01 ZVG • ,194145•01 
11TVG1 • •,361029•01 1/TVG2 • •,1?6624•01 

c,c, GAIN • ,?11645•00, ROOT LOCUS ~AtN • ,998000·00 

AVG • ,t91000•00 BVG • .217742-00 CVG • ,177501•02 
o·v; • , 966]92•00 EVC • , 115323·01 
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COERIVAT!VE OF) ~ A NK ANGLE PROJECTE D ON VERTtC'~ 
PLANEt PER ) ELTA CYCLIC 

PERTURBATIONS A~OUT INITIAL VALUE• 
P~O • 0,0 

ROOTS CCOMPLEX FORM) 
• cooo • 0000 

-,~762-nol . oo oo 
-.2486+0 00 .~000 

11T~~1 • ,QQOOOO 1/TP~2 • -,5762~4•01 1/TP~~ • •,2486,8 • 00 
D.C. CAl~ : .000000 , ROOT L OCU~ GA!N • ,550612-00 

AP~ • ,550612•00 8P~ • ,168654•00 CPI-! • , 7890 3'7-0t' 
OP~ a • !10000 

•• oooo . OE CREES TRANS~ ~ F NCTlC S r oR 8 OV AX ES vP 
FROM ORtGtNA~ BnOY AXESt 

RESPECTIVE X Y ANO Z DISTANCES FROM 
TO ORIGIN 0~ AXES A-£, 

At RPLA~E C, G 

RUN NO, L5 

i... X ; ,17 00•02 Y: ,Q000 A '0 LZ :r - • 0000 

NUM ERATOR C~ARACTERI ST!CS FO~ CYCLIC 

Sl~ESL I P AL ONG SOOY Y AXIS PEq DELTA CYC LIC 
PERT URBATIONS AB O T AN T ~ ITIAL VA LUE , 

v :o, o 
ROOTS (COMPLEX FORM) 
-.6~14- 0 1 .3133-026 
-.1013+ 00 0 ,237.8 + 0~ 1 
•,1013•00J •,2328+001 

ZVB • ,4~4713•01 wV8 • .23311 0•01 1/T VB ~ · , 651435•01 
o.c. GAIN c .782674•02• ROOT LOCUS GAI N a ,326210•01 

AVB • .326210+01 9VB • .87364 0-00 CVB : ,177694+02 
OVB • ·11~475+01 

ROLL RATE ABOuT BOPV X AXIS PER DEL TA CYCLIC 
PERT URSATIO ~ AB ~ T AN I TIAL VALUE, 

PO • 0, ~"~ 
~COTS (COMPLEX F OR~> 
-.1916• 000 •,B466•001 
-,1916+ 000 ,A466•001 

,7718- n 1 ,9239-031 

ZPB : .914731-0 0 ~ PS : .20053' - 00 1/TPS ~ , 771!29 •01 
D·C· Gb l~ : -·l2 314 ~+Q Q , ROOT LOC US GAl~ : ,536153-00 

APe= .5J6153·oo 8PR • .16'14•-oo cPs E ,7676•1-02 
OPB : -,181685-02 



YAW RATE ABOUT BOOY Z AXIS PER OE~TA CYC~IC 
PERTURBATIONS ABOUT AN tNITtA~ V A~UE, 

~0 • o,o 
ROOTS (COMPLEX ~ORM) 

·1224+000 -.3681•000 
.1224+000 ,3611•000 

·- , 5548+000 .1078•030 

ZRB • •,315568•00 WRB • ,317934~00 1/TRB • •,554113•00 
o.c, GAIN • .753789•00• ROOT LOCUS CAt~ • ,133183•00 

ARB • . 133113•00 BRB • ,412910•01 CRB • ,194951•02 
ORB • ,111213•01 

COERIVAT!VE 0~) SlOE ACCE~ER&TtON AS MEASURED 
BY AN ACCELEROMETER ,PER OELTA CYCLIC 

PERTURBATIONS ABOUT AN INI TIAL VALUE, 
AVO • Q,Q 

ROOTS CCOMPLEX ~ORM) 
.oooo ~oooo 
.1023+001 .oooo 

•,6241+000 ,9442+000 
-,6241+000 •,9442•000 
•,5672-001 ,1361•026 

WAY • .113117+01 ZAY • ,551460•00 
11TAY1 • .102315+01 1/TAY2 • •,624181•00 

o,c, GAIN • -.164381+02• ROOT LOCUS GAIN • ,326210+01 

AA~ • ,)26210+01 BAY • ,919689• 00 CAY • ,542791•01 
DAY • •.427521+01 EAY • •,242537•00 FAY • ,000000 

COERIVATIVE OF) LATeRA• ~ROUND SPEED• PERPENDICULAR TO 
INITIAL FLIG~t PAT~ r ~E~ fiELTA CYCLIC 

PERTURBATIONS ABOUT AN INITIAL VALUE, 
vco • o.o 

ROOT$ CCOMPLEX FORM) 
-.5280•001 .1536•026 
-.1231-001 ,4149•041 
-.1014+000 ,2]29•001 
•,1084+000 •,2)29•001 

WVG • ,233172+01 ZVC • ,464912•01 
1/TVG1 • -,521095-01 11TVC2 • •,12,127•01 

o,c, GAIN • ,781645•00• ROOT LOCUS GA IN • ,)26210+01 

&vc • .326210•01 eve • .919689•00 eve • ,177840+02 
OVG • .115545+01 EVG • .115)23•01 
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RUN NO. L~ 

TRANSFER FUNCTIONS FOR STA8tLtTY AXES• 
ORIGIN AT AIRPLANE c,c, 

NUMERATOR C~ARACTE~lSTICS FO~ TAt .. ROTO~ 

SIDESLIP ALONG BOOV Y AXIS PE~ DELTA TAIL ROTO~ 
PERTURBATIONS ABOUT tNITtAL VALUE• 

vo • o,o 
~OOTS (COMPLEX FORM> 
-.226!·001 .oooo 

.7896+000 .6038+001 
,7896+000 •.6038+001 

ZVB • ··129661•00 WVB • ,609012+01 1/TVB a •,226565•01 
o.c. GAl~ • .8)497)+01• ROOT LOCUS ~AIN a ,146AOO•OO 

AVB a .146600•00 ~VB • •·228204•00 CV! • ,543209+01 
DVij • ·12J191+oc 

ROLL RATE ABOUT BODY X AXIS PE~ DELTA TAIL ROTC~ 
PE~TURBATIONS ABOUT INITIAL VA LUE• 

~0 • o,o 
ROOTS CCOMPLEX FOAM) 

.oooo .oooo 
-,6694•001 .oooo 
-.2148+000 .oooo 

11TPB1 • ,QQODOO 11TPB2 • •,6694lw~ o 1 11T~Bl • -,214162•00 
o.c, GAIN • ·000000 • ROOT LOCUS CAIN • ,171872•00 

AP8 • .171872•00 BPB • ,48 434 6•01 CPS • ,247215•02 
OPB • .000000 

YAW RATE ABOUT BOOY l AXIS PEA DELTA TAIL ~OTOA 
PERTURBATIONS ABOUT INITIAL VALUE• 

NO • 0,0 
~COTS (COMPLEX FOR~ > 

,6881•001 •.5160+000 
.6811•001 .5160+000 

-.9520+000 •,6162•032 

ZRB • •,132159•00 WRB • .520663•00 1/TRB a •,952085•00 
o.c, GAIN • .324116•01• ROOT LOCUS CAIN • ,185276•00 

ARB • •185276•00 BAR • .150901•00 CAB • ,259505•01 
ORB • ,478198•01 



COERIVATIVE OF) SlOE ACCE~ERATION AS MEASURED 
ev AN ACCELEROMETER, PER DELTA TAIL ROTOR 

PERTURBATIONS ABOUT INITIAL VALUE• 
o,o AVO J 

ROOTS (COMPLE X 
.oooo 

-.2173•001 
.2167+001 

-,94io•ooo 
~,9410•000 

FORM) 
.oooo 
.oooo 
.oono 
.1815+001 

~.1115+001 

WAY • ,210744+01 ZAY • ,446540~00 
11TAY1 • •e2i73Z9•01 11TAY2 • eZ16711•01 

o.c, GAIN • •·207844+01• ROOT LOCUS ~A!N • .146600•00 

AAY • .146600-00 eAv • •,l85t47•01 eAv • ,522434•01 
O&Y • •,140984~01 EAV • •.306651~01 ~AY • ,000000 

COERIVATIVE OF) ~ATERAL G~OUNO SPEED• ~ERP!NOICULAR TO 
INITIA~ F~IQ~T PAT~, PER OELTA TAIL ROTOR 

PERTURBATIONS ABOUT INITIAL VALUE• 
VGO • 0,0 

ROOTS CCOMP~EX FORM) 
-,1343-001 ,9262•001 
-.1343-001 •,9262-001 

.1450+000 •,6171+001 

.1450•000 ,6171•001 

WVG1 • ,935964•01 ZVG1 • ,143556~00 

WVG2 • ,61730l+01 ZVG2 • •,235001-01 
o,c, GAIN • ,))1697•01• ROOT LOCUS GAIN a .146600·00 

AVG • .146600•00 BVG • •.385947•01 eve • .~51652•01 
DVG • .149749•00 EVG • ,489)83•01 

COERIVATIVE OF) BANK ANGLE PROJECTED ON VERTICAL 
PLANEt PER DELTA TAIL ROTOR 

PERTURBATIONS ABOUT INITtAL VALUE• 
PHO • Q,O 

ROOTS (COMPLEX FORM > 
.oooo .oooo 

-,6694•001 .oooo 
-.21~8+000 ,0000 

1/TP~1 • .000000 1/TP~2 • •,66943&-01 1/TP~~ • • , 214862•00 
o.c. GAIN • ,QQOOOO • ~OCT LOCUS GAI N : ,171872-00 

AP~ • .171872•00 BPH • ,484346-01 CP~ • ,2•7215~02 
OPH : ,000000 
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RUN NO. L~ 

TRANSFER FU~CT!ONS FOR BOOV AXES U~ 
FROM ~"tGt~A~ BCOY AXES r 

RESPECTIV~ X V AND Z DISTANCES FqQM 
TO ORIGIN OF AXES ARE, 

.--- LX • ,1700•02 L Y • , 0000 

... oooo 

A! RPLANE C, C 

ANC ~z • -.oooo 
NUMERATOR CMARACTERISTtCS FOR TAIL ROTOR 

SIDESLIP ALONG BOCY Y AX IS PER O E~TA TAI L ROTOR 
PERTURBATIONS ABOUT AN t~ITIA~ VALUE• 

vo=c,o 
ROOTS CCOMP~EX FORM> 
-,24l8•000 ~.1198•001 
-,24J8+00 0 .1198•001 
-.1660+00 0 . 2542-031 

ZVB : .1994Z4· 0 0 - VB : ,1Z229 0•01 1/TVB • - ,1 6 6085 - 00 
o.c, GAIN : .6272R6•02r ROOT LOCUS GA! N • ,)72617•01 

ave • .372617•01 eve • ,243630•01 eve • ,511•2,•01 
OVB • .925493- 00 

ROLL RATE ABOUT BOOY X A~lS PE~ ~E L T A TAIL ROTOR 
PE~TURRATtON S ASOUT AN I~ tT t A L V4LUE , 

p 1: o. o -
ROOTS <C OMPLEX FORM) 

-.2547 +000 ,31 08• 000 
-.2547+ 00 •,3108•000 

,3415+00 0 , 3039-033 

ZPB • ,63383~-00 WP~ c .401908-00 1/TPB : , 341539-00 
o.c. GAIN • -.522569•0 0 , ROOT LOC US GAIN • ,1)9752•00 

APB a ·1397~2-00 SPA • ,234714•01 CP! • • , 17.416•02 
OPB • •,770995•02 

VAW RATE ABOUT BODY Z AXIS PER DELT A TAI L ROTOR 
PER TURB ATIONS AB OUT AN IN I TI AL VA LUE, 

NO • 0, 0 
ROOTS (COMP LEX FORM) 

,72J2-001 ,496&+ 000 
,7232- 00 1 •,4968+000 

•,88WO+ QOQ ,)636u0)0 

ZRB • - . 144038•00 WRB = ,502111-00 1/TR8 : • ,8 89011-0 0 
D·C• GAI~ : . 319876• 01 • ROOT LOCUS GA t ~ : , 21 0563 ~00 

AQB • .210~~ 3 - 00 8QR : . ~5~ 735- 0 0 C R~ c .2 6 00 95• 01 
DRS a ,47194 2- Cl 
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RUN NO. L~ 

TRANSFER FU~CT!ONS FOR BOOV AXES U~ 
FROM ~"tGt~A~ BCOY AXES r 

RESPECTIV~ X V AND Z DISTANCES FqQM 
TO ORIGIN OF AXES ARE, 

.--- LX • ,1700•02 L Y • , 0000 

... oooo 

A! RPLANE C, C 

ANC ~z • -.oooo 
NUMERATOR CMARACTERISTtCS FOR TAIL ROTOR 

SIDESLIP ALONG BOCY Y AX IS PER O E~TA TAI L ROTOR 
PERTURBATIONS ABOUT AN t~ITIA~ VALUE• 

vo=c,o 
ROOTS CCOMP~EX FORM> 
-,24l8•000 ~.1198•001 
-,24J8+00 0 .1198•001 
-.1660+00 0 . 2542-031 

ZVB : .1994Z4· 0 0 - VB : ,1Z229 0•01 1/TVB • - ,1 6 6085 - 00 
o.c, GAIN : .6272R6•02r ROOT LOCUS GA! N • ,)72617•01 

ave • .372617•01 eve • ,243630•01 eve • ,511•2,•01 
OVB • .925493- 00 

ROLL RATE ABOUT BOOY X A~lS PE~ ~E L T A TAIL ROTOR 
PE~TURRATtON S ASOUT AN I~ tT t A L V4LUE , 

p 1: o. o -
ROOTS <C OMPLEX FORM) 

-.2547 +000 ,31 08• 000 
-.2547+ 00 •,3108•000 

,3415+00 0 , 3039-033 

ZPB • ,63383~-00 WP~ c .401908-00 1/TPB : , 341539-00 
o.c. GAIN • -.522569•0 0 , ROOT LOC US GAIN • ,1)9752•00 

APB a ·1397~2-00 SPA • ,234714•01 CP! • • , 17.416•02 
OPB • •,770995•02 

VAW RATE ABOUT BODY Z AXIS PER DELT A TAI L ROTOR 
PER TURB ATIONS AB OUT AN IN I TI AL VA LUE, 

NO • 0, 0 
ROOTS (COMP LEX FORM) 

,72J2-001 ,496&+ 000 
,7232- 00 1 •,4968+000 

•,88WO+ QOQ ,)636u0)0 

ZRB • - . 144038•00 WRB = ,502111-00 1/TR8 : • ,8 89011-0 0 
D·C• GAI~ : . 319876• 01 • ROOT LOCUS GA t ~ : , 21 0563 ~00 

AQB • .210~~ 3 - 00 8QR : . ~5~ 735- 0 0 C R~ c .2 6 00 95• 01 
DRS a ,47194 2- Cl 
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COE RIVATIVE OF) SlOE ACCELERATiO~ AS MEASURED 
BY AN ACCELE~OMFTER ,PER OELTA TAIL ROTOR 

PERTURBATIONS AROUT AN INITIAL VALUE, 
AVO • 0,0 

ROOTS CCOMPLF.X FORM) 
.oooo ,nooo 

-,4899-001 ,6114•019 
,J60t ~ooo -,8451-014 

-,5079+000 ,4S65+000 
-.S079+~oo -.•~65+ooo 

•AY • ,682945-00 ZAY • , 743741·00 
11TAV1 • -,4R9935•01 11TAV2 • ,360141•00 

~.c. GAIN • •,207844+01• ROOT LOCUS CAIN • ,J72617+01 

AAV • ,)72611+01 BAV • .262591+01 CAV • ,494405•00 
CAY • •,60754)•00 EAV • •.)QA651•01 FAY • , ODOOOO 

COERlVATtVE OF) LATERAL GROUND SPEED• PERPENDICULAR TO 
INITIAL FllG~T PAT~, ~ER OELTA TAIL ROTOR 

PERTURBATIONS ABOUT AN INITIAL VALUE, 
vco • o.o 

~OOTS <COMPLEX FORM) 
-.8250-001 ,4281•001 
- .8250•001 ••• 281·001 
-.2698+000 .120)+001 
-. ~698+000 •.120)+001 

WVG1 • ,929414•01 ZVG1 • ,R87605•00 
WVG2 • .t2l298+01 Z r.2 • ,21R8~8·0~ 

O,C, GAIN • ,3J1697+01• ROOT LOCUS GAIN • .312617+01 

AVG • .372617+01 BVC • ,262591•01 CVG • ,602868+01 
OVG • , 952050•00 EVG • _, 489)83•01 

52 



vv • 
VP • 
VR • 

VVO a 
VPO • 
VRO • 

VA e 

VOR• 

u • 
MACH. • 

MAC • 
WT • 
LX • 
CL • 
IX • 

~PAN • 

vv • 
VP • 
VR • 

VVD • 
VPO • 
v .. o • 

VA • 
YO,_• 

ROOTS OF A/C LATERAL ntRECTIONAL TRANSFFR FUNCTIONS 

~U~! NO, L6 

VERTOL V~C-lA VE~T!CAL O~SCENT AT 1500 FT/MIN 

INPUT DATA 

OI~ENSIONAL STABlLITV . OERIVAT!VES 
UNITS ARE 1 PER RADIAN 
CBOOV AXES DIFFER BV ,8748+02 OEGREES, POSITIVE 

FOR NOSE ·up, FROM STABILITY AXES) 

••• 6.0•01 LV • •,9960 .. 02 NV z .1220•02 
-.1104+01 LP • •,6304•00 NP aa .,2100•01 
... 1844.;.00 L.R • •,52]0•01 NR a •,4990 .. 01 
.... 0000 LVn • ~.oooo NVD a ... ,oooo 
-.coco LPO • •.0000 NPD • .. ,oooo 
-.oooo LRO • -.coco NRO c -,oooo 

,9806•00 L.A • ,4590•00 NA • ,2425•01 
.1425•00 LOR• •.1245+00 NOR• ,1728·00 

.1100~01 uz • ,2500•02 GAMA • .,9000+02 
-.aooo R~O • ,2]80•02 s • -.oooo 
-.oooo IXZ • ,711.+04 IV • ,1591+05 
-.oooo xr • -.oooo TOT a .... oooo 

• 1700+02 LV • ·.nooo LZ • -,oooo 
... coco co • -.oooo w • ,1340+05 

• 9203~04 IZ • ,7179•05 G • ,3220•02 
-.oooo 
DIMENSIONAL STABILITY OER!VATfVES,PER IHDIANt 

STABILITY AXES 

-.1640-01 L.V • .1175-02 NV • ,9591•02 
-.2328•00 LP • • ,!5171•01 NP II ,5119.., 01 

.1095+01 LR • ,2254•01 NR • .. ,5739 - 00 
• oooo L. VD -• ,0000 NVD • ,0000 
.oooo LPrl • .oooo NPD : ,oooo 
.oooo LRO • .oooo NRD • ,oooo 
,9806•00 L.A • ,2709-01 NA • •,4165•00 
.1425•00 LOR• .1737•00 NOR• ,1699•00 
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DIMENSIONAL DERIVATIVES!  PRIMED 

w  ■ -.••«0-01 LV  ■ .2100-02 NV  ■         t ,144>-01 
VP   ■ -.2328-00 LR ■ -.5044-01 l# • ,••»1-02 
vn • .1095*01 LR ■ «.•»14-01 MR ■ i740»«00 

WD  • .0000 LVD  ■ .0000 NVO  •         . IOOOO 

VPO   ■ .0000 LRD  ■ .0000 NPO  ■          , 0000 
v«o ■ .0000 LRO  ■ .0000 NRO •         < 0000 

YA   • .MO^-OO LA  • 
'I22M-00 

NA  • mi YD«» .1425-00 LDR" NOR«         ( 

IN STABILITY AXES»   U*   •2»02*02 
»IXKi   .7104«0»       IZZ»   .••49*04       fXZ«   .••3»*04 

LATERAL DIRECTIONAL DENOMINATOR ROOTS 
ROOT»  (COMPLEX PORM) 

.»027-001 .70»M000 

.»027-001 -.70»»*000 
•.»241-001 -.5315-031 
-.9259*000 -.332S-030 

T»  ■ 
20R ■ 

•.1^07S0*02 
•.70^417-01 

DUTCM ROLL MODE 

PERIOD • 

TR ■  -,10«033*01 
WDR ■   .70S74^00 RAD/SEC 

■   .112001*00 CYCLIS/SEC 

,•••76*01   TIME TO DOUBLE AMP, • ,137U*02 
TIME TO TEN TIMES AMP, ■ l4579»*02 
CYCLES TO DOUBLE AMP, > ,15»11*01 

CYCLES TO TEN TIMES AMP, • ,*l»2S*0i 

A •   .10000*01 
0 ■   .•••43-00 

B ■ 
E ■ 

.»7750-00 
,24372-01 

COEFFICIENTS 

C ■   .45249-00 
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nuNsrcR FUNCTIONS row miiLttv AMEII 
ORUIN AT AINPUANE C.t« 

NUN NO. L«        NUNfNATON CNANACTlNltTICt fON CTCUO 

SIOCSLIF ALONG BOOV V AXIS PIN OfUTA CVCLIC 
. PfNTUMATIONI AiOUT INITIAL VALUlf 

VO • 0.0 
MOOTS CCOMPLEX FONH) 
••Slti-OOl      .0000 
••1420*001      .0000 
•.120M002      .0000 

1/TVtl ■ •.»l»Af-Ol 1/TVSt ■ •. 142011*01 I/TVS' • •.120f2T*02 
D.C. SAIN •  .314111*02* ROOT LOCUS SAIN ■ .MOS0O*O0 

AVS ■ .MOAOO-OO SVS • .135011*02 CVS • ,179202*02 
OVB • ti*l2lf-00 

NOLL NATE ASOUT SOOT X AXIS N|N DELTA CYCLIC 
PENTUNSATIONS ASOUT INITIAL VALUE» 

NO • OiO 
ROOTS (COMPLEX FONH) 

.1914*001      .0000 
•.9494*000      .4927*000 
••9494*000     •.4997*000 

IPS • .•91924-00 WPS • •S940f7«00 1/TPS ■ •191490*01 
D.C. SAIN • .192941*01* ROOT LOCUS SAIN « •.994ieS^01 

APS ■ •• 994109*01 SPS • .9094S9-02 CPS > •299999*01 
DH • •929919*01 

VAN NATE ASOUT SOOT 2 AXIS PEN DELTA CYCLIC 
PENTUNSATIONS ASOUT INITIAL VALUEi 

NO • 0,0 
ROOTS (COMPLEX FONH) 
••9929*001      .1997*001 
••9929-901     •.1997*001 
••2491*009      .7222*094 

INS ■ •940942*00 WN9 • •997920*01 1/TN9 > ••24S|09*09 
D.C. 9AIN • *. 194099*07. NOOT LOCUS SAIN ■ •.999094*90 

ANS ■ •.929094*00 9H9 ■ •.979494-01 CMS ■ ••190909*02 
DNS ■ ••440991*09 
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PHISVE(SIOESLIP)«   .«565-02 »MI/BETA«   .1142*00 
FOR ROOT(  .502t-01«  .7070-00 j) 

RNI/VECIIOitLlR)*  .4565-02 PHI/BETA«  .1142*00 
PO* ROOTf  .5026-01. •.7070-00 J) 

RM|/VE<IIOE8l.|R)»   .3164*02 RHI/BETA«   .7fl7*03 
FOR R00t( •.5242-01« -.5316-31 J) 

RM|/VECB!0ESLIR>»   .ftBf-02 RHI/BETA»   .2475-00 
FOR ROOTC -.6256-00. -.3326-30 J) 

(DERIVATIVE OF) BIDE ACCELERATION AS MEASURED 
BY AN ACCELEROMETERi RER PELTA CYCLIC 

PERTURBATIONS ABOUT INITIAL VALUE. 
AYO ■ 0,0 

ROOTS (COMPLEX FORM) 
-.1606-014      •.3765-026 

.i204*ooi »^ürS!! 
-.6610*000 .6161*000 
-.6610*000 «.6101*000 
-.5625-001      -.2077-026 

WAV ■  .616716-00    «AY ■  .740467-00 
1/T4V1 •  .120461*01 1/TAY2 ■ -.661021-00 

D.C. CAIN • -.236676*01. ROOT LOCUS GAIN ■  .980«00-00v 

66V •  .660600-00 BAY ■  .211311-00 CAY • -.770710-00 
06V • -.104476*01 EAY ■ -.562164-01 PAY ■ -.111022-15 

(DERIVATIVE OF) LATERAL GROUND SPEEOi PERPENDICULAR TO 
INITIAL FLIGHT PATH. PER DELTA CYCLIC 

PERTURBATIONS ABOUT INITIAL VALUE* 
V60 ■ OiO 

ROOTS (COMPLEX FORM) 
-.5061-001       .6732-023 
.1372-007      -.1662-053 

-.0228-001       .4046*001 
-.6226-001      -.4046*001 

WV6 ■  .404746*01   ZVC ■  .203302-01 
l/TVBl ■ -.106165-01 1/TV62 •  .137237-07       «..,.. .. 

D.C. GAIN ■ -.460560-0«. ROOT LOCUS GAIN ■  .660600-00 

AV6 ■  .660600-00 BV6 •  .211311-00 CVG •  .160726*02 
DVO •  .617674-00  EVC ■ -.112256-07 
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(DERIVATIVE OF) RANK ANCLE PROJECTED ON VERTICAL 
PLANE» PER nELTA CVCLIC 

PERTURBATIONS ABOUT INITIAL VALUE. 
PMO ■ OiO 

ROOTS (COMPLEX FORM) 
-.»529-001     -,19*7-001 
-.9929-001       ,1997-001 
-.1911-014      -,«425-034 

ZPH ■  .940540-00 WPM ■  .567923*01  1/TPH • -.191189-14 
D.C. CAIN ■  .142392-15, POO? LOCUS CAIN •  ,523094-00 

APH •  ,525094-00  PPM ■  .578494-01 CPw ■  .«80806-02 
OPM ■  .346945-17 

THANSFl- FUNCT:c\S TflR 900* AXES UP -.COCO   OICMII 
FROM ORIGINAL BODY AXES« 

RESPECTIVE X V AND Z DISTANCES PROM AIRPLANE C.6 
TO ORIGIN OF AXES 6*1. 
1./ «  ,1700*02 LY •  ,0000   A».0 LZ • -.0006 

RUN NO. L*        NUMERATOR CMARACTERfSTTCR ^OR CYCLIC 

SIDESLIP ALCNC SSDV V AVIS PfR CFLT* C^CLIC 
PERTURB TI ON« 48*uT AN fNI»lAt V4».uE, 

V3«n,c 
ROOTS (COMPLP)( FORM) 
-,S3»4-0Qi       .0100 
-.1255*RC:     ,rooo 
,1147*004       .0000 

1/TVB1 • -,839415-01  1/TVB2 ■ -.115599*01  1/TVB9 a  .l|49l«*09 
D.C CAIN ■  .579826*02. ROOT uOCUS CAIN • •.118900*01 

AVB ■ -.11*900-01  I'V-« •  .133947*02 CVR •  .179596*02 
DVB ■  .141317*01 

ROLL Rm Abcu* »oev v 1*1$ 0?» •>£to-» CYCLIC 
PERTURf.A'jGS? «6CjT 4S INl'lAt ^iWwt. 

pr ■ BtQ 
ROOTS (COMPLEX PORM) 

,29V5-001 ,1228*000 
.29W5-001 -.1226*00« 

-.1715*00? -.78*0-032 

ZP« • -.237301-00 «Pa «  .12^212-00 l/'P« t -,i?l5e3-rc 
P.C. CAIN ■  .584324-01. Q^r  tCCU« 'äl\  •  .521';j?-50 

APB »     .521022-00    rw  ■     .581477-01 CM •     .294705*02 
DPB ■     .142340-02 
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VAW RATI ABOUT lOOV 1 AXIS MR OIUA CVCUIC 
HRTUWATIOM AIOUT AN INITIAL VALUE i 

NO ■ OiO 
ROOT! (COMRLIX PORN) 

«10St*001      .0000 
-.i?ia*ooo •.s»if*ooo 
-.AT12*000 .IIM^OOO 

IM •    .MAAOf-OO    WRI •    ,TJll01-00    l/TRi •    ilOIHI^Oi 
DiC. OAIN •    .1)2733*01i ROOT LOCUS OAIN • •.fllTOO*Ot 

ARB • •.H1700-01    MR •    .IIOAil*02 CM ■    ,tUAA4*0i 
MB •    .3l3f00-01 

IOIRIVATIVI on §101 ACCILIRATtON AB N8ABUM0 
BV AN ACClLCROMCTBR •1» HLTI CYCLIC 

RtRTUMATIOM ABOUT AN INITIAL VALUBi 
AVO • 0*0 

RMTB (COMRLIK ^ORR) 
•.If04*014 .0000 
••1104*000 .0000 
•iomooi .oooo 

•.mt^ooo .oooo 
.t4B7»00t .0000 

1/TAV1 • -.1S041B-00    1/TATB •    .107741*01 
1/TAT3 • —TMRAB-OO    1/TAT4 •    .t40793*02 

0«C. BAIN ■ -•23l07A*0i* ROOT LOCUS SAlN • ».llAfOO-Ol 

AAV • •.11B9BB*01   BAV •    .304910*00 CAV • -.331322*00 
OAT • *.494StO*00    BAY • •.902l9A*01 RAY • -.111022*19 

CMRIVATIVC Ml LATIRAL SROUNQ SMIOI RfRMNDtCULAR TO 
INITIAL RLIBMT RATM« RfR MLTA CYCLIC 

RfRYUMATlONS ABOUT AN |«i|T|AL YALUCi 
VBB • 0.0 

RMTB (COMRLBX ROM» 
•.BM7-B81 .1094*022 

•BtM*MO •.1399*042 
*.M9S*002 .9293*033 

•BSBB*BB2 •.79BB*832 

1/T¥B1 • ••Bt97iB*Bl    l/TYM •    .9M933*09 
1/TVB9 • *.S9M47«M    1/TY94 •    .929911*02 

B.C. BAIN • *.490990*04* ROOT LMUB BAIN • •*114900*01 

AYS • *.1199BB*B1   BY9 •    .304919*00 CVS •    .149129*82 
8YS •    .139792*81   BYS • •.112299*87 
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TMANIflR FUNCTIONI FO« ITAIILITY AXIIi 
OKISIM AT IIUPLANI e«8. 

RUN NO» Lt       NUNIRATOR CMA«ACT|«|lTtei FON TAIL NOTON 

IIDCILIF ALONO iODV ¥ AX 11 FIN Of UTA TAIL NOTOF 
FINTUMATIONI AIOUT INITIAL VALUE* 

VO ■ 0.0 
NQOTI (CONFLIX FONM) 
•*i4fi«eoi .ooeo 
•.i»l«001      .0000 
.7?f1*002      .0000 

l/TVil • -.»«tiW-Ol 1/TVit • •.13)1*0*01 I/TVIS •  .77f09}*et 
O.e* IAIN • •.3S3ltl«02i FOOT LOCUS «AlN •  .1«1J00»00 

AVt • .lA»00-00 IVI • •. 10*117*02 CVS • •.l53fAl*02 
OVt • •«•13AOA-00 

FOLL FATI AIOUT OOOT X AX|I F|F OlLTA TAIL FOTOF 
FIFTUMATIONO AIOUT INITIAL VALUli 

FO • 0.0 
FOOTS (CONFLIX FONN) 

.1344-001      .9112*000 

.3344-001     •.9SS2*000 
••0032*000     •.4001-031 

IF| • •.009010*01 NFS ■ .9074A0-00 1/TF9 • -.S03tS9«00 
O.C. IAIN ■ .240114*01. FOOT LOCUS SAIN •  .220924-00 

AFI ■ .129920-00 IF| •  .199137*00 CFS • .99|900*01 
OPt ■ .433941-01 

VAN FATI AIOUT IOOT 2 AX 19 FIF OlLTA TAIL FOTOF 
FIFTUF9ATI0N9 AIOUT INITIAL VALUI» 

NO • 0.0 
FOOTI (CONFLIX FONM) 
••1094*010      .1990-014 
.4792-004      .1373*029 

•.3490*001     •.9999*031 

&/TMt • ••109403*00 1/TFIt • .479203-04 1/TF93 ■ *,349079*01 
D«0« IAIN ■ -.340349-07. NOOT LOCUS SAIN • .499924-00 

m  • .499920-00 INI • .449404*01 CFS • .199271*02 
ONi • •.079293*09 
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(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED 
BY AK ACCELE«0*ETERi RE» DELTA TAIL ROTOR 

PERTURBATIONS ABOUT INITIAL VALUE* 
AYO ■ 0.0 

ROOTS (COMRLEX PORM) 
tOOOO .0000 

-,«3M-001 .1734-024 
-.*775*000 .1S02*001 
-,A77S*000 •,1002*001 
•.2541*001 •.3204-030 

WAV ■ .1925A1401   ZAV ■  .351I70-00 
i/rm ■ -.439425-01 1/TAV2 ■ -.A77562-00 

o.e. CAIN ■  .242132*01 i ROOT LOCUS 6AIM •  .142900-00 

AAV ■ .142500-00 BAY ■ .5*1551-00 CAV t  ,i0435t*01 
DAV ■ .13S775*01  EAY • ,590131-01 FAV ■ ,o3::oo 

(DERIVATIVE OR) LATERAL GROUND SPEED» RERRENDICULAR TO 
INITIAL FLI6NT RATM, RER DELTA TAIL ROTOR 

PERTURBATIONS ABOUT INITIAL VALUFi 
V60 ■ OiO 

ROOTS (COMPLEX FOR»*) 
-.2SS2-007       ,0000 
-.»512-001       .0000 
.5071*001       .0000 

-.1195*002       .0000 

1/TV61 ■ •.21*2*2-07 1/TV62 ■ -.5»S2«2-01 
1/TV63 •  .§07144*01  1/TVC« ■ ••11*5*3*02 

D.C. SAIN ■ -,901745-0*. ROOT LOCU* CAIN ■  .142900-00 

AV6 ■  .142500-00 BV6 • .5*1551-00 CVS • ••137210*02 
DV6 ■ •.7*7744-00 EVG ■ •.2lR77*^07 

(DERIVATIVE OR) BANK ANGLE PROJECTED ON VERTICAL 
PLANE« RER DELTA TAIL ROTOR 

PERTURBATIONS ABOUT INITIAL VALUE* 
PMO ■ 0.0 

ROOTS (CONPLEX RORM) 
•0000 .0000 

-.3*50-001      .0000 
-•1054*000      .flOOC 

1/TPMl •  .000000    1/TPM2 • -.3*1072-01 1/TPM3 • •«105*53*00 
O.C. GAIN •    .000000  * ROOT LOCUS SAIN • •.45BBfS*00 

APM ■ -.45*52»-00 BPh ■ -.»**4e*-0l CPU • -.1IS271-02 
OPM ■  .000000 
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TRAMSFEH FUNCTION '0* BOO* ms UP ».0000   DlfiRllt 
F0O" ORIGINAL iCDV AXIS« 

«ESPECTIVI X V AND Z OlfTANCEl MOM AfRRLAMf 0*0 
TO ORIGIN C 4«! ARf* 
LV « .1700*02 LT • .0000   AND LZ • •«0000 

RUN NO.  I* NUMERATOR C«ARACTE«ISTICf FOR TAIL «OTOR 

SIDESLIP ALCNC BOOT V AXIf PER DELTA TAIL •OTOR 
PERTURBATIONS ABOUT AN INITIAL VALUEi 

VC«0,0 
ROOTS (COMPLEX FORM) 

.1010-001       .0000 
-.ii2o*ooi     .nooo 
.29;i*CCl       ,3000 

l/TVSl «  .181013-:!  1/TVB2 • -.112035*01  1/TVB3 ■  .297190*01 
O.C CAIN «  .107945*C2. ROOT LOCUS 6AIN •  ,4SAA3A*0l 

AVB ■  .436636*01  8VB • «.816000*01 CVB • -.143I7S*02 
DVB ■  .263086-0!? 

ROLL »ATE ABOUT ROOT X AXIS PER DEL^* TAIL "OTOB 
f'E»TvRBATlC\S ABOUT AN INITJAL VALUEI 

Rfi 8 fiaG 
ROOTS (COMPLEX FORM) 
-.1422*000      •,1448*000 
-.1422*000       .1448*000 
.1509*003       .2764-02f 

ZPB >  .700853-00 WPP >  .203013-00 1/TPB ■  .130914-00 
O.C. SAIN •  .114340*00. ROOT LOCUS CAIN ■ -.440039-00 

APB • -.448039-00 BPp > -.»9^808-01 CPfl ■  .779340*03 
DPB ■  .278fc/3-02 

VAW RATE ABOUT BOOT Z AXIS PER DELTA TAIL ROTOR 
PERTURBATIONS ABOUT AN INITIAL VALUE. 

NO » 0.0 
ROOTS (COMPLEX FORM) 

.3961-001       .5719*000 

.3961-001      -.9719*000 
-.7709*000       .1232-030 

ZRB • -.109676*00  WRB •  .575017-00 1/TRB ■ -.770941-00 
O.C GAIN •  .299664*01. ROOT LOCUS GAIN ■  .240462-00 

ARB ■  .248462-00 BRB >  .161926-00 CR« •  .999140-01 
DRB ■  .633346-01 
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COtflVATlVI On tlM ACCILMATlON At MCAtUMD 
•v AM AeefLitoMcriii »n* OCLTA TAIL KOTO« 

HRTUMATIONt AtOUT AH lN|T|Ak VAtUI. 
AVO • OiO 

«OOTI ICOMPklX rOIlM) 
i0000 .0000 
«•AAf-001      .7910*000 
.•AAf*ooi   •.yyto*ooo 

•.t44f001 .JfAT-OJl 
••0000*000 .9000*090 

WAV •    .700004-00        lAV * •#lilOfi*00 
1/TAV1 •  •.|44t)f*0l 1/TAVt • •.000014-08 

o.e. OAIN ■ .t4itit*oi« ROOT koeuo OAIN • .490090*01 

AAV • .490090*01 OAV • «991410*01 OAV • .000109*01 
OAV ■ .140444*01 IAV • .900191*01 W • .000000 

(omiVATtvi on LAWAL OROUNO OHOO. RIORINOIOULAR VO 
IMIVlAt. ruiONV RAVM» RfR 6iLTA VAlt ROTOR 

HRTUROATIONO AOOUT AN INITIAL VALUt« 
VOO • 0.0 

ROOTO (COMMIX fORR» 
•1444*001      .0000 
.1999*001      .0000 

1/TVOl • .044099*01 1/TVOt • .190947*01 
1/TV09 > .711970*07 1/TV04 • *.919000*01 

O.C* OAIN • *.001741*00f ROOT LOCUO OAlN • •490090*01 

AVO • .490090*01 OVO • .991400*01 CVO • *.ll9it7*0t 
OVO • .900040*00 IVO • *.tl0774*07 

62 



PO0T5  OP   A/C  LONajtUOIMÄi   TOAVSFE"  PUSJCT10MS 

M.J\  ' '.\     Ll 

VF-<T0L     VHC-1A     LEVKL FLIGHT   It   «n   <N0TS 

t^lPuT   D»TA 

iik-IT6  Atg  1  PE»  OADIA ; 
riMEfflOMAL   STABILITY  OPe^ATIVES 
(MODV  AXES OIPPEP «V     ,?311*01   nE««PES#   POSITIVE 

PO»  KOSP. UP,   F^O- STABILITY  AXES) 

xu ■ -^«c-n 2u .l4ftC-01 MU -.5620-02 

xw ■ .HbAC-Ol 7« -.92^^-33 rw .1154-31 

xo • .730<«-30 I'. -.l«?0*01 MQ -,l$?2*0l 

xu? • -.POOC zuo ••0090 MUO -.0000 
xwn ■ -.0000 ;»o -.«010 -wn •.0000 

XO* • ••0000 Z'ir • •m«p ^09 -.0000 
XI ■ .i«41-00 in .S2M-30 MO ,4814-00 

XT ■ • M3&-00 2T -.940?*Ol KT .6720-01 

Ü • .I3»r*03 U/ •H«0«M 6AMA -•0000 

NACM ■ -•0000 MHC ./3Br-02 R ••0000 

HAC ■ -•cooc t</ .7ll4*n4 IV •7»fi*0» 
MT • -.cnor X! -.ripr T!)T ••POOO 

LX ■ •17CC«02 Lv ••-:?r L? ••0000 

CL • -•sioc Ct) -.•»pn? w . 1340*05 

IX • .f??3*04 12 .7iy««c» 1 •3220*02 

B|MM|M6i  fTA»|LlTY  ^rBlVATlVM,   »|«  QAPlAK. 
STtHlLlTY 4«rs 

xu • -.43*12-01 ZU ■ -.>1*6-31 «u • ••5350-02 
Xä   9 •1001-01 Zu * -•6232-CO MM • .1177-01 

X<| ■ ••»•«•DO in ■ -.IMB^CI Ml • -. 1*22*01 
xun ■ .nooc lun • •^o^r •mi • • POOC 

xuo • .0000 |M) t •?orr W t •oooo 
xon ■ .3003 zoo • •■•oc: «o« • • 0000 
xn ■ .1651-00 • 5l«»3-30 «in • •4014-00 
XT • .7ffft*00 ZT • -•651'.♦ll «T ■ .*720-01 

fv 8TAtlLl7v ««tS. ^ ■ •l3»l*ftS AVO • ■ '»•O 
7IV   • ^«fl*^  A  C   ZIX7  ■ •.4%6f*r4 

TMT P.M44ACTE»!1T|CS OP Twr  LC%»6|T OIlcAL DfM^t^lATnR  4*1 
•IOOT»  CfO*«PL^» »t!•,,) 
-•2115*000 .1»i:#*Pf»0 
••fiiMWO -.'312*C0P 

.4327*010 -.»2Ä6-C33 
-•2«55*001 -.16«l-t26 
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s .62677ft-Pi CVCLES/^fC 

PERIOD   «          .lF9ft»*C2              "TIMF   TC  ^AL^   AMP, ■ .327?3*31 
"^l^E  tO   PNt  ^tN'Tw   AM», s ,in8'n*02 

CvCi.F-  ,rC  r.ALF   A^'iP, ■ .17252-0: 
cv'trt- Tr> '-r  TfeM-i AMP, s ,&73rfi-on 

0\g    "IVF*   :vCuEc>   T0  ^AL^   A"P, « ,57966*G1 
C'il   CVE«   CVCtil   T-   ^Nf   TfcVTM   ä'^P, s ,17449*01 

?«7«w> > .42365-03 
usr. i ,154*0-00 

c.r=rPir!cvTS 

A  «         »ICCOOOOI           r<   «         .24P9C0*',1 C  ■ -.515303-01 
D   »       -.13*7x5-00            I   I       -.1*7136-00 

HOT »EfMOUClBU 



T«AN8FEH FUNCTIONS PO« STABILITY IXERi 
OKICIM AT HRPLAMb C.G. 

«UN NO.  LI NUMFRATOP CHARACTRBISTICS FOR CYCLIC 

THETA PEH DFLTA CYCLIC 
PERTURBATIONS AROUT INITIAL VALUE» 

THO ■  .COO'1 

ROOTS (COMPLEX FOP^) 
-.42»5-ooi     .nooc 
-,935o*ooo    lOfoa 

l/TTHl ■ -.429546-01  1/TTH2 ■ -.93*054-00 
O.C. 6AIN ■ -.114609*0f3. ROOT LOCUS 5AIN ■  .4*1400-00 

ATM ■  .481400-00 BTH ■  .470621-00 CTH ■  .191593-01 

X AXIS VELOCITY PER DELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL VALURi 

UO >  .1391*03 
ROOTS (COMPLEX FORM) 
-.1146*001       .0000 
.6*42+001       .0000 
-.ms+ooi    .oooo 

1/TUai ■ -.114638*01 1/TUB2 ■  .684228*01 1/TUB3 ■ -t«98SS3*0i 
O.C. CAIN ■  .867957*02. ROOT LOCUS CAIN ■  .185190-00 

AUR •  .189190-00 PUB • .794819-00 CUR ■ -.119868*02 
DUi ■ -.149067*02 

Z  AXIS VELOCITY.  W,  PER DELTA CYCLIC 
PERTURBATIONS  ABOUT   INITIAL  VALUE» 

WO  ■     .0000       i   POSITIVE DOWN 
ROOTS  (COMPLEX FORM) 
-.2079-001 .9741-001 
-.2079-001 -.5741-001 
-.1293*003 .9249-029 

ZWB ■    .340919-00    WWB ■    .610649-01    1/TWi ■ •.121939*03 
D.C.  66IN ■ -.144929*01* ROOT LOCUS CAIN ■    .919299-00 

AWB •     .919299-00    RWH >    .649791*02 CWB ■     .270133*01 
OWR ■    .241221-00 

69 



Z AXIS ACCELERATION.AZiPER OELT« CYCLIC 
PERTURKATIOSS ABOUT INITIAL VALUfci 

A70 I 0.0 
^OOTS (COMPLEX F^NM) 

.0000 ."OHO 
-.36!»3-001       IOOOO 
.lf)»3»O0?      .none 

-,1074*002       ,'»000 

1/TA21 ■  ,000000     t/TAZ2 ■ -,3«b341-0l 
1/TA73 •  ,10«3ee*02  1/T4Z4 ■ -.107419*02 

O.C, CAIN •  ,003000   i ROOT LOCUS RAIN' ■  ,51*255-00 

AAZ ■  ,911295-00 PAZ • -.«20*94-01 CA7 ■ -,4090lO«02 
DAZ ■ -•234642*01 EAZ ■  ,000000 

X AXIS ACCELERATIONiAXtPE" ULTA CVCLIC 
PERTURBATIONS ABOUT INITIAL VALUF. 

AXQ ■ 0,C 
ROOTS (COWLkX FIRM) 
-,7529-001       ,4214*000 
-,7529-001      -.4214*000 
-,2r7l*n0l       ..5T?**00l 
-.2071*001      -,3724*001 

WAX1 •  ,428121-00 2AX1 ■  ,175**2-00 
WAX2 ■  ,4243?9*01  Z4X2 ■  ,445»l7-00 

n.C. CAIN ■ -,3*9042*01« ROOT LOCUS CAIN ■  ,1*9190-00 

AAX ■  .149190-00 ÜAX >  .794839-00 CAX >  ,3914*3*01 
0*X •  .M730*-00  FAX "  .41**11-00 

HORIZ, VELOCITY PER DELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL VALUP* 

SOD • ,139190*^3 
ROOTS CCOMPLEX ?0RM) 
-.1146*001       ,0000 
.4*42*001       ,0000 

-.99*9*001       .^noO 

l/TSOl ■ -,114*3**01  1/TSD2 ■  .**42?**01  1/TSD3 ■ -,99**»3*0< 
0,C. 6AIM •  .**7957*02» ROOT LOC'I? RAIN ■  .1*9190-00 

ASD •  .1*9190-00 BSP ■  .794939-00 CIO ■ -.119**4*0? 
080 ■ -.149047*02 
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RATE OP CLtmi PE" nil TA CVCL!C 
PEiRTU««ATIQfS ÜOUt TMTIAL VALUEi 

KD? ■  .ooonon  . POSITIVE FOR CLIMB 
ROOTS (COMPLEX F^RM) 
-.3853-001       .ngnn 
,1093*002      .none 

-.ic7i*oo2     .nror 

l/Tmi « -.3l!»534i-0i  1/TMD? •  .1093«»*0?  1/TU03 ■ -.1074l»*0> 
D.C. CAIN ■ -.1<0402*C2. RnOT LOCUS CAIV ■ •,5l8255-00 

AHC ■ -.51fl255-00  hHP «  .•i2nM94-01 CHO ■  .fr090l0*02 
DHD ■  .234662*01 

VfeLOClTY PFBTURBATIO^S PARALLEL TO INITIAL 
FLIGHT PATH, *\jr   TO HELTA CYCLIC 

PERTURBATIONS AROUT INITIAL VALUE» 
USTABO ■  .135150*03 

ROOTS (COMPLEX FORM) 
-.1146*001       .nooo 
.6642*001        .nOCP 

-.99J»«*O01        .0000 

1/TUS1 « -.114638*01  1/TÜS2 ■ ..6»42?6*C1  1/TUS3 ■ -.998883*01 
D.C. GAIN «  .t«.67957*C2. ROOT I OClJS GAlV «  .185150-00 

ADS »  .lH5l5n-00  BUS »  .794835-00 CUS « -.119864*02 
DUS ■ -.145067*02 

VELOCITY FERTU^fUTTaJS PERPENDICULAR TO INITIAL 
FLIGHT PATH, rwf TO DELTA CYCLIC 

PERTURBATIONS   ABOUT   IMTUL   VALUE» 
USTABO   ■  0.0.   POSITIVE  POR  ^OWN 

ROOTS   (COMPLEX  FORM) 
-.3«J53-OOI .nooc 

.1093*002 .0000 
-.1074*002 .TOCO 

1/TWsi   »   -.385341-01     1/TWS2  «     .109388*0?     1/TWS3  •   -.107*19*0» 
D.C.   GAIM  «     .14P402*D2.   ROOT  L.OCUS  GA!»J   «     .518255-00 

AWS  ■     .516255-CIO     BUI   ■   -.«21894-01   r*S   «   -.^090lC*0? 
DWS  ■   -.234662*01 
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THAiVSPfcK  FUMCTIO^S P«*1« RHDV   AXES  UP   -.0000 OECR^ER 

RESPLCTIVE   X,   Y,   ar.D  Z  DISTA'JCFS P«QM   AIRPLANE C.C 
TO  ORIGIN  Of   IMKI  A'E. 
LX «    .i7no*o? i.Y ■ -.oPsn      AND LZ ■ -.nooo 

RUN  MO.     LI \U1E-UT0^  Ck+AoiCTE'ISTlCS FOR  CYCLIC 

X   AXIS  VELOCITY  Pg«  rfcLTA   CYCLIC 
PERTUarjATlONS   ABnuT   INITIAL   VAL'JFi 

UO   ■     .I350*n3 
^OOTS   (CO^PLfeX  FnRv) 
-.i709*ooi .naro 
-.32i9*oni .lor^n 
.1605*002       .1000 

1/TU81 ■ -.170944*01 l/rjBTt  « -.121971*01  1/TUB3 ■  .160575*0? 
0,C. GAIN ■  .667«36*02i ROUT LOCUS GAIN •  .164100-00 

AUS ■  .164100-00  BUB ■ -.182613*01 CUR ■ -.120857*0? 
DUB > -.145046*02 

Z AXIS VRLOCITY, W, PER DELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL VALUFi 

WO ■  ,5450*0li POSITIVE DOWN 
ROOTS (COMPLFX FOH"l) 

.6295-001       .0000 
-.9523-001       .nooQ 
.7469*001       .0000 

l/TWBl ■  .629567-01  l/TuB2 « -.'^52304-01  1/TWB3 ■  ,746947*01 
D.C, CAIN ■  ,205202*01. ROOT LOCUS GAPJ ■ -.765*50*01 

AWB ■ -,765850*01  B*6 ■ ■.569577*02 Cw'B ■  .l»92l3*01 
OWB * -.342966-00 

X AXIS ACCELERATION,AXiPER HELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL VALUEi 

AXO • 0.0 
ROOTS (COMPLEX FORM) 
-.5624-001      -.3193*000 
-.5624-001       .3193*000 
-.2373*001       .54*5*001 
-.2373*001      -.54*5*001 

WAX! «  ,324224-00  ZAX1 «  .1734.10-00 
WAy2 •  ,597718*01  ZAX2 ■  ,3971?2-0P 

D.C. GAIN • -.368741*01» HOOT LOCUS T.AlN •  ,164100-00 

AAX ■  .164100-00  »»AX «  .79749»-00 CAX ■  ,596764*01 
DAX •  ,741410-00  EAX «  .61*299-00 

68 



JISTUKITIONS AIOÜT  INITIAL VHUf. 
AZO  • 0*0 

•00T8 ICOWLIX FOÄHI 
.•722-002 •Ü22-2!! 

-,4»f 4-001     ••aiiisij 
-.50*4*000 .2770*001 

WAZ  •     .24l*2A*CJ Z*/   ■     »tJHJfJ! 
1/T4I1 ■    .872242-02 1/TAZ2 ■ ••••MwJ   

O.C. GAIN • •.l«#»l*-eO.  WOT tOCUO OAIN • •.7iM§0*Cl 

AA2 ■ ••nmmm *n • -.•ow»i*oi CAI • -.AIOJM^OO 
0*2 • -.f3im*0l iAZ • .24«77l-01 

VILOCITV WHTUNOATtOMi FA«ALLlL TO |NlT|AL 
fLlOMT ^ATM. OUf TO DlLtA 0^0.10 

^|«TUMAT|0K8 AOOUT INITIAL VALUf• 
UmOO >  .i3M»0*O3 

N00T8 «CCMPLEX ^ON««) 
-.l3fA*O0l      «0000 
.013*001      .OOCO 

-.fi*A*O0l      «0000 

l/Tüil • -.lSfAl3*0l 1/Tüf2 • .ASMl7*0t MHU^.ftg'J»1^ 
O.C. 6AIN • .iAlSM*02. «OOT LOCUl OAl* • .U«100-00 

AUS • .1*4100*00 «US "  .7t74tl-00 OUf ■ •.•120*3*01 
OUt ■ -.144002*01 

VILOCITV n«TÜNS*T!ONi IftfNDICUU« TO INITIAL 
FLIGHT PATM.  HUE  TQ OiLTA OVOLle 

PINTURGATIONt  ABOUT  INITIAL VALU8« 
UST4I0  •  0.0.  POilTlVI PON DOWN 

NOOTI C COMPLEX ^ONN» 
-.4774-001 •SSSS^.i.- 
-.MW*OOO '•IVtliii -.801**000 .27t4*00l 

2118 •    .l7733*-00   ««8 ■    .2G2401*01    1/TW8 • ••JÜIÜlSJ 
O.C* 8AIN •    .17MM*02. WOT LOCUO 8AIN • ••7*Mf0*0l 

AW8 • -.7*8*80*01    8W8 • -.«080*2*01 CW • -.*1**08*02 
0W8 • •.242»70*01 



"'IM*'  *▼   AtM^L«'«  C.6. 

«UN NO.     Li ».UlCAATOtt f-*»ACT|N|*T|C« FM COU'CTIVI 

TK|Ti ^N Oft'*  COLUrCTlVl 
»lim4*Attu** A»rgT  INITIH. WALU^i 

▼40 ■    .9C0r 

*DO»f CCC^Ll* »3«,> 
ty449*000 .^OCO 

-.tt«»-CCi .nono 

l/TT-i  ■     .744tM«00    I/TTMX ■  •.9l4«47«0t 
p.c. utn ■   .•'«"-pa» «»"üT tod« '.»t* ■   .•?tnoc-oi 

ATN ■   .«Tteoo-oi  • T- • -^ngyi-si em ■ -.ii?3*i-o? 

x Aitt VUOCITV pci* nti^A eoLicetivi 
n«Tull%AT|0Kt  AlKHlt   I MIT ML VALUP* 

Ut •    .1S»|*03 
«»POT» IC0NPtlpl r^N'i» 

•7»44«000 .OOflP 
.itti*ooi .nooo 

•.34ij*coi ."orr 

l/TIIRl   •     .7*44*:-00    l/Tli»? •     .lf2l9»«Qt    1/TIMI3 ■  •.344374*01 
D.C.   r.A!\  •  ••fiOii^fil  M^OT LKU* «AIK ■     .2»f7»*-00 

41» ■     .lff7»»-00    but- >    .30144»*00 CMN • -.79tl«0«01 
ou» • •iooftii^oi 

2 4X18 V^LOCnv.  Ha Pfc* ntTA COLLFCTIVE 
»CNTUNOATIOSS  «»OUT   INITIAL  VALUP* 

«0 t     .QOQC       •  POttTlV« nOWN 
•OOTt (CO^Ltv rnilt«) 

.9tt3*000 .3I»0-01> 
-.•OM«oa0 -.4392*000 
-.S0M*P3? .43«2«Ono 

IM •     .734474-00    Ml •     .471994*00    1/TwP ■    .3«2339-e0 
P.C.  GAIN • -•l007A7*e?* RPOT LOCu* CAIN • •.9»0H2«01 

kW • -.•»09I2*01    N4M ■ -.*f'}fl4«01 C** • -.499S42*00 
PtiB ■     .14I4»0*01 
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7   AXIS  *CCELE^TI(^.A7.PER 5ELTA  COLLECTIVE 
rEPTt'RPATlO^   APP'JT    IMTTAL   VALUP i 

A7.0   "0.0 
»OOT?   (COMPLEX  POR'I) 

.COOÜ ."'SDC 

.4O5R*ü0i) .0050 
-.2n9i*ü0u .ncipö 
-.i86S*cci ."one 

l/TAZl   «     .000000 1/UZ2   «     .495011-00 
1/TAZ3   «   -.20C117-Dr     1/TiZ«   »   •«iiftS44«0t 

D.C.   CAH  •     »OOOOOC       •   R^nT  LOCUS Hifl   ■   -.9509«2*0l 

AAZ  •   -.9509R2*ni     PA?   •   -.150212*02 CA7   «     .6096i7*Qi 
DAZ   ■      .1«3636*01     F.AZ   s      .000000 

X   AXIS   ACCELfc^ATlON.AX.PE»  'ItLTA   COLLECTIVE 
PERTLRHATIÜt1<»   ABOUT   1MTIAL   VALUFi 

AXO   •   0.0 
POOTS   (CCNPLPX   rn«)^) 

.7140*030 .rtooc 

.1746-00: -.in^h+ooo 

.i74«s-coi .^n9<«*of,r 
-,1'&4*001 -.1A33-030 

WAX ■  .310391-00   ZAX « -,6«.?826-01 
1/TAX1 ■  .714003-00 l/TAXÜ «  .174697-01 

P.C. r.AN ■  .216473-nj» RÖOt LOCUS SAl\ ■  .299755-00 

AAX ■  .299755-00  'JA* «  .301465-00 CAX t -.357559-00 
D*X «  .431740-01  EAV s -.361804-01 

H0R1Z. VF.LOC1TY PER HELTA C0LLFCT1VE 
PERTURBATIONS ABOUT INITIAL VALUF.i 

snc ■ .I35i5r*r3 
SOOTI5   (CC^PLfX   rpRM) 

.7564*001 .'OOCO 

.1921*001 .COOC 
-.3^»3*C0l ."000 

l/Tfr»!   s      iff6*Sl»00     l^tRDS   «      .I92i55*ni     1/TS03   ■   -.36«374*01 
n.f..   GMH  »   -.46?3t.i*ri.   WCOT   LOCUS  r,t\\   »      ,299755-00 

4SD  ■     .29975?>-00    BIO  s     .3014*^-00 5W  «   -.?52140*Cl 
DSD  »     .1^0511*01 
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PATE OF CLlHn PE«» PFI TA COLLECTIVE 
PERTLPBATIOK'^ «BOUT IMTIAL V'AIUF» 

MOÜ ■  .OOOOOr   • »OSITIVE FO« CL!M§ 
ROOTS (COIPLPX FORK) 

.495o*ooo .rooo 
-.209i*oor .ro?n 
-.IH*5*OPI     .roec 

1/TM01 ■  .««5011-00 1/TM02 ■ -.20»117-C0 1/TW03 ■ -.Hft544*0l 
O.Ct CAIN ■  .lC»m*02» ROOT LOCLS CAIN •  .«W'M^Ol 

AMD ■  .950«(»2*C1 ^n ■  .150212*02 CM? ■ -.«05*t7*Cl 
OHO ■ -.18343**01 

VELOCITY PERTURBATIONS PARALLEL TO INITIAL 
FLIGHT PATH. »5UF TO DELTA COLLECTIVF 

PERTURBATIONS ABOUT INITIAL VALUE» 
USTABO •  .135150*03 

ROOTS (COMPLEX FORM) 
•75*4*000       .9000 
.1*21*001       .0000 

•.3«B3*ooi     .nooo 

l/TUSl •  .75*««1-C0 1/TUI2 •  .1W15»*01 l/Tl'S3 • -.3*R374*0i 
O.C. CAIN ■ -.«•03*1*01. R^OT LOCUS 6AIN •  .lf«755-00 

AUS ■  .2«*755-00 bUS "  .301449*00 CUS ■ -.P92l40*0l 
OUt ■  .1*0911*01 

VELOCITY PERTURBATION! PERPE»»OICUL*« ▼© INITIAL 
FLIGHT PATH, rut TO DELTA COLLECTIVE 

PERTURBATIONS ABOUT INITIAL VALUFi 
WSTABO r 0.1, POSITIVE FOR DOWN 

ROOTS «COMPLEX FORM) 
.4*90*000 .«ore 

-.20*1*000      .oonc 
-.i**9*eoi    .cooo 

1/TWS1 ■  .**901l-00 1/TWS2 ■ -.20*117-00 1/TMS3 ■ -.ll*94«*0< 
O.C. CAIN ■ -.10**72*P2» ROOT LOCUS GAIN • -.*90**2*01 

AWS ■ -.*50**2*01 BWS ■ -.190212*02 CW8 ■  .»05*17*01 
QMS ■  .1*3*3**01 



:'F5PlCTlv'r  x,   v,   |H)  Z riS^A^C^S P»0^ *I»PLANE CiG 
To  OKttlÜ OF  t^rs k0P.* 
L* «   .i7Po*?? LV • -.rnon      A^'D L2 ■ -.ooco 

9VK krO(     L1 r^  M»tTO»  r-JZ-^CTE'l^TICS  PO»   COLLECTIVE 

y   «XJS   Vi-.L^CITV   PC«   'KLTa   C«lLCCT|Vfc 
PttTUHMtfONS   ABOUT   TMTTAL   VAI UP» 

JP   «     .135P*P3 

.«Hba^Lrc -.3ri*3*00p 
-.?5«2*CC: .2C?«-035 

ZL'^  « -.»«S'Ur-OO     UV«  •     .93M15-C0     1/TUB •   «,25622«*0l 
p.c. Mt« • ••H*tif*9ii «ooT LOCUS CAIN ■   .•«3«wo-oe 

AU8 »  .«»,3:)0Ü-3C  MUT •  .»«HT^C-Cn CÜ« ■ -.24»»2C*01 
DU« ■  .lS33o7»0l 

Z A»IS VELCCITV, ,, rER 16LTA COl LECTIVE 
PECTL'R^ATIONS ABP^'T TMTUL VALÜF» 

MO ■  .i4S0*ni, POSITIVE 50WM 
^COTS (CC^LEV FOR»') 

•#0|t*ÖO>i .«»"»-015 
-.4436*lJ0n -,<A?«*000 
-.4406*Ü0C ,4634*000 

iv* i    .«r.»:«»«-^:    *wc •    .»3oni»-c<?    1/TW% •    ,4Pif47-00 
r.C.   5*I^  ■  -.104577*C?.  POOT LOCuS  OAl»   •  -.ir»3?4*02 

AWH  ■ -.i"»324*n2    »«».»  >  -.bC9755*Pl CW§ • -.9ll7%l*Cn 
DWM   ■     .1747|6«IU 

X   AVIS   ACCELERATle^.AX.PE«   ^ELTi   COLLFCTlVE 
PE'»TLaPATIC\r,   AB'HJT   IMTIAL   VALüEi 

Axc ■ r.o 
«OOTS «COMPLEX P^UM 
-.s^ei-aoi     .2ii»i*ooo 
•.5041-C01      -.2l«»l*ßOC 
.»**2«*:0ü       .?2<l*-ü30 

-.1S09*R01      -.1<?55-025 

•AX ■  .223917-30   ZAx «  .2259*4-00 
i/TAXl «  .5H29fc7-00 1/TAX? ■ -,1§«966*01 

P.C. r,41>! ■  .£l62'>7-rf). «OOT LOCU« r.At\ ■  .»«3000-00 

AAX ■  .*«i300r-'3n  r,Ay «  .91*96:-00 CAX • -,6014H7-0P 
CAX ■ -.3r;9l34-3l  E*ll « -.36151C-CI 
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2   4X15   ACCtl.ERATlCM.A?^^  1ELTA   rOl.LFCTlVfc 
PERTURHATI0\>   A«»Ct.!T   IMTIAL   VALUF.» 

A;:D  «  O.C 

.7923-0:* -.^91«-021 

.4993*rjC ••ll*»«094 
-.2142*030 -.?993-03,J 
-.161«*0C1 -.l7?*-032 

1/TA21 ■  .792332-ni  1/TAZ? ■  .•»90349-on 
1/TAZ3 a -.214244-00  1/TAZ4 » -.1ftlf»P2*01 

O.C. 5A1N ■  .B72541-C2. B«9t Lf'CUS GAI^1 « -.in632'*02 

AAZ ■ -.106324*02  fA/ • -.14172Ü*02 CA7 ■  ,605593*01 
OA2 ■  .1«3AA1*Q1  tAZ ■ -.I4'j9nci-C2 

VELOCITY PL"Tlir;HATlfV'5 H«^ALLE.l TO INITIAL 
FLlüHT PATH, PDF TO DELTA COLLECTIVE 

PERTufimATION'S AHT.'T IMTIAL VittlPl 
OSTABO •  .13*150*03 

ROOTS (corPLFv re«Ki 
.#131*000 .3113*000 
.8l3l*ü0n -.3113*000 

-.29^4*001 -.3340-02V 

ZU8  •   -.•331»73-30     *ÜS   •     .«7G723-t)P     l/TUS   ■   -.295420*01 
D.C.   CAl*1  ■  -.91J»273*01»   BOST  LOCHS  Uttl  ■     .6#3nCC-no 

AUS  ■     .68300«-™     WH   ■     .'O'-^ftCJ-OP  Cm   ■   -.77^357*01 
OUt *     .152975*01 

VELOClTr  PbSTjaBATTONS  PPPPENnTCiL*««  Tfl   INITIAL 
FLICHT   PATH,   HUF   TO  DELTA   COLLrCTlVF 

PEPTURBATIO»-   ABOUT   INITIAL   VALUF» 
WSTAI'O   •  n.D,   PfSITIVP  PO» n0»'\ 

«COTS  leOMPkKV ft**! 
.5007*000 .f'0«r' 

-.22l2*C0fi •«WC 
-.1^12*0^1 iMW 

X/TWSl   ■     .503/30-0:     I/T^S?   •  -.22l?90-on     1/TWS3  •   -.161237*01 
D.C,   OAl'i  ■  -.1136«.^*"?.   RPOT  LüCUS  r.Alv   •   -.ir»6324*02 

AWt  ■   -.106324*0?     t-S   ■   -.t«l7??*02  C'S  •     .S9A<*A7*01 

OWS  ■     .1^959*01 



mm  ic.   \,9 

t.   ITi ««I  J  prt HADU . 

»MUJV   AXrf -irftr rtV     ,1372**. 7   ttlOC^S »  P«81TIVF 
ro-» • OS?  I'P, ft'Ci" ««TABIL T7V   AKPS» 

KU -.<Jlr,-')l 7     « •tv«io*oa " ,' •.ft355-0? 
X» .nfH*o:i Z'  • -.«(»35-00 ^W ,*«3C-0? 
Kfl .l37n«'j: Z'; ■ -.?4?'!*0l •"5 •,16?3*01 

xu? -.ßC)nr lun • -.^CC «U8 -."OPO 
xwo -.POOO Zwn ■ -.nOPO MW»? -."000 
)roc -.caon l«^ ■ -.ro?o Mfjn -.ncoo 

x^ .14*:'-?? Z)  ■ .7154-53 4*1 ,5C3«-0', 

XT »•t70*no ZT   ■ -.<»??3*C1 vT .1CM*00 

u • ISSVOJ :>?   • .3:'b«>*il2 CA^^ -.1050*02 
MArn •.OCOfl OMO   s .?3»0-02 «; -,ncoo 

MAC •.OößO :xz » .7114*04 IV .7591*05 
WT -.D0Cr' XI   « •.OOflO TOT -.3000 
LX ,1TOÖ*OJ LY   * -.3000 LZ -.0300 
CL -.ocon c;: « -•0880 u .1340*05 
I* .9203*04 n ■ .7179*05 6 .3220*02 

HI 'fE'vSIOMAL   STABILITY   "U <* T V AT I VES.   *£*   "APIAN. 
r.TAPILTTY   AXES 

KU s -.672^-01 In s -.?^i>-00 Mil -.4549-02 
Xw • -.iur»*nc z s -.95M-00 MW .B141-C2 
XQ s ,f§8«»00 zo ■ -.?676*01 148 -.1623*01 

xup 8 .COOf. run 1 ,8880 MLI"> .rono 
xwo s .roor ZteO r .^cno HW3 ,0800 
XQD s »oooo Z"i',. r ,P88fl Mgn • coon 

xn s .3ii5-nn /- : .^6n?-00 M"i ,5034-00 
XT I -.1344*01 ZT : -..sv9i*ai m ,10*H*00 

\\   STABILITY   AKCSI   U   « .I37?*n3   4..f3   w   ■   0.0 
ZIY   t .ntl^Pl   A'.D   ZIX7   ■ ,«109*R4 

TME   CHA^ArTPRISTICb   Of    Tt.f    LO JGlTüUMt.AU   r)F\ny,I\ATOR   A^'E 
=»POTS :co*«Pwrx F^R^') 

••J4t0*000 ,2*t*»08Q 
■,J490#ü8r- -.-"»HP'^Circ 
.#088*0CQ -.7ci9-c3i 

•.f3M«001 .1.6^1-026 
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• 

CVCLfc* TO M»J   TIVT«   •»%•. 
OMP rvr« c^CU'* TO «at« #•*», 

Ml 

■ 
■ 
• 

• 9tM0-qi 
.3«432-0n 
.infU*02 
.32M0*01 
.44Mf-00 
.20»fl-00 

Cr^FFirtfTS 

A ■         .1CCOOO*<31           i •         .2A«A»n*0l 
0 •      -.2»4*32-f?0          1   ■      -.mv4«.l«; 

c ■ ,*n«7*3-00 

„OT «PR00UC1BU 

76 
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«UH »•<*.    »? -„f^lT*    p*At»C»f »!•♦!?< »0« ^vctfC 

fMlfl n» 3fLTÄ »ffutC 

• I*» • •.l**r«*l 
•    •< «c   •• t * r *«' > 

.74%7*nci ."^i? 

P.C. UtH •    »liOtlH«!« W-JT IOCI« *5«»\ •    .JU»3»«*3 

»con   CC^'^t*» »■f»•*) 
••Mtt*MI .»Iä'^O?« 

•*.C.   6*1     ■  •.l/''»'^••*•,.   •««"•T lOCü< '.AlX ■     .M3S47-90 

AM*  t     .**':347—C    '•#• •     **i7**'*d9 "••  •     ,»1?T?»*01 

NOT REPRODUCIBLE 

T 



7 A«!*; 4r.i.6a''4T!*>M,47,ppi» utti rvcuir. 

i/a ■ *..'; 

".t.  SMN •     .b/t)7:4-r*,   J-viT inci,« r.4f»-  ■     ,^#.0347-00 

kkl  ■     .*f:347-in      «4£   ■   -.?94»»*5-0C  fA7  •   -.*699<'«*02 
0*7  •  -.JSr^l^Pl    tAZ  ■   -.11^399*00 

PEPTuR«ATIONS  ABIU^ INITIAL VALUr» 
AX?  «  0.0 

SCOTS (COWPU-X ftwx 
,3433*C0a .^onn 

-.23«»*'.;PC tftVMJ 
.3?***(:oi .nnn 

-.7r23*00l »PWfl 

1/TAX1  •     .343329-90    1/T4X2 • -.?39942-(3n 
l/TA» ■     .53*45»*0t     1/TAX4 • -.702333+01- 

•?.:.  6il4!  ■  ••lÖTIH^Üti   IH^f LOCUS 'Un  ■     .311537-00 

AAX   t     .3Jl*3T-aQ     liAX   ■      .ll('7A3*ül   TAX   ■   -.750b32*01 
DAK •   .Af^w-eo   LAV ■   .*o*'4«2-on 

►•0R17.   VPUOClTv re.M "bLTA f.vr.LtC 
rg^Tca^ATiof-i »Angf INITIAL "AI.UPI 

SD3 ■     .l34«>io*r3 
-syj^S  (CC^HLtX  FORM) 
-.l?49»oei ,10*0 

.6ll3*C31 .0000 
-.iioe*cu? »njw 

i/Tsn • -.i?4962»r,i   i/T<ii? ■   .M^^n   i/Tsr.^s ■ -.iioo90*C'<» 
n.C.   "M -  ■     .TV42^0*r>-.   »'OT   cOCl S   llt^l   •      .lf&94?-00 

A80  ■     .1»,i9<»?-00    «Sli   ■     .ll«2«l*0l  CS?  *   -.1l3bP3*02 
08P  •  -.liM?6*n2 

N0T REPRODUCIBLE 

78 

! 



HATE OF CL1MH MW ^ELTA CYCLIC 
PERTURB AT I Ovr, AfinUT INITIAL VALUPi 

MUO ■ -.25Cn57*ri2» POSITIVE FOR CLI^B 
ROOTS (COMPLEX FORM) 
-.3196-001     .none 
,9i.37*oni     .^crr. 

-,96«0*0P1        ."OPT. 

l/THtU   ■  -.319637-01     1/1^03  «     .9837iR*01     1/TW03  ■   -.968047*01 
O.C.   GAIM  '   -.I0^1?3*r2.   Kf'CT LOCU?   GAI^'  «  -.706062-00 

AHO  ■  -.7n606?-0n     FfHO  ■     .«80775-01  CMS   •     ,672408*0? 
OHO  «     .?l4'n5*0l 

VELOCITY FF.RTüRBATI0N8 PARALLEL TO INITIAL 

FLIGHT PATHI PUF TO OFLTA CYCLIC 
PERTURPATIOMS ABOUT INITIAL VALUF» 

U5TAB0 ■  .137217*03 
ROOTS (COMPLEX FORM) 
-.6561*000       .flOOP 
.7452*001       .f!0OQ 

-.1035*002       .0000 

l/THSl 8 -.6561R6-00  1/TIJS2 «  .745291*01  1/TUS3 ■ -.103521*09 
O.C. CAPJ ■  .R0C836+C2. ROOT LOCUS CAIM ■  #311*37-00 

AUS •  .311537-00  BUS ■  .110763*01 CU8 ■ -.234434*02 
OUS • -.1577?3*02 

VELOCITY PtRTURBATtOMS PERPENDICULAR TO INITIAL 
FLIGHT rATM, OLF TO O^LTA CYCLIC 

PFRTUM«ATIUSS ABOUT INITIAL VALUF• 
WSTABO ■ O.Oi POSITIVE FOR OOWN 

ROOTS (COMPLEX FORM) 
.1151-001       .0000 
.1006*002     .poor. 

-.9633*001       .COOP 

l/TWSl «  .115151-01 1/TWS2 ■  .1006^0*02 1/TW83 • -.963303*0i 
O.C. GAIN ■ -.374452*P1. ROOT LOCuS CAIN ■  ,660347-00 

AWS ■  .660347-00  BWS • -.294865-00 CWS ■ -.64Q4iO*02 
OWS ■  .737478-00 
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niiNt^€4  Fl'i'CTlO-S PC» MODV   AX^S  UP  -.0000 nppHCER 
P'-JC i  ÜMGIVAL  bCDV   ÄXC5. 

^'ESPFCTlVb   X,   V.   A'r*   J  riSTAVC^S  FW«   AIRPLANE   C.G 
TC   OKir.lN   OP   AX^S   ABE» 
L>.   «     »ifOO*09 l.V  »  -.0000 AMD L2  ■  -.0000 

»UN  NO.     L2 N'J'^AT'V?  r:wARACTF»I?TIC5   FOR  CYCLIC 

X   AXIS   VF.LliClTY  PE^  CELT»   CYCLIC 
PERTURBATION:?:   AB^UT   TMT1AL   VALUF. 

JO   •     .1313*1? 
ROOTS   (COMPl-»y   Ff Bt ) 
-.79ftl*0C3 -.A3«.S*UPn 
-.7961*000 .ft3H«*00C 

.10S9*D03 -.77A»j-li29 

ZUB   ■      .?7»»64-0C      miß   *      .10?C74*01     l/TUP   i      .105974*03 
O.C.   GAIN   ■      .H18Si7*C?.   «nOT  I.OCUS   RAl'1   ■      .l4600n-00 

AUB  •     .14Ä0C0-00     bÜH   ■   -.15?J«7*02  CJ?   •   -.?44«^9*C? 
DUB ■  -.161206*02 

Z  AXIS  VELOCITY,   w.   PER ^ELT»  CV^LIC 
PERTURB AT lOWS   ABOUT   IMTUL   VALUF» 

WD   «     .32«»b*02.   KOSITIVF   OQwN 
ROOTS   (COMPLEV  FnRw) 

.«132-001 ,1ÜP0 
-.9933-001 .ronO 

.7445*ooi .none 

1/TWBl  ■     .ai32»3-9l     l/TwB2  ■  -.993310-01     l/Tk'R3 ■     ,744!)e9*0i 
O.C.  6*IV ■     .239510*01.  RrOT LOCI'S  5AIN'  ■  -,7^4240*01 

AWB ■  -.7M2«0»0l     B*»<  ■     .SA?5?4*02 BM   ■     ,111477*01 
DWB t  -.471711-00 

X AXIS  ACCELERATIOM.AV.PER "^ELTA  CYCLIC 
PERTURHATIO'S   ABPI.'T   INITIAL    VALUFi 

AXÜ   «0.0 
ROOTS   «COH^uFX  F^R? ) 
-.•5tA-C01 .?*1V*OOC 
-.•59A-C01 -.?6l9*000 
-.3»»**ü0l .^5%2*a0l 
-.SIS^^OOl -.*%*2*001 

WAX1  *     .270064-00     Iktl   >     .?44247-on 
WAX2 ■     .760402*01     7^X2 ■     .^07435-3" 

o.e. RAIN ■ -.312*73*11, ^•^.^T LCCL«? CAIV ■   ,i46m'1-oc 

AAX  ■      .14600r-0!l     '^U   «      .!14S'<»6*ni   CAV   ■      .v«f)lt««*01 
DAX   •      .119597*01     LA'   ■      .M'^b-CO 

80 



Z  AXIS  ACC6LF.B*TIOS.A7.Pfi» ULTA  rv.LIf 
PE»Tu«»HATinv;  AQ^J»  !>PlAt VALLF» 

A20  >  C.C 
ROOTS   (COMPLY   FORM) 

illft-eOl .4519-02* 
-.4321*001 -.40*4-047 
-.9406*000 -,?«A9*P0l 
-.5486*000 ,?«*Q*0ei 

WA2  ■     .292124*01 /A/   «     .t»,»h?4-:^ 
1/TAZ1  ■     .119«ei-01  l/TA?/   «   -.43il2'*-3l 

0*0*   6*IN  ■  -.l76012-0n.   RO^T  LOCU^  6A1V  ■   -,7«4?4r5*0l 

A4Z  •   -.784240*01     HA/   »   -.»«SC^'^Ol   Ckl   ■  -,«»7li«7»''7 
OAZ   ■   -.208523*01     EA7   ■     .34*f93-Cl 

VELOCITY PkRTliRBATlO^'b PARALLFL  TO  IM^PL 
FLICHT  BATH,   DUF  TO DELTA  CVCLlC 

PERTURBATIONS   ABOUT   INITfAL   »'AI.UP» 
USTABO   •      .13T?17*01 

ROOTS   (COMPLFX  FORM) 
-.1701*001 .'JP'-'C 

.5402*001 *000C 
-.1194*002 ,^0?l 

1/TUS1   ■   -.170118*01     1/Tij&2   «      .Mn?i4*ci     |/TUt1   ■   -. ll^S^O^O' 
O.C.   CAIN   ■     .78636(?*C2.   R^OT   LOCü«?  RA'1   ■     .146'?3',-''3 

AUS  ■      .146000-00     Hüb   ■     .114?,»«>*ni   pU3  ■   -,75"2f7*ri 
OUI  ■   -.154971*02 

VELOCITY PFRTUSBATTC^S  PFRPF.Mr?!C«»LAR  Tr   IMT1AI. 
FLIGHT  PATH,   nut   TC  Ci*l.TA   C^CL^C 

PERTURHATION'P   AB ' »T   IMTJAL  VSLUfi 
WSTABO   ■   O.t,   POSITtVf   PO» Ofl^J 

ROOTS  (COMPLEX  Fr>9M) 
-,4466-001 .TlfiO 
-.9419*000 •«fM9«00l 
-,5419*000 .2,*»",*C0J 

ZWS  ■      .184429-00     wws   s     .?9 ifib+Ol     1/TU'S  ■   -,44**96-31 
0,C.   GAIN   •     .153^95*02.   B^OT  LOCUS  RAI^'  «   -^»AJA^^Ol 

AWS   ■   -.784240*01      W   «   - ..»H«-."77*01   f*^   ■   -.Attn^OS*,"? 
OWS   «   -.302503*01 
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mt&FF«  »LT»':;  «4   F"H   STABILITY   L*l*» 
r.»i-,r AT \\iOi A'F r.c. 

«UM ^O.    t? V- k-ilU"  *4AMCTMttTte* FOR r.OLLECTIVE 

THfTA Pr< OILT»  r^l LICTIVI 
PE-'TlHl-A^IC»* «;  fclirjT   IMTIAL  VALUfc» 

TM? ■ -.U-!) ♦-/» 
»OOTfi  ICC^'P'-^* FCÄM) 

.   -.7ÄJC-0C1 . mni! 

1/TT..1  «  -.7113039-01     1/TTW2  ■  -.32^723-on 
O.C.   6AI>J  ■  ••l«tttt*0li   »HCT  I.OCU^  CAIN  ■     .13S«00*00 

ATM  a     .ir»MOO«')n    MH  ■     •44f*4t*0l  CTN  •     .200044-02 

X   AXIS  vr LOCI TV Pfq QftTA  COUFCTIVE 
f KS<T^«4TI'J».S   AtOUT   INITIAL   VILUF» 

UO  •     .1372*31 
JC-JTS (cnipu:* f ■»") 
-.2ft3l*CJ0 -.9873-020 
-.7?7A*p00 -.143%*Ü0l 
-.;?7«*üUO ,i43A*oni 

llry «     .4«>lHgr-3;l    *<.••  ■     imOt^^OI     l/Tim ■ -.2H3113-00 
O.r.   r,Al\  ■     .50l2i7*Pi,   RCOT  i.OCUS  OAIN  ■   -.I344l?*ni 

Al»^  »  -.I344i2*0l     MU1  ■  -.23.Wi3*Cl  CUR  «  -.404381*01 
OUO  »  -.9.l7l^n-C3 

Z  AXIS  VfrLOCfTv,   r,   PCM  ULTA  fOLLECTlVE 
f E«TuRhATIO»S   AROUT   PIITUL  VAI UB. 

WO  «     .WO        »   POSITIVE HOWN 
ROOTS   (CONPLF.X FORM) 

.7135*000 .^n0C 
-. 3724*000 -.»3'i7*C0r. 
-.3724*onrj ,l^"7*00f. 

2WB ■     .6Mli3-nn    «».i-  •     .SftOA^^-CO    l/TWR ■     .7i3571-00 
O.C*   5A1M  •   -.105634*02»   ROOT  LOCUS  GAIK'  ■  -.899078*01 

AWB  ■  -.«•V937ft*ni     r«*-   «  -.Ztf^i'VA-OO   CWI   «     .186391*01 
OWR  t     .2nei4S*0l 

NOT REPRODUCIBLE 

82 



Z   AXIS   ACCtLl^ATION.Ar.PtB   HELTA   COLLECTIVE 
PEfn^liATIOMS   ARnu,r   !M1TU|.   VALUF» 

A70   ■   0.0 
r«coT& tcowtc* ff)**) 

",lji4»ooo -.^3i'j-oni 
-.9384*000 .6316-001 

.ITlO^OO .1422-P27 

WAZ   »      .V<05>6l-ijO /A?   =      ,9«7742-0'3 
1/TA71   »      .U9<0'S-ri   1/TA7^   =   -. O3('43{*-:0 

D.C.   GM''.'   ■     .434377-01.   KinT  LOCUS  8*fM   ■   -, 499f57R*'51 

AAZ   «   ».»tfOTMOt     ^A?   ■   •«l5?|l**Ct   CA7   s   -.485in5*01 
DAZ   «     .143633*01     ETA?   «   -.164329-01 

«   AXIS   \CCtLF;ru,rIC\,Ay,PEt?   "^El TA   ".QuLF-CTIVE 
PIRTU^HATIONS   Ab':UT   1MT1AL   VAL'JPi 

AXD  ■   0*0 
^OOTS   (CO^PLLX   F^B'M 
•,lMl*OO0 .4f,<',i-023 

,3«|V*fl0ü .43^b-C?l 
•,t4tl*030 -.^3f4-C33 
•.lil3*OOJ -.?iJ'U-n34 

1/TAX1   «   -.19^139-Oü     I/^äX?   •      .3M29?6-0'l 
1/TAX3   «   -.74?1!>4-00     1/T„j(4   =   -.llft341*Cl 

D.C.   BAIN   »   -^i'^i'^-ri.   vrr-T   LXÜ«  r.Al\   ■   -.134412*01 

AAX.  »  •.li44jf*81     •"'Ax   =  •*f3S7lS*0l  C»« «  ».SHliJ^OC 
DAX ■  .«14>»9,i-ün  LAX »  .H«6ft4?-Cl 

40*11« VLLUCITV PEW PELTA rCLLcCTlVE 
PIUTUHOATIONS Abour !MTUL ^ALüF» 

100 ■  .1343it»*'13 
•00T3 (CO-IPL^X FOtwj 

-.3*.30*C1G .nonp 
.?737*OQI .^noo 

• *}fill«oot .no: 

l/TSri   s   •,i«JB»4«00     1/T'02   *      .■/'737P7*:!      1/Tc;n3   «   -.385117*01 
I3,C«   5*1^  *     .r457,>i*rl.   »'^T  LOCü« •41*   ■     .31**23-00 

ASH   ■      .3l6«23-rn     .>S^   «      .474nijl-00  CST   ■   -,32f546*Cl 
DSr   s   •«t?7«T«»01 
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VH1%   OP   Ct.I"-   "t.--1  -H. TA   r^ULPfTr't 
► £•*▼   '^ATIOV ,    i-* «,T    l<tT14'.   VAI.IJr» 

MM  «   -.2^0f.»7»;;2.   POSlTivF   PC-* CLIMB 

••f99l*Qfl9 ••M'P*Wl 

AMT   a      (fNfetW!f     ii»* "   ■      .lb5'-r'*0?  '^   «      .4R7S4C*C1 

VeLXI™ Pr.^TJf.b/TTl'S P»W*LIPI   TO IMTUL 
PLIGHT   PAT«,   MLC   TO n?LT»   cnUtrTIV? 

PEBTJ^--4TI0^«;   »Hk»'JT   IMITI4L   VALUFt 
USTAl'tl   a      ,l37?l/*''3 

-.2«3l*000 -.'^77-C2n 
-.727«*C0f! -.1436*001 
-,727M*3n: .i436*oni 

Zl'S   ■      .45l(<9^-':3     «u;'   «      .161 i#'4*wl     l/T'J?   a   -.?»3ll?-00 
n.c. MI< •   •WUJt^ti wn L'JC'< ';4!N • -.i34«i2*oi 

AUS  »  -.134412*31     »üS  ■   -.?3"*7i3*ül   CUS  •  -.404n^l*Cl 
OUS  •  •.9*71*0-03 

VELOCITY  PE«»T«J!'KATfr)^iS  P?a»EN?ICl'LA«   TO   INITIAL 
ftll^T  PATH,   IHM   TO nFlfk  COLLECTIVE 

PE'TtRhATIO'ti   AP^JT   INITIAL  VALUPi 
• «5T4HC   •   C.T.   Pr-SITIVF   CO»   ".OWN 

JOO^S  «COUPLE»  pr^*) 
-.77IO*C,00 -.1329-017 

,2l««*03n .44#*-0l9 
-,112<«*&31 .139V-032 

1/TWSl   ■   -,77I»047-0C     1/TWS2  ■     .?l*t'3l-CP     l/T'.S3   •   -.112»69*C1 
O.C.  r,*|\ ■ -.#6123<«*C1.  MOOT i oeus RAIV ■ -.»««n7«*üi 

AWS   ■  -.■99:17«*01     Pbf  ■   ••tMlfMM C««  •  -,4212*2*01 
QWS   •      .1«»«A19*P1 

NOT REPRODUCIBLE 

8U 



TSAV'SR«*  FLfCTlO-S ft*  PODV   AXFS  UP   -IOOCC OECRPES 
WfOH  CklGIVAL BCOV  AXFS« 

f-ESPlCTIvt  >,   Y,   §»13  Z  LISTA^'CPS PiO«  AIRPLANE  C.G 
T« (ßitw or ^XFS h*it 
LX   «     .17::0*P? LY  «   -.000" AND L7  ■  -.0000 

«UN  \0.     L7 MUrEP^TOP   CMAPiCTfRI^TlCS   *&   rOLLECTlVE 

/   AXIS   VTLwCtTY   Pf«  0ILT4   CCLLECT1VF 
Pf«Tütß*T!0>il   AR^'T   INITIAL   VALUFi 

UO   «     .I333*rn 
900T3  ICOWLEX  PO«h) 
•t4M*«OP0 ifOPO 
-.94V5*LCw.; .'r.rr 
,*f»iii*ooi     .rPOP 

l/TURl * -.454632-00  l/TUgS « -.«549549-00  1/TU83 ■  .4n6855*0< 
O.C. GAl'; ■  .7375l?*Pl. RroT LOCUS RAIN ■  ,8?7000-00 

AUR •  .«"PTOon-OO  HÜB ■ -.22n343*0l CU«? « -,436762*01 
OUQ ■ -.145252*01. 

7   AXIS   VfeLOClTY,   w.   PER  OELTA   COLLECTIVE 
PERTUWyATICNS   ABOUT   1MTIAL   VALUEi 

WO   «      .3255*0?.   PISITIVF   OO^N 
:;ncTS   CCC^LF.*  FOAM) 

.544l♦cC,!? ."IPO 
-.3445*000 -,4|n*P00 
-.3445*000 .4271*000 

|W8 ■  .*27<«76-an  »wr; »  .54',.P?6-00  l/TWf« ■  .54412A-P0 
D.C. f.AM « •tfOTt9l*01i »nn' LOCUS CAIN ■ -.IC902«*02 

AWa ■ -.159026*02  BW « -.l5«157*0l C^B ■  .«04560-00 
OWH «  .178690+01 

X AXIS ACCELERATION. AXiPE" !5ELTA COLLECTIVE 
PF.RTUMi-UTIOhS A9ÜUT INITIAL VALUE• 

AYO ■ C.C 
ROOTS (COMPLEX POH") 

.«512-001       .^432*000 

.«512-001      -.3432*000 
-,«940*000        ,y6*9*000 
-.«940*000       -.?669*000 

WAX1 ■  .35361<-00  ZAXI « -.?4n7?9-0" 
WAX? ■  .933073-00  ZAX2 «  ,'>5ft2n/-00 

O.C. RAIN « -. 457133-'?':. ROOT LOCUS CAIN «  ,«27000-00 

AAX »  .P270CiO-(10  1AX *  .l33Hni*01 CAX ■  .571651-00 
OAX •  .6P3321-U1  '.AX «  .•)Cf1316-01 
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Z   AXIS  ACClLEfUtIGN*A2**f*  ^EL.Ti  roi trCTIVP 
PEHTUi^TIGf r,    AH-<I.IT    INItfAl    VAUjf» 

A/0   «   C? 
■?0DTS   <C>-.yr!Lrx  FOÄMJ 
-.3356-03? .102J-C?7 
-.82»2*CÜD ».^W^OÖO 
-.ft282*ü0: .PS?7*pno 

WAZ   «      .P66249-CC Zi?   =      »ff«i«3*Sf1 
l/TAZl   «   -.335670-02  1/TAZ2   ■   -.'<?125^-3" 

D.Ci   GAIN  «   -.?573M-ri.   BiOT LPCUS  r.Al*  ■   -,in902f*n2 

AAZ   ■   -.109026+02     rAZ   s   •♦l#ft»«##OI   TA?   t   •,4t9l#9*OI 
DAZ   »      .l<937b*:i     £A7   «      .50^^*5-02 

VELOCITY   P|iTV<*i*TlO^I   PARALLEL   TO   I'.ITIAL 
PL1GMT   PATH,   r>U€   TC  DFLTA  COLLECTTVF 

PERTURRATIOK««   liOU*   INITIAL   "ALLTi 
USTiOQ   «      .13721 t + fi 

*DOTS   (COiWDLF^   fORll 
,i«92*oci iOoeo 

-.4c1»2*con inoac 
-.2701*001       .^"r 

l/TUSl ■  .1«9231*C1  1/T.iS? • -.*0«2'»7-n"  1/fUfJ « -.?7«l«5*0i 
o.e. GMM ■    •••itt»*oi« »net LOCU« GAT. I    »»?T9e0»0fl 

AUS   ■      .f2700C'-00     BUS   ■      .123''.M*C'1   W«   ■   -.?9?•',! 7*ri 
DUS  ■  -.136137*01 

VELOCITY   PERTUPBATTr'.S  PPBO^T ICUL*8   Tr   IMTIAL 
PLlf^T   PATH,   BUI   Tp   DFLTA   COLLECTIVE 

PERTL6ttTlO\S   AhrDT   iMTTfcL   VALLF» 

ROOTS   ICO^UK   FrR^5 
-,B23?*ooc -.r7n2*cr;n 
-,?23ff*0DP .?7?2*C:0 

.1724*000 .I3l3-C;3r 

ZWS  ■     •f9liM*fiO     W*«   s     .•#TCTf»Ct     l/T't-  «     .17245c-r0 
O.C   RAIN   ■   •tnfftO*Oli   f^OT   LOCL'C   f,A!\   •   -.1^9^26*02 

AWS « -.109026*02    fc'c  s •.lf0*4**0S e*t « •#*ott»**oi 
OWS   «      .l4l3fcC'*01 

NOT REPRODUCIBLE 

^ 



VFW 

5»^ 
NOT REPRODUCIBLE "wi     ni.rni/uUl<IOLC 

f=r:;v AVES -TPL'- bv  ,«»1»*51 TESerfS. »ostttvi 
FC5   \f$|   .k,   put-    eT^?L!TV   AXrSJ 

■c - .jA-Z-fJ Z.    1 .70Z-C1 M  1 -.*7rD-C2 
KM .r.544-ci r   ' ,ie«*«6C ♦•V .130-C1 
xc ,^45f-«^ i- ' .?^14*L1 ** -.1«60*C1 

nut - .(.•-t!C /i" • ^ •» • •« •H.^ ••uoe 
xw^ • .C5Cf /*-  i f»^ pr» M^n -,^3CC 
x?r - .c:ct -1   r* .            . 

• M5* -.rsop 
if .i-z<-r: V'             1 /f^/-".? fc;^ .4502-C3 
XT »   •     C -           ^- r ' 5 •>?^*ül vT ,A7hC-Cl 

,_. .j":7*f.3 F   1 O^r^wl SAVA .:ooo 
KAC^' - ^ «^ » #» 

M IM '          < n«f*of <; ••eooo 
v,£C - r -«« • *        — 7:;*»;* ly .^SOi^c^ 

Ml - . * • T ' y v   < - ••••#»• ▼•■T ••f9ta 
LX .i7r>:2 I  V     1 m ' ^f»f L? -,?C3C 
CL - ,:occ P'      1 m "■,••» r- w ,1340*05 
II .?2:3*:* f "*      f 7i7^*:5 ,3221*0? 

KU -.3bf^-ri Z    r • -s>:*-ci AJ   • -.^5L«-C2 
IT« .^3?-ri 7 •  • - •'OlV-OCl ••,.'   t .1«13-01 
XT .6?77-CD Zs  ■ 0 !H7^*C1 ^•5   B -,14AP*C1 

xur -'. .   s ', ■ *9   • •W5 ■ .rocr 
x*: •■ * «• 

•    r         %   *• ■i 
#• n f« •' •V t ,?crti 

x*:- |V   » '   '   *^ T *%* t .-ore 
x:: »|H*#»Cf i, "   * ^h-tfr-rr fc? « .4b!?2-or 
VT .;vo^-ri If   « • ••!-!7*:i vT   ■ .^C-Cl 

•    ^^Ul ' v    .'At Si .   «            .l-l"»-3  i« l> • • cc 
II* • «1< »'•« .* :  i' tK7  « •«S4ff#M 
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THE CHARACTERISTK.S CF iHt LO'GTT'JÜIVAU nFNAMlNATn« APE 
»OOTS (CO^PUKX FORM) 
-.2135*000       .3447*000 
-.?l35*00r      -.3447*Ü00 
.4727*C'fJÜ       .4^12-033 

-.2343*0r?l      -.-•.«>l-03n 

ZSP ■   .526632-00 

1/TP1 a    .472711-00 

SHORT PERIOD .^OtE 

PERIOD •   .10223*0? 

'*?,P •    .«05S93-00 HAO/SEC 
•   .645522-01 CTCLES/SEC 

1/TP2 »  -.234305*01 

TIME TO HALF AMP. t    .3245l*03. 
TIME TO (Ml TENTH AMP. ■    .107fl0*02 

CVCLE^ TO HALP AMP, 
CYCLES TO ONi TfeNTH AMP, 

ONE OVFR CYCLES TO HAL^ m0. 
ONE OVER CYCLES TO ONF TENTH AMP. 

2*7*WN 

COEFFICIFNTS 

A •   .100000^01    B 
0 •  -.165476-00    F. 

,22«T»4*nX 
-,l»»??05-00 

a .17406-00 
a .59156-00 
a .561^6*01 
a .l'.905*01 
a .427?0-00 
a .16451-00 

-.144079-00 

■ 



"ÜN M0'   L- mm*** e^w.cTc.nTic* ro* CYCLIC 

PEPTuff AT10I.S   AEriT   IMTfAL  w*LUf» 

-.3538-ODl ,«1000 
••HTHOOfl .^000 

im«|   •   -.353ft4D-ri     J/TTH?  l  ••MffSf»M 
D.C.   BMN   "   -.•/i44V»-r1.   per*  L0C:I8  6|,.%  ,     .4J0t0P-00 

ATh  .     .450200-nO    «T^  •      .3MH1-00  rT« ■     .i38lll»-01 

x  4X15 VELOCfTV rr» riLTt  CYCLIC 
PEBTi,«,t.,TIO\.-   tbnor   IMTT4L V*IJ» , 

Ur  ■     .1010*03 

•to#f#ftO] .'»•»Ar 
••toiö^oot ,rrr: 

r.c. cAir' - .mifi^et, *.rr LOCUS 6:iv i '^3^;:JS^0X•40, 

2  AXIJ,  vtLCClTv,   ,,   M  «LTA  PYrLtC 

MWUWinO*!   itOUt  r»4lTti4. ViiuJl 
«OOTS cC^Lr% ^     • ^ttt,, no.. 

'•ffS!'0!!1 .isn*oop 

m •     .1P143P*00     *»%  «     .157?45-Ü0     l/TWp  .  ..Mt34l*02 
r.C   IAIN  •   -.62mD-l.   ROOT  LOCUS  MfJ  .     .»MSU-oo 

KS :    inJi^ni   ^ "     ^»W^« f^ •   .H»97«*ci 

NOT REPRODUCIBLE 

99 



Z iv|8 ACCFuE^ATinN.AriPEH nSLT* CVCUtC 
PERTuK.UTlO?^  tPPl'T   INITIAL  VALUH 

A70   ■   0.0 

-.4h73-nc? .f-rnr 
.M233»nPl .0090 

•••ta^OOt .::c,',c 

1/T421   ■     .JOüPCR 1/TA72  •   -.«i#73A3-0? 
1/TA23  •     .M?3J97*ri     l/tA7«  •  •tHf|*l*01 

P.C.   CAlsJ •     IOOOOOO       •  HOW LOCiJ^ r.4l\ ■     .554b»2-00 

A*7 •     .«»4962-00    »AZ   ■  •.3lA«42-0i CA7 •  -,373151*0? I 
DAZ ■ -.101059-00    PAZ  •    .CQOOPn 

X  AXIS  ACCELE'^ATICK'.AV.PfeH  ULTA  CYCLIC 
P6RTli*MATIOMS  ABOi'T   INITIAL VALUF» 

AKQ   ■   0.0 
«»00T8  (CO^LCX *0»MJ 

-.9*.M-0C1 .5*17*000 
-.9A«5-0P1 -^«»IT+OCO 
-.1935*0CI .l*Al*C0l 
-.1905*0C1 -.l«Al*00l 

WAX1  ■     .919753-00    ZAVl  ■     .144222-00 
WAX2  ■     .252799*01     ZAX2 ■     ,7»^7M-00 

o.e. P.AIN ■ -.paacft^^m» »CPT LOCUS P.AIN ■   .i»i593-oo 

AAV  •     .1M593-00    AAV   ■     .7557M-C0 Oil  •     .141SQ«*01 
DAX   •      .4M344A-Q0     EAK   •      .414196-00 

H0«IZ.  VELOCI^V PF» DELTA CYCLIC 
PEBTimBATlCNS   A^mjT   INITIAL  VALUP.» 

»OC   •     ,101041*13 
«ÜOTS (COMPLEX FOHV) 
-.»731*000 .«000 

,7049*001 .«000 
-.1010*002 .0000 

l/TSni  ■  -.«73144-CO     1/TSD2 ■     .70*9***01    1/T803 •  -.10»0l4*0> 
C.C.   CAIN ■     .A5l»2«*P2»  ROOT LOC'J« 'SAIN ■     .l«»593-00 

A80  •     .1*4593-00    ^Sn  ■     .7552^1*00 r.Sf» • -.l30»««*0? 
080  •   -.114766*02 



PEPtTli'JfATinT,   lifHIt   INITIAL   VALUF» 
wnC   «     .0CO',',,n       ,   POSITIVE FO« CLI^B 

t^OOTS   '.COXPLKX  FOtNl 
•*4*79«001 .nonn 

-«•tft«O0l .9WJfl 

l/Twni   •   -.4M73ft3-n2    1/THD2  ■     .'I23397*fn     1/THD3  «  -.»171«1*01 
P.C.   CAIN  ■   •.ff«l9<»PQi   «^CT  i.OCUS  GAIN  ■  -,5S4582-00 

AMD  ■   -.«SM^-ni     »MO   ■     .■il"'4?-0l  CMP   ■     .373151*02 

VELOCITY  PtPTUHBiriO'ib PARALLEL   TO   IMTUL 
FLIGHT  PATH,   HJß   TO  n^LTA   CYCLir 

PFF5TUHBAT10MS   ABnUT   INITIAL   VALUE» 
USUBO  ■     .101fi41*03 

»OflTf   (COMPLFX  FORM) 
-.«73.i*noo .oöafl 

.7069*001 .3030 
•♦I8f«*00l ."One 

1/TUSl   ■   -.873144-Oü     l#f«Hf  «     .7C69«8*01     1/TUS3  ■   -.1020l6*0> 
O.G.   GAIN  ■     ,6biH24*n?,   «nOT LOCUS  CAIN   «     .l«6593-00 

AUS  ■      .iab!»93-30     BUS  ■     .755261-00  CUS   ■   -.l30»A4*02 
DUS  ■   -.118766*02 

VELOCITY PE^TUoaATlO^S PE«oEV0ICULA» TO   INITIAL 
FLIEHT  DATH,   nut.  TO  DFLTA   CYCLIC 

PEMTURf^ATIO^S   4BOÜT   TMTIAL   VALUE» 
WSTABtl   ■   n..'),   POSITIVE   FOR OOWN 

RCOTS   (COMPLEX  K**«l 
-.4873-002 .nooc 

.8233*001 -,!'0nC 
-.8171+PU1 .ponf1 

1/TW51   «   -.4873*3-02     UT4U   «     .«23397 + 01     1/TWS3  ■   -.817141*01 
D.C.   GAIN  ■     ,9V8in4-n'l.   HOOT  LOCUS   GAIN  ■     ,554582-00 

AWS  ■     .««jAbh'/'-OO     rV*S  ■   -.3l,^4?-01   CWS   ■   -,373151*02 
DWS  «   -.l'Jl«59-00 
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eESPECTi   F   Kt   v,   !*{   Z  [>ltt4NCtt ^^2^  Al^PLASE  CG 
Tn   ^oit^  or   tXP.S  A«»E. 
LX   s     .iTT^n? u*  ■  -.P9cn A»iC  L2  ■  -.OOCP 

»UK HO«    L3 '.>• t'&T^ r**&iCTc6»<Tic< roa CVCLIC 

X   AXIS  v^L^CM^ r^o ' ELTA  CvrL»C 
PEPTL'BHATia^v«;   ApnjT   TMITtAL   VAlilF» 

ua «   «toowu 
BOOTS   CCOHPufX   FnOM) 
-.i337*ooi .^rro 
-.2b26*cni ,ptwf 

.2479*C'J2 ."O^I 

l/TUm   ■  -.133739*:i     |/TtJi|   ■  -.>'b2M3*')l     l/Tin»3  ■     ,247«97*D? 
o.e. luiM ■    .eb473k*r2. fcr.oT LOCUü nm ■    .i42«n-oc 

AUB  ■     .14240C-00     PL-   ■   -.?9»131*C1   CU»  •  -.1316?»*"? 
DUB  ■  -.ll»29b*02 

2   AXIS  VELCCITV,   •,'rfcR  OELTA  CVrLIC 
PEBTL'RBATICV«»   ItfVIt   t»JlTlAL   V'»LLr« 

WQ  ■     »SS90*Ol« PPSTTTVF np "M 
ROOTS   (CC^PLC*  fdfil 
-•tMt-002 -.»j^i-r^i 
-.252H-C0/' .6291-Cni 

,J4«A*Cüi -.?2A7-027 

ZUB   ■      .401530*01      WMH   ■      .A29*A9-ll      1/TV».   t      .b4«A9C*f31 
O.Ct   6*n  ■   -.»*4>«Q4-po.   »^OT LCCL«  r.«l»'  t   -.7C6*2P*C1 

AWB  •  -.70i*20*0l     Bin»   ■     .5f>399*C2  C*"  «     .t4Ä4«4-or 
DWB  •     .194126*00 

X   AXIS   ACCEL^in^.AX.PEB  ^El TA  C^CLTC 
PEBToayA^IO»?!   At»»"^   INITIAL   VAI.UI » 

AX: • o«o 
BOOTS   (CO^PLf*  ***'* 
-.4SSi-C01 .304«*0PC 
-.4M8-CC1 -.3n4H»oec 
-.2«O3*03i .49r:*ct»i 
-,2*03*001 -.or^cnx 

WAK1  ■     .308*69-30     ZAX1   «     .JS74r9-3r' 
WAX2  ■     .J5<913*01     ZAX2   ■     .*fc91rO-Cif, 

O.C.  6*1'^ •  ••tt*tM*Cti  «"'T uOCi;« P.ATv  •     .14S:4fp-oo 

AAX   t      .14240n-P?     an*   s      ^SMAT-tr   TAX   •      .447:93*^1 
DAX   •     .«9675?-00     IAI   ■      .4l7779-:n 

«% i: v iv w ^ ^»00» 
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2   AXIS   ACCELEWATION.AZ.^  'iELTA   CYCLIC 

L7.Z   •   0»3 

.2f,47-CCl -,1776-0?C 
-.lt43«C0l -.44P5-016 
-.4563*000 .?247*Ü0l 
-.4563*C0C' -.22*7*001 

WAZ   «     .22936VM Z^Z   •     -^^^-JJ 
l/TAjl   «     .244796-P1  1/TAZ2   «   -.32*368-01 ..»•••*•* 

4*2   •   •.teWfOHl     BAZ   •   -.M95?0*01   CAZ   •   -.372945*02 
OAZ  «  -.141532-30    tAZ   «     .344346-01 

VELOCHV   P£t.'TJPb*T!0' S   PARALLEL   fO   INITIAL 
FLlcwT PATH,  ^ur TC DftTl CYCLir 

PE«TLiRDATlONS ABOUT INITIAL VALUE» 
U5TAB0 •  .1C1CI*1*C3 

BOOTS (CC^LFX P',BM' 
-.iiii*cci .eoec mm»* .f 798*001        »WO 
-.1099*002     .noo: 

1/TUS1 • -.111101*01  1/T0S2 -  .679flU*01  1/Tuf],! -•}S99l5*0, 
p". MlJ •  .MM:2*:?. RnCT LOCOS CA?v .  .142400-00 

4US ■  .14240^-^  HU5 •  .7b'>347-0D CUl « -.997692*01 
0"S • -.11^2l5*D2 

VELOCPY PESTUCBA'lOHS PEROEMCIC'JLAB Tn INITIAL 
FLK.WT PA"»"^. MJf T« OELT4 CYCLIC 

PE»Tü«t'ATI0V5 ••01« INITIAL VALUFi 
^TAS'W » R.ti POSITIVE pns now\ 

POPTS   (COMPLEX   FORK) 
-.3021-001 .28^2-016 
-,4432*000 -.?2"2*30l 
-.4432*000 .22-2*Ü0l 

ZU8  •     .l9C6fC-0P     ^M   »     .23?*-7*01     I/TVS  •   -'^JObJ-Ol 
O.C   5AIV  ■     .ft349ll*5l.   IMf LOCL«  U!«  ■  -.7^520*01 

AWS  •  -.70»520*01    bws  •   -.M95?0*C1   C*'^  •  -.3»4*53*02 
OWS  • -.115*««*01 

»3 



OWnr    AT   AlUPLA't   CG. 

RU\  \0.     L3 MJ-'EKATO»'   rHAHACTPDISTlCS  PO»  TOLLECTIVE 

THE^A   KF-<  OfUtA   COlLFCTlVE 
PE^TuHf ATIOv'S   AIWJT   !MTUL   VALUEi 

Tt-0  ■     ,OfW 

-.2319-cCl .^»jnO 

l/TTMl   «      .9777«)2-0Ü     1/TTM?   ■   -.?319?«-tlJ 
n.c. r..M\ «    .•«Wi'-i'ti ^JOT i.or.i^ r,AT^ ■   .678otio-Pi 

ATM  ■      .^78000-01     ITM  ■   -.M7191-01   CT«   «   -.1537*7-11? 

X   AXIS  VELOCITY  »ER  rELTA   r.OLLPrTlVfc 
PERTL»ÜATIOvs   ABOUT   INITIAL   VALUR» 

UO   ■     .1010+-03 
ROOTS   (CU^PLrX  FORM). 

.9444*00r .050^ 

.4iO«*coi .nop'"» 
-.5532*ooi .rnon 

1/TUB1 ■  .944480-00  |/TUtl ■  .<in654*ül  1/TIB3 » -.553235*01 
O.Ci CAIN • -.ll766e*r!2. ROOT LOCUS RA1K ■  ,99»lft9-0l 

AUB ■  .999169-01  MM ■  .4«*n9?2-01 CUB ■ -.248455*01 
DUB ■  .214396*01 

Z AXIS VELOCITV, w, PE« ^ELTA COLLECTIVE 
PERTURRATISNS ABOUT INITIAL VALUKi 

wfj ■ .nOOO  • POSITIVE HOWN 
ROOTS (COM^LF.X FC«*) 

,4076*000 -.9711-017 
-.5592*000 .4236*000 
-.5592*000      -.4236*000 

ZWB  «     .797164-00     WM ■     .701610-00     1/TWP  •     ,407623-00 
D.C.   CAIN  ■   -.942364*01.   ROOT uOCUS  CAIN  •  -.855713*01 

AWB •  -.855713*01    *** *  -.60*3*9*01  CM«   i -.310540-00 
QWB  «     .171703*01 

^ 
^ 

&* 
tfA ** 
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Z  AXIS  ACCELERATION,A7.PER DELTA  COLLICTlVE 
PERTL'RRATIONS  ABOUT   INITIAL  VALUE» 

AZO  •  CO 
ROOTS   (COMPLEX  fnHV) 

.0000 ,0000 

.5475*000 .0000 
-.?169*000 .8900 
-.1842*001 .0300 

l/TAZl   «     .000000 1/TA22  ■     .S47569-00 
1/TAZ3  ■  -.216914-00     1/TAZ4   ■  -.1«4220*01 

O.C.   CAIN ■     .OORQOO       ,   MOOT  LOCUS  CAIN  ■  -.855713*01 

AAZ  ■  -.855713*01    BAZ  «  -,129345*02 CA2  ■     .422S7t*0l 
DAZ  ■     ,187238*01    EAZ  ■     ,000000 

X AXIS  ACCELERATION,AX,PER DELTA  COLLECTIVE 
PERTURBATIONS  ABOUT   INITIAL  VALUEt 

AXO  ■  CO 
ROOTS   (COMPLEX FOR«) 

.1213*001 ,0000 
,9884-001 -.4537*000 
,9884-001 ,4537*000 

-,1892*001 ,6330-029 

WAX  ■     ,464426-00 ZAX  ■  -.212833-00 
1/TAXl   ■     ,121369*01  1/TAX2  ■     .988452-01 

0,C.   CAIN ■     ,271709-00*  ROOT LOCUS CAIN •     ,999169-01 

AAX >     ,999169-01    BAX ■     ,480922-01 CAX •  -.221387-00 
DAX  >     ,600086-01    EAX  ■  -,495067-01 

HORIZ.   VELOCITY PER DELTA COLLECTIVE 
PERTURBATIONS  ABOUT  INITIAL  VALUE* 

Sno •    ,101041*03 
ROOTS  (COMPLEX FORM) 

,9444*000 ,0000 
,4106*001 ,0000 

j -,5532*001 ,0000 

1/TiOl  *     ,944480-00    1/TS02 •     ,410654*01    1/TS03 •  -.553235*0« 
O.C,   CAIN ■  -,117668*02*   ROOT LOCUS CAIN ■     ,999169-01 

A80 •     ,999169-01    B80 •     ,480922-01 CSD ■  -,240451*01 
OSO ■     ,214396*01 
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nr: « .rrn^ar  . POSITIVE F«* CLI^B 
«DOTS CCO^'LE» rn**! 

.5475*000       »eOOO 
-•tt«t*oou .ceoo 

l/TMOl   ■     »—WfiOfl    1/TMD2  »  -.216916-00    1/TWC3  ■  -,1I»4220*C1 
O.C.   CiW  «     .I0?7(»2*p?,   OrpT  LOfiUS  G4T\ ■     ,«557l5*0l 

AMD  ■     .8557i3*01    «wn  «     .12«J45*02  CH5 ■  -,ft22876*ai 
DMO  ■  -.187236*01 

VELOCITY  PERTL'QB/TJO'.S  PARALLEL   TQ   l»ITl*L 
FLIGHT  PATH.   rM   TC  DFLT*  C^LLErTjVF 

PERTL'RHATIOVS   A9rjT   IMT1AL   VALUE» 
USTABP ■   .icic*i*r3 

»00T8   (COMPLEX  fW) 
.§644*000 tPOSO 
.4106*001 .nOPC 

-.5532*001 .Pprc 

l/TUSl   ■     .»4446C-20    l/,fJS2  ■     .<1065A*ri     |/fU|1  ■   -.553235*0^ 
D.C.   CAP.   ■   -.11766MQ2.   ROOT   u OCu?   SAfK   ■      .999169-01 

AUS  ■     .999169-01    9US  ■     .48r9?2-0l  tU* •  -,?40455*0l 
OUt  •     .214396*01 

VELOCITY PEOTUPBATJCMS  PWfWCUU*  T0   IMTUl 
FL!r,HT  PATM,   rut   TO OFLTA  COLLECTIVE 

PERTUPBATIONS ABOUT IMTIAL VALUF» 
^STABO > 0.3« POSITIVE FO» HOWS 

900T8 (COMPLEX FO«*) 
.5475*000       .9000 

-.2169*000       .0000 
-.1642*001       ."OOC 

i/TWtl ■  .547569-00 1/Tw82 ■ -.216916-00 1/TWS3 ■ -.164220*01 
O.C. CAIN ■ -.1027«2*02. «^OT LOCU^ GAlK ■ -.855713*01 

AWg ■ -.155713*01 IM « -.129345*02 C**.  •  .622976*01 
OWS ■  .187236*01 



P-C' BtTC!\«t IOC* AXcs. 
PESPFCTjvE >f. v, |Nr 2 niS^4\CFS Poe*- AIMLAMl C.C 

TO PBICI\ OF AXES APg, 
LX • .i7ro*o? LV ■ -.croc  AM& LZ ■ -.0000 

"^ ^0'  L3 UUMltitei CNARACTEOJSTIC^ POP COLLECTIVE 

X AXIS VEtOClTY ngB -ELTA COLLPC^IVE 
PEPTuPBATlONIS ABOUT INITIAL VALUP» 

L'O t  .inC7*03 
^OOTS (COMPLFX FOP«) 

.8442*00C       .5797*0OD 

.8442*000       -.5797*000 
-.2373*o:i      -.367Ä-i)2« 

ZUB   •   -.P?4333-00     wuB   «     .10?414*01     1/TjB   ,   -.23709»*01 
O.C.   GAIN  «   -.1095?9*C2.   POOT LOCUS  CAIV  ■     ,«02500-00 

4UB   «     .«02500-00     913  ■     .547611^-00  CU»   •   -,?37091*01 
DUB   »      .199567*01 

7   AXIS   VELCCITV,   »,   PEP  «FLTi   'IL^PCTIVC 
PlUTU^ÖATfO^t   AB^UT  IMTIAL   >'ALur, 

oo s   ,«iep*oji POSITIV^ ws 
^COTS   {COMPLEX   FDPV) 

.4294*^:: -.9959-017 
-.4710*000 ,49fi*000 
-.4710*000 •»Mtt*000 

2WB «  .6988fiA-3n  WK« «  .f7454*-00  l/rwu t  .4?9464-3c 
n.C. SAtN ■ -.lC35«4*o?. ProT LOCU? OAI«^ ■ -.947260*01 

AWH » -.967263*01  Itf* « -.495916*01 C.a . -.463874-03 
DWR ■  .iftl:734*oi UJ 

x  AXIS   /.CCELESATIOV.AX.PE« "5EwTi   "CLFCTIVE 
FEPT'jPbATIC'.S   ABOJT   INITlit   »'A'jC, 

AX3   «   0.0 
^OOTS   {CO^PLtX   FIRM) 

.6255*000 .52*9-017 
-.7864-001 -.2165*000 
-.7864-001 .2145*000 
-.1851*001 .«»«62-029 

»AX   «     .230371-00 ZAX   «      .341386-3^ 
l/TAXl   i     .625549-00   1/TAX?   »   -.7*6454-31 

D.C.   OAtM  ■     .27"79l-oo.   MOf  ^OCUS   RATS   «     .832500-00 

AAX  •    •IOtiCe»03    HAV  «     .111343*01 CAX t  -.;32298-on 
DAX   «   -.940000-01      t.AX   «   -.491394-01 
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Z AXIS ACCELERATION.iZ.PEP OELTA COLLECTIVE 
PERTURBATIONS ABOUT INITIAL VALUFi 

AZO ■ 0.0 
ROOTS (COMPLEX FORM) 

.2158-002       .6478-027 

.9568*000       .1973-044 
-.2253*000      -.1094-040 
-.1552*001      -.2208-040 

l/TAZl ■  .215815-02  1/TAZ2 •  .558844-00 
1/TA23 ■ -.225396-00 1/TAZ4 • -.155216*01 

O.C. GAIN «  .223194-01. ROOT LOCUS GAIN ■ -.967260*01 

AAZ ■ •.967260*01 BAZ ■ -.117866*02 CAZ ■  .621968*01 
DAZ •  .187098*01 EAZ • -.406670-02 

VELOCITY PERTURBATIONS PARALLEL TO INITIAL 
FLIGHT PATHi DUE TO DELTA COLLECTIVE 

PERTURBATIONS ABOUT INITIAL VALUEi 
USTABO ■  .101041*03 

ROOTS (COMPLEX FORM) 
.7664*000       .5096*000 
.7664*000      -.5096*000 

-.2916*001       .4289-029 

ZU8 ■ -.832723-00 WUS ■  .920426-00 1/TUS • -.291663*01 
D.C. GAIN ■ -.108829*02> ROOT LOCUS GAIN ■  .802500-00 

AUS ■  .802500-00 BUS ■  .111043*01 CUS ■ -.290808*01 
OUS ■  .198291*01 

VELOCITY PERTURBATIONS PERPENDICULAR TO INITIAL 
FLIGHT PATH, HUE TO DELTA COLLECTIVE 

PERTURBATIONS ABOUT INITIAL VALUEI 
WSTABO ■ 0,0, POSITIVE FOR POUN 

ROOTS (COMPLEX FORM) 
.9616*000 .0000 

-.2446*000 .0000 
-.1539*001       .0000 

_ 
1/TWS1 ■ .561690-00 1/TWS2 ■ -.244803-00 1/TW83 ■ «.153944*01 

D.C. GAIN ■ -.112081*02* ROOT LOCUS GAIN ■ -.967260*01 

AWS ■ -.967260*01 BWS .■ -.117866*02 CWS ■  .603634*01 
OWS ■  .204217*01 
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ROOTS OF A/C LOMGITUDIMAL TRAMSFE» PUNCTIONS 

(HIN NO.  L4 

VERTOL YHC-1A  1500FT/M1N QPSCENT AT 60 «WOTS 

INPUT DATA 

UNITS ARE 1 PER RADIAL 
DIMENSIONAL STABILITY DERIVATIVES 
(BODY AXES DIFFER BY  .1930*02 OEGRFESi POSITIVE 

FOR NOSE LP, FROM STABILITY AXES) 

XU i »  -.3180-01 Zu ' s  -.2150-01 MU i I  -.6960-02 
XW 1 •   .1092*00 Zw i •  -.9058-00 WW i I   .4690-02 
XQ > •    .1460*01 16 < •  -.2410*01 MO i «  -.1566*01 

XUD • 1  -.0000 ZUD • •  -.nooo MUO 1 •  -.0000 
XWD ' i  -.0000 zvn ' l   -.0000 MWO l i  -.0000 
XQD < i  -.0000 7QD l •   -.OOPO MOD i '  -.0000 
XD » «   .1260-00 Zu • .7732-00 MD « •   .4717-00 
XT l «   .8800-00 ZT 1 i  -.«010*01 MT i l   .1162*00 

U « «   .9850*02 UZ « >    .3450*02 CAMA I •  •.1390*02 
MACH > 1  -.0300 RHO ' 1   .2380-02 S i >  -.0000 
MAC * 1  -.0000 IXZ • •    .7114*04 IV i l   .7591*05 
HT • i  -.0000 XI • •  -.^ono TDT i i  -.0000 
LX I 1   ,1700*02 LY i 1   -.nQPQ LZ • i  -.nooo 
CL • 1  -.0000 cn • {  -.rono W I I   .1340*05 
IX l i   .9203*04 IZ i l    ,7179*05 r. i i   .3220*02 

DIMENSIONAL STABILITY npRlVATTVESi PER RADlANi 
STABILITY AXES 

XU « -.9994-01 ZU -.3038-00 MU -.5018-02 
XW « -.1731-00 Zw -.8377-00 MW ,6727-02 
XQ • .5813-00 ZU -.2757*01 MQ -.1566*01 

XUD ' .0000 ZUD ,0000 MUD .0000 
XWD > .0000 ZWD .0000 MWD .nooo 
XQD ' .0000 ZQD ,nono MQD .0000 
XD ■ .3745-00 ZD .^881-00 MD .4717-00 
XT ■ -.1817*01 ZT -.7851*01 MT .1162*00 

IN STABILITY AXES* U «     .1044*03 AND W • 0.0 
ZIY »     .7*91*05 AND ZIXZ •    .1397*05 

THE CHARACTERISTICS OF THE LONGITUDINAL DENOMINATOR ARE 
ROOTS (COMPLEX FORM) 
-.4285*000       .2513*000 
-.4285*000      -.2513*000 
,4084*000      -,J444-033 

-.2054*001       .3112-030 
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ZSP ■    .662643-00 

1/TPl »    .40M54-00 

SMOPT PPRIC"^ MorE 

PERIOD •   .25002*02 

U$ß  « 
s 

J/Tr2 « 

,496»37-00   RAO/SF.C 
.790742-01  CVCLES/SEC 

-,205487*01 

TIMF  TC HALP  AWP.   a .16173*01 
TIMF   TO  ONF   TENTM  AMP.   ■ ,537?4*01 

CYCLES TO MALP   AMP. 
CVfLES   TO  ^F   TENTM   AMP, 

ONF   CJVk«   CYCLES TO  MALP   AMP. 
OMF   OVER  CVCLtS  TO  W#  TEWT^  AMP. 

2«?*wv 
WSQ 

CCfPFlCpNTS 

A  • .150000*Ol P 
D •       -.313039-00 E 

t ,2^0360*01 
■       -.2r7l»3-no 

• .44ft«5-01 
« .214M-00 
« .15459*02 
• .46938*01 
> .95719-00 
• .24665-00 

C  ■ .818813-00 
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TBAMSFER  FUvCTIOfS  TOR  STABILITY   AXE«« 
QRlCr:   AT   AIMPi 4'-t  C16. 

RUN NO.     L4 NU'ERATOR   CWARACT^II^TIC«  FOR  CVCLIC 

THETA PE»; P?LTA cvruic 
PERTLKiiATION/«   A90UT   INITIAL  VALUE# 

THO ■  -.I39f)*n2 
ROOTS (ccwPLtx worn*) 
-.3117-001 .oono 
-.9122*000       .10flP 

1/TTH1 « -.311755-01  1/TTH2 « -.912253-00 
O.C. CAIN ■ -.647500-01. ROOT LOCjS NIM ■  .471700-00 

ATM ■  ,471700-00 bTM «  .AASOtS-OO CTM ■  ,134191-01 

X AXIS VELOCITY PER HELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL VALUFi 

UO ■  ,1044*03 
ROOTS (COMPLEX FORM) 
-,5657*000       .0000 
,6830*001       ,0000 

-,9062*00]       .0000 

1/TUB1 • -.565798-00  l/TiJB2 •  .M3059*01 1/TUB3 ■ -«•0il61*01 
D.C. SAIN ■  .634509*02. ROOT LOCUS CAIN ■  •374909-00 

AUB ■  .374509-00 BUI «  .105530*01 CU9 • -.227972*02 
DUB ■ -.131460*02 

Z AXIS VfeL^ClTY, W. PER OELTA CYCLIC 
PERTuHliATIONS ABO'.IT INITIAL VALUF» 

W   i  .0000   . POSITIVE OOWN 
ROOTS (COMPLEX FORM) 
-.8219-001       .?99»*000 
-.8219-001      -.299*»*000 
-.7099*002       .4085-026 

ZWB ■  .264388-00 tfWtl ■  .310869-00  l/TWR ■ -.709928*02 
D.C, CAIN ■ -.227053*02. ROOT LOCUS CAIN ■  .681062-00 

AW» i  .688082-00 BWB ■  .4A9«?C*02 C«(B « .609629*01 
0W8 ■  .472074*01 
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I  AXIS *cr?i LV..TJPK,A7,P^ -^TA crrLlf. 

ki:  » fj.o 

-.1440-00?       -,'J9*'»-n0l 
-.1440-c:*        .'»9*.«<-011 
••ei|*00] .i3oe-02f» 

-,76l«*C0:        .7A#.3-0?9 

WA7 ■  .497074-01    Zt,l   •      .>«9tifl7-0l 
1/TAZI ■  .831125*01 1/TAZ2 « -.TM^^O^Cl 

D.C. CAIN ■  .500063-fn. Cr^C^ LOCUS CAlS •  ,686n8?-no 

AAZ •  .6880e?-00  HA? " -.?*799b-0D CA7 ■ -.419974*0? 
0*2 ■ -.121702*00 ill   « -.101771*00 

X AXIS ACCEUMTICN.AV.PF.H HELTA CYCLIC 
PE^TU^hATIOt'S ABOUT INITIAL VALUF.» 

AXO ■ n.o 
ROOTS CCWLFV F':«»v) 

.2886*00C .2310 
-.1843*000 »9000 

.3352*001 »r.nw 
-.6274*001 .1000 

1/TAKl   «     .288690-00     1/TAX2   ■   -.lB4j46-on 
1/TAX3   »      .335278*01     1/TAX4   >   -.627494*01 

O.C,   r,Al\  ■   -.2023«9*i:i.   KO.JT  LOCUS  GAIK   ■      ,3745C9-0C 

AAX   ■      .374509-00     ^AX   ■      .10,»530*01  CAX  «  -.B0l3?3*Cl 
DAX   ■      .7A3«94-00     tAX   «      .419317-CO 

HQHIZ.   VP.LCCITV   PE*  fELTA   CYCLIC 
PERTl-HbATICM   ARnUT   tMTIAl,   VAUIC, 

•oa « .irnn*'^ 
R00T5 (COMPLEX f^R'M 

-.9»54*CDO .none 
.637(S*C'3l       .8003 

-.1088*00^ IOOOQ 

l/TSOl ■ -.9Ä5461-0C:  |/TSOt ■  ,*Jf|kit*ei  l/Tsn? « -.108835*0? 
D.C. CAlM ■  .654431*-;. R^T L^Cl.'S r.AP' ■  .198245-00 

ASO «  .198245-00 RID «  .iOA877«0t n**   *   -.l?f.7«4*C? 
DSD « -.135587*02 
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MIT W CLIV« fr- nfi.Ti rvftie 

Hr^'J ■ -.2.S?7l0*r2, POSITIVE PPW CLIMP 

.750H*i;Cl      »ooeo 
-.7soi*cri     ,0000 

l/THPl   »     .153119-U?     l/TWO?   «     .7bn895*oi     1/THR3   «   -.750173*0' 
n.C.   ^M*.'  ■      >91§if8*e0i   «<10T  LOCUS  GAIN,   •   -.757900-00 

AHf*   ■   -."»^V^-ro     bHO   ■     .663«l4-ü2  TMH   s     ,A2*>9?6*D2 
OHfl   »   -.f?37r4-0l 

VELOCITY   WTUMUTlOfci   PA«<LLfL   TO   IMTfAt 
PLIGHT  PATM,   njr   TO  DFLTA   CVCLir 

PF.i'Ti,,«.-.ATIO>S   tfiOMT    IMTIAL    VALUf. 
ÜSTäPO   t      ,lü*i(f*ü2 

^OOTS   (CO^PLf-.^  POpv) 
-.5*57*000 ,0008 

,Afl30*0ül lOOOfl 
-.9n«?*D'ji     ,nooc 

l/TUSl « -.bft579A-')r)  J/TuM 
s  .fO0M»01  l/T»i|3 « -.90fi261*0i 

O.C. Ö*1N ■  .«J**af*P2i RCOt L3CUS f-Al" «  ,37<5C?-nO 

AUS ■  .J74ir9-0D  ^US «  .lO^O^Ol CÜS ■ -.??7572*D? 
Ot'S ■ -.I3i4*0*02 

VELOCITY KRTUHSATtOi«! PPRBEVDICJLA« TO INITIAl 
FLICHT PATH, rut TO DELTA CYCLIC 

PEPTljH^ATIO'^ ÄpOüT IMTIAL VA..ÜP» 
-STABO » D,0i POSITIV? PO» nowN 

^OOTS (COMPLEX POPH) 
.J»A55-OOI     .tonn 
.7620*001       .0000 

-.7317*001       ."npo 

J/TWS1 «  »Hf»01*8l  1/T<JS2 «  .762ci9*ni  1/TWS3 « -.731726*01 
B.C. 6AfN ■ -.16'"?76*C2. »OQT LOCUf 5Alk «  ,6«80«2-00 

AW8 ■  •i8t0ft2*Qd  i ws » -.sfilf-Zn  C«/<! « -,3»34P7*O? 
DWS •  .332P64*:i 
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TRAMSFW  ru'CTlO'v? ftM \*0üi   AXFS  UP  -.00P0 OERRBES 
^KO"   ORlfttHiU "-ODV  AXES. 

WF.SMLCM"7   X,   Y,   AT  Z  riSTA^'CPS  F^O^  AIPPLANE  CG 
TO   OCJIGIM  Of   AXFS   A'U» 
LX  s     »t'QO^Qt ly ■  »tÜGM        AND UZ ■ -.0000 

PUN  \0,     L« V'.' HIUTa«  r,h(A«ACTP.BiST!C^  FOB  fVCLIC 

x   «XIS  VPLOCÜY PF.n "F.LTA  TVCLIC 
PEPTuH^ATlO' 5   ABOUT   INITIAL   V'ALUF» 

^OOTS   (CC'IPLPX   FOMM) 

•♦»••f*oor .,>346*oon 
.1221*003 .?4n7-C?3 

2U8  «     .827689-00     wygl   «     .«»52731-00    l/Tl'R  ■     •1??125*03 
o.r. GAIN ■ ,674i(so*oai pnnT LOCUS GAIN ■ ,126000-00 

AUB ■  .126000-00  %Ü¥ » -.lbl«91*C2 CUP ■ -.24i542*C2 
OUB ■ -.139675*02 

Z AXIS VFLüriTY, w, PEP ^ELTA CYCLIC 
FE^TL'PBATIONS ABOUT IMTIAL V/ALUt"» 

WO »  .3450*0?» POSITIVF nQWN 
«OOTS ICO^LC" PCPK) 

,1144-002 -.S305-001 
.1144-002 .5305-001 
.5379*001       .^750-030 

ZWB  ■   -.215631-01     '■*.■>   ■     .530604-01     1/TWB   ■     ,53?92A*01 
D.C.   RAIN  •  -.529633-C0.   PODT uOCiJS CAI^  »   -,7?4570*0l 

AWB  ■   -.724570*01     t*'*   ■     ..369931*02  CW«   ■   -,lQ96i2*00 
DWB  »     .109773*00 

X   AXIS   ACCELERATION.AX.HEP  ULTA   CYCLIC 
PEPTURBATICNS   ABOl'T   I>JITIAL   VALUFi 

AVO   «   0.0 
^OOTS   (CO^fLEX  FOPM) 
-.5545-001 .?57A*000 
-.5545-C01 -.?576*000 
-.4248*001 -.557A*00l 
-.4248*001 .55'6*0',l 

WAX1  ■     .263525-00     ZAXl   ■     .21^43y-C0 
WAX2  ■     .721053*01     Z.VX2   «     .*()*#♦/•«« 

B.C.   GAIN  ■   -.2075*9*?:ii   PpOT  LOCljS  CAIN   ■      .196000-00 

AAX  «      ,12630^-00     ^AX   ■      . 10'1456*01   CA/   ■      ,^3?00b*01 
DAX   ■     .761181-00     F-AX   «     .«3^047-Pn 
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i   AXIS ACr.ti.F^ATinN./iT.F-'ER ^ELTA CVrLTC 

A:-; «c.o 

•«|t42-Obl -.?Si8-036 
-.51ft9*-(.i00 -.?367*00l 

*A7   » 

o.c. 

.?49312*P1 ZA: .-l3347-:n 

GAIN!   «   -.1V63?0-0'J.   RPOT   LOCUS  6*1*1   »   -.7?457n*0l 

AA2   t 
n4£ » 

l/TUSl 
n.c. 

AUS   « 
Dl.'   »   - 

'.T?4»70*0l Hi; = -.ViJ6v7'3*01 CA7 « -. «ZülüAt-C? 
.13765S-r;,n  C^J s  .4ri^74i-ül 

VELOCITY PtPTUfttATrOKl PARALLEL TO IMTJAL 
PLIGHT PATH, nur TC DELTA CVCLIT 

P6«TU»e*TtON!S   ABOUT    INITIAL   VALUF» 
UST'.KG   s      .i0n3*'/*:3 

ROOTS   (COMPtJ *  f')«") 
•.t5«»*00l .r-nrn 

,hLC7*Lül .'"TG 
-.132**C02 .'JQOO 

s   •.I14*0f»0l     1/T.iS?   «      .60n2«?*ri.     1/TUS3   «   -.132645*C> 
RAfN   «     •«klOi^t!?*   BfOT   LOCUS  r.Alf   «     .l?600?-00 

.13504^*0? 
•,«»fiji»*oi 

tws « 
D.C. 

Aw'S   ■   - 
DW8  =   ► 

VFLCCirv  Pr.WTU?^/.T|0: S  PE^PE'JnrCtiLA^  TO   TMTIAL 
rtir.MT oiTw, rut.  TP PPLTA CVCLIG 

PEäTÜ^ITIOWS   *»CJT   INITIAL   VAIUF. 
wST-kfjO t  o.e,  P'.SlTiv'E rno nOWS 

ROOTS   tCOMPLEX  rO«»M) 
-.?76g-n:i .r'onn 
•«•Ol**000 ,24pf*C0l 
-.5:i?*i:cn ",24ftf*00i 

.?r4i4^-nc      <toS   s     .24!>7P3*C1     l^T.'S  «   -.276990-01 
ßAlN  «      .b«4o:<*D3,   PonT   LOC'J?  GA!^  «   -,7?4570*01 

.»?<5?0*0i    H» »   -.74»^T«:4.CI   :*c   ■   -.439436*i-2 

NOT REPRODUCIBLE 
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NOT REPRODUCIBLE 

OMICIV fr hivp\ eM r.G. 

RON   NO,      L4 iUr'tKATOV   TWA^ iCTf^ I ST IC?   POH   COLLFCTlVE 

TMFTA   PF.^   TEI TA   COLLfCTlV'E 
PEmimi<ATl()fS   AR^IJT   INITIAL   Wi\ßt 

-.5133*000 ."onn 

l/TTwi « -,4e220?-ni  l/TTH? « -. r.l337«>-Rn 
D.C CAIN ■ -.l3He4C-Cl. MOJ  LOCUS CAt\ ■  . 1162QO+00 

ATM «  .116200*00  -T^ «  .657574-01 CTM «  ,2«7654-02 

X AXIS VPLOCITY Rfd nELTA CCLLPCTIVE 
PERTU^aATIÜNS Ai^üt I NIT TAL VALUF.i 

UL1 «  .1044*03 
^OOTS <co*iüLtx rotMi 
-,6185*000 -.53^^*011 
-.6l85*Cün ,l3n?*Ci0l 
-.3«17*00Ü -.»»iwoSi 

ZUR  ■     .427473-CC     WU^   ■     .I4<7r5+Cl     UVM   ■   -.3ftl74O-00 
D.C.   CAIN«      .70ll!J6*ni,   HOOT  L OCuS  'SAIV   ■   -.1^1729*01 

AUB   «   -.191729*01     »U«   ■   -.29^201*01   CUB   «   -.466360*01 
DUB  «  -.14526^*01 

Z AXIS VRLOCITV, *,   PL« "tELTA COLLFCTIVE 
PERTURhATl3NS ABOUT INITIAL VALUFi 

WO «  .0000  » POSITIVE nowN 
ROOTS (CQMPLF.X FOPn) 

,8067*000 ."»oro 
-.4492*000 •#4jPl*ö0fl 
-.4492*000 .43*3*000 

ZWB  ■     .715726-00     **'»  ■     .^27642-00     1/TVB  ■     .«06784-00 
O.C.   GAIN   «   -.1204?9*0?,   «HOT  LOCUS  «AP1  ■  -.7*15060*01 

AWB   «   -   ,,e506C*11     f-W.   s   -.71^^70-00   CW«   «     .?597P7*0l 
OWtJ   •      .24950^*01 

106 



Z   AXIS   ACrEL%«ATTC;>J,A7,PFR  ^ELTa   roLLFCTIVE 
PEPTüMHATjOr-.c;   ufjIl.T    INITIAL   VALUF» 

AZO   »   0.0 
ROOTS  (CCi'lPLPX ro«Hj 

.1375-001 .irjl3-0?3 
-.924i*p0ü -.43il*Of3: 
-.9?4l*000 .«lll*O00 

.1980*000 .-5349-033 

WAZ ■  .10197R*01    ILZ   *      .9r6216-:n 
1/TA21 ■  .1375*1-01 1/TA7^ « -•924149-QO 

O.C. CAIN «  .10739»*00. ROOT t.OCUf HW « -,7n5n6C*01 

AAZ ■ -.7aj060*01  BAZ s -.12fl<70*C2 CA7 « 
OAZ ■  ,16»008*01  EAZ » ».2t2SiO*61 

•.%ilt78*01 

X   AXIS   ACCELERATION,AX,PEJ?   5ELTA   CPILFC.TIVE 
PERTURBATIONS   ABOUT   HITUL   VALUPI 

AXO   «   0,0 
ROOTS   (COMPLEX   FO**) 
-,1329*000 .*,44«-0lft 

,3598*000 •.M#3C*01f 
-.9229 + 00'J -.4i7f*0eo 
-,9229*000 .'1272*rjrH 

WAX  «     .101705*01 ZAX  =     .^«M-nn 
1/TAK1   «  -.132913-00  l/TAK?   «     .35'5b7i-on 

O.C.   GAIN  «  -.433974-rr,   Kn-.T   [.OCUÜ  ßATN   •   •.18JTj<U0l 

AAX   ■   -.181729*01     tiAX   s   -.2942ni*Cll   TAV   t   »«lOSl^l^Ol 
DAX   ■      .587077-00     EAX   «      .«99122-01 

HORIZ,   VELOCITV  PEP  DfLTA   COLLfCTlWI 
PERTURBATIONS   ABOUT   JNITIAL   ''AlUf, 

SCC   t     ,101311*03 
ROOTS   (COHPCEX  PiRn) 
-,5376*000 ,?nr\r 

.4803*001 .OOOfl 
-.6156*031 .^"T» 

1/TSOl ■ -.537630-0n  I/TCQ? =  .49n3<4*01  1/Tt03 « -,6i56n*C< 
D.C GAIN s  .IJSll§*0l. HOOT LC'CU«; BAIN «  .l?l«6?*rC 

ASD ■  .lflH5*00  r;.S's- ■  .?3"3M-Cr rS!3 « -.,Jfl4«t*01 
DSD ■ -.193741*01 
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RATI   OF   ZLV-   Pf"   nPLTA   COLLFCHVE 
P64TU*8ATI0^S   IB'Mif   TMTIAL  VALLT» 

KJO   «   -.^t>07i.w*r,ü,   POSITIVE   FOÖ   CLIMB 
«WOTS   (COy'PLc.^  P')»'•") 

.21»**00a .7S>3-033 

ZM?   ■      .9n62«4-Tn     wwn   s      .lOlSM+Ol     l/THP   ■      i2l2682-00 
r.r, r,AiN »    lattta^oi* PTOT LOCUS GAIM «    ,6o5727*oi 

AWQ r  .^o'i7;»7nn »NO s  .I3l77ft*0? CH9 ■  ,520981*01 
OHO « -.178162*01 

VELOCITY PERTURBATIONS PARALLEL TO IMlTlAL 
FLlf;HT PATH, HUP TO DELTA COLLECTIVE 

ptRTliPHATICM? ABOUT INITIAL VALUE» 
UPT4RÜ ■  .lOO*7*03 

"COTS (COMPLEX FIRM 
-.flöb+oCC      -.l3Ph*00l 
-.61«5*000       .130«*Ü01 
-.3n7*CC0      -.1741-030 

ZUS «  .4?7473-?0  «US ■  .1447n5*01  1/TUS ■ -.381749-00 
P.C. f.MN «  .701li»#*rii *W LOCUS GAIN ■ -,181729*01 

AUS « -.1^1729+01  »US s -.2942ni*01 CUS ■ -.466360*01 
DUS « -.14526Ö+01 

VELOCITY PERTURBATIONS PERPENDICULAR TO INITIAL 
FLir.wT PATH, nut TO DELTA COLLECTIVE 

HMTUKBAtlONS ABOI'T INITIAL VALUE» 
A'STAöO « n.n, POSITIVE FOR OOWN 

^OOTS (COMPLEX FORM) 
.2673*000 .3446-015 

-.9519*000 -,3735*000 
-.9519+000 .3735*000 

US  ■ ,.'530893-00  *WS *     .102257 + 01  1/TWS «  .267373-00 
D.f.. GAIN « -.ir5V3«*C2. ROOT LOCUS GAIN « -.785060+01 

AWS « -.7^5060 + 01  Rws » -.12'<471)+02 CWS t -.421286 + 01 
D^S »  .?l94r,7+01 
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THiMfcffM FuNCTfOf.'S r^H nnnv AXFS UP -.OOPO      ner.RPE? 
FRO«   0»lft!N*L  I'nt,v   AXFS. 

•'tSPLCTp/t.   >,   v,   i't1  /   r-lSTANCFS  FiO«  &1PPLANE  CC 
TO   OR If-IN  OF   mS  4«Ei 
LX   «      .l7C'0*n?  Lv   »   -.0000 AND  LZ   ■   -.0000 

HUN  -40.     L< M." >..»7T0K   CH.H.'CTE^mTIC«   FOR  COLLFCTlVE 

X   AX!S   VfetOClTV  PtN   r^LTA   rOLLFCTlVt. 
PtHTU^HATlONS   4B"L;"f   IMTUi.   VALUFi 

un «    ,W'S0*Ü? 
^OOTR (CO^PUtX FOP.M) 
-,7474*r0c        .1:51*000 
-.7474*fjr;u      -.1C51*0Q0 
.4379*Ul1l       .!tlS0"0l0 

ZU8 ■  .990246-00  MÜ« 8  .7«>'«792-ü0  1/TUB ■  ,43798l*0l 
D,C. GAIN ■  .10«>VH3*02. WOOT LOCUS RAIN ■  ,880000-00 

AUR ■  .8H0Ccn-00  m." » -.253876*01 OUB ■ -.526019*01 
DUP ■ -.?l9ä8C*01 

I   mi*   VELOCITY. 4,   PER -JELTA CGL.LFCTIWE 
PERTUWfc^ATIUVS ABOUT- INITIAL VALUE» 

-C «  .3450*??, POSITIVE. OOWM 
«COTS (CONPLtX FOH'D 

.5365*nD0       .?CCC 
-.4C6i)*0Ü0       -.4297*000 
-,4n65*C'ÜU        .4297*000 

IWO   ■     .6t;7i92-00     k'UB   s     .,J93544-00     l/TW?   ■      .536503-00 
D.C.   GAIJ   ■   -.90401:5*01,   fiOC'T  LÜCUS   GAIN   ■   -.996540*01 

AWH   «   -.998540*01     l»Wft   3   -.27Mn?*!;i  CWR   ■      .«6l3l4-00 
DWB   ■     .1C7462+01 

X  AXIS   ACCELERATION,AX,f-ER  DELTA   COLLECTIVE 
PERTLtRhATlO^'V   ABOUT   INITIAL   VALUE» 

AXC « o.n 
»OOTS   (CONPLFX FORM) 

.9058-001 .3027*000 

.9058-001 -.3??7*000 
-.9258*000 .4384*000 
-.9258*üCJP -.43P,4«000 

WAXl   ■      .315984-00      ZAX1   ■   -.2fi8660-00 
WAX?  «     .102445*01     ZAX2   ■      .«03794-00 

O.C.   ^AIN;   «   -.445.rvS»-nCJ,   BOOT  LÜCUS   GAIN   ■      .880000-00 

AAX  ■     i888000»00     PAX   ■     .147ni4*01  TAX   •     .718?n5-00 
OAX   «   -.460^44-02      LA>    •      .e??131-Cl 
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Z   AXIS   AC.CEU>-ATI0N.A7.PfeW   nf.LTA   COl-LF-CTIwp 
FE«TiikrftT!CV5 »ftnut  INITIAL ViiUt.i 

-.4ftP«-0n? .fr4«<?-0?4 
-,ei46*ono .44?7*coo 
-,8146*0ÜÜ -.4«?7*Ü00 

• tllS^OOO -.'«O33-032 

WAZ   ■      .927171-00 7AZ   s      ,'\7H614-I3') 
1/TAZl   ■   -.430«24-0?   t/Ti.22   =   -.»'14626-00 

0,C.   GAIM  ■   -.42095V-01.   HOOT  LOCUS  SAIN   ■   -,998540*01 

AAZ   ■   -.998540*01     oAZ   «   -. ^4<:r■(, 7*02  CA7   •   -,5214?3*01 
DA2   ■      .178913*01     M?   ■      .r7?ir57-02 

VELOCITY   HEHTUPPATlOfJS  PARALLEL   TO   IMTUL 
PLIGHT PATH, PUE TO DSILTA coLLtcTivp 

PERTORHATIONS ARfMfT INITIAL VALUF» 
USTA^O S  .l043A/*03 

ROOTS (CÜ^PLrX FO^') 
,1543*001     .nnnr 

-.5',74*ü00       .0000 
-,2626*0ri       ."^PD 

1/TUS1 ■  .154379*01  1/TUS2 » -.587473-00  l/TUS3 « -.2«?693*01 
0,C. CAIN ■  .101153*02. HOOT LOCU«? Hl*i   ■  .««0000-00 

AUS ■  .flftOOOO-CO  BUS ■  .147ni4*01 COi ■ -.300»ftl*01 
OUS ■ -.209656*01 

VELOCITY PERTURBATIONS PrHptNCICULAK TO INITIAL 
PLlChT PATH, nUf Tn DELTA COLLECTIVF 

PERTU»BATIONS lllOUT INITIAL VALUE» 
WSTAHO « n.n, POSITIVE FOP now\ 

ROOTS (COMPLFV FORM) 
-.8043*000 -.4579*000 
-.8043*000 .4579*000 
.1860*000 .4n44-Q32 

ZWS ■  .869046-00  KW« s  .9?S!>5)l-00  1/TWS ■  ,186013-00 
O.C. CAIN ■ -.768052*01» HOOf LOCUS BilN « -.998540*01 

AWS ■ -.998540*01  nW«i « -.l*2ri«7*02 CWf ■ -.5566»»4*01 
OWS «  .159126*01 
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^OT«  or  , /f     ' "■'v I ' ••*!.  ^.:'a^■srr'3 rij^cTfm.S 

|:MT5  ARE   J   PtP  KAPU' 

^0«   NOSI   OP.   MOM  $TA»|ttTV  4«|,     fnS!T1^ 

:i i --ilL I:     ,. I i 1 
.J100*C1 

IX  » t?nt*ftj       ,•   - '^ w  s .13*0*05 
.f203*0<        1/   • .7i7»«0S G   ■ .32?n*02 

XII 

XW 

Xii"> 

: 
: 
■ 

-♦tMC«0l 
.5449-01 

•. 3 0 5 C 

2:,'   * 
2,    « 

/I'     = 
>                     ■- 

•..H93-0a 
-.71*1-00 

.^560-02 
-.?a!»Ci-C2 
-.73?t;-on 

Xwn 3 • ♦Cio n 
-,  nf}'" Mll^    : -.?Qüü 

X1?^ - . '; 1(5 0 
/: > -. ü J n: "Vl    s -.aoftfl 

Vfi 

XT r 
.1/70-00 
.125^01 

/ 2      " 

n  - 

-,"' i M 

-.41Pt)-02 
•.7«3C*0J 

M .*> ^   ■ 

rr  a 

■♦0000 
i3>4»-0fl 

-♦4770-01 
IN   STi^iL! TY     .Xl-J., .11 D9*0l   t' M  *  « c. n Zlv   = .7' *!♦"»   f Ü   71X7   » 

u • w 

.n97*r5 

. ^ • /'j-1"', r -..,£,->.«*rno 

-.v74i*i;:,u .i.V7f-ü^ 

NOT REPRODUCIBLE 
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«       ^SS^HO.-I cvCLts/str 
1/TPi   i       -.33C':,n4-:!:.       l/^^V  »      -.^«i^.T-T 

Jl-'if.   TO   ?t»    TP'tS   A^0.   ■ .233?f>*0? 

cvf.LF.s TO r%n vi*m A IP,  «        .I^^PS-^OI 

COFFPICUVTS 

A   ■ .inCOOO^Pl R   « .lli^Oni C   • .292175-00 
D •      .n«23**oe       F. =      .;?«935-r,i 
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»UM   MC.       l.1' 

T«fT^   PgH   '. FLT'.   f.vrLIC 
PtRTti»*o4T!0NS   »tOUT   IMTIAL.   VALUFi 

Tue «   .cron 

-.1907-CC1 .<"'.;',r. 

l/TTMl   »   -.1.9n7lO-Cl     1/TTW?   ■   -..Wft9^7-rir 

n.C.   r.Al,   s     .3*331:5-"!,   »opT   LOCU«   fi4t\   »     .3b<S(:r-C0 

ATH   »      .3^450f)-?a     tifn   ■      .X4ie«4»Ofl   TTM   t      .?56l«7-0? 

X   AXIS  VELOCITY   PC*  r;E.LTA   CYCLIC 
PFWTilK(-.ATIC\S   AflQUT   IMTfiU   VALUf» 

UP   «      itlOO*01 
^OOTS   (CüvPUX  Füfc'f) 

-.3695*uCo ,flonn 

-.fOf«♦001 .OOfP 

1/TUnl   s   -.itlbl^-ll     1/Tl'b2   ■      .711H?T*C1      1/Tll«3   «   -.5r)54?7*:i 
n.r.   5AIN   *   -.^mSiS^r?.   PMOT   LOCü8  "".ATV   S     , 177rCC-CO 

A'.'H  ■     .j77Gnn-'J0    du"*  s     .«O»Ö*J*O0  Cü0  «   -.UP^rih^o? 
DuP  »  -.«21b9n*ni 

Z AXIS ^-.Lor,!Ty,  *, Pin ifei T« rveute 
rfctiTL'^'ATinvs  Abni.'T  IMTIAL  VAI.L'FI 

*n »    tOOOO      » ^OflTtvg nc..N 
ROOTS  (CC'PLhX F0l»«1 

.fii»*eoj ipooc 
•.f2OO*C0l . nnc 
,jsii*o02 .nooe 

1/TWFJl   «      .?16599*C]     l/TWB?   ■   »»SfOetJ^Pl     J/TWbl   ■      .35l5o6*0^ 
O.C.   nAl\   *   -.9A737H. + rii   K«OT  LOCÜ«   r.A!1    s   ',i\ürDC-ü2 

IWS   •   •f#10000»0l     ri*^   ■      ,14397»*-CC   r»K   t      ,?44ij«7-Cl 

NOT REPRODUCIBLE 
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1 Aril fterti.k»*t|(ts«Ai,Hft HL" '*rxK 

»^  • f.9 

•4/ ■   .iMiavu      <*/ •   .i^tfr«oit 

»•€• «AH •    •0110^1      « M^r LOCU« Sit*   • ••4t0OOO*O| 

441 ■ •.AiQIO'»-?!    Ml • ••949W0e CAI « ••iJ074|-eO 
041 I •.4*940»-09   14; ■    .oono(*4 

K  AXIH  AeCffLe^4TI0*l*AV«»M ?|LTA  CVOklC 
WruOH4T|ONS  AO^UT   1KITI4L  VA'.U»» 

Axr, a 0.9 
•»ooTo (co^t:* «OOHJ 

.I2i»*0ü0 -..'.7«.l*G09 

.1?1A*0Ü0 ,A7^1*000 
-.?49rf*C0C -,>4»*-93l 
-.22eA*00l ,727i»-03Q 

MAX  I     .«44990-00 ZAK  ■  -,l379fl3-09 
l/TAKt  •  -.243279-30  1/T4X2  ■  -.2?M»94»01 

O.C.   SAf* •     .1137«?*P1.   «HOT LOCUS «AIM  ■     .177000-00 

44X  ■     .177000-10     '»AX   ■     .40*363-00  RAX  ■     ,134113-00 
DAX  •     .377324-00     fcAX  •     .«249?t-0i 

"OWIZ.   rfhLOCl-TV PE« nELTA  f.VCLTC 
PROrUIKiAftONI   AHkOUT   IMTUL  VAL'JFi 

S^JO  ■     ,ll0J00*ftl 
■WOTS (COMPL?» rony) 
-.3499*000 .floor. 
.7ii4*ooi .nono 

-.9094*001       .000'? 

l/TOCl ■ -.349979-01 1/TS02 •  .7ll4?o*oi  1/T9D3 • -.»09407*01 
•».Ct CAIN ■ -.941999*0?» ROOT LOCUS 6ATM ■  .177000-00 

AID ■ .177900-10 W) ■  .40»*043-00 C8f> ■ -.112804*02 
080 ■ -.421990*01 

„^ 
uu 

/■ 



•no •   .000«"    • »Mittvo •«• Cil*« 

•.^^•oo-» .t««l*00t 
••|Mf«000 -.t^l^OOi 
••mii*oei .»i*i-ef» 

l»n •    «HitfO-OO    —' •    .U«l>f*Ot    l/TNO • •.•#•««•♦01 
n.C* Q«!*« •    •••lt*Wt« trt«» tOCiif OAtN •    .4|0000«0t 

*MO •   .«loooe-ot  •*••• *   .f«%«7t-oo e-9 •   .tiom*oe 
OMD •    .•••♦SVOO 

VftMITV MtvUHATfOSi »AiAUlL TO HblTUk 
moMT MTM, nur re OILTA evetie 

HftTumuTtONO mou» INITIAL viLW* 
ÜfTAOO ■    .«100^0*01 

«oort ccoMPkik ronN) 
•.sm*ooo .ieo9 

.711l*00i .oneo 
-.t0M*00l ."000 

i/TUSl ■ -.3AW7S-00    l/Tj|? •    .711lt0*01    1/TU03 • •.•0M07»0< 
O.C.  GAIN ■ -.»Al999«n2*  HO0T LOOUft OAtN •    .177000*00 

AUS ■    .177000-00    "US ■    .AQtOAS-OO fUO ■ •.110000*00 
DUO ■ -.421>f0*01 

VELOCITY PERTUROATTONS REMENDteULAR TO INITIAL 
FLIGHT PATH. »JUF TO DELTA evOLIC 

PERTURRATIOMS ABOUT INITIAL VALUE* 
rfSTABO • O.n, POSITIVE PQR OOWN 

«DOTS (OOMPLEX FORM) 
-.2442*000      -.160*001 
-.2442*üOC       .ll«3*00l 
-.9990*002      -.21*0-029 

ZWS ■  .149290-00 wws ■  .16*129*01 1/TWS ■ •.999049*02 
O.C. CAIN ■ -.991269*01* ROOT LOCUS OAIN ■ -.410000-02 

AUS ■ -.410000-02  yWS " -.24J972-0P C*8 ■ -.130749-00 
DWS ■ -.649609-00 
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« All» WkCCt"'   'fw 'U'» WiK 

noon cec*>t«« MW ..... 
•ma#R0i .«ofp        HO» «*r,lw 

••fflftooet ."(K* 

o.e. GAIN • ••MiMMTfi i^or ictL< CAI» ■   .i»>oor-oc 

AUM •    .177000*90    -0-  ■     .40»WÜO eu<l • ••tllAf>l^07 
ou» • •.4m«o*o& 

Z AXIS vrtucTTv. M, ri» ICI.TA rvr.LfC 
pfartMhAriCNs AH^JT iMmi VAIUC* 

.i3A«*onr -,39M3*cno 

.X34«*PC0 ,3«»«3*300 
-.A437*00t' -.,J43l-03i 

ZW8  •  -.320^35-00     wW.  ■     .42rftn3-cn    J/yf-  ■  -,6437Sl-00 
O.Ci  GAIN ■ ••f«7|7i*eii  RroT LOCU? OAI^ ■ -.*n30ftP*0l 

AWB  •  -.603060*01     1MB  «   -.afMAl^Ol  C«?   a   •,190931-01 
DWB  •  -.68A7A7-0Q 

X   AXIS   ACCtLE»ATinN,ÄX,PEH  "fLJl   CYCLIC 
PERTU«HATIfiMS   ABOUT   INITIAL   VALUE» 

AXO • r.o 
«COTS (COMPLEX P^.HM) 

.1216*000       -,«761*300 
,1216*000 .mi^-oop 

-,2602*ü00 -./''i96-ü3i 
-,22»»*0C1       ,7272-03r 

WAX  ■     ,864550-00 ^AX   «  -.137563-0^ 
l/TAXl  •  -.260275-00   1/TAy?  •   -.Pp^ÄSA^Ol 

O.C.   CAIN  ■     .1137>*2*01»   »OOT LOCU«; ftAl*   «     .177PDC-Cf3 

AAX  ■     .177000-03     r'Ax   «     .40.-P*3-rn  -A»   •     .l34ij3-n 
DAX   ■     .3?73?6-0?     (AK   ■      .   ?4»?1-ul 
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I AVIS ftecci.i<ufi<***r*'ii' *■•'* '♦•w»c 

A/3 ■ 1*0 
•oatf icr^w» '*** 

•0009 .?W0 
• 10H*90^ .«M««3PC 
•t0tt«000 •.«^if*0Pf 

•.«»•«•09* .tlvt-CSt 

«At •   .«lomoo     ;»• • •••«••tl-oo 
1/TAII •   .oooooo     i/»Aii •   .I»MI«:* 

O.e. OAf^ • .000000  i «to* lOCvt %H\ •  •.•^S90n*0l 

001 • -.ooiooeoi on * •.woo»f*oi e*/ ■ ».iWHO-or 
ool • ».oooAoo-oa iu •   .e»090M 

rtliMT PATH, out tr aci»* cvCLir 

ü9T»oc • .unwa^ei 
•OOtO CCO^t?» ri»«.) 
-.SA90*330      .r3rr 
,711M001      .«OPO 

-.•0»A*001      .09«9 

1/TU01 ■ -.3#9»79-00 1/T'I5? ■  .711A20*01  1/TUS3 « -,'-iTb**7*ü< 
O.C* CAIN • -.5H1SM*02. OOOT LOCUS C*TM ■  ,17730'-nn 

AUS ■  #177000-01 105 ■  .40H',A?-ür. »MS « -,U2'>n«*o? 
DUO • -.421590«01 

VELOCITY PCaTUROATtOK'O PfR^NRICL*" Tf! INlTui. 
FLIGHT PATH, PUF TC D?LTA CYCLIC 

PERTURRATIOSS ABIUT INITIAL VALUfei 
WSTABO ■ O.r, PoOlTfVf PO» r»OWN 

ROOTS (COMPLEX FORM) 
.1099+000       .4fll»*000 
,109n*oOQ -,4019*000 

-.6584*000      -.3045-032 

ZWS  •   -.263813-00     WWS  ■     .*1^746-Cr     1/T'S  »   -,65«<ll-n0 
O.C.   CAIN   ■   -.HII60*01»   »COT  LOCUS  RAl'i  ■  -.^n306n*ni 

AW8   ■   -.603060*01     »WS   »   -.2*<467*01   r,*«!   «   -.l7429«-0r' 
DWS  ■   -.6«9605-0n 
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r.«o •   «ars* 
• 2413099 •»,<»nf 

-.l§37-0ni .ÄOOO 

OÜC.ÄAIM •    .WWW. HW tOCW «MN • ..4T?P00.01 

kU ■ ..47?10C-ni    i*TM ■    .103*31-01 CTM •    ,303»fi-03 

V AXIS VELOCITY ORB nELTA COLLECTIVE 
PE«^^ATI0^8 ABOUT IMTIAL VALUK. 

UO ■  .1100*01 
AOOT*  (COMPLF« PW> 

.7005-001 .e2i.U-023 
-.4P!»7*00n .10«»?*001 
-.4057*000 -,inP2*00l 

ZLm «  .34W13-0Q Won ■  .llft530*0l 1/TU9 •  .700936-01 
O.C 6AIN • -.15H12?*Ü1. ROnT l.CCUS RAlM •  .120500*01 

AUB «  .120500*01 HUP •  .R9349B-C0 CUB ■  .1567794.01 
DI'B • -.11*62^*00 

Z AXIS VELOCITY. W, PER DELTA COLLECTIVE 
PERTUHbATIONS ABOUT INITIAL VALUEi 

WO •  ,0000   . POSITIVE DOWN 
900TS (COHHLEX FO^w) 

.1042+000       .4432*000 

.10*2*01)?      •,443f*OC0 
-.95d7*ÜÜO      -.Sm-OSl 

ZWB » -.?290?5-0P  WWP -  .4^3M-aO  l/TWB • •••»•JlJ-OO 
O.C' CAIN » -.203764*0?» ROOT LOCUS SAtM ■ -.743000*01 

AW8 ■ -.743000*01  HWf, « -.«J57343*ai CWB « -.549557-01 
QWq s -,l477i6*0t 

.^ 1X8 

f 



tii'ac . 'in 

.^.^•••CJi* .«44X03 

*47 •   .4•»4»l*J•o,,      ;// • •.»•M:«2'1 

i/T4ii ■   .-JDOO     i/**<* •   •in4»«f#efl 
P.C. '.th  •    .r:v?H{'      • -»TT iOCl4 dt»- ■ •,T43^0D^l 

442  ■  0.743 ICJ"!!     ''4/  •   -.W)«4*01  f4l  •  ••Mn4i*01 
04i • -.i4/;4«*ci   L4/ ■   .noionr 

K  Xllh  .tCttLfcKlMO'..IV.i't'» ntlTA  rOLLECTlVE 
>ERTu<»P4TI0».:;   Af-ilt   t*ilTt4L   V4LÜP» 

4X9   ■   n.n 
«O^TS   (CnMPLKX   P^tt^) 

.ir9ft*tjOO ,4?a4*03n 

.ir:«A*üO0 -,42>;**onp 
•.4>3n-CCl -»bJyy-OH 
-.nM*COO -,77n3-03i 

-rfAK   «     .442i'9ft-0Cl £A<   *   -.247675-00 
1/TAXl   «   -.453004-ni   l/TAX?   «   -.91,J460-aO 

DtC.   6AIM   =     .134>*%1-C.I»   r'OOT  l,OCüS  5AIN   ■      .1?0500*R1 

AAy   ■      .l?07(50*ni     i-AX   «      .^93<.9^-00  "kV   «     .31«5?7-01 
DAX   t     .ribW.-w    r-t*   ■     .9775flb-0? 

MOHIZ.   VPLUCITY  PFm  IF.LTA  COLLFCTIVB 
PERTljWf'ATIO'S   AKOLT   tMTTAL   ^ÄLU»» 

^roTs (COMPLEX ^i»«;'j 
.7005-001 .*lAb-C23 

-.4057*onc -.lC9i*C0l 
-.4nb7*nOü .in92*üOl 

zsr -    .?4d^i3-oa   ws   s    .u«>5-v.*oi   i/rsr ■    .7ro536-oi 
D.C.   GMM ■ -.li>iil^2*ni.   ROOT LOCüS RAT»:  »     .l>0§00*01 

ASP   »     .li?OäOr>Cl     :;c.:    s     .»"»/.««"-uO  r:ST  c     .156779<f01 
osr: ■ -.ii4*2r.*co 

HO^ 
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tiTf * Cwr     •»<•   ?HU fOU'C't** 

• |04I*OOO .44OH01 

o.e. c*i% •   .towio^e»» fc«iT tecii* CüN •   t^jooo^oi 

ANO •     .I4JOOO*01    *** •     .Wr^MOl r^ t    .*O>4t-0l 

VIL0C1TV HMTUftHArtO^t PiKALUL  tO  IMTUL 
FLIGHT PATH. rUP TO OfL»« CiWUCTIvr 

nRTü«B*TION5  AfOC'T   INITIAL  VALUP» 
USTABO •    .lincr.O^oi 

«OOTR (COMPLkX F^MH) 
.7005-001 .A1A5-023 

-.A0»7*000 -.10W*001 
-.40>7*C00 .I0»»*00l 

ZU8 ■  .34i2l3-00 WU5 »  .11?Ü0*01 1/TU5 ■  .70053A-01 
D.C. CAl^ ■ -.iMilt^Cl» POOT L0Cü«5 CAIN ■  .120500*01 

AU8 •  .1?0500*01 BUS ■  .«9349«-00 CÜS «  ,156779*01 
DUS « -.114628*00 

VELOCITY PERTU^BATTC IS PE^HNDICllLAH TO INITIAL 
FLIGHT PATH. W TQ 0ELTA COLLECTIVE 

PERTURBATIONS AFfVJT INITIAL VALÜF. 
W8T400 ■ 0.". POSITIVE PO» HOWN 

«00T8 (CO^PLfcX FORM) 
.1048*000      -.4446*000 
.1048*000        .4446*000 

-.9527*000       .4992-030 

ZW8 ■ -.229510-00 W^S ■  .45*8*1-00 1/TWS ■ -.982767-00 
D.C. GAIN ■ -.203«1C*C?. ROOT LOCUS GAIN ■ -.743000*01 

AWS ■ -.743000*01  UWS » -.bWri96*01 TWS « -.662341-01 
OWS • -.147749*01 
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(«Aft i i •♦ •♦ »i  | 'il9*^'» »»e- tlWlA« €•• 

,» •    .«»•(••• i» • ••f«|i       »^ Lf • •••Ott 

•M* •!».  i* H ••♦••^ •.#fc#t»»»iMiet fas »ottic*t«i 

!•<• •   .•<•»:>•!*•   *v'  •   .it*»«?*!'!   |/r • t   .>a3ii«*et 
n.e« eit'. • ••tMitwt* •••v «x.« ««t* •   .t«o%oo*ot 

7  «»It HLOC!^.   •. »kW nt»« fOitlCMVf 

.«i^^-oci -.*4«i*nc 

D.C.   r,4|\  ■   -.i037*»«*n5»   KOOT  LOCI'S  G4!>'  •  •.ÄiX'lO^Ol 

AUB  ■  -.Aftl9in*ci     nwi  ■  -.»74774*01  O*  ■  -.«0ll<i«-01 
QWH  t   -.147716*C1 

X   AXIS   ACCFLP^A^lCN.Ay.PE0   'ufei.TA   COLLECTIVE 
PERTuSBATIONS   »BOUT   IMTUL   V4l.UK» 

A>'I: • o.o 
9C0T5   (CO^PLFX  FORM) 

.1'J76*IJC,P .4284*.CPC 
,inf»*ooo -.4?s4*oop 

• ,4B30-0Ü1 -^777-033 
•,IIJM*ÜOO -.77')3-ü3l 

WAX •  .44??9A-nC    ZtX   *   -.?47»75-nn 
1/TAX1 • -.453nQ4-(ll 1/TAX2 » -.913*60-00 

n.r. Gil ^ ■    .lJ4«5i-o:* Pcrr LOCL? T.AIV «    .I?05OP*CI 

AA<   ■     .32C*»nr*()l     IUX   «      .')914<JR-0r)   CAX   «      ,31»*fl7»01 
DAX   •      .yi'j'jP^-Pu      EA.<   «      .9775H!,-U2 

121 



^ 

.roe . •-• ^ 
^ .fW-001 «.«V^OJf 

MAI •   .«%p*f4-e9      /A/ • ••Mi7#iy*:<k 

t/Till •     .OJOfOU t/TA|> •     .Wm-H 
O.C. C4|« ■    «009930      • OACT lOCir« 4Af\ ■ ••04|f|0«0| 

AH • •.A*iti9#oi  NAI • ••tonyy^oi ut • ••nmi-oi 
Oil • •.i«»nf*oi   in •   .WMM» 

VfkOClTV «iliTllMl^rfC-O »Alt*lL%l   TO f'tTfL 
^LIVT riTu, ^4  TC OfLU COU'fTtVC 

»C«Tu«i*AT|0»ft  40Vr  |^|T|At ViLUV« 
UOTAHO ■   .nioro^ot 

.7oo»-eoi .Ai*»-oii 
•.«c»T*oce •.iw^uPi 
-•4007*000 .11ft«00S 

2U0 •    .SOaiS-OO    -^ •    .ll*M0*01    l/Tl*f •    .W%3*-01 
O.C.  CIH ■ -. 1>H22*01 •  »^CT LOCif «141^ •     «tfOfCOOl 

4Ui ■     .I20»0n*01    bJ» ■     ••fS«0»«00 e^'t ■     .l§#7Tf*0l 
DUS •  •.114624*00 

VELOCITY P6»TÜ»BATfO»t WW^iaiU* TO |N|T|4l 
FLISMT f»4TM.  IHK  TO DPLT4 COUUCTlvr 

PERTU^BATIOMS   ABOJT  INITIAL  MäiUft 
MST4B0  •  n.l,  POSITIV«  PO» ^OWN 

aOOTS   <eOMPLFX  POMH) 
.9573-001 ,4»»»9*000 
.9573-001 -.4Sn5*üC0 

-.1C51*001 ."«Sh^-üSC 

2WS  «   -.207832-00     WWS   ■     .4f,.*^4-00     l/TWS  ■  -.In8l9t*0l 
D.C.   GAIN  ■   -.203MiO*0?»   Ro.1T LOCUS  r.AlW  ■  -,4Al9in*0l 

AWS   «   -.A-Sl^lO^Ol     ÜWS   ■   -.«>69597*01  CW«   ■   -.713953-01 
QWS   «   -.147749*01 
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«0CT8 OF  A/C L0N61T«.C!'.AL  ™* * * 

„..rot -e-i*   vf-T.ct ursavT .T IMP rz-t« 

INPUT  DATA 

run 

.1140-Cl 
•4170*01 
•I0t"" 

•.0000 
•.0000 
•.0000 
.iwoo 
.U)f*Ol 

.ttoo^oi 

•ue 
NT 

I« 

«o 

.i'oo*ot 
..oooo 
.ft05*«* 

I« • 
M ■ 

nn • 
IO«i • 
in • 
IT • 
ul • 

«MO  • 

II • 

.,lW4-0« 
• .M7f*00 
•.Ttoo-cn 
•.noo 
•,"900 
-.^000    ä 

•.T4fl*0l 

«W   • 
1*0 • 

«T  ■ 

.niA*o* «;! 
..-!0C V ■ 
••as ^ I •.-MO ^ ; • 

. 1300-01 
,3**o-oa 

..%0t4«00 
-.-000 
•.TOOO 
••9000 

.94H-00 
•.s»to-oi 

•.fOOO«Ot 
.,•000 

,»>01»00 
•••000 

§,JII*0* 
JtWOf 

f l    iTSititv mo 

wo 

«0 
KT 

..tfo^-oo tu ; 
.1111*00 i* • 

- TSI-OO n- 
.oooo two ■ 
.oooo £J ; 
.0000 'W* * 
:i33t-oi io ; 

»v«.900*bl 
.i4n-oi 

-.1900*01 
.•i0«»0 
.lone 
,*««0 

•.1OOO-01* 
• .140M01 

«I • 
«II ■ 
«4 ■ 

■ 

4T  • 

•«toi-ot 
.itti-ot 
#%0t4-00 
•üOOO 
•fCOO 
•neoo 
•34U-00 

-•ttlO-Oi 

,., .TjoitiTv mo.f..#% r^r5V     .-^^ 
«...•T.rft or Tut to-niT-orut o»^-i^Te« An 

TMC C«A«4CTWIiT!Ct Or J^h, 

::iiio.:o.soo    ••.i"«-sn 
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ZSP  ■       -.I53<e2-P0 wSt-   • ./W6S-"fl HAD/S^C 

«       til??*?*?: cvCL^/sFf 
l/TPl   i        -.ZiP^Ä^-O:       l/TO   ■        -.425947-7« 

SHORT  PEHP"^   ^OlE 

PERIOD  ■ .»«726*3l Tl«   ?n r.^O?*L?  4*P.   ■ .*37?«*31 
TpiE   T'   V' Tfvp^ IMP,   . .?ll70*3? 

f.VCa«- T*) ^t-üWL^ A^.  ■        .TIC?5-:* 
CVCLE5  T"  »6^.  Ti"?';  AMP,   a ,23»«»4*:J 

COl:F> iru\T5 

A ■        .lOOOO'J^Ol H ■        .WHr-i? r •        .47j^3^-nt5 
D • .495705-00 k   ■ .l*43:i*^: 

121* 



TW«*M(« $n'f*y   ',r'm ».»iifi ••• 4.»«, 

TMfT» if, art»«  '*ri.ff 

?6*4*o:r .••)-? 

or» •    ,?S~?**:? 

1/TUU1   ■   •tl94Ml«0l     J/T.s?   ■     .^67S^V*31      J/T. ..«   •     .]4393i*0' 
O.e.   TA!'    ■     .ja^V?«*»»?,   w.-^ftT LCf. ••<   ^AP    •      .1.09lf.-Pl 

Aim •    .i339if:-ai    KWH ■ -.PfM^-C* 'u«' »    .iOifcop-nr 
OUH   ■      .13*^3«*C1 

/  AXIS  vaCtJTy,   ,,  n0 "»ELT»   rvru- 
rEi»TU«»rAT10^S  AHfU»   fKITfAL  VAI l'f i 

WO  ■     ,C3(0        »  POSITIV?  "0. '• 

-.?9PA*t)Ct; .f-no , 

.*r47*C3>' .f'flfin 

1/TW81  • -.2«ri«0H-Cb    l/TSh?  ■  •,l3''Aj!5*OJ     J/T>i;?  ■     .5n47i7*o? 
O.C.   CAP. »     .33»,7-JP*n?.   «r JT LOCU^ 5AI'   «  -,1*5>71«0P 

4MB  ■  -.l^!»$7i-0C    t'.*i   •     .f-C'-Hr^CJ   r»n  t     .«34««.2*c? 
OWR  *     .3?203,>*01 

NOT REPRODUCIBLE 
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Z   AXIS  ACCELERATICM.ÄZ.PFPr  ULTA  rvr|.IC 
PERTU<*bATlOhS  *b<MtT   IVlTtAL  VAIUK» 

AZC   ■  0.0 
siOOTS  (COMPLEX FORN) 

,2*15*000       .M4«*0Q0 
.2415*000      -.?044*tOC 

-.»320*00C       .1034-02/ 
-.292»*00l       .16f)6-C26 

WAZ ■  .3rt8627-00   ZA7 ■ •,«ll»Tß-08 
l/TAZl • -.432024-00 l/TAZJ? • -,?9?e29*0l 

O.C, GAIN ■ -.443474-00. Rf*CT LOCUS RAIN • -.145571-00 

A4Z • -.145571-00 HAZ ■ -.5094ft3-0n CA7 ■ -,4440n««-01 
OAZ ■  .590354-01  EAZ ■ -.44?#o5-Pl 

X AXIS ACCELEHATION.AXIPER ^ELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL VALUF.i 

AXO ■ 0.0 
ROOTS (COMPLEX FORM) 

,4745-009       .flOOO 
-,1045*001       .1000 
,4473*001       .O00C 
,1439*002       .nOOO 

l/TAXl ■  .474541-09  1/TAX2 • -.1043*1*01 
*"tX3"  .447579*01  1/TAX4«  ,143933*02 

^,C, BAIM ■ -.414444-04i ROQT LOC'J^ CAl»t •  .133910-01 

AAX ■  .133910-01  BAX ■ -.24»135-C0 RAX ■  ,991492-00 
DAX •  ,134539*01  EAX • -.441143-09 

HORIZ. VELOCITY PER HELTA CYCLIC 
PERTURBATIONS ABOUT INITIAL VALUP» 

800 ■ -.346A71-C4 
ROOTS (COMPLEX FORM) 
-.2454*000       ,0000 
.4928*001      .nono 

-.9719*001       .0000 

1/TS01 • -,285414-00  1/TSD2 •  .A924U*ni  1/78^3 • -,971941*01 
0,C, GAIN ■ -,305282*02» ROOT L0CU9 S41N ■  .145571-00 

ASO ■  ,145571-00  BSD ■  .509443-00 CS? • -,110173*02 

080 • -.318442*01 
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«ATP OF CLIMR PE« nEI-TA CVCLIC 

ROOTS (COMPLEX FORM) 
-.1045*001       'JSSS 
.6675*001       .poej 

6H0 - -.133911-01 «HO •  .?6n3l-00 C-0 • -.991602-00 

OHD • -.13«539*01 
VELOCITY H«TüH»TlWi JAjJUft JO p-ITIAL 

FLIGHT PATH, RUE TO HRLT* CvCLlC 
PERTURBATIONS ABOUT INITIAL VALUf 

USTABO •  .?502«2*0? 
ROOTS (COMPLEX FORM) 
-.1045*001       .JOOO 
,6675*001       .2552 
.1439*002       .^000 

DUt •     .I3*»3»*lll 

VIlOetTY H«TU.».TtO.'» HJHMBteUU.» «  IMtTUL 
FLisMT P»TM, put TO n»tT4 ejstie 

ROOTS (COMPLEX FOR") 
-.2656*000       .252« 
.6926*001       .JO« 

-.9719*001       •r800 

AW8 • -.165571-00 BWS • -.50903-00 CM •  .110173*02 

QWS •  ,316442*01 
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THAMSPL* PUNCTIO1 S PC1* --^v Axrc \jf -.nnac      ^F^SPES 
PPO'-'   ORIC! ttl  h^-v   iKPp, 

«ESPfCTlvF   V,   v,   rir;   /   ''S'AVTPS  FRO"   ApPL^'E   CG 
Tu   OHICI's  OF   AXES   A^E! 
LV   •      .17CC*0?  lY   ■   -.OOOr A'D  LZ   ■   -»5300 

«UN NO,     L6 Mü^EWATOK  r4/\5/sCTr"i«:T|r«  PO»  rVCLIC 

X   AXIS   VELOC1TV  P|R  r-ELTi   r.YCLlC 
PEBTlRPATlONS   IIOUT   JMTIAL   VAljr, 

-.2«5S*000 •nöOO 
-.i323*ooi .:icn 

t»0S»*002 .PQOO 

1/Tüil ■ -.a8»37J-00    l/T-jb? ■  -.l32377*3i     I/TL'«3  ■     .»03iO«*0? 
O.Ci   CAlN  ■   -.302762*C2»   »ni>T  L^C. e   Stt«    ■     ,i*f«?r-n- 

AUt •    .lMOQO-00    Slifj  •  •.•C«t«P»Cl  CUI  *  -.l33»96«0? 
OUt ■ -.SlMi4*01 

7  AVIS VELCClTv,   *,  rgP -ELTA  C^rLTC 
PE«Tü««4T|C\S   AE'u»   IMMAL   VAl v^ • 

"»0OT8 (COMPLEX PPP^'S 
.•7M*000 m? 

-.«73i*oon -.loo^ir- 
-.«73l*000 .Wj^DT 

2UI ■    .771427-00    ••«» •     .4X?W2-;r    I/TVW •     .^7i55i-'J0 
D.C  64IN ■     .14242»*C2»  «f C^ LOG. «  ^Af.   •  -.ia35ir»':i 

AMt ■ -.583»10*01    **h m ..i»*294*91 t** •    .)M734«01 
OM|   ■     .14t9t»401 

X   AXIS   ACCtLl»4TI3f «Afc^E1   "SuTA   "V.LTC 
»f«TU,»B4TI0^  Lt*\<f   |\1T!4L   VAL.6» 

4X0  •  P.C 
•OOTS  (COMPLEX  rr»') 

.l*2f*000       .37S2T3- .ÄflüC*»
lt 

.i4tf*DCo    -.^«♦ocr      otpROv)«v 

-.»733*000      -.*f4:-C2fr    HO» n 
-.t7i7*031      -.l',7l-r24 

WAX ■  .417444-00    2AX • -.43K174-.')- 
1/TAXX • -.»733i7-00 1/T4X2 • -,?7%764*C1 

O.G. G4IN « .443248-OC. «-^CT LOCI'« ?A!* «  .JAA^O^-IS 

44X •    .18*000*00    P4« ■     .4f7t04«00 C*« >     .30l4RC-:i 
D8X •    .181408-03    kAX  •     .4*?3*7-0l 
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Z   AXIS  ACCELERATION,AZ.PE»  ^ELTA  CVCL!C 
PERTURBATIONS   AtnUT   IMTTAL   VALU»-• 

AZO   ■   0.0 
ROOTS  (COMPLEX FORW) 

,l50»-002       .«405-023 
,5951*000       ,9975-041 

-,4645*000      -.4151*000 
-.4645*000       .4151*000 

WA2 ■  .623072-00    ZAZ «  .745627-0? 
1/TA21 ■  ,150903-02 1/TAZ2 «  .595125-00 

O.C, GAIN ■ -,195030-01» R^OT L.OCU«! 5Al\ ■ -^«S^lP^Ol 

A6Z  ■  -.583510*01    8AZ  ■   -.194032*01  CAZ •     ,96425i«0f 
DAZ  ■     .134666*01    tAZ   s   -.203437-02 

VELOCITY  PERTURBATIONS  PARALLEL   TO   INITIAL 
FLICHT  PATH,   HUE   TO  HFLTA   CVCtlr 

PERTURBATIONS   ABOUT   INITIAL  VAUJc» 
USTABO  ■     .?5P242*0? 

ROOTS   (COMPLEX  FORM) 
-.2815*000 .OOOP 

,6928*001 .0000 
-.9642*001 .0000 

1/TU81   ■   -.281536-00     1/TUS2  ■     .692855*01     1/TUS3  ■   -.9642?2*0' 
DtCt   GAIN  •   -.299317*02.   ROOT  I.OCUS  SAIN   «      .166000-00 

AUI  ■     .166000-00     BUS   ■     .497204-00   CUS  «   -.109631*02 
DUt  ■  -.312220*01 

VELOCITY PERTURBATIONS PERR£NOICUUAR TO  INITIAL 
FLIGHT PATH,  nur TO DFLTA C^CLlr, 

PERTURBATIONS   ABOUT   INITIAL  VALUEi 
WSTABO ■ o.Oi POSITIVP Po» r>ow\ 

ROOTS (COMPLEX FORM) 
.6505*000 .0000 

-.4915*000 -.3«A4*00n 
-.4915*000 .3864*000 

ZW8 ■  .786137-00  WWS «  .625260-00  1/TW« •  .650555-00 
O.C. GAIN ■  .142274*02, ROOT LOCU^ GAIN « -.5ft35lO*Ql 

AWS ■ -.583510*01  BWS ■ -.194032*01 '..^ t  ,145359*01 
DW| ■  .148407*01 
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TRANSFER FUNCTIONS FOR STABILITY AXES. 
ORIGIN AT AIPPLANE C.6. 

RUN NO.  LÄ NUMERATOR CHARACTERISTICS FOR COLLECTIVE 

THETA PER DELTA COLLECTIVE 
PERTURBATIONS ABOUT INITIAL VALUFi 

THQ ■ -.•000*02 
ROOTS (COMPLEX FORM) 
-.13*9-001       .0000 
-.4897*000       .0000 

l/TTMl ■ -.136979-01 1/TTH2 ■ -.48971Ä-00 
O.C. CAIN ■ -.354340-02. ROOT LOCUS GAIN ■ -.551000-01 

ATM « -.551000-01 BTH • -.277381-01 CTH ■ -.369615-03 

X  AXIS  VELOCITY PER DELTA  COLLFCTIVE 
PERTURBATIONS  ABOUT   INITIAL  VALUF» 

UO   •     .2502^02 
ROOTS   (COMPLEX FORM) 

.1205*000       .7232*000 

.1205*000      -.7232*000 
-.8270*000      -.3235-030 

2UB ■ -.164361-00 WUB ■  .733195-00  1/TUB « -.827069-00 
O.C. GAIN » -.315233*02. ROOT LOCUS GAIN ■ -.739571*01 

AUB ■ -.739571*01 BUB • -.433427*01 CUB ■ -.250151*01 
DUB ■ -.328822*01 

Z AXIS VELOCITY, tf, PER DELTA COLLECTIVE 
PERTURBATIONS ABOUT INITIAL VALUE* 

WO •  .0000  * POSITIVE DOWN 
ROOTS (COMPLEX FORM) 
-.3814*000      -.1138*001 
-.3814*000       .1138*001 
-.7236*000       .1343-026 

ZWB • ,.317760-00 WWB ■  .120047*01 1/TWB ■ •.723610-00 
O.C. GAIN ■ -.146540*02. ROOT LOCUS GAIN ■ -.146581*01 

AWB • -.146581*01  BWB ■ -.217898*01 CWB • -.292164*01 
OWB • -.152857*01 
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Z   AXIS  ACCELE^ATIONiAZ.PE*  !5ELTA   COLLECTIVE 
PEWTURBATIONS   ABOUT   INITIAL   VALUE» 

AZQ   «   0.0 
^OOTS   (COMPLEX  PC«^) 

.1274*000 -.7158*00C 

.1274*:0C .715S*000 
,lfl74-00l -.5546-031 

-,«194*000 -.5854-031 

tlil   «  .727064-00    2AZ ■ -.1^5231-00 
1/TAZl «  .187445-01 1/TAZ2 s -.«19424-00 

D.C. CAl\ ■  .114097*00. ROOT LOCUS CAlK' ■ -.146581*01 

AA2 « -.146581*01  BAZ '   -.800146-00 CA7 ■ -.453292-00 
OAZ « -.626153-00  LAZ ■  .119(316-01 

X AXIS ACCELERATION,AX.PER ^ELTA COLLECTIVE 
PERTuRBATIONlS ABOUT INITIAL VALUE» 

AXO > 0.0 
^OOTS (COMPLEX PORM) 

.1205*000       .7232*000 

.1205*000      -.7232*000 

.5014-010       .97*3-031 
-.8270*000       .2804-030 

WAX «  .733195-00   ZAX « -.164361-00 
I/TAXI «  .501420-10 1/TAX2 ■ -.«27069-00 

D.C. CAIN ■  .158064-0H. ROOT LOCUS CAIM ■ •.73*57l*0l 

AAX ■ -.739571*01  BAX ■ -.433427*01 C6X ■ •.250151*01 
DAX ■ -.328822*01  EAX «  .164878-09 

HORIZ. VELOCITY PER DELTA COLLECTIVE 
PERTURBATIONS ABOUT INITIAL VALUE. 

SOO « -.346671-06 
ROOTS (COMPLEX POR»*) 

.5320-001       .1259*001 

.5320-001      -.1259*001 
-.6522*000       .2247-031 

2SO ■ -.42205«-0l  «SO ■  .126057*01  1/TSO • -.652278-00 
D.C. CAIM «  .145653*02» ROOT LOCUS CAIN ■  .146581*01 

ASD »  .1465R1*01  PSD ■  .^01146-00 f.SO •  .222751*01 
OSO «  .151932*01 
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RATE OF CLIHR PER OElJi COLLECTIVE 
PERTURBATIONS ABOUT  INITIAL VALUE• 

HDO ■  -.250?«2*02.  »OBITIVE POR CLIMB 
ROOTS  (COMPLEX PORM) 

.l?05*000 .7232*000 

.1205*000 -.7232*000 
-••270*000 -.9244-032 

ZHO ■ -.1A43A1-00 WHO •  .733199-00 l/TWp ■ -,«270A9-00 
O.C. GAIN •  .31&233*02* ROOT LOCUS GAIN ■  .739971*01 

AHO ■  .739971*01 BHÜ •  .433427*01 CHO •  •290191*01 
OHO • .329922*01 

VILOCITV PERTURBATIONS PARALLEL TO INITIAL 
PLIGHT PATH. nUE TO DELTA COLLECTIVF 

PERTURBATIONS ABOUT INITIAL VALUFt 
U5TAB0 • .?90242*3? 

ROOTS (COMPLEX FORH) 
•1209*000     -.7232*000 
.1209*000      .7232*000 

-.9270*000       .9729-091 

2US ■ -.1*4341-00 WUS •  .733199-00 1/T'JS • ••«27099-00 
O.C. GAIN • •.319233*02« ROOT LOCUS GAIN ■ -.739971*01 

AUS • -.739971*01 BUS • -.03427*01 CUS • -.290191*01 
OUt • -.929022*01 

VELOCITY PERTUPBiTfONS PERPENDICULAR TO INITIAL 
PLIGHT PATH» HUE TO DELTA COLLECTIVE 

PERTURBATIONS ABOUT INITIAL VALUE* 
WSTABO ■ 0.0« POSITIVE FOR nONN 

ROOTS (COMPLEX PORN) 
.9920-001     -.1299*001 
•9920-001      .1299*001 

•••922*000     -.30*1-032 

INS • -.422099-01 VMS • .129097*01 l/TVS • -•992279-00 
O^C. SAIN • -.149993*02. ROOT LOCUS SAIN • -•149991*01 

ANS ■ -.149991*01 BVS • •.S0Q149^00 Ctt ■ -.222791*01 
DNS • -.191932*01 
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TtUMS'iR fUNCTtONI FOR HOOV   AXFS  UP  -.0000 OECR^ES 
PWC'1   0R1C1VAL  F'ODV   AXFS. 

PESPECTjvE  X.   v,   AND  2  DISTANCES PRO"  AIRPLANE  C.C 
TO  ORIGIN or  AXrS  A<?E. 
LX ■    .i7no*o? LV « -.ono^       AND LZ ■ -.0000 

RUN NO.  L6 NüI-IE^ATOW CHäRACTF^TIC«; POM rOLLFCTlVE 

X AXIS VELOCITY Pgp HELTA COLLECTIVE 
PERTURRATIONS ABOUT INITIAL VALUFi 

UO ■  .1100*91 
SJOOTS (COMPLtX FORM) 
-.5?20*000       .12n9*U0l 
-.5?20*00r)      -.l2r9*C0l 
-.6993*000        .2744-031 

2UR •  .396325-on  *ü^ •  .135727*01  I/TUB « -.699545-00 
D.C. GAIN ■  .13^41*02. RPQT LOCUS GAIN •  .113930*01 

AUB ■  .ll3»30*01 1<\J*  «  .19*635*01 C'JP ■  ,?8n««5*01 
DUB •  .I3«255*0l 

2 AXIS VFLOCITV, U. PE« "JELTA COLLECTIVE 
PERTuRHATIONS ABOUT TM'IA'. VALUE» 

*b  ■  .2*00*0?. POSlTlvc rjo-wN 
ROOTS (CO«PLt* FORM) 

.1205*000      -.76C5*ono 

.1205*000       .7695*003 
-.•47»*00C       .92«4-03l 

ZWR  •  •.l5«76«-00     WWH  ■     .77Mf7-00     l/TWJi  ■   -,«47935-00 
O.C.  6A1N ■  -.32l36»*02.  ROOT LOCU«  GAI'J  ■   -.651630*01 

AUB ■ •.«51630*01    BMM  ■  -.395432*01 C«B  •  -.262124*01 
CUB ■ -.335223*31 

« A»IS ACCELERATION.AX."ER ^ELTA ffi,.uFCTI"E 
PERTUROATICNB AB^'IT «NITIAI VAltF» 

AXO • 0.0 
ROOTS (COMPLEX *0**) 

.1?B3*C3C      -.7135*000 

.1?«3*090       .7135*000 

.242R-001       .20«C*03l 
-.6173*000      ,4cn5-03l 

*4« •     .725165-03 2A*  •  -,l7»3l3-?', 

1/T4K1  •     .242601-01   1/*A»*   •  -.•l7iC9-:* 
O.C.  C4t>» • -.113»''7*r-,  a-^T lUC'.*  »".A!»   ■     .ll593C*01 

66X ■    .iJ3tV»*ei    »*«x •     .»C-IAw-OC "kv i     tl69<i«6*oq 
QAX ■    .461006-00    t*x • -.ii^ri-Ol 
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2   AXIS   ACCELERATI0Pv,A7.l:fcK 'Vl.'M  r.Ol.LfCTlVE 
PEWTURyAHONr»   AffM'T   INITIAL   *'ALl'^» 

A/o ■ n.o 

,1?55*000 ^A"«**'-':'-1 

.1255*200 -t7«.1i*UOCI 

.1579-003 .m«-03l 
-.8488*000 .;.3?r-Cj3: 

WAZ «  .773902-00   ZA7 « -.1*22*3-03 
1/TAZl ■  ,157915-03 1/TAZ2 « -.n4A874.^r» 

D.C. CAIN «  .501544-02. ROOT LOCU«? GAIN' ■ -,6^1630*01 

AAZ ■ -.651630*01  BAZ ■ -.38^371*01 rti   « -,?5l273*0l 
DAZ ■ -.331257*01  EAZ «  .'52^1^5-03 

VELOCITY PEWTUP^ATTONS PARALLEL TO !M|TUL 
FLIGHT PATH, put TO OELTA COLLECTIVF. 

PERTURBATIONS ABOUT INITIAL VALUP# 
.USTABO ■  ,?5P242*C? 

ROOTS (COMPLEX FORM) 
.4731-001       .13H3*CC1 
,4731-001      -.13*3*C01 

-.6290*000      -.H176-Ü30 

ZU8 « -.341782-01 WUS •  .13f430*01 1/TÜS ■ -.629031-00 
O.C. GAIN «  .131655*02» ROOT LOCUS 6ATN «  ,113930*01 

AUS ■  .113930*01 PUS ■  .60fiH48-00 CUS •  ,211540*01 
0U8 •  «137331*01 

VELOCITY PERTURBATIONS PFRPENOTCULAR TO INITIAL. 
FLIGHT PATH, nUF TO '^.LTA COLLECTIVE 

PERTURBATIONS ABOUT INITIAL VALUE» 
WSTABQ ■ O.r, pnSITTVF Ffl» nOWN 

ROOTS (COMPLEX FOR^) 
.1242*000      -.7697*000 
.1242*000       .7697*00-) 

-.8461*000      -.1741-^3^ 

2W8 ■ -.l5»4l«-00 WW8 "  .77'691-:0  1/TWS « -.«46127-00 
O.C. CAIN ■ -.321330*02. P^OT lOC«.'« '"•AIK » -,6«>l63n*0l 

AW8 ■ •.651630*01 »'WS • -.3A«371*C1 0%«; « -.?591J72*01 
0W8 • -.335183*01 



VI. DERIVATIVES AND TRANSFER FUNCTIONS FOR SIKORSKY S-58 

Derivatives, eigenvectors, residues, and transfer functions were 
calculated for the S-56 in the flight conditions shown by the following 
tables. Note that V_.g is the total speed, not the horizontal component« 

1 TABLE; 1 S-58 FLIGHT CONDITICKSi SPEED m DESCEMT RATE 1 

kis Knot8 0               20              1+0 60            100 

Rate of 0              0               0 0                  0 

Descent -7.5       -7.5         -7.5 -7.5      -7.5 

fps -I5.O     -I5.O       -I5.O -15.0      -15.0 

-22.5     -22.5       -22.5 -22.5      -22.5 

At low speeds the maximum descent rate corresponds roughly to the 
predicted boundary of the vortex-ring state. 

In terms of descent angle, the flight conditions are as follows: 

1 TABLE II      I 

KäS Knots    | 0               20               hO               60             100 

|   Descent 0               0                0                 0                0 

Angle -90          -12.8        -6.35         -h,}*      -2.5U 

7 -90          -26.U        -12.8        -SO        -5.IO          1 

Degrees -90         -1*1.8       -19.4       -12.8      -7.65         1 

Because of space consideration«, it was impracticable to present 
the results of the calculations for all the above flight conditions. 
Therefore, this part presents 

(1)   Derivatives for all the above flight eonditione 
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(2)   Nuiaerators of the transfer functions relating u, v, w, 
p, q,  and r to longitudinal and lateral cyclic pitch, 
rap in rotor collective pitch, and tail rotor collective 
for speeds of 0, 20, 1*0, ^0, and 100 knots in level 
flight and 22.5 fps descent. 

(*^   Eigenvalues (transfer function denominator roots) for 
the above flight conditions. Those not listed here are 
included in Chapter VI, Table XV, which tabulates the 
eigenvalues for all the flight conditions. 

(U)   Derivatives and eigenvalues for 22.5 fps rate of descent 
at y  = - 18.5 degrees and 7 = - 90 degrees calculated with 
static tip loss factor (i.e., no cyclic variation) to 
provide a basis for comparing the effect of dynamic tip 
losses on the derivatives. 

UMmt im ttamdMM 
In addition to derivatives, residues and eigenvectors were also 

calculated and are quoted in the main text of the report where 
appropriate. For space reasons these are not presented here; however, 
if required, they can be generated from the transfer functions. The 
residue corresponding to an eigenvalue located at s = a + Jb is obtained 
by substituting s = a + Jb in the factored transfer direction with the 
factor corresponding to the eigenvalue removed. The eigenvectors axe 
obtained by taking the ratio of the required numerators evaluated at the 
appropriate denominator root, as with the 0/ß commonly used as- a 
handling qualities parameter. 

Explanation of th« Pfint-Out Format 

The print-out is as self-explanatory as possible; however» the 
following items require some comment. 

Btability Darivativ» Matrieea 

The stability derivatives given in the print-out are in units of 
lb-ft and lb, per unit perturbation quantity. Note that this differs 
from equations of motion cited in the main text, where derivatives are 
quoted in terms of linear or angular acceleration per unit perturbation. 
To convert the print-out derivatives to this form, simply divide by the 
mass or the appropriate inertia. 1,1,1 are the divisors for L, M, 

and N derivatives. Both the derivatives and the inertias must be in a 
consistent axis system. The inertia tensor quoted on the print-out is 
in stability axes, as are the stability derivatives. The inertia tensor 
is defined as 
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-I yz 

z -J 

The S-58 controls are denoted as follows : 

c(i) = oc 

C(2) = B1 

C(5) = A1 

C{k) = 9 
oTR 

main rotor collective pitch, radians 

longitudinal cyclic pitch, radians 

lateral cyclic pitch, radians 

tall rotor collective pitch, radians 

The trimmed iteration column vector contains the trimmed values of 
C(l), 0(2), 0(3), C{h),  9, and* (in that order), where 9 and * are 
referred to overall vehicle axes and are in radians. The  print-out 
also lists 6 and 4 referred to stability axes, in radians. Because 
of the somewhat arbitrary definition of stability axes as having their 
x-z plane in the x-z plane of the overall vehicle coordinates, this * 
is not exactly zero; however, it is generally negligibly small. The 
trimmed bank angle of the helicopter is typically about one degree. 

Hamyaliifff (PTTTtilrHtCT ffhuiatariatifl Hoat*) 

Frequency is measured in radians per second. Very small 
eigenvalues are usually spurious (due to computer round-off errors) 
and should be set equal to zero. It is essential to check the 
dimensions of all transfer functions to avoid the inadvertent omission 
of small genuine eigenvalues. For example, transfer functions relating 
velocity response to control deflections should have one zero less than 
the number of poles; for positional response the difference should be two, 

For the AH-56 (in Part VII),the symbols 0(1), C(2), C(3)i CCO 
are defined differently (see Part VII). 
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TransfT Function tfr—mor» 

The print-out shows the transfer function numerators for all 
controls.    The response quantities are denoted as follows: 

X(l)        X(2)       X(3) X(U) X(5) X(6) 

Note that stability axes are used.    Thus,for 90-degree descent,u Is 
directed vertically downward and w Is horizontal, for zero pitch 
perturbation. 

Due to an oversight, the print-out shows minus the correct 
sign on the root-locus gain*.    Tb» root-locus gain is defined as the 
lead coefficient, A , where the transfer function is written as 

A8n + A   .  s11"1 + An 9s
n-2 ♦ +Aft n-i      n-g o 

r      r-1 
8 + B^ , s "L +  +B 

r-i o 

The Bode gain, also called d.c. gain, is defined as A /B 

provided neither of these terms is zero. If either A or B is 
o   o 

zero the Bode gain is defined as the ration of the lowest order 
nonzero denominator coefficient. This definition of Bode gain 
la not foolproof for automatic computation, and occasionally 
round-off errors will cause a spurious Bode gain to be printed out. 
The sign of thia gain may be either correct or incorrect, but the 
magnitude la usually grossly Inaccurate. This situation occurs when 
the magnitude of the smallest numerator root is less than 10"' times 
that of the largest numerator root. 

Because of the Incorrect sign on the root-locus gain, the sign 
on the d.c. gain is also incorrect, apart from the exceptional cases 
noted above. 

This error has been corrected on all transfer functions, eigen- 
vectors, and residues quoted in the main text. 

138 



SIKORSKY 8-M HELICOPTER  JUNE 2 1970  M08TAI«! DERIVATIVES 
CASE 1  SPEED« 67,S FT/SEC.  H-D0T»-22.»rT/SFCi  6*MHAi-il.S OECi 
CROSS WEICHT* 11867.LB.   SEA LFVEL  OVNAHIC TIP LOSS (VES) 

STABILITY DERIVATIVE MATRICES' 

U V W P 0 R 
X -.4125*02 -.9296-00 -.6242*02 -,6339*03 .1268*04 .4189*03 
Y .3017-00 -.2306*02 -.1639-00 -.1123*04 -.6719*03 .8167*03 
Z -.1121*03 -.9699-00 -.1822*03 .1791*03 -.1944*33 .9880*03 
L -.6524*02 -.2762*02 -.1060*03 -.1784*09 -,8276*04 .2989*04 
M .»127*02 .7798*01 ,2134*02 .9048*04 -.2087*09 -.2891*04 
N -.2312*03 ,3074*03 -.3318*03 .1322*04 .4489*04 -.1491*09 

U DOT V  DOT W DOT P COT Q POT R DOT 
X -.3381-02 -.9914-03 -.1957-01 -.2257*02 -.8242*01 .7679*01 
Y .1063-01 .6089-01 .3036-01 ,8006*01 -.2977*02 -.4963*01 
z .17M-02 -.1788-02 .9286-02 .1029*02 .3173*01 -.3983*01 
t ,3I7»*00 -.3929-00 .1100*01 .2394*04 -.3600*03 -,8063*03 
M •,677»-02 -.2924-01 .3290-02 .3629*03 .2649*04 -.1262*03 
N -.1302-00 -.1996*01 -.4229-00 -.8497*03 .1169*03 .3681*03 

C(  1) C(   2) C(  3) C(   4) 
X -,314»*05 -.6276*03 .1966*09 -.1299*02 
V .2363*03 .1210*09 .6929*03 ,3799*04 
z -.1296*09 .2134*03 ,8377*04 -,1489*02 
L ,22»4*05 .1687*06 .1932*09 -.2447*09 
M .9441*05 ,8936*04 -.1818*06 -.6870*03 
N .3946*09 -.6049*09 .2016*09 -.1234*06 

THE INERTIA TENSOR 
.8127*04 -,1996-06 ,9778*04 
,1996-06 ,2790*09 ,9993-07 
,5778*04  ,5993-07   ,2086*05 

TRIMHEO  VELOCITIES WITM RESPECT TO OVERALL  VEHICLE  REFERENCE  AXES' 

U V W P 
,6329*02    -.6989-09       .2443*02    -.0000 

0 
.0000 

R 
-.0000 

TRIMMED ITERATION COLUMN VECTOR» TE- A 

.1779-00 -.9233-02  ,3423-01   .1039-01   .3031-01  -.8211-03 

STABILITY AXIS SYSTEM EULER ANCLES' 
AIRCRAFT   INERTIAL SPEED«     .6780*02 

TMETA*  -,3383-00      PMI  -.8700-03 
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Or.N04lNATOR  CHARACrrRISTIC 
ROOTS 

»FAL INA6INARY 
PART PART 

.l3n-07 .0000 

.»!>6;*Jl .0000 

.lü«l*00 .0000 

.119«*01 .0000 

.1160-00 .0000 
*llJb-01 .2982-00 
.1134-01 -.2*82-00 
.2b33-00 .«242-00 
.21133-00 -.9242-00 
.0000 .0000 
.0000 .0000 
.0000 .0000 

NUMERATORS 
(NOTE- NUMERATOR ROOTS LESS THAN  1.0E-7  TIMES THE 
LARGEST NUMERATOR ROOT  ARE NOT  IMCLUOEO   IN THE BODE GAIN), 

X(   1)-T0-C(   1)  NUMERATOR 

ROOT LOCUS GAIN'       .S981+02 

BODE GAIN •    -.6420*03 

ROOTS 

REAL IMAGINARY 
PART PART 

•.71JO-01 .noon 
•.9«»9m .0000 
•.!»6l«b-00 .9923-00 
>.S68>-00 -.9923-00 
'.1830-01 .9556-00 
.1830-01 -.9556-00 
•.»Wl-00 .0000 
•.4657-08 .noon 
.OQCQ .0000 
.0000 .0000 
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X(   2)-T0-C(   D   NUMERATOR 

ROOT  LOCUS  CAIN«     -.503fl-Q0 

BODE  GAIN  "       i2a4»*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.3942-01 .0000 

.1776*03 ,0000 
,l/n2-0l .3954-00 
,1702-01 -.3954-00 

,1026*02 .0000 
,2B19*01 ,0000 
,5005-00 ,0000 
,0000 .0000 
,0000 ,0000 
.0000 .0000 

X(   3)-T0-C(   1)   NUMERATOR 

ROOT  LOCUS  GAIN*       .2239*03 

BODE  GAIN  »     -.1996-04 

ROOTS 

REAL IMAGINARY 
PART PART 

.2255-05 ,0000 
,5633*01 ,0000 
,3662-00 ,9546-00 
,3662-00 -,9546-00 
,34»4-00 ,1043*00 
.3464-00 -,1043*00 
,3269-00 .0000 
.5532-02 .0000 
,0000 .0000 
,0000 ,0000 
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X< 4)-T0-C< D NUMEHATO^ 

«OOT LOCUS GAIM«  -.24«7*0l 

BODF. GAIN «   .6183*01 

«OOTS 

REAL IMAGINARY 
PART PART 

-.9b05-07 .0000 
-.2*44-06 .0000 
-.2284-00 .2808*01 
-.2214-00 -.280«*01 
.0054-01 .4316-00 
.8054-01 -.4316-00 

-.7144-00 .0000 
-.4358-00 .0000 
-.1858-00 .0000 
.2142-07 .0000 

XC 5)-T0-C( 1> NUMERATOR 

ROOT LOCUS SAIN« - .2220*01 

BODE CAIN •  -.1529< -01 

ROOTS 

RFAL IMAGINARY 
PART PART 

.1932-01 .0000 
•.4915-01 .2038-01 
•.4915-01 -.2038-01 
•.6037*01 .0000 
-.2276-OC .1084*01 
.2276-00 -.1084*01 
.6051-00 .0000 
.0ÜG0 .0000 
.3^60-07 .1578-07 
.3260-07 -.157B-07 
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HOOT  LOCUS  GAIMI     -.114n*ni 

ÖODE   GAIN  «        ♦1758*02 

ROOTS 

REAL IMAGINARY 
PAPT PART 

.1263-00 .3742-00 

.1263-00 -.3742-00 

.1192*00 .4574-00 

.1192*00 -.4574-00 

.1356*02 .0000 

.23/3*01 .0000 

.4M94-00 .0000 

.0000 .0000 

.0000 .0000 

.0000 .0000 

X(   1)-Tü-C(   2)  NUMERATOR 

ROOT  LOCUS  GAIN«       .5302*01 

BODF   GAIN  «     -.4270*03 

ROOTS 

RFAL 
PART 

.1664-06 
-.22'5*02 
-.1S63-00 
-.1563-00 
-.3144-00 
-.3144-00 
-.39H6-00 
-.4/26-01 

.0000 

.0000 

IMAGINARY 
PART 

.0000 

.0000 

.2796401 
-.2796*01 

.8686-00 
-.0606-00 

.0000 

.nooo 

.0000 

.0000 
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X( tl*TO-CC I) NUMmATO« 

HOOT LOCUS C4IM -•94t4«01 

•ODI CAIN ■  .1I07«04 

ROOTS 

HAL ItlAOlNAftV 
^AST PAST 

.S1S7-01 .2704-00 
•»l>7-0i -.2704-00 

••2177-00 .0000 
-.972S40S .0000 
-.J2AO01 .0000 
•.»274-00 .9074-00 
-.»2/4-00 -.#•74-00 
•0000 .0000 
• 0000 .0000 
.0000 .0000 

ti   3)-T0-CC 2) NUHIHATOa 

HOOT LOCUS CAIN« -.2217*01 

•006 CAIN •  .3744*03 

ROOTS 

RfAL tHAOINAftV 
PART PART 

-.0777-01 .0000 
-•9103-00 .•7At-00 
••3103-00 -.•749-00 
-.1314-00 .3M0-00 
•.1310-00 -.3940-00 
-.1431*02 .1»52*02 
-.1R31*02 -.1»52*02 
-.2171-07 .0000 
.0000 .0000 
.0000 .0000 

Ikh 



X( 4)-T0-C( 3) NUMCRATOl 

MOOT LOCUS 64IK« -•»1*9*03 

BOD? Ci!M • ••44ii-09 

HOOTS 

HEAL 1MA6IN4*V 
^^T PART 

-.l*»4-00 .0000 
-.3V03-00 .4303-00 
•.3903-90 -.4303-00 
.43»9-01 .3444-00 
.4399-01 -.3444-00 

-.9»7a-00 .0000 
-.447S-00 .0000 
.0000 .0000 

-.3930-0* .0000 
.1131-0/ .0000 

X( »)-T0-C( 3) NUMERATOR 

ROOT LOCUS CAIN« -.1310*01 

BODE GAIN • -.3437-01 

ROOTS 

REAL IMAGINARY 
PART PART 

.3439-01 .0000 
-.4449-01 .3423-01 
-.4449-01 -.3423-01 
-.1911*03 .0000 
-.3210-00 .8704-00 
-.3210-00 -.4704-00 
-.5710-00 .0000 
-.3443-0/ .0000 
-.1372-07 .0000 
.0030 .0000 

1^5 



Kl O-TO-CC |) NUMiRATOQ 

«OPT LOCUfc f.A|\«  .S«»907 

BOOI CAIN ■  .3X49*3? 

KOOTt 

irAL |MA6I\ARV 
^ART PART 

.1V23-01 •33*1«00 

.1923-01 -.33*1-00 
•.3l»»-00 .0000 
-.1/14*01 • 0000 
-.4100-00 .1044*01 
•.4100-00 -.1044*01 

.7A»0-09 .0000 

.0000 .0000 
• 0000 .0000 
• 0000 .0000 

X( 1)-T0-C( 3) NUNERATOR 

ROOT LOCUS CAIN» -.4249*0? 

BODE CAIN «  .2190^04 

ROOTS 

«EAL IMAGINARY 
PAtJT PART 

.1963-07 .0000 

.3964-00 .0000 

.1121^00 .0000 

.3401-00 .9543-00 

.3401-00 -.9543-00 

.5625m .0000 

.1261-00 .2648*01 

.1261-00 -,2648*01 

.0000 .0000 

.0000 .0000 

11+6 



XC  tl-TO-CI   SI  NUMfftATO« 

«OOT LOCUS CAlt«    •.23^«31 

iOOE CAIN •       .2110-0? 

MOOTS 

(MTAL 
»AMT 

•trm-o* 
••44IIO01 
-,44lk4*0l 
-.41/f#01 

IMACINAllV 
»AKT 

• 0000 
.l0M*Of 

•.ion*o2 
.0000 

'.44Sf-J| 
>.44»«-0l 
.♦421-00 
•4421-00 
.0000 
.0000 

.•S2S-01 
-.•32S-01 

.5213-00 
-.9253-00 

.0000 

.0000 

XC   3)-T0-CC   SI  NUMERATOR 

MOOT LOCUS CAI^a    -,2?/ft*02 

iOOF GAIN ■    -.12fl«04 

MOOTS 

Mr AL 
»AMT 

.4535-0* 

.2112*02 
'.1091*00 
-.3337-00 
.3337-00 
.5620*01 
.13/6-00 
.1376-03 
.0000 
.0000 

INAOIMiMV 
»AMT 

.oooc 

.0000 

.0000 

.9500-00 
-.9500-00 
.0000 
.3671-00 

-.3*71-00 
.0000 
.0000 

1U7 



X(   4)-T0-C(   3)  NUMERATOB 

ROOT LOCUS  GAIN«    -.3230*01 

BOOF  CAIN  «        .9664-00 

ROOTS 

«EAL 
PART 

.2^19-01 

.2919-01 
-.7464*01 
-.l^l-OO 
-.1W1-00 
-.7470-00 
-.i;92-00 
-.2b97-07 
-.2597-07 
.0000 

IMACINARV 
PART 

.5968-01 
-.5968-01 
.0000 
.1213*01 

-.1213*01 
.0000 
.0000 
,9256-07 

-.9256-07 
.0000 

X( 5)-T0-C{ 3) NUMERATOR 

ROOT LOCUS CAIN"   .7266*01 

BODE CAIN ■ -.1405-02 

ROOTS 

REAL IMAGINARY 
PART PART 

.2171-02 .0000 

.9627*01 .0000 

.3369-00 ,9611-00 

.3369-00 -.9611-00 

.9711-00 .0000 

.1130*00 .0000 

.8417-02 .0000 

.1173-06 .0000 

.2603-07 .0000 

.0000 .0000 

148 



X( 6)-TC-C( 3) NUMERATOR 

ROOT LOCUS CAIN«   .lOlö^OO 

BODE GAIN s  -.7468-05 

ROOTS 

REAL IMAGINARY 
PART PART 

,2769-01 .6149-01 
.2769-01 -.6149-01 
,34b7*Q2 .0000 
. 32/3*01 .0000 
.324fl*01 .0000 
.9412-01 ,5737-00 
.9412-01 -.5737-00 
.4623-0» .0000 
.2268-07 .0000 
,0000 .0000 

X( l)-TO-C( 4) NUMERATOR 

ROOT LOCUS GAIN«   .4488-00 

SOßE GAIN •   .3671*02 

ROOTS 

REAL IMAGINARY 
PART PART 

.25)31-01 .0000 

.3425*02 .0000 

.6944-00 .2499*01 

.6944-00 -.2499*01 

.1155*01 .0000 

.1052*01 .0000 
,4108-00 .0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 

1U9 



X( 2)-T0-C{ «) NUMERATOR 

RCOT LOCUS GAIV»  -.103«*02 

^OOE GAIN >   .4669*02 

«OOTS 

^tAL IMACIMARY 
PAPT PABT 

.1299-01 .0000 
,4/U*ü2 .0000 
.4433*01 .0000 
,1190*01 .0000 
.1311-01 .3204-00 
.1311-01 -.3204-00 
.4626-00 .0000 
.10M-0» .0000 
.0030 .0000 
.OOCO .aooc 

X( 3)-T0-C( 4) KUMERATOR 

«OOT LOCUS 5AI\«  -.1479-00 

BODE CAIN «  -.4835*02 

ROOTS 

REAL IMAGINÄR* 
PART PART 

.4320-07 .0000 

.1329-00 .3652-00 
,1329-00 -.3652-00 
.»338-01 .0000 
.1664*02 .1750*02 
.1664*02 -.1750*02 
.2l«7*0l .0000 
.1153*01 .OCOC 
.0000 .0000 
.0090 .0000 

150 



X( «)-TO-C< 4> NUMERATO« 

ROOT LOCUS GAINI«  -.41b9*0l 

fäODE CAIN! *  -.2471*01 

ROOTS 

^FAL IMAGINARY 
PART PART 

-.5Ol-0b .C000 
.32/9*01 .0000 
.40/4-01 .3361-00 
.40/4-01 -.3361-00 

-,2021-OC ,0000 
-.1187*01 ,0000 
-,7070-00 ,0000 
-.3Jld-üü .COOO 
.64S9-11 .0000 
.0000 ,0000 

X( !>)-TO-C{ 4) NUMERATOR 

ROOT LOCUS GAIM  -.7041-01 

BOOE CAI\ «   .6111-02 

ROOTS 

REAL IMACIVäRY 
PA^T PART 

-.3779-01 .4095-01 
-.3//9-01 -,4095-01 
.3b23-01 ,3000 

-.3134*32 ,0000 
-.1160*01 .0000 
.1241*31 .0000 

-.»769-30 ,0000 
-.76y/-00 .JOOC 
.1494-06 .0000 
.2144-07 .0000 

151 
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X(   6)-T0-C(   4)   NUHERATOR 

HOOT LOCUS GAIN«        .7366*01 

BODE 66IN  •     -.7024*01 

HOOTS 

REAL IMAGINARY 
PART PART 

.6264-08 .0000 
-.1192-07 .0000 
-.3mm .0000 
-•1190*01 .0000 
-.4618-00 .0000 
-.7622-01 .3780-00 

.7622-01 -.3780-00 

.7429-01 .3153-00 

.7429-01 -.31*3-00 

.0000 .0000 

152 



IIKOMKY 8-SI HELICOPTER  JUNE 2 1970  HOSTAB-B OIH!VAT|Vlf 
CASE 2   SPEED» 22.5 FT/SEC.  H-DCT«-22.5PT/S?C.  CAHM4«-fO.O DEC. 
CROSS WEIGHT« 11«6/.LP.   SEA LFVEL  DYNAMIC TIP LOSS (YfS) 

STABILITY DERIVATIVE MATRICES- 

X -.6726*02 .2947*01 .1566*01 ,9084*03 .7328*01 -.6476»02 
V ,!>S66-C0 -.1380*02 -.5472-00 .2969*03 -.6312*03 .9857*03 
z -.1261-00 .5346-00 -.6521*01 .2*77*02 -.9526*03 -,7332*03 
L -♦l»0f*03 .2375*03 .1777*01 -.8832*04 -.4622*04 ,1538*04 
M -,7498*01 .2401*02 -.1168*03 .2832*03 -.1770*05 -,1082*05 
H -.7610*01 .1292*03 .1556*02 -.1516*04 .1029*05 -.1630*0» 

U DOT V DOT U DOT P DOT a DOT R DOT 
% -.1696-0? -.3994-02 .1834-02 .8935-01 .1012*00 ,3574-01 
Y -.Jb87-02 .6660-01 -.3854-04 -.1750*01 -.1869*02 -.1013*02 
z -.4236-02 -.7059-03 .7147-04 -.3568-00 .9810*01 -.1880*02 
L .7146-01 -.220«*0l -.8791-03 .7833*02 -.9969*02 .2208*02 
M -.1982-00 -.1083*00 -.8144-03 -.7198*02 .2670*04 -.3252*03 
N .3937-00 -.2911-00 -.5499-02 .142«*02 .3264*03 ,2677*04 

cc 1> C( 2) CC 3) C( 4) 
X -.8788*05 -.2871*03 -.1932*03 -.148**03 
Y -.3b06*04 .1239*05 .5760*03 .4083*04 
z -.2«!>7*0? .5843*03 -.1239*05 -.3081*02 
L .1*07*06 -.1350*04 .5600*0« -.1354*06 
M .7'J2B*04 .1894*04 -.1858*06 -.6765*04 
H .134b*05 -.1»57*06 -.1758*04 -.1840*05 

THE INERTIA TENSOR 
.2307*05 -.1236*03 -,6522*03 

-.1236*03  .2750*05 -.1819*02 
-.6522*03  -.1819*02   ,5920*04 

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE REPERENCE AXES- 

Q u        V        w        P 
-.0541-00  -.6271-00   .2248*02  -.0000 0000 

R 
.0000 

TRIMMED ITERATION COLUMN VECTOR, TE- 

.2465-00  -.1236-01   .3884-02   ,1507-00   .3797-01  -.2790-01 

ST 4"1 LI TV   AXIS  SYSTEM  EULER  ANQLES- 
AIRCRAPT   RERTIAL  SPEED«     .2290*02 

THET4«   -.1571*01        PHI   -.'■553-01 

Wj 



OENCHINATO» CHAR4CTERISTIC 
ROOTS » 

REAL IMACINIARY 
PART PART 

-.2450-00 .1291-00 
-.2450-00 -.1291-00 
.5427-01 .4002-00 
.54?7-01 -.4002-00 

-.17«9-00 .4199-00 
-.17M-00 -.4199-00 
-.46lll*0l .0000 
-.105l*01 .0000 
.0000 .0000 
.0000 .0000 
.0090 .0000 
.0000 .0000 

NUMERATORS 
(NOTE- NUMERATOR ROOTS LESS TMAN 1.0E-7 TIMES THE 
LARGEST NUMERATOR ROOT ARE NOT INCLUDED IN TMF RODE CAIN). 

X( 1)-T0-C< 1) NUMERATOR 

ROOT LOCUS CAIN'  .2315*03 

■ODE CAIN >  -.7656*03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1609-00 .4346-00 
-.1609-00 -.4346-00 
.53/2-01 ,4034-00 
.5372-01 -.4034-00 

-.4665*01 .0000 
-.1053*01 .0000 
-.2273-00 .0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 

19k 



X( 2)-T0-C( D NUMERiTOB 

ROOT LOCUS GAIN«   .9713*01 

BODE GAIN ■   .2/4ll*P3 

ROOTS 

REAL IMAGINARY 
PART PART 

-.5428-07 .0000 
-.1510*02 .0000 
-.1342*01 .0000 
-.7540-00 .0000 

-.4017-00 .0000 
.1652-01 .4606-00 
.1652-01 -.4606-00 
.2781-00 .0000 
.0000 .0000 
.0000 .0000 

X( 3)-T0-CC 1) NUMERATOR 

ROOT LOCUS CAIN«   .3589-00 

BODE GAIN «   .2591*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.1070*00 .3242-00 

.1070*00 -.3242-00 

.3937-00 .0000 

.1674*02 .0000 

.1902*01 .1227*01 

.1902*01 -.1227*01 

.2352*01 .0000 

.0000 .0000 

.0000 .0000 

.0000 .0000 

155 



X( 4>-T0-C( D NUMERATOR 

«OOT LOCUS G4I\« -.7lb5*0l 

BOOt CAIN •   .3H7?*02 

«O0T8 

REAL IMAGINARY 
PART PART 

.5476-0/      .8103-07 

.5476-07 -,«103-07 
-.4622*01      .0000 
-.1084*01      (QOOO 

-.4082-00 .0000 
-.1221*00 .4430-00 
-.1221*00 -.4430-00 
.7377-01 ,3938-00 
.7377-01 -.3938-00 
.0000 .0000 

X( 5)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN« -.2304-00 

BODE GAIN «  -.4377-03 

ROOTS 

REAL IMAGINARY 
PART PART 

.5M8-02 .0000 
-.9453-02 .0000 
.1586*01 .2732*01 
.1586*01 -.2732*01 

-.1049*00 .3242-00 
-,1049*00 -.3242-00 
-.3934-00 .0000 
.76H5-10 .0000 
.2«>yi-08 .0000 
.6519-08 .0000 

156 



XC   6)-T0-C(   1)   NUME^ATOP 

«OOT  LOCUS   GAIN;«     -.5614*01 

BODf.   GAIN)   «        .5180-nfl 

ROOTS 

WFAL I^AGIMARY 
PART PART 

-.1496-01 .0000 
-.3924-00 .0000 
.5630-01 .0000 
.2048-00 .0000 

-.8370-00 .0000 
,1430-01 .4646-00 
.1430-01 -.4646-00 
.0000 .0000 
.7/66-06 .0000 

-.5339-07 .0000 

X<   D-TC-Cl   2)   NUMERATOR 

ROOT  LOCUS  CAIN»        .7852-00 

BODE  CAIN  *        .6293*03 

ROOTS 

RFAL IMAGINARY 
PART PART 

.3985-01       .4217-00 

.3985-01 -.4217-00 
-.6388-00       .0000 
-.1615*01       .0000 
.5232*01       .0000 

-.7628-00       .3166*01 
-.7628-00 -.3166*01 
.0000 .0000 
.oono      .oooo 
.0000 .0000 

157 



X( 2)-T0-C( 2) NUMERATOR 

«OOT LOCUS GAIN"  -.35l«*02 

BODE GAIN >   .1«694>04 

ROOTS 

REAL IMAGINARY 
PART PART 

•.2M7-00 .7775-01 
-.2*47-00 -.7775-01 
-.3b/7*02 ,Q00C 
-.IA/9*01 ,0000 
-,8115-00 ,0000 
,4660-01 ,4265-00 
,4660-01 -,4265-00 
,0000 ,0000 
,0000 ,0000 
,0000 ,0000 

XC 3>-T0-C< 2) NUMERATOR 

HOOT LOCUS GAIN"  -,4512^01 

BOOE GAIN >   .4605*03 

HOOTS 

REAL IMAGINARY 
PART PART 

-,2279-01 ,2976-00 
-,2279-01 -.2976-00 
-,2379-00 .0000 
-,3419-00 ,0000 
-,2653*02 ,0000 
-,2452*01 .8673-00 
-,2452*01 -,8673-00 
,0000 ,0000 
,0000 ,0000 
,0000 ,0000 

158 



X(   4)-T0-C(   2)   NUMERiTO« 

ROOT  LOCUS GAIN«       .1749*Ü1 

BODE   GAIN  *        .3999*02 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1771-00 .0000 
.4070-01 .4254-00 
.4078-01 -.4254-00 

-,6b9!>-00 .0000 
-.23»7*01 .7716-00 
-.2357*01 -.7716-00 
.2236*01 .0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 

X<   5)-T0-C(   2)   NUMERATOR 

ROOT  LOCUS  GAIN»     -.7840-00 

BODE  GAIN  »     -.4521-03 

ROOTS 

REAL IMAGINARY 
PART PART 

.4673-02 .0000 
-.6712-02 ,0000 
-.3243*02 .0000 
-.2032-01 .2977-00 
-.2032-01 -.2977-00 
-.3429-00 .0000 
-.2379-00 .0000 
-.23'6-07 .0000 
.0000 .0000 

-.1327-07 .0000 

159 



X<   6)-TC-C(   2)   NUMERATO« 

ROOT   LOCUS  GA1\« .57b4*C? 

BODE   RAIN)   s        .Ab89-02 

ROOTS 

WEAL IMAG1MARV 
PART PART 

.9608-02 .0000 
-.1212-01 .0000 
-.2892-00 ,6263-01 
-.2892-00 -.6263-01 
-.8182-00 .0000 
.4663-01 .4263-00 
,4663-01 -.4263-00 
,4249-08 .0000 
.0000 .0000 
,0000 .0000 

X( 1>-T0-C( 3) NUMERATOR 

ROOT LOCUS GAIN*   .5265-00 

BODE GAIN «   .6502*02 

ROOTS 

REAL IMAGINARY 
PART PART 

.1577-01 .1846-00 

.1577-01 -.1846-00 
-.5610*01 .0000 
-.2103*01 .0000 
.2Hö3*01 .0000 

-.3298-00 .1116*01 
-.3298-00 -.1116*01 
.0000 .0000 
.0000 .0000 
.0000 .0000 

160 



X(   2)-TC-C(   3)   \UMER1T0W 

«OOT  LOCUS  GAIN!«     -.19/7*01 

BODE   GAIN  ■        .2/99*03 

ROOTS 

"EAL IMAGINARY 
PART PART 

-.1497-01 .2199-00 
-.1497-01 -.2199-00 
-.3006-00 .6603-01 
-.3006-00 -.6803-01 

-.1197*02 .1095*02 
-.1197*02 -.1095*02 
-.1494*01 .0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 

X(   3)-T0-C(   3)   f-.'UMERATOR 

ROOT  LÜCUS  CAIM        .3375*02 

BODE  GAIN  «     -.1^21*04 

ROOTS 

»EAL IMAGINARY 
PART PART 

.1323-00 .4662-00 
,1323-00 -.4662-00 
.2325-00 .1276-00 
.2325-00 -.1276-00 
.4936*01 .0000 
.2!944*U1 ,7798-00 
,IM4*01 -.7796-00 
.0000 .0000 
.0000 .0000 
.0000 .0000 

161 



K(   4)-TC-C(   3)  NUMERATOR 

HOOT  LOCUS G41M     -.l»76-00 

BODE G4IM •   .67454.01 

ROOT$ 

RE4L IMAGINARY 
PART PART 

«.•090-02 .2137-00 
-.•090-02 -.2137-00 
-.IMS-00 .0000 
-.4M9*0l .2401*01 
-.49»»*01 -.2401*01 
-.3/23-00 .122S*01 
-.3/23-00 -.1228*01 
-.2235-07 .0000 
.2359-0/ .0000 
.0000 .0000 

X( tl-TO-C« 3) NUMERATOR 

ROOT LOCUS GAIN* .7466*01 

•ODE 6A1N • -.'tt* •04 

ROOTS 

REAL IMAGINARY 
PART PART 

.4649-03 .0000 
-.4910*01 .0000 
-.1313-00 .4664-00 
-.1313-00 -.4664-00 
-.2329-00 .1276-00 
-.2329-00 -.1276-00 
.3329-02 .0000 

-.2946-07 .0000 
-.1239-07 .0000 
-.3393-07 .0000 

162 



X( 6)-T0-C{ 3) NUMERATO« 

ROOT LOCUS CAIN« .1295*01 

BODE CAIN «   .11A2 •02 

ROOTS 

REAL IMAGINARY 
PART PART 

,4661-07 .1031-06 
.4661-07 -.1031-06 

-.16!)0*02 .0000 
-.3082-00 ,4230-01 
-.3082-00 -.4230-01 
-.1349-01 .2206-00 
-.1349-01 -.2206-00 
-.1370-01 .0000 
.9^95-02 .0000 
.10f0-08 .0000 

X( 1>-T0-C( 4) NUMERATOR 

ROOT LOCUS CAIN«  .4061-00 

BODE CAIN «  -.1736#03 

ROOTS 

REAL IMAGINARY 
PART PART 

.7681-01      .3892-00 

.7681-01 -.3892-00 
•1093^00      .4198-00 
.1093*00 -.4198-00 
•3386*02 .0000 
.9034*01 .0000 
.1089*01 .0000 
0000 .0000 
0000 »0000 
0000        .0000 

. 

. 
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X< 2)-T0-CC «) NiUMEHATOW 

ROOT LCCUS GAIN«  -.1131*0? 

BODF GMN ■  -.b/7i*01 

ROOTS 

REAL 1MACINARV 
PART PART 

,14*4-01 ,nooo 
-.lö»>ft + 02 • ooon 
-.I3b9*f)l .ocoo 
-,777?-00 .0000 
.7CjJ>l-02 .4364-00 

.70!>l-02 -.4364-00 

-.1410-00 .0000 

,nnno .0000 

.0000 .nooo 

.oooo .0000 

3)-T0-C( 4) l NUMERATOR X( 

ROOT LOCUS GAIN*  -.267 7-00 ^ 

BODE RAIN »  -.7bltK02       ^  ^00 

*& 

ROOTS 

RFAL IMAGINARY 
PART PART 

-.1726-oc     .nroo 
-,31C3*Q2       .0000 
-.2091*01       .1214*01 
-.209l*0l -.1214*01 
.11199*01       ,0000 

-.ligO-00      .3031-00 
-.1300-00 -.3031-00 
.OOOtl .0000 
.0000        .ococ 
.onco       ,OPQO 

l6li 



X( 4)-TC-r.( «) MÜMtRATOW 

ROOT LOCUS GAIK«   .6n«44Ül 

BODE CAi:-.' ■  -.I2b4*02 

ROOTS 

«rAL IKAGP'AHV 
PAm PART 

-.9/C1-10 .3000 
-.4bv9*oi    .ooor 
-.iü9"*fJi    .nroc 
-.ll3ä*ÜC       .416P-00 
-.llJrt^OC      -.4168-00 
.72>i2-ni     .J8b«-cn 
./2H?-01      -.385H-00 

-.lüzv-uc .onoo 
.2ii4-ov .nnon 
.oooo      .nooo 

X( !>)-Tn-c( 4) MmeHATO-* 

ROOT LOCUS CAP»   .1093-00 

BODE GAIU «   .141/-02 

ROOTS 

^FAL IMA6INAHV 
PART PART 

.5^52-02 .noon 
-.1036-01 .0000 
.5/19*01 .?ooo 
.14«»3*ül .ncor 

-.127.1-00 .3:2H-on 
-.127»J-0C -.3n28-C^ 
-.1/19-00 .npor 
.i2H/-oy .onoo 

-.3496-0«? .oocc 
.Mbb'O* .ococ 

165 
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X(   6)-T0-C(   4)   NUMERATOR 

ROOT  LOCUS  GAIN*        .6948*01 

BODE GAIN «  -.2160- •0? 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1080-0/ .3000 
.4419-07 .0000 

-.1163*00 .0000 
-.7312-01 .0000 
.4619-0^ ,2740-01 
.4419-0i -.2740-01 

.•429-OC .0000 

.»710-02 .4389-00 

.»710-02 -.4389-00 

.0000 .0000 
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IIKOMK 
cm 9 
GROSS W 

STABIL! 

N 

X 
Y 
Z 
L 
M 
N 

N 

S-9S HILICOPTER 
SHEO-1.0 FT/SEC i 
I6MT« ilS«7.LBi 

JUNE  24  1970    MOSTlB-B DERIVATIVES 
H.OoTiO.O FT/SECi    6AMMA«0.0 DEC. 

SEA LEVEL      DTNAMtC TfR LOSS  (YES) 

Y DERIVATIVE MATRICES- 

.79t9«01 

.»•41-00 

.JSTf*01 

.1911*02 

.1099*03 
,4109*01 

Ü DOT 
,9429-04 
,lTJ9-04 
,9429-04 
,2429-02 
,1090-01 
,7?n-03 

CC 1) 
.9190*01 
.1402*04 
.9702*09 
.1901*09 
.3423*04 
.1992*0* 

',7171-00 
-,1291*02 
•.1792*01 
-.1392*03 
.2013*02 
.1777*03 

V DOT 
■,4911-04 
.7299*01 
.7910*03 
.3249-00 
.3799-01 
.2419*01 

C(  2) 
.9447*03 
.1249*09 
.1192*02 
.1904*04 
,9494*03 

•,1749*04 

.1914-00 
-.1400*01 
-.1011*03 
-.1717*02 
-.1299*02 
-.3322*02 

W DOT 
.4123-02 

-.1923-02 
.7219-03 

-.4901-00 
-.2291-00 

.3312-02 

C(   3) 
.1299*09 
.9494*03 

-.1099*03 
-.1037*04 
-, 1909*04 

.4473*03 

'.7410*03 
.9991*03 
.2943m 

•«1929*09 
.1191*09 

'.2047*ft4 

R DOT 
.1999*02 
.1043*02 
.1793-00 
.2498*04 
.3049*03 

'.1414*02 

C(   4) 
.1993*01 
,4444*04 
,9190*01 
.1994*09 
.2349*04 
.1483*04 

.9994*09 
-.7947*03 
-.4149*01 
-.1133*09 
-.1944*0» 
-.1932*04 

0 DOT 
-.1030*02 
-,1901*02 
-.1999-01 
-.3049*03 

.2984*04 
-.3994*02 

'.2490*01 
,2038*03 
.9798*03 
.1194*04 
,4933*02 
,7977*04 

R DOT 
,1049*00 
.2479*01 
,2711-01 
,2422*02 
.3244-00 
.9218*02 

THE  INERTIA TENSOR 
.9921*04 
.0000 
.4449*03 

.0000 
,2790*09 
.0000 

.4449*03 

.0000 

.2304*09 

TRIMMED VBL0CITIE9 WITH RESPECT TO OVERALL VEHICLE REFERENCE  AXr9- 

U V 
.9993-00    -.0000 .3870-01 

F 
.0000 

9 
.0000 

R 
.0000 

TRIMMED  ITERATION COLUMN VECTOR.   TE- 

.2979-00     -.1932-01       ,5142-02       .1933-00       .3869-01 

STABILITY AMIS SYSTEM EULER  ANCLES-       THETA«     .8074-09      PHI 
AIRCRAFT  INBRTIAL 9FEED«    .1000*01 

-.3656-01 

.3653-01 
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DENOMINATOR CHARACTERISTIC 
ROOTS 

REAL IMAGINARY 
PART PART 

-.8714-01 ,4909-00 
-.•7»4-01 -,4909-00 
.9304-01 ,3667«00 
.»304-01 -.3667»00 

-.2684*00 .7918-01 
-,2864-00 -.7518-01 
-.44fl*0l .0000 
-.1139*01 .0000 
.0000 ,0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 

NUMERATORS 
(NOTE- NUMERATOR ROOTS LESS  THAN 1.0E-7 TIMES TME 
LARGEST NUMERATOR ROOT ARE NOT   INCLUDED  IN THE BODE GAIN), 

X(   1)-T0-C(   1)  NUMERATOR 

ROOT LOCUS GAIN«    -.3350-00 

BODE  GAIN  >     -.3728*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.2690-00 ,0000 

.9626-01 .3918-00 

.9626-01 -.3918-00 

.4734*02 .0000 

.4874-00 ,1887*01 

.4874-00 -.1887*01 

.1972*01 .0000 

.0000 .0000 

.0000 .0000 

.0000 .0000 
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X( 2)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN«   .4060*01 

BODE GAIN •   .2939^03 

ROOTS 

REAL IMAGINARY 
RART PART 

,2939-07 .0000 
-.7789-00 ,8048*01 
-,77S9-00 -.8048*01 
.2947-00 ,0000 

,5744-01 ,4418*00 
.5744-01 •,4418-00 

'.•825-00 ,0000 
-.2977-00 «0000 
.0000 .0000 
.0000 .0000 

XC 3)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN"   .2361*03 

•ODE GAIN • -.5063*03 

ROOTS 

REAL 
RART 

-.1392-00 
-.4475*01 
-.1152*01 
-.8737-01 
-.8737-01 
.9108-01 
.9108-01 
.0000 
.0000 
.0000 

IMAGINARY 
PART 

.0000 

.0000 

.0000 

.4955-00 
-.4955-00 
.3685-00 

-.3685-00 
.0000 
.0000 
.0000 
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X( 4)-T0«C( 1) NUNERATOR 

HOOT LOCUS GAIN«   .7432*0l 

BODE GAIN •  «3361-10 

MOOTS 

IMAGINARY 
PART 

.0000 
m  SA06*00 .0000 
*i2648*00 .0000 
•»Slil*0l .0000 

.4400*00 
-.4400*00 
.0000 

* * 1069*06 .0000 
•«1142*06 .0000 

.0000 

Xf 9)-T0-e( 1) NUMERATOR 

ROOT LOCUS GAIN« •.4899-01 

•ODE GAIN • •.1309*01 

ROOTS 

REAL IMAGINARY 
RART PART 

.3290-00      .966l«01 
•,3290-00 -.9661-01 
.5670-01      .3959-00 
-.5670-01 -,3959*00 
.5145*02      .0000 
.1216-00      .0000 
.4672-00      .0000 
.0000 .0000 
.0000        .0000 
.0000        .0000 
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*(   6)-T0-C(   1)  NUMERATOR 

ROOT LOCUS  CAIN"     -.8846*01 

BODE  GAIN  ■       .3981*02 

ROOTS 

REAL IMAGINARY 
PART RART 

.1103*00 .35S9>00 

.1103*00 -.3589-00 
-.5175-01 .4829-00 
-.5175-01 -.4625*00 
-.4419*01 .0000 
-.1167*01 .0000 
-.3299-00 .0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 

X(   1)-T0-C(   2)   NUMERATOR 

ROOT LOCUS CAIN* .4075*01 

iODE GAIN  ■     -.5259*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.6783-02 .3015-00 
,6783-02 -,3015«00 

-.2596-00 .0000 
-.3575-00 .0000 
-.3213*02 ,0000 
-,8231-01 .2975*01 
-.8231-01 -.2575*01 
-.3847-18 ,0000 

.0000 ,0000 
•0000 .0000 
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X( ?)-TO-C< 2) NUMERATOR 

ROOT LOCUS CAIN« -.3602*02 

BODE GAIN •   .1790*04 

ROOTS 

REAL IMAGINARY 
PART PART 

.3009-00 .5704ii01 

.3009-00 -,9704-01 

.3561-00 .7279*01 

.3961*00 -.7279*01 
,8690-00 .0000 
.1706-01 ,3862-00 
,8706-01 -,3862*00 
.0000 ,0000 
,0000 ,0000 
,0000 ,0000 

X< 3)-T0*C( 2) NUMERATOR 

ROOT LOCUS GAIN» -.6067*01 

BODE GAIN ■   .3748*03 

ROOTS 

REAL IMAGINARY 
PART PART 

,7993-01 ,3791-00 
,7993-01 -,3791-00 
.7309-01 .7600*00 
,7309-01 -,7600-00 
.3037*02 .2112*02 
.3037*02 -.2112*02 
.7198-00 .0000 
.3776-07 .0000 
,2902-07 .0000 
,0000 .0000 
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X{   O-TCWCt   2)   NUHERATOR 

ROOT  LOCUS  GAIN«     -,592i*02 

BODE  CAIN  «     -.3216-03 

ROOTS 

REAL IMACINARV 
PART PART 

,2298-03 ,0000 
-.8664-00 ,0000 
•,2926-00 ,6134*01 
•,2926-00 -,6134-01 
,8719-01 .3861-00 
,8719-01 -.3861-00 

-,2708-01 .0000 
,3725-08 .0000 
.0000 .0000 
.0000 .0000 

X(   5}-T0-C(   2)  NUMERATOR 

ROOT LOCUS  CAIN»     -,6893*00 

BODE  GAIN •     -.1455*01 

ROOTS 

REAL IMAGINARY 
PART PART 

-,1113-07 .0000 
-.3966*02 .0000 
-.2840-00 .0000 
.2141-00 .0000 
.3260-01 .3253-00 
,3260-01 -.3253-00 

-.3036-00 .1485*00 
•.3036-00 -.1485*00 
.0000 .0000 
,0000 .0000 
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X(   6)-T0-C(   2)   KU^E^ATOR 

«DOT   LCCUS  CA1K«        ,ld34*Cl 

BODE  CAIN  ■       .3981*02 

»OOTS 

REAL IMACIKAR* 
PART PART 

.2TT5-00 .0000 

.2lTS*0l .1490*01 

.2lTS*01 -.1*90*01 

.7926*00 .0000 

.126T*01 .0000 

.8381-01 ,3839-00 

.8381-01 -.3859-00 

.0000 .0000 

.0000 .0000 

.0000 ,0000 

K( l)-TO«C( 3) NUMERATOR 

ROOT LOCUS CAIN« -.3432*02 

BODE GAIN *  .1>09*04 

ROOTS 

REAL I^ACIKARV 
PART PART 

-.2581-00 .7612-01 
-.2581-00 -.7612-01 
-.2382-01 .5243-00 
-.2382-01 -.5243-00 
-.4841*01 .0000 
-.8148-01 .2*73*01 
-.8148-01 -.2673*01 
.0000 .0000 
.0000 .0000 
.0000 .0000 
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X( 2)-T0-C( 3) NUMERATOR 

ROOT LCCUS GA1V»  -,1«23*01 

BODE GAIN *   .312a*03 

ROOTS 

REAL IHACIKARY 
PART PART 

-.21CO-02 .2272-00 
-.2100-02 -.2272»00 
-.3061-00 .6243-01 
•.3061-00 -.6243-01 

-.1490*32 .0000 
.4742-00 ,5632*01 
.4742-00 -.5632*01 
.0000 .0000 
,0000 .0000 
.0000 .0000 

X( 3>-T0-C( 3) NUMERATOR 

ROOT LCCUS CAIN«   .285T-00 

BODE 6A1M ■  -.4740*01 

ROOTS 

REAL IMiCIKARV 
PART PART 

-.1844-01 .9000 
-.2761*02 .0000 
-.3760*01 .0000 
-.1245*00 .6730-00 
-.1245*00 -.6730-00 
,3651-00 .1600-00 
.3651-00 -.1600-00 
.5217-07 .0000 

-.5004-06 .0000 
.0000 .0000 
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X«   4)-T0-C(   3)  NUMERATOR 

ROOT LOCUS GAIN«     -.3979*00 

BODE 6AIN ■    *.5314-04 

HOOTS 

REAL IMAGINARY 
PART PART 

-,24S7-0i .0000 
-,6755*02 .0000 

,2013-03 ,0000 
«.2146-01 .0000 
-.2969*00 ,6537-01 
-,2969-00 -,6937-01 
•,1914-02 .2262*00 
-,1964-02 -.2282*00 
-,1969-07 .0000 

,9647-09 .0000 

XC  91 l-TO-C(   3)   NUMERATOR 

ROOT LOCUS GAIN« .7664*01 

BODE 8AIN ■    «.2404 -00 

ROOTS \ 

REAL IMAGINARY 
PART PART 

.7222-02 .6258-01 
,7222*02 -.6258-01 

•,4635*01 .0000 
-.1369-01 .5274-00 
•.1369-01 -.5274*00 
•.2755-00 ,7610-01 
•.2799-00 -.7610-01 
•.3725-08 .0000 

.0000 .0000 

.0000 .0000 
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X( 6)-T0-C( 3) NUMERATOR 

ROOT LOCUS CAIN» -.2824-01 

BODE CAIN «   ,6578*01 

ROOTS 

REAL IMAGINARY 
PART PART 

.3869-02 ,2092*00 

.3869-02 -,2092-00 
,2900-00 .0000 
,8167-00 .4950*01 
,8167-00 -.4950*01 
,1947-00 ,3183*01 
.1947-00 -.3183*01 
.0000 .0000 
.0000 .0000 
,0000 .0000 

X< l)-TO-C( 4) NUMERATOR 

ROOT LOCUS CAIN»   .3360-00 

BODE CAIN »   .1293*03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.4378-08 .0000 
-.4603*02 .0000 
-.1979-00 ,1961*01 
-.1979-00 -.1961*01 
-.1420-00 .3380-00 
-.1420-00 -.3380-00 
.9923-00 .0000 

-.2155-00 ,0000 
,0000 .0000 
.0000 .0000 
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X( 2)-T0-C( 4) MUMERATO« 

ROOT LOCUS GAIN»  -. ,1238*02 

BODE GAIN ■  -.4005' ►02 

ROOTS 

REAL IMAGINARY 
PART PART 

,5486*01 ,0000 
•,1921*01 .4448*01 
-.1921*01 -.4448*01 
-,8922-00 .0000 
,4867-01 .3989-00 
,4867-01 -.3989-00 

-.2430-00 .0000 
,0000 .0000 
,0000 .0000 
,0000 .0000 

X( 3>-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN"  .1064-01 

BODE GAIN • -.1972*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.1047*00 .3687-00 

.1047*00 -.3687-00 
-.6777-01 ,4699-00 
-.6777-01 -.4699-00 
-.1641*04 ,0000 
-.3546*01 .0000 
-.1317*01 .0000 
.0000 ,0000 
.0000 .0000 
.0000 ,0000 
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X(   4)-T0-C{   4)   NUMERATOR 

ROOT  LOCUS  CAIN»     -.7603*01 

BODE   GAIN  «       .1608-03 

ROOTS 

REAL 
PART 

,2356-03 
-.8916-00 
-.1922-00 
-.1922-00 
,5431-01 
,5431-01 
.2288-00 
.0000 

-.5413-08 
-.5413-08 

IKACINARY 
PART 

.0000 

.0000 
,8883-02 

-.8883-02 
.4035-00 

-.4035-00 
,0000 
.0000 
,1487-07 

-.1487-07 

X( 5)-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN»   .2274-02 

BODE CAIN •   ,7274-00 

ROOTS 

REAL IMAGINARY 
PART PART 

.8562-08 .0000 

.1330*04 .0000 

.3396-00 .3418-01 

.3396-00 -.3418-01 

.7395-01 .3599-00 

.7395-01 -.3599-00 
,3469-00 .3049-00 
.3469-00 -.3049*00 
,0000 .0000 
.0000 .0000 
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X( 6)»T0«e< 4} NUMERATOR 

ROOT LOCUS GAIN«   ,6680*01 

BODE GAIN ■  -fl9904 ̂02 

ROOTS 

REAL IMAGINARY 
RART PART 

•,5»01»01 .4575*00 
-.5501-01 -.4575-00 
.ion*oo .3571-00 
.10?1*00 -.3571-00 

-,4399*01 .0000 
-.1U7*01 .0000 

.2743-00 .0000 

.0000 .0000 

.0000 .0000 

.0000 .0000 

l8o 



•IK0R8KY S-§Ä MELICOPTE»  WAV 1970  MOST* --Q ^F 
CASE 6   SPEED« 33,e FT/SEr,  M DOT« 0,0 ' '/S..c. 
CROSS WFlCHTi 11867 LB.  SEA LEVEL  DYNAMI 

STABILITY DERIVATIVE MATRICES« 

IVAT1VE8, 
CAMMA« 0,0 DES, 

•iP  LOSSES (YES), 

X 
Y 
Z 
L 
M 
N 

X 
Y 
z 
L 
H 
ig 

X 
Y 
z 
L 
M 
N 

U 
•,9653*01 
,2270*01 

•.7055*02 
.1999*02 
.1106*03 
.1277*03 

U DOT 
.7224-04 

•.«464-04 
.1516-04 
.8726-03 

-,5760-02 
.4573-03 

CC   1) 
•,1307*04 
,8976*03 
,6384*05 

•,8364*04 
,2752*05 
,1699*06 

•,582«-00 
.tl82»»*n2 
••2531*01 
•,1389*03 
.1869*02 
.2040*03 

V  DOT 
.3355-03 
,6699-01 
,7854-03 
,3079-00 

•,5286-01 
.2223*01 

C(   2) 
•,565**03 
,1257*05 
,664«*02 
,1887*06 
,9329*03 

■,1541*04 

W 

• .5984-00 
•.1675*01 
-.1499*03 
•.1578*02 
,2567*02 

',8977*02 

V  DOT 
-.6426-02 
.3188-01 
.9308-03 
.4293-00 

'.1234*00 
',1181-01 

C( 3) 
.1248*05 
.6130*03 
.5002*04 
.1246*04 

■.1889*06 
.3708*04 

•.7493*03 
•,9567*03 
-.6169*02 
•,1597*05 
.1116*05 

•.I7o3*04 

P DOT 
-,1800*02 
,1041*^2 
.2851*01 
,2682*04 
.3203*03 

■.2651*02 

C( 
,41? 

4) 

.411. ?4 

.4427*02 

.1894*05 
,3018*04 
.1365*06 

.9164*02 
-.7509*03 
.4241*03 

•.1096*05 
•.1703*05 
■.1522*02 

Q nOT 
•.1003*02 
.1792*02 
.1253*01 

•.31*9*03 
.2678*04 

•,36r7*0? 

•,1715*02 
.2915*03 
,8815*03 
,1331*04 
.1615*03 

•• 1044*0» 

n DOT 
,5891-01 

•,2258*01 
.3971-01 

•.1594*02 
,1679*01 
,7608*02 

THE INERTIA TENSOR 
,5916*04 -.3141-06 ,6027*03 
,3141-06 ,2750*05 ,8771-08 
,6027*03   .8771-08   .2307*05 

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE REFERENCE AXES- 

U        V W        P ^        R 
,3378*02 -,4919-09   .1186*01  -.0000 .OOHO    -,0000 

TRIMMED ITERATlON*COLUMM VECTOR. TE- 

,2506-00 -,1570-01   .2276-01   ,1559-00 .3507-01  -,2919-01 
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OlNOMfNATOR CMIRACTE RISTIC 
ÄOOTS 

mi IMA61N6HV 
PART PART 

-.3852-00 .nooo 
-,1975-00 .nooo 
.6132-01 .3335-00 
.6132-01 -.3335-00 

-.1461-00 .7300-00 
-.1461-00 -.7300-00 
-.4759*01 .0000 
-,1155*01 .0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 
.0000 .?ooo 

NUMERATORS 
(NOTE-  NUMERATOR.ROOTS LESS  TMAM l,0E-7  TIMES THE 
LARGEST  NUMERATOR  ROOT  ARE  NOT   INCLUDED   IN  THE  BODE  GAIN), 

X( l)-TO-C{ 1) NUMERATOR 

ROOT LOCUS CAIN» ,3367*01 

•ODE CAIN ■  -.4035 *03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1237*00 .nooo 
.3491-00 .3639*01 
.3491-00 -.3839*01 

-.2247-00 .1124*01 
-.2247-00 -.1124*01 
-.3377*01 .0000 
-.3904-00 ,nooo 
.0000 ,0000 
.0000 .noOO 
.0000 .0000 
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tt   2)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIM   t267n*0l 

BODE GAIN «   .2346*03 

ROOTS 

REAL IMAGINARY 
PART PART 

,5465-01 .nooo 
-,8636*02 .0000 
-,5492*01 ,0000 
-,1263*01 .0000 

.4066-01 .3934.00 
,4066-01 -.3934-00 

-.4366-00 ,0000 
,0000 .0000 
.0000 ,1000 
,0000 .nooo 

X( 3)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN«   ,2275*03 

BODE GAIN •  «.2136< ►03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1829-07 .nooo 
-.4693*01 .0000 
-.1559-00 .0000 
.5816«01 .2726*00 
,5618-01 -.2726-00 

-.1610-00 .6676-00 
-.1610-00 -.6676-00 
-,9168-00 .0000 
.0000 ,0000 
,0000 ,0000 
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HOOT LOCUS 64|Ni       t4i»A«0l 

■ODE 6A|N ■       .2ti6-03 

RMTI 

REAL IMAGINARY 
PAUT RART 

-.1357-06 .0000 
-,187II*01 .0000 
-.7030-00 .nooo 
-.4967-00 .nooo 
-.9780-05 .nooo 
,1555*01 .0000 
.7645-01 .4180-00 
.7645-01 -.4180-00 

-.5658-07 .0000 
.1034-07 .0000 

X( 5)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN«  - ,1057*01 

■ODE SAIN >  -.8069- -00 

HOOTS 

REAL IMAGINARY 
RART PART 

-.2380-07 .0000 
-.4107-00 • 0000 
-.1142*00 .1780-00 
-.1142*00 -.1780-00 
.1721-00 •nooo 

-.3502*01 • nooo 
-.1595-00 .1345*01 
-.1595-00 -.1345*01 
.0000 .nooo 
.0000 • 9000 

1ÖU 



Kl •»•To-ec 11 *UM|IUTO» 

•ooT toeut uw   •.?»oi*ei 

«IH I^ICIMRV 
PA»! ^ARt 

.ItM^DO .3741.00 

.liiMee ••S7ti«00 
-.HM*01 .4a73.00 
-.H*4-01 •f4|Tj.00 
-.4722*01 .0000 
-.ll«t*01 •0000 
•.4979-00 .0000 
.0000 .0000 
.0000 .0000 
.0000 • 0000 

X( 1) •T0-C( 2) NUMERATOR 

HOOT LOCUS CAIMa ,4417*01 

IO0E GAIN >  -.6044 *03 

«00T8 

REAL IIAGINIRV 
PART PART 

-.1494-00 .0000 
-.2»99*02 .nooo 
-.7044-01 .?964*01 
-.7044-01 -.2964*01 
-.1793-00 .9601*00 
-.1793-00 -.9601-00 
-,3i07-00 .0000 
.0000 .0000 
.0000 .9000 
.0000 .0000 
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toot toeut eiiM  •.JI»^OI 

•OM tAIN •      •1*40*04 

Üffl 

«AL IHAOINAHV 
^4»T PA*T 

•ioo4*oa •3309*00 
.1034*00 -.3309-00 
.J0§§-00 •nooo ' 
•7139-00 •2999-00 
.7139-00 -.299I-00 
.1032*01 •7439*01 
.1032*01 -.7439*01 
.1299-07 .0000 
.0000 .0000 
.0000 .0000 

X(   3)-T0-C(   2)  NUMERATOR. 

ROOT LOCUS C4IN>    -.6361-00 

90DE  GAIN a       .4643*03 

ROOTS 

REAL 
PART 

.1453-00 
,1493-00 
.1124-02 
.1124-02 
.1294*02 
. 1294*02 

•.2217-00 
.0000 
.0000 
.0000 

IMAGINARY 
PART 

,9796-00 
-.9796-00 

.3972-00 
-.3972-00 

.3739*02 
-,3739*02 

.nooo 

.0000 

.0000 

.0000 

186 
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MC  O.T5.C«  11 NUMlMfO» 

«ooT loeuf ui\9   ••MfMOt 

•OOI CAIN ■      .3410-03 

ROOTt 

MAL IMAOINARV 
HW »ART 

-.9517-0» .0000 
-.3317-00 .0000 
.1043*00 .3837*00 
.1043*00 -.3837-00 

-.2566-00 .5274-00 
-.2566-00 -.5274-00 
-.9544-00 .0000 
.0000 .0000 

-.1256-07 .0000 
.5472-08 .0000 

X( 5)-T0-C( 2) NUME^ATOP 

ROOT LOCUS CAIN«  - .7935-00 

BODE GAIN • -.1034. ►01 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1464-00 .1915-00 
-.1464-00 -.1915-00 
-.3587-00 .0000 
.1557-00 .0000 

-.3346*02 .0000 
-.1941-00 .5305-00 
-.1941-00 -.5305-00 
.0000 .0000 
.5986-07 .0000 
,1790-07 .0000 
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Ml *)•?»•€( II NUNIiATO» 

iOO» LOCUS UtH9      «liVMOi 

tOOC MIN ■  •Si44*0f 

MOOTS 

Häl iMASltUfff 
H*1 PW 

•Si4S«Qi .^71««00 
.Si4S*0i -.3T14.00 
.3t4|*00 •nooo 
•tOSt^Oi .0000 
.istf^oi .i222*Ql 
.istwi -.1212*01 
.xiu*üi • 0000 
.0000 .0000 
.0000 .9000 
.0000 .0000 

X( 1>-T0-C( 3) NUMERATOR 

HOOT LOCUS GAIN« -,3402*02 

SODE GAIN ■   .1937*04 

ROOTS 

REAL IMAGINARY 
PART PART 

-.2030-00 .nooo 
..37e«-00 .0000 
-.1281-00 .7291-00 
-.1281-00 -.7291-00 
-.S029*01 .noOO 
-.8042-01 .?674*01 
-.8042-01 -,2874*01 
.0000 .^000 
.0000 .nooo 
.0000 .0000 

186 



MC tl*ro*eC II «UNIftATO» 

•60T lOCUt «AIM •.t0A«*0t 

••©▼• 

•tu l«Af|IIA«V 
^Att »A«T 

.iiff«oo •«otvoi 

.ilIMO 

.t>AA*00 
•••0»MI 

.»»tt-00 
.t>AA*00 ••%ftt«00 

.10Af*02 • '000 

.»034*00 •AtO7*01 
«»034-00 ••A«»7*01 
.2A09-07 .«000 
.0009 .«000 
.0000 .«000 

X<   3)-T0-C{   3)  NüHERATO« 

ROOT LOCUS GAIN*     -,135*402 

BODE  CAIN  •     -.9398*03 

ROOTS 

• 

REAL IMAGINARY 
PART PART 

-.1940-00 .«000 
.9752-02 .«241-00 
,9752-02 -.4241-00 

-.127*-00 .7299-00 
-.127B-00 -.7299-00 

.1922*02 .0000 
-.5004*01 ,rooo 

.0000 .0000 

.0000 .0000 

.0000 .0000 
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X( 4)•TO•CC l) NUMERATOQ 

ROOT LOCUS GAIN• -,1109+01 

BODE CAIN • 

ROOTS 

·1017+02 

REAl. 
PART 

,1904-09 
-.2155•06 
-,2369+02 
•,1745~00 
-.1745•00 

.oooo 
-,6513•00 

.2182•00 
-.1481..,00 

,ll91•01 

IMAGIN~RV 

PART 
,(1000 
.oooo 
.oooo 
,6772•00 

-.6772•00 
,,000 
.oooo 
.oooo 
.oooo 
.oooo 

X( 5)•Tn•CC l) NUMERATOR 

ROOT lOCUS GAIN• 

BODE GAIN • 

ROOTS 

REAL 
PART 

.. ,7623•01 

.. ,5018+01 
-.1254-00 
-.1254•00 
-.3053-00 
-,2668-00 

,5894 .. 01 
.1035•06 
.1594-08 

-.1312•01 

,7596+01 

!1'-'AGHURV 
PART 

.oooo 

.oooo 
,7279-00 

-.7279•00 
.r:rooo 
,nooo 
.oooo 
.oooo 
.oooo 
.oooo 
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IC «MTO-Cf II «MftiTOt 

ioot loeuf «UM ••MI*-W 

•tH t*«A«|M*V 
^•T w 

• iOf^OO .0000 
• SMt^l •0000 
•lt|4«00 •0000*00 
.sf34*oe ••tOM-00 
• iti^oi •inooi 
• 1M7*01 -.1»14*01 
•90«t*00 •oooo 
• 0000 .0000 
.0000 •oooo 
.0000 • 0000 

X( 1)-T0-C( 4) NUMERATOR 

ROOT LOCUS CAIN«   ,455«.00 

OODE GAIN >  .1365*03 

ROOTS 

REAL IMAGINARY 
PART PART 

«.1122*00 .nooo 
-,3347*02 .0000 
-.1431-00 .I99l*01 
-.1431-00 •.19*1*01 

.1534*01 .0000 
-.9065-00 .0000 
-.3827-00 .0000 

.0000 .0000 

.0000 .oooo 

.0000 .0000 
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IC tl»'0«€C 41 <MI|*4Ta* 

aoor toeut «AIM ••iii««ot 
MN tAt« ■       .14? »•01 

ftOJTt 

Hü l«i4ltaiA0ir 
^•T Mit 

•.f444*0t • 0000 
•.i»44«0l 

• ^000 

.4444*01 
•0000 
.)4'4.00 

.4444-01 ••14t4.00 
•.JTlT-00 •oooo 

•0000 .0000 
.0000 .«000 
.0000 .9000 

MC S)»T0-C( 4) MUMIIIATO« 

HOOT LOCUS CilN«  •440(*-01 

•ODE 0AIN • ••1414401 

HOOT0 

REAL 1MI6INARV 
WT MUT 

.1454-0? .nooo 

.2655*03 .cooo 

.7620-00 .2440«01 

.7620-00 -.2440*01 

.1260-01 .4003-00 

.1260-01 -.4003-00 
,6290-00 .0000 
.2454-00 .0000 
.0000 .0000 
.0000 .0000 
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X ( 4) •T(. ·C C 4) NUMEFU TOQ 

ROOT LOCUS GAIN= -,7033•01 

BODE GAt N : -.1349-03 

ROOTS ' 

REAL 
PART 

-,9690-0S 
-.9714-00 
-,9714-00 
-.3633-00 

,9662- 00 
,1641-01 
,7641-01 
.oooo 

-.1146•01 
-,232~·08 

I MAGINARY 
PART 

, Cl OOO 
,6906·01 

-,6906•01 
.oooo 
.oooo 
,)902•00 

-,3902•00 
.oooo 
.oooo 
.oooo 

X< 5)·TO•C( 4) NUMERATOR 

ROOT LOCUS GAIN• 

BODE GAIN • 

ROOTS 

REAL 
PART 

-,31 46•00 
-.1124+00 
-.1124+00 
.21 s1~oo 
,784 n+o2 
.1111 +01 

-,9 462-00 
-,3446•07 

,2772 .. 07 
,3492•08 

I MAGINARY 
PART 

.nooo 

.1916•00 
-.1916•00 
. oooo 
.oooc 
.oooo 
,noaa 
.oooo 
. ~:~ oco 
.oooo 

193 



X( •)-TO»C< 4) NUHEHäTO« 

KOOT LOCUS CAIN.  .«ISQ^Ol 

•ODE 6AIN ■ «•.1324*02 

Reort 
HE4U IMACINIRV 
PAUT PAUT 

.1111*00      .3941.00 

. 1111*00 -.3341-00 
•.7323-01      .4949.00 
•.7323*01 -.4949.00 
•.4*74*01      .0000 
•.114**01      .0000 

*.3*74*00 «0000 
.0000 .0000 
.0000 .0000 
,0000 .0000 

!<* 



MOM MlltMTt tiMT ti.     tlA LIVIL      OVN4HIC T|P tottfl CVID. 

•tiilllTY DIKIVATIVI MATRtCES« 

N 

K 
Y 
I 

ll 

H 

U 

.tm*os 
-iilN*01 

U DOT 

»•ffffOS 
•ntfos 

••ttto«ot 
*ttO«l«Ot 
>tiif4-04 

ec t) 
>tttft*0« 

>.tto3«oi 

.4*10*0» 
•1147*04 

-.4t44«00 
•.t»J»*Ot 
••lti**Ol 
-.1004*09 
.1400*01 
.00*4*09 

V DOT 
>.40*0*09 
.O09-01 

>.***4*09 
.90ti«00 

>.4t4i-01 
•.0110*01 

CC  t) 
••0090*09 
.1000*0» 
.1110*01 
,1*4**04 
.91*4*04 

•.1004*04 

M 
•.4IT0-00 
•.i»04*01 
•.0110*09 
•.»»'1*01 
.0104*01 

•.1040*09 

W OOT 
M470-01 

.1100*01 
M010*00 
'.4404-01 

CC  9) 
.119**00 
.4*90*09 
.1401*0» 
.9100*04 

•.1071*0* 
.1440*0» 

0 
-.794**09 
•.1004*04 
•.94i7«o9 
-•1*0>*0» 
•10*7*0» 

'•1140*04 

P OOT 
•.1049*01 
•1019*01 
•141»*01 
.0474*04 
•9411*09 
••9»0**01 

Cf 4) 
•.»•7»*01 
.9*40*04 
••0**9*01 
.1*0**0» 
•.07»»*04 
•1910*0* 

« 
.1001*04 
•.7944*09 
.0044*09 
•.10***0» 
M7»0*0» 
.1191*04 

0 OOT 
»,*Tfl7*01 

» 
•.990**09 
.1470*04 
.9470*0» 

* 

••9914*01 
.41*0*09 
.•444*09 
.1740*04 
•9047*09 
••1400*0» 

n OOT 
••9797*01 
'•1117*01 
.444*-0l 

•.1»0V*01 
.a'2»*0l 
•7004*01 

TMi INfiTU TiNOON 
•0*11*04 .1071*0* .0171*09 
•1971-04 .27»0*0» •.»»Öl-Po 
•»171*09 •,3742-0i  .2907*00 

TKIfMIO VlLOeiTIIO WITH MOHCT TO 0VI04LL VEMICLi H^IHNCE 4X10« 

U 
•4777*02 .4*99*0*  .2040*01 

P 
•.0000 

4 
.0000 

0 
•.0000 

TRINNIO ITfOlTION COLUMM VCeTOR* Ti- 

.290**00 -.14*4-01  .«144-01  .4440-01  .9094-01 -,2044*01 

•tOiltlTT 4X10 OTOTIM iUtiO 4N*LiO* 
4|fiai47T tNMTUt OHIO*     .4740*02 

TMETA>    .9044*00      *Mt *,2040*01 

195 



OINOMIMTOR CMARACTEKlSrie 
Reori 

KIAI IM46INARV 
P4»T MRT 

•(14XO
sOO • 0000 

••1071^01 •eooo 
•f4792*00 .0000 
«9464*01 •3743*00 
• 0404*01 -.3743-00 

* * 2395*00 •9193*00 
*•2399*00 -•9093*00 
•(1332*01 • 0000 

• 0000 
• 0000 
• 0000 
• 0000 

NUNMATOM 
CMOTI- NUNEKATOR ROOTS LES8 THAN 1.0E-7 TIMER THE 
URCE8T NUMERATOR ROOT ARE SOT INCLUDED |N THE BODE CAIN), 

K( 1}*T0*C( 1) NUMERATOR 

ROOT LOCUS CA|N>  ,701A*01 

•ODE CAIN • -.2900*03 

ROOTS 

REAL IMACINARV 
PART PART 

.0364-07 .0000 

.4666-00 .0000 

.7766-01 • oooo 

.1602-00 •1249*01 

.1602-00 -.1249*01 

.1109^00 .3091*01 
,1109*00 -.3091*01 
.9173*01 .0000 

.0000 

.0000 
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X(   2)-T0-C(   1)  NUMERATOR 

ROOT LOCUS CAIN«       ,1452*01 

BODE GAIN >       .2246*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.4377-01 .0000 
-.2499*03 .0000 
-.9016*01 «0000 
-.1104*01 .0000 

.990I-01 .4442.00 
,9909-01 •.4442*00 

-.9004-00 .0000 
.6978-08 IOOOO 
.0000 .0000 
.0000 .0000 

X( 3)-T0-C( l> NUMERATOR 

ROOT LOCUS CAINt .2497*03 

900E GAIN > -.3062*03 

ROOTS 

REAL IMA6INARV 
PART PART 

-.1290-00 .0000 
-.9090*01 .0000 
-.4103-00 .9991-00 
-.4103-00 -.9991-00 
-.9499-00 .0000 
.l»42-00 .4060-00 
.1942-00 -.4066-00 
• 0000 .0000 
.99S9-08 .0000 
.0000 .0000 

197 

I 



X{ 4)-T0-C( 1) NUMERATO« 

«OOT LOCUS CAIN« ,9859-00 

BODE CAIN •  -.6850' •04 

MOOTS 

REAL IMAGINARY 
PART PART 

-.3728-07 ,1830^Q7 
-.372Ä-07 -,1830-07 
.1702-OS ,0000 

-,6349*01 .nooo 
•,1043*01 ,0000 
•.»121-00 ,0000 
.3342*01 ,0000 
.1561-00 ,4741-00 
.1961-00 •,4741-00 
,1630-07 ,0000 

X( »)-TO-C( 1) NUMERATOR 

HOOT LOCUS 6A|N> -,1849*01 

•ODE GAIN ■ ••3926*00 

MOOTS 

REAL IMAGINARY 
PART PART 

.6677-01 .1334-00 

.6677-01 -.1334-00 

.1266-00 .^000 

.»166*01 .nooo 

.1642-00 .1339*01 

.1642-00 -.1339*01 

.4731-00 .nooo 

.2637-06 .noOO 

.6527-07 ."000 

.0000 ,0000 
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X( «>-TO-C( X) NUMERATOR 

ROOT LOrUS GAIN«  -,5444*0l 

BODE GAIN s   .1920*02 

ROOTS 

REAL IMACINARV 
PART PART 

-.7701-01 .5296-00 
-.7701-01 -.5296-00 
.1727-00 .4036-00 
.1727-00 -.4036-00 

-.5085*01 .HOOO 
-.I7l9*01 .5000 
-.5054-00 .HOOO 
.1863-08 .nooo 
.0000 ,0000 
.0000 .0000 

X( 1)-T0-C( 2)   NUMERATOR 

ROOT LOCUS CAIN«   ,4874*01 

BODE CAIN > -.5097*03 

ROOTS 

REAL IMäCINARV 

PART PART 
-.1185-06 .5000 
-.2568*02 .0000 
-.4723-01 .2517*01 
-.4723-01 -.2517*01 
-.3076-00 ,9004-00 
-.3076-00 -.9004-00 
-.5643-00 .P0O0 
-.8700-01 .?ooo 

• ooor .nooo 
.OOOC .^000 

199 



M( 1)-T0-C( I) NUMCRATOM 

«OOT LOCUS C4IN« -,3947^02 

IOOE 6AIN >   .i»74«04 

ROOTS 

REAL IMAGINARY 
PART FART 

.13SI-00 .32SI-00 

.1351-00 -.32S1-00 
-,3l4S-00 .0000 
-.1521*01 .?34»*0l 
-.laai^oi -.T34f*01 
-.•m-oo .7Sf7«00 
-.SfXi»00 -.79t7.00 
-.lSS3-0i .0000 
.0000 .0000 
.0000 .0000 

XC 3)-T0-C( 2) NUMERATOR 

ROOT LOCUS GAIN» •,2t54-00 

SOOE SAIN •  .2009*03 

ROOTS 

REAL INAOlNARy 
PART RART 

•3304-01 .2312-00 
.3304*01 ••2312-00 
.1411-00 .0000 
.1102*02 .7733*02 
.1112*02 •.77»3*02 
.3020*00 .Rf07-00 
.3020-00 -.MS7-00 
.24S9-0A .0000 
• 0000 • 0000 
.0000 .0000 

200 



X( 4)-T0-C( 2) NÜHERATO» 

ROOT LOCUS GAIN« -,579ru02 

BOOE CAIN • •.1124-03 

ROOTS 

REAL IMAGINARY 
PART PART 

.5002-09 ,3186-07 

.5002-09 -.31S6-07 

.1662-05 .0000 
•.3495-00 ,*906-00 
-.3495-00 -,«906-00 
.1560-00 ,4125-00 
,1560-00 -.4125-00 

-.1226401 ,0000 
-.3694-00 .0000 
-.6985-09 ,0000 

X( 5)-T0-C( 2) NUMERATOR 

ROOT LOCUS CAIN« -.923^-00 

BODE CAIN ■ -,6447-00 

ROOTS 

REAL IMAGINARY 
PART PART 

-,1057*00 ,1369-00 
-,1057*00 -.1369-00 
.1244*00 .0000 

-.5239-00 .0000 
-.2768*02 ,0000 
-.3207-00 ,8896-00 
-.3207-00 -.8896-00 
.2960-07 ,0000 

-.1490-07 .0000 
.0000 .0000 
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X( 6)«T0-C( 2) NUMERATOR 

ROOT LOCUS CAIN»  ,1450*01 

•ODE GAIN ■  .3152*02 

MOOTS 

REAL IMAGINARY 
PART PART 

,1065*00 .4212-00 
,1065*00 -.4212-00 

-.3561-00 .0000 
-.2»07*01 .0000 
-.9S41-00 .1801*01 
-.9041-00 -.1801*01 
.1827*01 .0000 
.0000 .0000 
.0000 .nooo 
.0000 .0000 

K( i)-TO-C( 3) NUMERATO» 

flltOT LOCUS GAIN« -.3379*02 

MOE CAIN •  .1931*04 

HOOTS 

REAL IMACINARV 
PART PART 

-.1410-00 .0000 
-.»•85-00 .0000 
••2890-01 •2842*01 
-.2890-01 -•2842*01 
-.5272*01 • 0000 
-.2547-00 •1002*01 
-.2547-00 -•1002*01 
-.1892-08 • 0000 
.1119-14 • nOOO 
.0000 • 0000 

202 



X( 2)-T0-C( 3) NUMERATOP 

ROOT LOCUS GAIN»  -l2344*0l 

BODE CAIN •   .1957*03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.931S-01 .0000 
-.1409-00 .POOO 
.6072^01 .3053*01 
,6072*01 -.3053*01 

-.6735*01 .0000 
.2415-00 .1164*01 
.2415-00 •.1164*01 
.1107-0^ .0000 
.0000 .rooo 
.0000 .POOO 

X( 3)-T0-C( 3) NUMERATOR 

ROOT LOCUS GAIN« -.3941*02 

BODE GAIN ■ -.2374*03 

ROOTS 

"EAL IMAGINARY 
PART PART 

.6160-02 .2071-00 

.6160-02 -.2071-00 

.1410-00 .0000 

.122**02 .0000 

.5247*01 .POOO 

.2970-00 .1001*01 
•2970-00 -.1001*01 
.1346-07 .»000 
.0000 .0000 
.0000 .POOO 

^03 



X( 4)«T0-C( 3) NUMERATO« 

MOOT LOCUS GAIN«  -.1**9*01 

BODE GAIN «   .1774-04 

ROOTS 

REAL IMAGINARY 
PART PART 

-.7666-0* .0000 
,6923-0* .0000 
.l76«-05 IOOOO 

-.1921*02 .0000 
-.1943-00 .1092*01 
-.1343*00 -.1092*01 
-.1020*01 .0000 
.1**1-00 .0000 

-.1409-00 .0000 
.4730-09 .0000 

X( 9>-T0-C( 3) NUMERATOP 

ROOT LOCUS CAIN» ,7916*01 

•ODE GAIN >  ,9992. •01 

ROOTS 

REAL IMAGINARY 
RART PART 

-.2*92-07 .0000 
-.92*3*01 .0000 
-.2970-00 .1009*01 
-.2970-00 -.1009*01 
.3*21-01 .0000 

-.9292-00 .0000 
-.1410-00 .0000 
-.9*73-01 .0000 
.4140-09 .0000 
.0000 .0000 

20U 



X( 6)-T0-C( 3) NUMERITO» 

ROOT LOCUS GAIN«  -.6051-00 

BOOF GAIN «  -,7263-0< 

ROOTS 

REAL IMAGINARY 
PART PART 

.1493-04 .rooo 

.1409-00 .0000 

.2242-00 .0000 

.1299-00 .7120-00 

.1299-00 -.7120-00 

.4808*01 .flOOO 

.2592-00 .2631*01 

.2592-00 -,2831*01 

.0000 .0000 

.0000 .0000 

X( 1)-T0-C< 4) NUMERATOR 

ROOT LOCUS CAIN«  ,5378-00 

BOOE GAIN ■   .9187*02 

ROOTS 

REAL IMAGINARY 
PART PART 

-.2370-08 .0000 
-.2715*02 .0000 
-.1245*00 .2064*01 
-.1245*00 -.2064*01 
-.9612-00 .0000 
.1608*01 .nooo 

-.1373*01 .0000 
-.7301-01 • 0000 
.0000 .0000 
.0000 .0000 

?05 



X(   2)-T(uC(   4)   NU^ERATO« 

«OOT  LOCUS  Cm«     -.109**02 

BODE CAIN ■  .3372^ '02 

HOOTS 

REAL IMACIMARV 
N«T PART 

••1099*01 .?000 
-»3352*02 .P000 
-.5957*01 »^000 
-»1336*01 .0000 

.4035-00 
-.4035-00 

—•A22A—00 .0000 
.0000 
.0000 
."000 

X(   3)-T0-C(   4)  MUMERATO« 

ROOT LOCUS CAIN«       .1327-00 

BODE GAIN • -.5106*02 

ROOTS 

REAL IMA6IN/RV 
PART PART 

-»1639-00 »0000 
»3417-01 .2437-00 
»3417-01 -.2437-00 

-»1721*03 .0000 
.2077*31 »2645*01 
»2077*01 -»2645*01 

-.137«*01 »0000 
»l2«5-07 »3000 
»0000 .3000 
»0000 ,3000 
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x( 4)-TO-C( t) wwhro* 
ROOT LOCUS GMNa     - ,677«*0l 

BOOP  CAIN «       .?9ll' •04 

ROOTS 

*UL iMiciN^Rr 
PA9T PART 

.6641.0* .nOOO 
-.1305*O1 ."000 
-.1263*01 .-ooo 
-.3911-90 ."000 

.1696-0» .•5000 

.133«*01 ,f000 

.13*2-00 .4204.00 

.13*2-00 -.4204-09 

.1222-OS .r?ooo 
-.4657-09 ."000 

X(   5>-TO-C(   4)   NUMEPATOB 

ROOT LOCUS 6AtM       ,1839-01 

BODE  64IN  •       .1669-00 

ROOTS 

»EAL HASINAHV 
PART PART 

-.967*-01 .1432-00 
-,9676-01 -.1432-00 

.1490-00 .9000 

.1167*03 .nooo 
-.1370*01 .nooo 

.1695*01 ."000 
-.5172-00 .0000 

.6243-08 .0000 

.5545-07 .sooo 
-.2152-OT .9000 

201 



X(   4).T0-C(   4) NUMERATOR 

ROOT LOCUS  CAINt       t5B^*üi 

•ODE  GAIN >     -.3484-04 

ROOTS 

REAL IMA6INARV 
PART PART 

.4269-09 .nOOO 
•.49S7«01 .0000 
•.1339*01 .4000 
-.4097-00 .0000 
-.S299-01 .4762-00 
-.6299-01 -.4762-00 

.1443-00 .3697-00 

.1443-00 -.3697-00 

.0000 .0000 
• 0000 .0000 

208 



•IKOHWV S-96 MILICO^Tft      -IV lf?0      NOttAl«t MVlViTtVtS. 
CUE *      iniDaioi.» rr/tir.   H DOT« 0.0 n/Hc,     OUWi 0.0 016. 
MOM wnOHTi 11667 LI.    IE« UViL      DVNAMIC T|P tOSlCI (Vlt), 

•T6SILITV OEHIVATIVE "AT^IC?!- 

U V W P 0 n 
X 
V 
z 
L 
n 
H 

-.1249*02 
.1444*01 

-.1933*02 
.1947*02 
.9767*02 

-.6160*02 

-.30U-00 
-.3214*02 
-.3949*01 
-.1667*03 

,1744*02 
,3442*03 

•.4394-00 
•,im*oi 
••2424*03 

.6469*01 

.7647*02 
«,2694*09 

•.7299*03 
-.1134*04 
-.4134*03 
-.1709*0» 

.1070*09 
-.9929*03 

.1044*04 
•.»191*03 
•.9444*01 
-.1042*09 
-.2049*09 

.2112*04 

-.4473*02 
.9373*03 
.9029*03 
.2193*04 
.»194*03 

-i 1491*0» 

U COT v OM w DOT P DOT 0 nOT R DOT 
X 
V 
z 
L 
H 
N 

.4636-03 
-.1300-02 

.2447-04 
-.4096-01 

.4940-02 

.1701-02 

-.6262-03 
,7094-01 

-,ll9»-02 
,3693-00 

-,1106-01 
-,234«*01 

-.2969-01 
.7713-01 
.2337-02 
.2024*01 

•.4466-01 
-.7291-01 

-.2169*92 
.1014*02 
.1320*01 
.2479*04 
.3902*03 

-.2992*02 

-.9914*01 
-.2074*0? 
•.9460-00 
•.3962*03 

.2469*04 
-.4in6*02 

-.3242-00 
-.2230*01 

.»934*01 
i3109*02 
.7292*01 
.4049*02 

C(   1) C(  21 C(  3) C(   41 
X 
V 
Z 
L 
n 
H 

-.2760*04 
-.2793*03 
-.1011*06 

.6799*04 

.6693*09 

.9416*09 

-.6033*03 
.1249*09 

-.3711*01 
,1669*06 
.3624*04 
,4634*03 

.1211*09 

.7966*03 

.2499*09 

.2409*04 
-.1931*04 

.2799*09 

-.1209*02 
.4423*04 

-.6164*02 
.2313*09 

-.3024*04 
-.1449*04 

THE  1NEBTU  TENSOH 

* 
* 

9900*04 
7696-07       . 
2*79*03    -. 

7696-0' 
2790*09    -. 
1044-04       . 

2670*93 
1044-94 
2304*09 

TK1MMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE REFERENCE AXES- 

'J V W P 1 R 
.1019*03 ,3695-09 .1699*01 -.0900 .none .,0000 

TRIHMEO  ITERATION COLUMM VECTOR,  TE- 

.22*0-00    -.1699-01       .9976-01 .7«02-0l       .1649-01    -.1744-01 

STABILITY AXIS SVSTE* EULER ANCLES- 
AIRCRAFT INE4TUL SPEED«  .1019*03 

TMET6« -.9416-09   PMI -.l«744«01 
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OfNOMtNATOK CHARACTERIITIC 
ROOTS 

REAL IHA6INARV 
nm FART 

,1X77*00 .0000 
,9X54*01 .9000 
.5767-00 • 0000 
.MOO-01 .3233-00 
,1000-01 -•3233-00 
.3234-00 •1221*01 
,3234-00 -•1220*01 
.1421*01 • 0000 
.0000 • 0000 
• 0000 • 0000 
• 0000 • 0000 
• 0000 • 0000 

NUNIRATOU 
CNOTC- NUMERATOR ROOTS LESS THAM 1.0E-7 TIMES THE 
LARGEST NUMERATOR ROOT IRE NOT  INCLUDED  |N THE BOOE GA|N). 

XC   1)-Tn-C(   1)  NUMERATOR 

ROOT LOCUS CAIN«       •7491*01 

•ODE GAIN «     -.79f5*03 

ROOTS 

REAL IMAGINIRV 
RART RART 

.1337-01 .0000 

.2*40-00 •1342*01 

.2940-00 -•1342401 

.4106-00 •oooo 

.1474-00 .3872*01 

.1474-00 -•3472*01 

.3403*01 .0000 
• 0000 • 0000 
• 0000 •oooo 
.0000 • 0000 
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X( 2)-rO-C( 1) NUMERATOR 

ROOT LOCUS CAIN«   .9931-00 

BOOE CAIN i   .1S11+03 

ROOTS 

REAL IMAGINARY 
PART PART 

.2508-01 .0000 
•.4199+03 .0000 
-.4331+01 .0000 
-.3165*01 .0000 

,1507-00 .43t7»0t 
.1507-00 -,4387.00 

-.4237-00 .0000 
.0000 .0000 
.0000 ,0000 
.ooon .0000 

X< 3)-T0-C( l> NUMERATOR 

ROOT LOCUS CAIN« .2762*03 

BODE GAIN « -.3138 *03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.3064-07 .0000 
-.5279*01 .0000 
-.4711-00 .1347*01 
-.4711-00 -.1347*01 
-.3225-00 .0000 
.4133-00 .3032-00 
.4133-00 -.3032-00 

-.1080*00 .0000 
.0000 .0000 
.0000 .0000 
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X< 4)-T0-C( 1) NUHEHATO» 

HOOT LOCUS GAlNa -.1232+01 

BODE GAIN >  •.4134*10 

KOOTt 

REAL IMAGINARY 
PART PART 

-.4S90-0< i               .0000 
-.1724-0! \               .0000 
.2157-Ot )      .4931-00 
.2M7-0t )     -.4931-00 

-.3«39-0( )      .0000 
.2G60+01 I      .3743*01 
.2G60+03 I     -.3743*01 

-.1373+03 I      .0000 
-.f211-01 1     .0000 
.7244-0( 1      .0000 

X( 9)-T0-C( 1) NUMERATOR 

ROOT LOCUS GAIN« -,3904*01 

•ODE GAIN > -.2729-00 

MOOTS 

REAL IMAGINARY 
PART PART 

.#•97-01 .0000 

.S296—01 .6260-01 

.S296—01 -.«260-01 
«9964*01 .0000 
.2060—00 .1496*01 
»2660-00 -.1496*01 
.9970-00 .0000 
•1490*07 .0000 
•4697—09 .nooo 
.0000 .0000 

212 



X( 6)-T0-C( 1) NUMERATOR 

ROOT LOCUS CAIN«  -,4072*0l 

BODE CAIN ■   ,1563402 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1010*00 .5656-00 
-.1010*00 -.5656-00 
.2347-00 .3613-00 
.2347-00 -.3613-00 

-,5185*01 .0000 
-.2562*01 .0000 
-.4047-00 .0000 
.232B»09 .0000 
.0000 .0000 
.0000 .0000 

XC 1)-T0-C( 2) NUMERATOR 

ROOT LOCUS GAIN«   ,5057*01 

BODE GAIN « -.6255*03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.6422-01 .0000 
-.2442*02 .nooo 
-.9987-01 .2525*01 
-.9987-01 -.2525*01 
-.4033-00 .1202*01 
-.4033-00 -.1202*01 
-.6652-00 .0000 
.0000 .0000 
.0000 .0000 
.0000 .0000 
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X( l)«TO-C( 1) NUMEHATO« 

HOOT LOCUS CAIN«  -t3944*02 

•ODE GAIN ■  .1414404 

MOOTS 

REAL IMAGINARY 
WT FAHT 

.1073*00 .2W.00 

.1073*00 •.25»9«00 
-.2S94-00 .0000 
-.1230*01 .7399*01 
-.1230*01 -.7399*01 
-.1016*01 .1297*01 
-.1014*01 -.1297*01 
.0000 .0000 
,0000 .0000 
.0000 .0000 

X( 3)»T0-C( 2) NUMERATOR 

ROOT LOCUS CAIN« -.1992-00 

BODE GAIN «  .1176*03 

ROOTS 

REAL       IMAGINARY 
PART PART 

-.7912-07 .0000 
-.3116-00 .1146*03 
-.3116^00 .1146*03 
-.4049-00 .1196*01 
-.4049-00 .1196*01 
.2198-01 .1304-00 
.2998-01 .1304.00 

-.1397-00 .0000 
.0000 .0000 
.0000 .0000 
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MC  «)-TO-CI  1) NUMIIIATO« 

HOOT LOCUt 64IN«    • ,1779*02 

•ODE 6AIN •       .144A. •03 

ROOTS 

REAL |N46IN4ftV 
^ABT PART 

.2i«7-07 .9000 
-.1M3-09 • 0000 
-.4366-00 .1204*01 
-.4366-00 -.1204*01 

.1396-00 .3621-00 

.1396-00 -.362I-00 
-.1402*01 .0000 
-.3733-00 .0000 

.0000 .0000 

.1092-07 .0000 

X( 5)-TO-C< 2) NUMERATOR 

ROOT LOCUS CAIN« -,9687-00 

BODE CAIN • -.4664*00 

ROOTS 

REAL IMAGINARY 
PART PART 

-.0396-01 .1017*00 
-.8396-01 -.1017*00 
,9073-01 .0000 

-.2698*02 .0000 
-.4198-00 .1196*01 
-.4198-00 -.1196*01 
-.6188-00 ,0000 
.1490-07 .0000 
.0000 ,0000 

-.1211-07 .0000 
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IC   •).TO.CC   tl  HUMtüATO« 

«OOT LOCUt 34|S«       .TiD5-30 

•OOf U\H ■       .Zft74*0t 

MOOTS 

n*j 
•f140*01 
•f140*01 
.3W4.00 

>.4SSi«01 
• .4Mf-00 
••Mf2*00 
.tllMOl 

•.tno-of 
.0000 
.000 A 

IMAOINiRV 
P49T 

•SI09-00 
•.3I0S-00 

• 0000 
•eooo 
• WM01 

•.?34f*0l 
•oooo 
.«ooo 
.0000 
.0000 

XC   l)-TO-C<   3)  NUMiMTO« 

ROOT L0CÜ8 GAIN«    -,329?*02 

•ODE 6AIN >       .1904*04 

ROOTS 

REAL IMACINARV 
PART PART 

-.1180*00 .noon 
-.6624-00 .0000 
-,349*-00 .1243*01 
-.3455-00 -.1243*01 
-.535»*01 .0000 
-.6703-01 .9696*01 
-.6703-01 -.?698*01 
-.7270-09 .0000 
,7724-18 ,n000 
.0000 .0000 
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ROOT LOCUS CilNi    ••tftlf^Ol 

•OOC GAIN •       .«794-03 

»OOTS 

-UL |MiGtN4KV 
PA»T M»T 

.4349-0» ,«000 

.419«*Pt .^0»»O 
••I0i900 .1999-01 
-.1019*00 ••t»M-01 

•f109-00 .0000 
•.1990*01 .«ooo 
.1124-00 .7S7»«01 
.2124-00 •.2279*01 
.0000 ,11000 
.OOOr •wo 

X(   3)-TO-C(   31  »UHiRiTO* 

HOOT LOCUS UlHm    •.««74«02 

SOOE  CAIN •     -.7236-03 

ROOTS 

f>EAL 1*461*4** 
H»T PART 

.990n-09 .^000 

.1082*02 .nooo 
-.932«*01 .nooo 
-.3930-00 .1289*01 
-.3930-00 -.1289*01 
-.11T4*0C .nooo 
-.3«««-P2 .^939-01 
-.3684-02 -.4939-01 
.0000 .0000 
.0000 .noOO 
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X<   4)-T0-C(   3)  NUMER4T09 

ROOT  LOCUS GAIN«    -,150^*01 

BODE  GAIN ■       .08964-01 

«00T8 

REAL IMAGINARY 
PART PART 

-.8741-08 .0000 
-.1751*02 ,n000 
-.1212*00 .1378*01 
•,1212*00 -,1378*01 
,9839-01 ,0000 
.0000 .0000 

-.1365*01 .nooo 
-.1132*00 .nooo 
.0000 .0000 
.9313-09 ,0000 

X( 5>-T0-C( 3) NUMERATOR 

ROOT LOCUS GAIN« ,7755*01 

•ODE GAIN ■  .5104 •01 

ROOTS 

REAL IMAGINARY 
PART PART 

.124^-06 ,0000 
-,5347*01 .nooo 
-.3511-00 .1270*01 
-.3511-00 -.12^0*01 
.1881-01 .0000 

-.6192-00 ."000 
-.1191*00 .0000 
-.4420-01 .nooo 
.8149-09 .nooo 
.0000 .nooo 
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X( 6)-T0-C( 3) NUMERATOR 

ROOT LOCUS GAIN«  -.120^0l 

BODE GAIN •  -.2927*01 

HOOTS 

REAL IMAGINARY 
PAPT PART 

-.1131*00 .0000 
.1157*00 ,noOO 

-.1036*00 .6676*00 
-.1034*00 -.6676*00 
-,5111*01 .0000 
-.5*70-01 .2620*01 
-.5670-01 -.?620*01 
-.«731-09 .0000 
.0000 .0000 
.0000 .0000 

X< l)^TO-C( 4) NUMERATOR 

ROOT LOCUS GAIN«   .6682-00 

BODE GAIN ■   .1066*03 

ROOTS 

REAL IMAGINARY 
PART PART 

-.5284-01 .0000 
-.2415*02 .nooo 
-,665«-00 .noOO 
-.1746*01 .0000 
-.1217*00 .2129*01 
-.1217*00 -.2129*01 
.2083*01 .nooo 
.0000 .0000 
.ooon .nooo 
.0000 .0000 
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X( 2>-T0-C( 4) NUMERATO» 

ROOT LOCUS CAIN»  -.122M0J» 

BODE GAIN •   .5318*02 

ROOTS 

REAL IMAGINARY 
PART PART 

-.1489-01 .0000 
-.5105*02 .nooo 
-.5723*01 .none 
-.1474*01 .nooo 
.7771-01 ,3529-00 
.7771-01 -.3529-00 

-.4486-00 .0000 
.0000 .nooo 
.0000 .^ono 
.0000 .nooo 

X( 3)-T0-C( 4) NUMERATOR 

ROOT LOCUS GAIN«   ,1951-00 

BODE GAIN > -.3321*02 

ROOTS 

REAL IMAGINARY 
PART PART 

.3101-01 .1475-00 

.3101-01 -,1475-on 
-.1402-00 .0000 
-.1674*03 .nooo 
,2899*01 .?683*01 
,2899*01 -.?683*01 

-.1770*01 .nooo 
-.7105-09 .nooo 
.0000 .0000 
.0000 .nooo 
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X( 4)-Tn-C( 4) \JMER4T0o 

ROOT LOCUS GAIN«  -,76e9*0l 

BODf GAIN a  -.U64-04 

ROOTS 

REAL IMAGINARY 
PAPT PART 

.3235-07 ,3000 
•.i?2V0» .^000 
-.lflOO*01 ,no00 
-.140**0i ,no00 
-.3991-00 .nooo 
.i5a9*ni ,"000 
.iift7*no ,3674-00 
,1187*00 -,3674-00 

-.3725-OH .POOO 
.2034-07 .POOP 

X( 5)-TCI-C( 4) MÜMEHATOP 

ROOT LOCUS GAIN«   .1527-01 

BODE GAIN ■   .1179*00 

ROOTS 

PE^L IMAGINARY 
PART PART 

-.8004-01 .1072*00 
-.8004-01 -.1072*00 
.1059*00 • rooo 
,1691*03 .nooo 

-.1739*01 .«000 
.2066*01 .«000 

-.6171-00 ,oono 
.1317-06 ,«000 

-,9321-07 ,rooo 
-.6054-0« .«ooo 



X( 6).T0-C( 4) NUMERATOR 

ROOT LOCUS GAIM« ,6477*01 

IOOE 6A|N ■  -.6763 ♦01 

ROOTS 

REAU IMAGIMARY 
PART 

.2939-06 
-.5130*01 
-.146«*01 
.1294-00 
.1294-00 

-.7424-01 

PART 
.0000 
.0000 
.0000 
,3266-00 

-,3286-00 
,4716-00 

.7424-01 -.4716-00 

.4214-00 .nooo 

.1329-06 .nooo 

.0000 .nooo 
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tf«MPU 9mU NlitCOPTiW      MAY 1970       HOtUB-B 0WIV4TIV1B. 
Citt ^        tPffOn8*.0 ^/BfC.    M DOT« O.O FT/SEC.      64*««A« »».O DEB. 
6R08I WEICHT»  11187 LB,     SEA LEVEL       DYNAMIC TIP LOSSES  (VES). 

•TABILITV OMIVATIVE  MATRICFSt 

X 
V 
z 
L 
M 
N 

u 
•,1729*02 
.11*0*01 
.1200*02 
.2019*02 
.*229*02 

-.991**02 

V 
.3997-01 

-.4503*02 
-.882**01 
-.21*8*03 
.2924*02 
.3*85*03 

W 
,7499*01 

•,2607*01 
•.?688*03 
,3378*02 
.1341*03 

••2798*03 

P 
-.8832*03 
-.111«*04 
-.1165*04 
-.1628*09 
.1131*09 

-.8984*03 

0 
,10t>**04  -, 

•.7190*0"« 
-.243»*03 
-.10»4*05 
-.2240*05 
.3990*04  -, 

B 
1682*03 
,6899*03 
9793*03 
3327*04 
1177*04 
2552*05 

U DOT V DOT W DOT P DOT Q HOT B DOT 
X 
Y 
Z 
L 
n 
N 

.3071-02 
-.S317-02 
-.2012-02 
-ttm-oo 
.2192-03 
.2211-02 

-.8*37-03 
i7*«p-0l 

-.3358-02 
.9319-00 

-.7881^01 
-.2831*01 

-.3611-01 
.1272-00 

•.5924-03 
.3393*01 

•.7*19-01 
-.5294-01 

-.2094*02 
.1088*02 
.2245*01 
.2686*04 
.3481*03 
.3381*02 

-.9335*01  -. 
-.18*3*02  -, 
-.1070*01 
-.3198*03 
.2673*04 

-.7172*0? 

1227*01 
206«»*0l 
2049-00 
1472*03 
2356*02 
9394*02 

Ct 1) C( 2) C( 3) C( 4) 

N 

-.1994*04 
-.9173*03 
-.1179*08 
.1912*09 
.1919*08 
.7388*05 

-,9944*03 
.1270*05 
.9889*02 
.1891*06 
.2071*04 
,7394*04 

.1093*05 

.9998*03 

.4507*05 
-.4551*04 
".2106*06 
,4838*05 

-.1879*03 
.5160*04 

-.1786*03 
.3483*09 

-.9120*04 
-.1*96*06 

TMI  INEBTU TENSOR 
,5909*04 -.1971-06 -.4925*n3 

-.1571-06 .2750*05 -.3563-^8 
-.4925*03    -.3983-0«       .2307*19 

ninmO VILOCITIES WITH RESPECT TO OVERALL VEHICLE REPE"ENCE  AXES- 

LI                    V                    W                    P 1 ^ 
.168**03     -.l23n-08    -,4843*01     -.000? .OO^O -.OCOn 

TBIWID  ITERATION COLUMM VECTOB,   TE- 

.2554-00     -.2562-01       .1017*00        .8465-P1 -.2845-01     -.2l9*-0l 

•TABIUITY  AXIS  SYSTEM EULER  ANCLES-       THETA»     .9009-05       PHI   -,2199-01 
BtUCBAfT   INtRTUL  SPEED*     .1690*09 
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DENOMINATOR CUAfUCTERltTIC 
ROOTS 

REAL IMAGINARY 
PART RART 

-.1172*00 .0000 
-.4W*01 .0000 
-.4663-00 .POOO 
.1208*00 .3307-00 
.120«*00 -.3307-00 

-.4992-00 .1626*01 
-.4592-00 -.1626*01 
-.iS24«oi .0000 
,0000 .0000 
.0000 .0000 
.0000 .nooo 
.0000 .0000 

NUMERATORS 
(NOTE- NUMERATOR ROOTS LESS THAN l.OE-7 TIRES THE 
LARGEST NUMERATOR ROOT ARE ^OT  INCLUDED  IN THE BODE  G6IN), 

X< 1)-Te-C( 1) NUMERATOR 

ROOT LOCUS GAIN« .4060*01 

BODE GAIN • -.1216*04 

ROOTS 

REAL IMAGINARY 
RART RART 

-.6996-01 .POOO 
.4624-00 .6319*01 
.4624-00 -.6319*01 

-.3619-00 .1696*01 
-.3619-00 -.1666*01 
-.6636*01 .0000 
-.7240-00 .0000 
.0000 .nooo 
.0000 .cooo 
.0000 .0000 
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X< 2)*T0-C( X)  NUMERATOR 

MOOT LOCUS CAIN«   .1369*01 

BODE GAIN ■  ,7657*02 

ROOTS 

REAL IMAGINARY 
PART PART 

.1292-01 .«ooo 
-.4219*03 .0000 
-.4061*01 .1S44*01 
-.4061*01 -.1644*01 

.4464-00 .3247-00 

.4464-00 -.3247.00 
-.2«74-00 .0000 
.0000 .0000 
.0000 .nooo 
.0000 .oooo 

X( 3)-T0-C( 1) NUHERATO» 

ROOT LOCUS GAIN«   .318A*03 

•OOE GAIN ■ -.4911*03 

ROOTS 

REAL INA6INARV 
PART PART 

.1049*00 .0000 

.9319*01 .0000 

.9170-00 .1026*01 

.9170-00 -.1626*01 

.2393*01 .nooo 

.2391-00 .0000 

.2199-00 .nooo 
,4999-07 .0000 
.9796-li .0000 
.0000 .0000 
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X(   4)-T0-C(   1)  NUMERATOR 

HOOT  LOCUS GAINa     -t440A«Ol 

BODE   CAIN  •     -.9313-04 

ROOTS 

PEAL IMAGINARY 
PART PART 

.1930-06 .nooo 

.1534-05 «oooo 

.1040*01 .3272*01 

.1040*01 -.3272*01 

.1058*01 .nooo 
-.1906*01 .0000 
.3594-00 .OOOO 

-.2620-00 .nooo 
-.2359-07 .0000 
.0000 .0000 

X( 5)-T0-C( 1) MÜMERATOP 

ROOT LOCUS CAIN*  - .616»*01 

BODE GAIN « -.2553« .00 

ROOTS 

PEAL IMAGINARY 
PART PART 

-.1167-06 .nooo 
-.5585*01 .0000 
-.4027-00 .1842*01 
-.4027-00 •.1842*01 
.4909-01 .nooo 

-.6028-00 .0000 
-.8644-01 .6963-01 
-.8644-01 -.6963-01 
.0000 .nooo 
.0000 .0000 
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X(   6).Tft-C<   1)   NUMERATO» 

ROOT LOCUS  CAIN»     -,3297*01 

BODE  CMN  «        .1163*02 

ROOTS 

''EAL I*ACINARV 
PA9T PART 

.2846-00 .5000 

.4969-00 ."754-01 

.4969-00 -.^754-01 

.7279-01 .6437-00 

.7279-01 -.6437-00 

.<340*oi .1204*01 
,434n*oi -.1204*01 
.9895-09 .0000 
.0000 .noro 
,0000 .0000 

X(   l>-ro-C(   2)   NUMERATOR 

ROOT LOCUS  CAIN«        ,49flP*0l 

BODE GAIN •  -.6645*03 

ROOTS 

REAL IMAGINARY 
PAOT PART 

-.7560-08 .POOO 
-.2400*02 .oooo 
-.7677-01 ,?380*01 
-.7677-01 -.2380*01 
-.5339-00 .1689*01 
-.5339-00 -.1689*QI 
-.8815-00 .oooo 
-.6372-01 .0000 
.0000 .oooo 
.0000 .oooo 

227 



X< 2)-T0-C( 2) NUMERATOB 

ROOT LOCUS f.AINi«  -,3615*02 

BODE GAIN i  .1105+04 

ROOTS 

REAL IMACINARV 
PART PART 

.3914*01 .4642*01 

.3»14*01 -.A642*01 
-.1390*01 .1S60*01 
-,1390*01 -.1»60*01 
.1312-00 .?l92-00 
,1312-00 -.2152-00 

-.2623-00 .noOO 
.0000 .0000 
.0000 .nooo 
.0000 .nooo 

X( 3)-T0-C( 2) NUMERATOR 

ROOT L0CU8 GAIN> -.9167-00 

BODE GAIN >  .1339*02 

ROOTS 

REAL IMAGINARY 
PART PART 

.2794*01 .nooo 

.3931-01 .POOO 
,2799*02 .M83*02 
.2799*02 -•»••3*02 
.9937-00 .1665*01 
.9937-00 -.166$*01 
.1964-00 .POOO 

.POOO 

.0000 

.cooo 
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X( 4)-T0-C( 2) NUMERATOR 

ROOT LOCUS GAIN« -.9S9?^02 

•ODE GAIN ■  -.1695-03 

ROOTS 

REAL IMA6INARV 
PART PART 

-.3il4-0( )      ."000 
,2343-0( J      .3279-00 
.2343-OC J     -,3279-00 

-.»771-01 )               .ld«9*0l 
-.S77l-0( )     -.I6t9*0i 
-.iisttoi I      .0000 
-.1901-0I 1      .0600 
.1MI-0! >      .0000 
.3749-0: r    .oooo 

..232S-01 1     .0000 

X( »)-TO-C( 2) NUMERATOR 

ROOT LOCUS GAIN» -.9063-00 

SOOE GAIN • -.4131-00 

ROOTi 

REAL 
IT 

•o: 

•0] 
'♦02 

•01 
•01 
•01 

{-07 

IMA6INARV 
PART 

• 0000 
.9541-01 

-.9541-01 
• 0000 
.1669*01 

•.1669*01 
.0000 
.0000 
.0000 
.0000 
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X(   6)-Tn-C(   2)   NUMERATOR 

ROOT   LOCUS  GAINt     -,166^*01 

BODE   GAIN  •       .1881*02 

ROOTS 

REAL        IMAGINARY 
PART PART 

-.3053-00 .nooo 
.2237-00 .4128-00 
,2237-00 .4126-00 
.1106*01 .1306*01 
.110«*01 .1306*01 

-.2112*01 .2360*01 
-.2112*01 2360*01 
.0000 0000 
.0000 nooo 
.0000 nooo 

X(   1)-T0-C(   3)   NUMERATOR 

ROOT  LOCUS  GAIN«     -,2677*02 

BODE   GAIN  ■       .1939*04 

ROOTS 

REAL IMAGINARY 
PART PART 

-,l82n-0B .nooo 
-.8461-00 .nooo 
-.1155*00 .nooo 
-.4431-00 .1668*01 
-.4431-00 -.1668*01 
-.5292*01 .0000 
-.2544-01 .2767*01 
-.2544-01 -.2767*01 
.0000 .nooo 
.0000 ,nooo 

250 

/ 



X(   2)-T0-C(   3)   NUMERATO" 

ROOT LOCUS  T.AlMt     -^lö^^Ol 

BODE  GAIN  «       .15U*03 

ROOTS 

REAU IMAGINARY 
PART PART 

-.5791-01 ,H000 
,1009*03 ,0000 
.266A-00 .0000 

-.1513-00 .nooo 

-.5761*01 ,0000 
-.»983-01 .2A77*01 
-.89S3-01 -.?477401 
.0000 .nooo 
.0000 ,nooo 
.OOon ,0000 

I 
X( 3)-TO-C( 3) NUMERATOR 

ROOT LOCUS GAIN«  -.1223*03 

BOOE GAIN •   .2413*03 

ROOTS 

REAL IMAGINARV 
PART PART 

-.1134*00 ."000 
-.1500-00 ,0000 
.1197*00 ,0000 
,1061*02 ,0000 

-.5226*01 ,0000 
-.4676-00 .16^4*01 
-.467f-00 -.16«4*01 
.0000 .0000 
.0000 .^000 
.0000 .0000 
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X(   4)-T0-C(   3)  VJMERATO* 

«OOT LOCUS CAIN«       ,4804-01 

BOO?  C4IN  «        .1342432 

KOOTS 

REAL IMAGINARY 
PART PART 

.2545-06 .rooo 

.1711-05 .?ooo 

.1153-04 .0000 
,5972*03 .0000 

-.1135*00 .1925*01 
-.1135*00 -.1825*01 
•.1W*01 .nooo 
-,1383-00 .nooo 
.f280-01 .oooo 
,89ao-0» .0000 

X( 5)-T0-C( 3) NUMERATOR 

ROOT LOCUS CAIN« .8482*01 

BODE CAIN >   .5825 -01 

ROOT! 

REAL IMA6INARV 
PART PART 

,1886-01 .0000 
-.8132-01 .0000 
-.108»*00 .0000 
-.5254*01 .0000 
-.4819-00 .18*8*01 
-.4819-00 -.1888*01 
-.8828-00 .0000 
-.2922-07 .nooo 
.8815-08 .0000 
.0000 .0000 
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X( «)«TQ-C( 3) NUMERATOR 

ROOT LOCUS CAIN«  -.2043*01 

BODE GAIN *  -.2653*01 

ROOTS 

REAL IMAGINARY 
PART PART 

.1014*00 .cooo 
-.1365-00 .0000 
-.9434-01 .6736-00 
-.9434-01 -.6736-00 
-.5305*01 .0000 
-.1436-00 .2560*01 
-.1436-00 -.2560*01 
-.2896-07 .0000 
.0000 .0000 
.0000 .0000 

X( 1>-T0-C{ 4) NUMERATOR 

ROOT LOCUS GAIN«  ,101**01 

•ODE GAIN ■  .1565*03 

ROOTS 

REAL IMAGINARY 
PART PART 

.9596-06 .0000 
-.1652*02 .0000 
-.2506*01 .0000 
-.6947-00 .0000 
-.5659-01 .0000 
-.1911-01 ,?006*01 
-.1911-01 -.2006*01 
.2636*01 .0000 
.0000 .0000 
.0000 .0000 
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X( 2)-T0-C( 4) NUMERITOB 

ROOT LOCUS CAIN«  -I1433*P2 

BODE CAIN ■   .#056*02 

ROOTS 

REAL IMAGINARY 
PART PART 

-.2141-01 .nooo 
-,ai97*02 .0000 
-.5482*01 .0000 
-.1945*01 .0000 
.1679-00 ,3476-00 
.1679-00 -.3476-00 

-.3526-00 .oooo 
.0000 ,0000 
,0000 ,0000 
.0000 .0000 

X( 3)-T0-C( 4) NUMERATOR 

ROOT LOCUS CAIN«   ,425^-00 

BODE GAIN «  -.1576*02 

ROOTS 

REAL IMAGINARY 
PART PART 

.3569-01 .60<9-01 

.3589-01 -.6049-01 

.1595*03 ,0000 

.1539-00 .0000 

.3223*01 .3230*01 

.3223*01 -.3230*01 

.2560*01 .0000 

.2731-0* .0000 

.0000 .0000 

.0000 .0000 

23k 



X( 4)-T0-C( 4) ^UMEQATOO 

ROOT LOCUS CAlMt  -,9394*01 

BODE GATN «   .49P7-04 

ROOTS 

REAL IMACINARV 
PAPT PAPT 

-.3214-00 .rooo 
.2240-00 ,3385-00 
.2240-00 -.3385-00 

-.261**01 .nono 
.2095*01 .0000 

-.1651*01 ,0000 
.1727-05 .^000 
.2306-07 .•^000 
.1397-OH ,0000 
.0000 ,0000 

X( 5)-TO-C( 4) NOME^ATO" 

ROOT LOCUS r.A|M»   ,«2l?-0l 

BODE GATN ■   .1215*00 

ROOTS 

REAL I^CIM#RV 
PART PART 

,8578-01 .0000 
-.8415-01 ,9926-01 
-,•415-01 -,9926-01 
.3171*02 ,0000 
,3307*01 ,nOCO 

-.2537*01 .^000 
-.6701-30 ,rooo 
.1196-07 .0000 
.1493-06 .0000 

-.4925-07 .oooo 

?35 



X(   •)-TO-C(   4)   NÜME«ATO« 

HOOT LOCUS  CAIN«       .716ft*0l 

BOOE  C4IN  •     -.9»35*01 

«00T8 

REAL IHACIMARY 
PART PART 

-.4954-07 .POOO 
•.»ifti*01 .0000 
-.l*37*01 .0000 
-.«352-01 ,9417-00 
-.«35?-01 -.9417-00 
.2099-00 .3091-00 

.2099-00 -.3091-00 

.3294-00 .0000 

.0000 .0000 

.0000 .0000 

23fc 



SKORSKV  b-bb  NPLICOPTt-i       JU'-F   2   IWO       vnCTA^-S  IJCRIVATIV'ES 

STAF • TV 
i   1 ..T]v, 

•, 1 »• ■ 3 - """ 
■.13:: ♦L? 

.I3?l*v3 

, u,' »>-;;,- 

*> fe r. ^ * C r 

r 

.2676*:^ 

.l'7D6*05 

•.<37!.*n2 
,9C41*P3 

■.75ü'?*D3 
.2172*G4 

•,1121*0» 
.lb63*Pi> 

v 
I 
L 

■7«-: 3 
-1 - ■■ ■; 

« .-7 -i ; - r , 

V   ■■    T 

'.l/»i-*C(" 
..■»■■ ^»-, • 

.1324-03 

.7334-Ü3 

.IC8J-D2 
. :7^.r3 

P r ^T 

.9M4--1 

.42VA-r0 

.P4i;l*'2 

0   rC'T 
.<i*4-:c 

■.i7Lf*:? 
.1C11*C2 

'.U90*03 
.>:676*:4 
.3l33*:3 

,2767-:o 
•,K44*C,2 
'.lt96*P2 
.238B*:2 
.3ll7*:3 
.2^«<♦:< 

i 
I 
u 

fi- 'it»: 4 
* •/ •. i ♦: >• 
:   '• i ■»;" ■> 

' •• j ♦ ^ A 

* ? - - * 1' 3 

t.;. :;i*r:3 

?lle*:3 
t497*;3 
125#*C5 
ff 3* "^ 

.43;4*'4 

.1?7S*'.2 
•, i < 4 ^ ♦: 6 
.74fr* ;< 

THF.   I\t 
.2V t^.h 
,i47"j*r3 
,0^7 J*:.3 

-.1475*:3 -.^7-5*:i 
-,?1S7*?2 

T*l'1MEr    VEL^fl'ItS   '!,r'-   •Jt.S'.''-,!:':T   Tf;      wt^iLL   "Ewif:i.r   ^CFe'R* CF    A^cS' 

-. v ■ ■■« ■ . / - •» .740-*^i      -#-,rjr 

THI^'-iFT   JT^-./TT.A   C')LV> ■   v^frCTCBi   TC- 

.3f?7-::   -.3:2"-:: 

T-'fcTit -.is-»:*:: 

W0T REPRODUCIBLI 



8tK09SKY S-^H MELICOPTE^  JÜ'-E 2 l«70  M08TAÖ-B PF.«!VATIVll 
CASE 11   r>!»E£r« 33.« FT/S?C..  ^-?fT«-7.b PT/?feC.  r.l<INA«-l2.$ DE6i 
CROSS WEIGHT» 11067,|.rt.  SEA LFVfcL  öVNAy.lC Tl? L088 (VEB) 

STABILITY   -^-yp.-'Tlvr   '•AT^ICeb- 

1 

V 

L 

-.3sii*n2 

.112»*C3 
-.1 'r /♦cJ 

V 

-.i7z'i*':i 
-.»•?!'• ♦•,''4 
.If/'.♦'.•* 
.2?2^L'i 

-.VS7. *C2 

-.ll»S*l)3 
-.3»»l7*ü2 
,l^vc♦ül 

-.Iü6l*ü3 

P 
-,ftM<u-3 
-,93?»*f3 
.327f.*f 3 

.l0*r*i..!> 

.49t9*?2 

r 
.1(;A7*.:4 

-.7irp*:3 
.7729*03 

-.n4i*o!> 
-.1744*05 
.1«19*04 

R 
.32l?*f3 
.4V9)*[.3 
,/444*03 
.2»H5*C4 

-,2?6<*04 
-.1029*0» 

Y 
z 
L 

" T 
-.lJrbl-:2 

..iWe-'j4 

.V23>»01 
-.^h34-ui 
-.lV!»3-:i 

-.fr««2i-b3 
-.IH2U-0J 
-.49ba-tl 
-.?l3'»*?i 

« roT 

.^767-"! 

.37ni-u2 

.4344-00 
-.1071*00 

P jnT 
-.17544/2 
.94?,»*ri 

.253H*04 

.3235*03 
-.5H7A*t3 

Q TOT 
-.9l52*Cl 
-.1933*32 
.3907*01 

-.32*2*03 
.2*72*04 
.443**02 

W DOT 
.4C65*C1 

-.436**01 
-.1*22*01 
-.*7»3*03 
-.7235*02 
.2104*03 

X 
V 

7 
L 
M 

rl I) 
-.1«33*0S 

.l^'^^C« 

-.5%ll*fi3 
.l<»40*f;* 
.2''2«*C3 

.2404»r,4 
-.4^i4*(,«, 

f( 3J 
.12«?*:* 
.6ilb*03 
.1194*04 
.3339*04 

-,l».6**üA 
.3312*C4 

C( 4) 
-.34«,»*P2 
.3«?7*n4 

-.39l**(2 
-.ll?**'-.* 
-.29C**r4 
-.1311*C» 

I^E'TU TF\SO» 
• 

« 

:'^7*r4 -, 

4^64*04 

?256-C* 
?75C*r5  , 
4/00-04   . 

4?64«C|4 
4700-06 
?19**05 

TRlHtflrj VeL:CITlES WITM KE5PFCT TO ^VER^U. VPH|5LE ^EPEPENCE AXP.8« 

(/UP 
,i7t7*?Z    -.372^-L;J       .«674*01    -.P00O 

0 
.9000 

R 
.OOOH 

TPIM^F.':   ITR^ITICN COL'JV   VECTO«,   TE- 

.EJ^l-::     -.l3b7-r.i       .?2n5-Ql       .1349-nn       .3569-01    -.2435-01 

8TAiilL|TV AKIS üYSTtv fe iLb'« ANCLES-  TMETA« -.2237-00   **\   -.'»496-01 
AlPCRAfT INP.PTIAL SPEED«  .3310*02 

238 



IIKORSKY S-5B t-tLICOPTE»  JUNE 2 1«7Q  ^0ST4B-B OFRIVATlVES 
CASE 12  S^EEr« 67.a FT/SEC.  M-00Tt-7.i FT/«EC.  6AMMA*-6.3» DC6. 
6«»0SS WEIC^Ti 11867.LÖ.  SEA cEVEL  CVNAHIC TIP LCSS (YES) 

STABILITY rTMVAT IVt "AT-U? s- 

W V k 9 Q R 
t »»IWQ? -.6fib*-'T -.7^74*02 -.73^«*?3 .110«*04 .1364*03 
Y •i^>**c: -.24/?*Ü? -,1107*01 -.1113*^4 -.7065*03 .9480*03 
2 -.(.^"M^rz -.2«4..*01 -,?3«2*03 -.l9C«*r3 .8840*02 .»109*C3 

L .r'':9*r.i -.ll()3*C3 -.?4«9*';2 -.1739*05 -.9923*34 .2017*04 
V ,103J»03 .13V«.*f)2 .?'»98*C2 .10f6*0S -.1968*05 -,»601*03 
N -.ll»3e»*C3 .2Vt»l*03 -.7623*03 -.4786*ni .2095*04 -.1471*09 

ü -CT v DOT .. ^?T p c^r ^ 'SOT R DOT 

X -.i/^b-OZ -.2t*4i-L.3 -.1674-01 -.22C?*?2 -.9336*01 .2419*01 
V .S»2hfc-:2 .6205-01 .4«42-Cl .9534*11 -.2210*02 -.3140*01 
Z .4493-03 -.6^5-33 .3924-02 .4331*31 .1176*01 -,44»6-30 
L .1367-CO .6527-01 .1283*01 .2631*04 -.3909*03 -.2S92*03 
v -.119JJ-02 -.3325-01 -.7717-01 .394p*03 .2663*04 -.3734*02 

• -.i-'J-z-c-i -.207<»*0l -.IÄ70-0P -.3236*03 .1312*32 ,1074*03 

:( i) C< 2) C( 3) f( 4) 
X -.l*il*Cb -.6127*03 .1370*05 -.4237*02 
V -.>'1<S*C3 .1235*09 .6775*03 .3834*04 
Z -.»V>6*0b .57*2*02 .1276*05 -.4467*52 

• L .l4Üft*C9 .1829*06 .A70Ü*C4 .4032*04 
M ,'JWQb .5141*34 -.1»65*C6 -.2lS8*r4 
• . ,V9o9*0b -.2146*05 .1769*05 -.1?14*C6 

THE INERTU TE\SOR 
,6231*04 -.1460-C5   .2404*04 

-,1461-05  .?750*n*  .1A51-06 
.2404*n<  .1651-C*  .2275*05 

TRIMMfD VtLTClTlES WITM HES^ECT TO OVERALL VEHICLE «EPERENCE AXFS» 

J V W P Q Q 
^7l2*C2  -.4657-0»   .9576*01  -.0000     .0000    -.0000 

TRIMMED ITERATION COLU^,^ VECTC». TE- 

.2134-00  -.1103-01   .-»CSö-Ql   .6954-01   .3086-01  -.1384-01 

ST4BIUTY AXIS SYSTE* EULE« ANCLES-  TWETA» -.1108*00  PHI -.1392-01 
AIRCRAFT rit«»TlAL SPEED«  .67«0*02 
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HiCMW 5-*« htLlCOPTFt      juwf 2 l"8      "OSTIB-B OrRlVATIVPt 
CASf   13       5«»6t';«   101.!»  TT/SFC.     n-r«T«-7,5 PT/srC,     CA^A^M.ia QECf 
6«0SS  »fcli^Ti   lltt67.i,5.        S£A  LFVtU       OVNAM'C  TIP  1.0S8  (VES) 

STABILITY "FRIVt^ IVE "A'tJlCt s- 

X -.1«3»*C* -.«7X9-0': -.l74o*02 -.749l»:3 
ft 

.113**34 ,53n?*')2 
Y ,JH«79-:o •.3144*02 -.no*ci -.1173*.4 -.6965*33 .6126*03 
Z -.33?1*:2 -,3r64*ri -.^4??*r3 -.<,»33*n3 -.'»7?5*j? ,»663*!! 3 
L .v*-;;*::: -.13!»1*Q3 -.!.97i*01 -.1759*:» -.97615*04 ,2fjJ«*fi4 
n .95l>*C2 .1404*02 .7749*02 .lD3n*.l5 -.2111*35 -.245h*C3 
N -.VHOI*C? .3»eft*03 -.1414*03 -.73i?*:";3 .339C*C4 ",lb59*u5 

ü -;OT v ::▼ ■• I LT P CflT Q COT 8 ::rT 

X -.1!><2-C? -.434!J-C3 -.xfti3-:i -.233?*':2 -.9?59*ni ,l34i*ri 
Y ,3b9«-:? .7-<:-ni .M^-Cl .9f7«.*ri -.22%C*S? •.2,'37*01 
1 .«>fl/-C3 -.749^-03 .•>36*-C2 .3577*01 •1500-00 ",1412-00 
L ,ir367*0C .19Ü9-UC ,l97r.*ci .2*63*?4 -.3534*03 -.l&7n*03 
n .64*3-02 -.2Ö6C-CI .421«-C1 .3639*03 .2661*04 -.1956*02 

H -.1215-01 -.23b<*Cl ..ZlhA-r^ -.2?5l*';3 -.*622*ni .943!:*n2 

Cl li :( 2) C( 3 5 "( 4) 
-.i:3«*c^ -.6261*03 ,1376*0S -.5646*r,2 
-,it«53*0? .l23?*Db .7l6Z*D3 .4397*14 
-..:i2*:6 .94b3*0l ,237C*0!> -.5«13*r2 
.i4»4«:5 .l82?*Cfr ,C117*04 .1?29*"5 
,b777*C5 .57b<*r.«i -.l9Dt*C6 -.2272*« 
,6C11*CS ■.12«C*0J) ,34«.V*D!> -.l<fc9*'fe 

TMC  1NEBTU TENSOR 
,6033*0* -.1*7';-:* ,lL;33*r4 
,197--:« .?7!>C*?R .1407-07 
,1537*C4       .l4n7-?7       .2/Vb*rb 

TRIMHEO  VELOCITIES  WITH  «I5PECT   To  OVERtLL  VEwiCLC  &EPEPENCE   AXES- 

r r- 

,icii*C3   -.9312-05     ,*DP6*CI   -.nrr^ .POOO        -.otcr 

TRIMMED ITERATION CCLUM'J VECTT'W, TE- 

,2C95-C:'  -.13:2-01   .^itb-Li       .A'a«-:!   .iSÄh-Cl  -,1Ü53-D1 

STABILITY   4X15  &YSTfM  E'-LEK   4'OLLc-       T^E^Ät   -.739?-Cl       PHI   -.1056-01 
URCRAFT   I\EBTIAL SPEED«     ,1015*33 

2k0 



CASC U      EHECi  16V.r, rt/SSC.    -Cf.T«-T,!l rr/psc.    CA'-'M-I'M DEC 
CROSS .EI5"T.  «U^.tB.       ?U LrVEt       r.v\4VlC  TjP LoSS  (YfcS) 

TI91LITV ICti- 

X -.if t'»«:^ 
V 

-.?</'5-.;'.      - .NII*:I -.794P*-I 
r. 

.i:'»6*:4 -.6736*12 
y .fl-'i*-:- -.**?l*(t    - >2Si*01 •.11*#*-4 •.#Mi*03 .724**'J3 
7 .U'"*-: -.b'»'':*'::    - ?7ll*C3 -.1-77*-« -.2937*:3 .»i>S2*S3 
L. .I*?:*:, -.i'i  *Z2 >»nf*c2 -.1^74*"i> -.I:J7*:5 .i64?*ri4 
M ,**rt*z? .21i?*02 1414»C3 .li?5*:> -.229Ä*05 .6725*C3 
V ',h7'\S*r? .4::''*f.3   - 3f^4*(,3 -,l-79*-4 ,4947*24 •.l»ll*CS 

j ""i V   IM * : ".T P   ["^T '.   ?0T k O^T 
X .iiiH-:? -,<k'1Hd-'-3    - i74*-:i -.22M*-2 ..«15I*C1 -.3»of-:3 
Y -.<><:*-:. .lit- ''.I . ■•i>3« ;j .lP4«*r2 -.2:S2*-2 -.2,'37*:i 
7 -..Mbt-' ? -,Ä7/*-ü2 i^4-C3 .329%*:i -.SS75-'3C .i:««*co 
L -.ftOHv-r j .«2i7-nn 3?8C*C1 .?«»l*f4 -.3313*D3 ,3i)99*02 
M -^i'ji-ji •.*»76-0l SSl^-Cl .36:P*^3 .26ft7*:4 .B495*nl 

\ .ti»?:--:? •.2A47*U1     - ^""l-'j? -.39%**:/ -.4<»92*'"? .9'.M*',2 

C(   1) ;« 2) C   3J CJ    4 5 
X •»tt-n+z* -.«S>**b3 1?39*05 -.i4:^*-3 
Y -,124i»*'j3 .1?«ft*C5 '; ■) ^ <> ♦ n 3 .SIS"«*'' 
z -.11 ''/«•-* . I95e*r3i <403*C5 -.i^«**-^ 

L ,Z13<*:i .:;,34*-6      - l»>5/*:4 .r?^*";» 
M . 1*"-.'s ♦:•'• .JV!>!,*:4     - ?;:I7*D^ -.433^*-« 
»1 , i 3 7: ♦" 3 •.^zi.^.^as 43^4*^S -.17-7*-* 

HE   IMERTU   Tf.SOk 

,2?M--.4        .P'1)^*-«.        .?*75-''8 
,243i4ti3       .?679--«>       .^.;i»^b 

■RIM^EO   VEL^MTjt^   «IT«   -tS^ECT   Tfl   OVERALL   wtw4CLf   "E^ECEVCF   A<FS- 

.l*9C*'C-7     -.lf»63-f..e        ,?39r*'jl     -.OCr» .90^0 -.3:3' 

•R1VMED   ITc-4Tir  -   CGuu»".   VFCT'1^,   TF- 

.^-i-;-.    -.^i&4-'i      ,„473-,i      ,f.i7<!-"i    -.3:r6-::    -.i4??-"! 

iTABILlTY   AXIS   ^sTf"   l-.Ki   A' 3Lt:,:-        '••lL.T4t   -,«44:-3i        UH]   -.J494-:' 
.ISC9APT   ;   '=TUto   5>tt'.«     .16*L*C3 
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CISC 15  SPPE^s 15.  PT/SPC.  M-COTt Ib.PT/RgC.  r,A^A«-9o.  nrc 
CPOSS wFlf.MTs 11^7.LH.  S6.' LF^'fcL   .'ViA^jr, TLP LOSS (VE«;)     ' 

STA^ILITV   T^Iv.,T! ;> E   ••aT-5!C' s- 

!i V k P '• 1 

X -.77,S7*G? ,6ft»» .'-^1 ,1208*01 .9>3?*^3 .i9M*r? -,5464*02 
Y -.H9ib-Tl •,133?*P2 -.«»«Sl-OÜ .27»3*':3 -.66^0*03 .9469*03 
I -.1432-fii ,589^ -I1: -,^721*01 .3-44*"2 -.9i''3*n"* -.74i«i*rij 

L -. i^-'fc^rS ,2097*n3 ,?5lü*01 -.fll«l*r4 -.37l4*f)4 ,l8&ft*n4 
VI -.in 7*r^ ,242',-*ri -.1123*03 .3^51*n3 -.l7-»V + c;«> •,llQl*0b 
N -,10H«»ni .1299*03 .1669*0? -.1492*14 .10^6*0^ -.159**05 

L1  -JOT V "^rT *   nQT P   DOT 0  ^OT R DPT 
X .rb2<l'-n3 -.14-17-02 -.3174-0« .9^B9-ni ,2879-0^ .1532-00 
Y -.<b«9-R2 ,6ü>,(5-ni .9294-0« -.l"04*r.l -.i792*n? -,102***2 
Z -.*3C»4-ü2 -.b9a?-r3 .l24«-03 -.3';87-"0 .99S5*ni. -.1783*02 
L .74?2-Pl -,22H-'*ni ,^600-03 .8139*12 -.10n6*03 .2295*02 
M -.1B9M-00 -.ii^**no -.3673-02 -,7H3«*!i2 .2673*04 -.3188*03 
N ,434A-nu -.293t'-nc •.r>704-0? •I4l9*n2 .32^2*03 ,26ßr*04 

C(   D C(   ?) C(   3) C(   4) 

X -.«7?/*üS -.3e<3*n3 -,?007*03 -.1^54*^3 
Y -.Sn^T^OA .i24'i*n& .0636*03 .4?35*n4 
2 •.341»*0? ,572;<*P3 -.1247*0^ -.2?9^*n2 
L ,1710*06 -,14S<«i*tU ,6149*04 -.1405*06 
M ,7994*04 .133^*r4 -11>»72*06 -.7i3n*n4 
V .14Bl*n5 -,l87?*n6 -.'3393*03 -.1907*1& 

THE IMEPTU TENSOR 
.2337*05 -.1347*03 -.6532*n3 

-.1347*03 ,2750*0'» -.1985*"? 
-.6532*03  -.1985+02   .5920*^4 

TRIMMED VELOCITIES «ITN RESPECT TO OVERALL VEHICLE HtFfPlNCE AXFS- 

M W P 
•,57?3-0n  -.455^-00   .1498*02  -.ün00 .no^O •.0000 

TRIMMED ITERATION COLUMN. VECTOR, TE- 

.25?6-:;r  -,1327-01   .3935-02   .1655-00   .SirJ-Ol  -.3041-01 

STABILITY AXIS lYSTF.M EULFR A'IGLES-   TMETA« -.1571*01   PMT -.1769-01 
AlRCiAPT fNERTUL SPEED«  .'500*02 

NOr "fSOOUCBu 
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SIKORSKY  b-*»  HFLICOPTE^ JU*4f.   b   197 'insTÄH-B DERIVATIVES 
CASE   16    SPP.EO"  33.»  PT/SEC,     H-OOT»  Iti.FT/SEC.     GA^MAB-Zä.«  nEd 
CROSS  WEIGHS«   ll«^7,Lfc.     «F.ft   LE^EL       nviAMJC   TLP   LOSS   (YES) 

STAH1LITV  IjPRIVATIVF   MATRICFS« 

11 V w P 0 R 
X -.77*1*02 -,942'»-a0 -,?9R4*02 -.4092*03 .1184*04 ,5650*03 
Y .10^3*C1 ',16(>?*Ü2 -.1941-00 -.84i7*n3 -.6737*03 .7139*03 
z -.l379+r3 -.»H41-00 -.<«i79o*02 .6488*03 .6688*02 ,4436*03 
L -.'ft^/^ü? -^P-i^^r? -.4089*02 -.I538*n5 -.9755*04 ,4139*04 
M ,imo*o3 ,lbl**02 -.?ft2ö*02 .9534*54 -.1777*05 -.4587*04 
M -.2237*03 ,229"'*03 -.8077*02 .1885*04 .3l46*Q4 -,1105*05 

U OPT V DOT W DüT P DOT a rot R DOT 

X -..lftM-02 .117?-P3 -.4313-02 -.1406*^2 -.7474*01 ,7055*01 
Y ,11^2-01 .61Clr'-01 .?1«5-01 ,8no3*ni -.2045*0? -,6287*01 
Z .25«>3-02 ,9*2^-04 .3463-02 .1291*02 .6520*01 -,6420*01 
L .16«7-00 -,6503-00 .3383-00 ,2141*04 -.3141*03 -,1045*04 
M -.^S'iS-ni •,423*-0l -.1203*00 .3056*03 .2668*04 -,1506*03 
N -.9192-01 -.1941*01 -.1741-00 -.1050*04 .1293*03 ,5»96*03 

C( 1) C( ?) C( 3) C( 4) 
X -.SöfS^QS -.4»37*03 .1204*05 -,3116*02 
Y -.5613*03 .1235*05 .6066*03 .3753*04 
Z -.7005*05 .3677*03 -.3323*04 -.350«*02 
L .b7«7*05 ,164«*06 .4514*04 -.3996*05 
M .:'336*n5 .3583+04 -.1M9*06 -.2734*04 
N ,12*«*Ü6 -,t»325*05 ,JIM*04 -.1192*06 

THE   INEPT IA  TENSOR 
.9797*04     -.1951-05        .7202*04 

-.1951-05       .2750*05        .7937-n6 
,7202*04       .7937-06        .l9i9*05 

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE REPERENCE AXES- 

i) V W P n R 
.2972*02  -,37?R-r)ft   .1610*0?  -.0000      .0000    -.0000 

TRIMMEP ITERATION COLUMN VF.rTOR, TE- 

.22'fl-f3n  -,1171-01   .2062-01   .116o*00   .3664-01  -.2058-01 

STAPILITY  AXIS  SYSTEM  E"UFR  AMGLES-       THETA«   -.4597-00       PH!   -.2295-01 
AIRCRAPT   INERTIAL  SPEED«     .33«0*02 
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SIKORSKY   S-9S MCLICO'TEB JUNE   9  19T0       MOSTA»-B  DERIVATIVES 
CASE   i7     SPEED«   67.8 FT/SFC.     H-ÜOT«   lä.FT/SEC.     CAMHAB-IS.«  DEC 
CROSS  WEICHT«   11867.LB.     St*   LEVEL       DYNAMIC  TLP LOSS   (YES) 

STABILITY  DERIVATIVE   MiTBicrS- 

X 
T 
Z 
L 
M 
N 

X 
Y 
Z 
L 
« 

X 
T 
Z 
L 
n 
H 

•,3071*02 
.»134.00 

..90l«*02 
-.2609*02 
.1001*03 

•.ltSI*03 

U DOT 
.4098-02 
.8629-02 

•.«979-03 
,2741-00 

•.2960-02 
,7296-01 

C( 1) 
.,2207*05 
.1991*02 

•••686*09 
,2193*09 
.9929*0« 
.6707*05 

•,64o«-ro 
•,2396*02 
•.I695*ni 
•,A94»*P2 
,109P*02 
,3062*03 

V DOT 
•,206O-P3 
,61P?-01 

•,406n-03 
•,1603-00 
,2222-01 

•,203«*01 

C(   2) 
',6264*03 
,1222*05 
.1249*03 
,176^*06 
,704f*04 

•,412**05 

•.4431*02 
-.9893-00 
-.1979*03 
.<»376*0t> 

.3054*02 
-.3062*03 

W  DOT 
.1619-C1 
.3936-01 
.5470-02 
.1210*01 
.3282-01 

-.3169-00 

C(   3) 
.1484*05 
.6637*03 
.1079*05 
.1082*05 

•,1840*0« 
.1964*05 

P 
•,7037*03 
•,1127*04 
.2?44*C2 

•,l774*n5 
.9721*04 
,3540*03 

P DOT 
•,2?70*n2 
,0825*01 
.7297*01 
.2524*04 
,3613*03 

•,5971*03 

C(   4) 
-.2729*02 
.3764*04 

-.2991*02 
-,1015*05 
-,l?0l*n4 
.1257*06 

. 12^7*04 
•,6891*03 
•.40^1*02 
.9iai*04 

-.20?7*09 
.3236*04 

Q  ^OT 
.««42*01 
.23«4*0? 
.22?7*01 
.3992*03 
.2656*04 
.6346*02 

H 
.2903*03 
,6770*03 
.7170*03 
,2439*04 

.,1919*04 
-,1479*09 

R DOT 
,5099*01 

-,40»?*01 
,1612*01 

•,9997*03 
.801»*02 
.2059*03 

TMl   INtRTU  TENSOR 
.6977*04     -.9638-06       .4179*04 

-.5636-06       .2750*05       ,il47-?6 
.4175*04        .1147-06        .2201*f5 

TRIWtD VELOCITIES WITH RESPECT TO 0VE«4Ll VEHICLE REFERENCE AXES- 

J        V        w 
.6963*0? -.1863-08   .1701*02 

TRIMMED ITERATION COLUMN VECTOR, TE- 

,1997-00     -.6557-02        ,3762-01 

P 
.onoo .00^0 

R 
-,OOOP 

.3991-'l        .3045-01     -.7277-02 

STABILITY   AXIS  SYSTEM  EULER   ANGLfeS- 
AiRCRAFT   INERTIAL  SPEED«     .6780*02 

THETA«   -.2231-00       PHI   -.7459-02 
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CASE   1»     SPEEn»lCl.b  PT'b»"C.     H-UOT«   lb.PT/3EC.      SA^Aa.l.S     PEC, 
CROSS  wpir.MTt   11<*67.LH,     rt.   LE^ftL       JV.AHJ-   TL"  LOSS   (VES) 

STABILITY  ?!:»«1»//.T I'/!-"   ^.■»▼-?! C'S« 

•j ( ». P r. ^ 
X -,1994*C^ -.5U--rD -.3446*02 -.7546*^3 .12^*0* .1640*03 
Y ,4o»7-m -.nfi**?? -,49t3-00 -.1205*04 -.67<S2*03 ,6965*13 z -.rJi?*2*'"? -,2l7'*^i -.,'394*03 -.3592*-3 -.1840*0"^ .8107*03 
L -.3l«4*Cl -.I:I^*ü3 -.3669*02 -.l«09*n5 -.93?6*04 ,2028*04 
M .«Z'S*^^ ,in4^»n2 .7622*02 .9,«53*n4 -.?174*05 -.9473*03 
N -.i237*03 ,3547*03 -.4092*03 -.3^4'i*n3 .4o^8*04 -,1B32*05 

'J OOT V ^T <   DOT P DOT 0 HQT R DOT 
X -.^«-O? .ö^iu-^ö -.?626-01 -.2469*02 -.P939*ri .3243*01 
Y ,'*«?2-0^ .7!1iS-.n .5137-01 .9ll7*ii -.2444*02 -.359«*01 
Z ,'KS72-ns .53^-^3 .*4l7-02 .508**01 .8272-or -.6537-00 
L ,«437-00 ,2*6?-ni .i»84*01 ,26o3*o4 -.36,i3*03 -.3415*03 
M ,H969-ri? -.2549-01 .1048*00 .3^51*03 .26^4*04 -.4859*32 
^; -.452H-C1 -,2357*01 -.3542-00 -.4162*03 .3319*02 .1361*03 

C( I) C( 2) C( 7) r.{  <) 
X -.17,»9*n5 -,•491*03 ,1536*05 -.318B*'2 
v ,?374*03 .I2ift*n& .«7»l*03 .4389*P4 
Z -.1002*™ .45i3*ni; .2255*05 -.3432*02 
L .I732*n'j .l7H**n6 .10B2*05 .1421*',4 
M ,nft7i*a5 .773"*04 •,HI«3*0* -.1367*^4 
N ,257i*ns -.2593*05 .40«9*05 -.1471*06 

THE INERTIA TF^SOP 
.6349*04 -.2911-06 .275R*"4 
,2911-06 .2750*05 .379c>-"7 
.275«*04        .3795-07        .2263*^5 

TPIMMFn  VELOCITIES   WITH   SESPECT  TO OVERALL   VEHICLE   RE^EPEIWCE   AXES- 

.10^2*03     -,1397-Cft        .1650*02     -.0000 .^Ono ,000^ 

TPINMPD |TERATln\ COW    VcrJOR, TE- 

.1907-00  -,93l9-;-2   ,5124-01   .23l5-oi   .1495-01  -.368^-02 

STA-'MLTTV AXIS ^YSTt^ E^L^-i ANGLES-  THgTA« -.i4P3-0^  t^l -.3728-02 
AIRCRAFT INERTIA). SPEED«  .'015*03 

NOT REPRODUCIBLE 
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SIKORSKY   ^-5«   wn.IC?pT[:r J1'1    5   197c.        NtnfcT^R-n  RE^IVA^lVCf 
CASF.   19     SPf £^«169.0   PT/SCC,     H-UOT«   lb,FT/SEC,      "A'*«*'-*.!     WSCt 
CROSS ;/Fn^T« ii*f>y,L*,   SRA LC^EL     avuMir TL^ LOSS (ves) 

STAPIL'TV ütMlVATIVF ^'4T^ICfS' 

X 
Y 
Z 
L 
M 
N 

-.1631*02 
.4603-21 

-.10I*3*02 
.«)f/>2*f,l 
.«4^9*rii: 

-.«'7?4*fl2 

-.42TH-no 
-.4339*02 
-.44y« ♦r»! 
-f^fAh*n3 

,lf,74*n2 
.4ü22*n3 

-.1560*02 
-.1464*01 
-.2725*03 

.1726*02 

.14A')*0.5 
-.446^*03 

-.7592*13 
-.ll974.r,4 
-.99in4.n3 
-.1723*15 
.ir67*r5 

-.11944.04 

.11*4*14 
-.6740*03 
-.35^9*r3 
-.95e6*14 
-.23B7*u5 

.5ft9a*ni 

-.1054*02 
.7645*03 
.9219*13 
.2441*04 
,2114*03 

-,2471*05 

U  ^OT V   J^T M  DOT p om 0 ^OT R  13 OT 
X 
Y 

z 
L 
M 

N 

-.2m-P3 
.1679-02 

-.3196-02 
,6977-01 

-.3l?5-02 
-.5912-02 

-,164»»-03 
.7963-11 

-.4296-02 
.3047-00 

-,4«6«-tU 
-.2663*01 

-.3785-01 
.«237-01 
.9H33-C3 
.3090*01 
.1.722-00 

-.3345-00 

-.2431*12 
.inoft*',2 
.4^75*:.l 
.2666*04 
.3729*13 

-.2117*03 

-.«976*01 
-.22?2*n? 
-.16^»-0i 
-.3449*03 

.2661*04 
-.2474*02 

,6177-00 
-,29d4*0i 
-,»3i3-ni 
-,75o«*02 
-.TÄBO+Ol 

i9Ä10*02 

C(   1) C(   2) C{   3) C(   4) 
X 
Y 
2 
L 
M 

N 

-.1212*05 
.1446*03 

-.1177*06 
.2413*05 
.I575*n*. 

-.7177*14 

-.6314*13 
,3224*05 
.492^*01 
, J.fil6*n6 
.i><J39*04 

-,B6?',*ri4 

.14?<»*05 

.«192*03 
,4463*05 
.1936*04 

-.?Q7l*06 
.73R7*C5 

-.94494.02 
.5150*04 

-.9269*02 
.2001*05 

-.2903*14 
-•1715+16 

INP.PTIA   T£\S09 
• 

• 

595.1*04     -. 
3563-06 
9fli?*n3 

3563-06 
2750*05 
1622-07 

9^12*13 
1622-^7 
2303*','5 

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEHICLE REFE^ENCF AXES- 

.16"7*n3  -.2794-18   .9660*(ll 

TRIMMED ITEOATION COLUN"' VECTORI TE- 

,2168-00  -,i73',-11   .h74C-01 

STURILITY  AVIS  SYSTE^  E'LFW  A'^Lt«- 
AtRCRAFT   INFRTUL  SPEED«     ,1690*03 

P 
• oioo 

r 

,1010 
ri 

-,onoo 

,3904-11     -.3i6H-ni      -.8025-12 

THET4«   -.P8f«*«-01        PH!   -..«053-02 

NOT REPRODUCIBLE 
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SIKP9SKV S-5a i-rLlCOPTr^   jyK'| 2 1970   "S^TAg-B DP^IV/TIVES 
CiSF. 2'   SPEtr «33.H fT/stC.  M-nCT«-?2.5 fT/sFC.  CAK«A«-41.7J DEC, 
3R0SS -lilC^T« 1166/.L9,   SEA U^EL   DV\A«:iC. TIP LTSS (YgSJ 

STABILITY   ^t^Iv..T iv;   ■•A'^IC» s- 

V 

/ 
L 
M 

V 

-.t?26*j3 
.i   ••/*ri 

-.:'■■':♦■-? 

.^i?«*c;2 
-.; iljn* ;3 

-.1^J:-*r!? 
. 1'' ü" -;; i 
./'i'4:*-]2 
.1449*:)2 
.•;.l»4*n3 

.^i«*4*ni 

.12*1-00 
-..1«7'-'3*M. 
-.<353*ü2 
-.^762*02 

.I4?3*r2 
-.ft55?*-3 

. K ? H «> ♦ - 3 

-.i32n*:5 
.7M4*r,4 
.322**^4 

3 
.1213*04 

-.64M*n3 
-.2^37*33 
-.h97&*0< 
-.1795*05 

.4792*24 

H 
,6296*03 
.9105*03 
,469n-00 
,5174*04 

-,6883*04 
-.1267*05 

X 
V 

I 
1. 

V 

.iii!>-;)i 

,ii>4;-rr 
-. i •.u,*;,i: 
-.l<J2-rp 

v   t. . T 

-.'J il ^-'.'i 
.b^ii-Cl 

- . * 4 «i 9 - (13 
•.ui^ni 
- . <M v; -, i j 
-. l^Ji*"'! 

•M"T 

.1473-01 
,3781-02 
.I7*r-jn 

-.i^s*..:1 

-.163^-00 

P  r»rT 
-.734'.* ,1 

,59H»*f)l 
.3?'?3*r2 
.I45!>*'i4 
.?57«*'1J 

-,1>93*M 

•; roT 
-.4M2*ül 
-.2099*02 

.9cb6*3l 
-.26^9*03 

.2143*03 

H   DOT 
.6649*01 

-,8084*01 
-.1367*02 
-,1295*04 
-.2299*:3 

.1242*04 

X 
y 

7 
L 

A 

-.^ri'.1*:^ 
-..'si /6*g3 
.,,A »/*c;') 

.■• '''Ji*n5 

-.31^3+Ci 
.:t2i*'Jt; 
.b- ; ;*23 
.1."3.<*',(■ 
.•UV7*"« 

-.i<3^*.:4 

."^63*04 

.:5^,-Ü*ü3 
-.n27fc*C< 

.:<394*r:4 

ff   4) 
-.3114*.2 

.3i,'6?*"4 
-.3327*'2 
-,6*59*.b 
-.2ftS3*".4 
-.ini7*f6 

THE   INf ;»TIA T-, <si;. fj 
,l^l7*ni) ■,29,?9-:^ 

,?7fo*,?H 
.l594-r5 

,t>39T*n4 
,1994-05 
,14B2*')3 

THIMME»)   VELOCITIHS   ».JTH   »KSf'ECT   TP   OVERALL   Vfi-MCLF   'F.PhTEVCF   AXFS- 

.,•133*:;'      -. 74i>l-f.; •* ,.';i4**t'2     ".C^r . r1" n o -.OOQfl 

THIWMEn   IIPiftTlON   CWL"^     ^'f-'Tis,   TF- 

.■■':.•>/■-';■    -.r'3.-iii       ,i'-^/-ti       .jr??*:;      .37hä-r,i    -,ib92-ni 

STA«ILIT^   .'.Xl"   SYSTf ■•'  F-Li-    i'^Lt^-        TMtTA«   -,7<HS-0a        PHI   -.23.54-01 
AIHC«AFT   I ■>■..«! I '<L   SPpFD«      ..^J^r*?? 
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DEMOVI\AT"1«    C'A'ACT* >I:,TIC 
BOOTS 

^rAL IMnGtN.AWV 
■■ t'.} T p A ; 7 

-.i':3<-J/ ./oo: 
-,4VfU*0l .  'CL!;■, 

-.31?G-üO .•.IU!.'0 
-.l^.!:«-OL, 

.jnjc 
.S^^l-Ol ,339!>-t)C 
.33*1-31 -.33^-CC 

-.lyriS-Clf? ,^4A3-00 
-.l^&h-Qj -.64ft.<-C;C 
-.IfVl^Jl .3050 

.Oü:P .oooc 

.O'JPü .nooc 
^ 

NUMERATORS 
(NOTE-   IM'JMr^ATOf?   MOOTS   LbSS   Tk';.;-   l.fig-7   TlMP.g   THE 
LARGEST  NJ^CRATOH  RüQT   ARE!   r cT   IVCLUi-KP   pi  Thl?' tiOCK   CAIN), 

¥(   1)-T0-C{   D   VUriPKATC^ 

ROOT  LOCUS   r.A.IM       .14l3*i)3 

BODE  GAIN   «     -.31144.L13 

ROOTS 

^EAL ihACi\A«y 
PA^T PART 

,12MH-Jg .noClO' 
,4V31*n i IQCiiJ 
,2?AM-:C .367b-Cr 

.2Vfti-Jü -.36/t>-C0 
,2^50-Ul ,1>»S4-C0 
•ZVbo-JJ -.5»S»4-tii 
.St.tö-'JÜ . 1 Cl J i 
.OC jfj .vÜ''L 
. ^ v:'n ."ü'Jrj 
.oc:n .QCCO 
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X( 2>-T0-c(  D :.JVIE;^TC^ 

ROOT   LOCU'J   '^Al's        .li6i'*Ol 

800E   CAIN   =        .?«l3*a3 

ROOTS 

^EAL I '!AÜl\i«V 
PART PAHT 

.7i33-;n .0000 
,12^4*03 .OOOD 
.4139*31 • nooo 
.llÄb+Jl .noou 

.2VC3-J1 .37bo-OC 

.Z^i-Ol -.37bJ-0C 
,4ftC2-0C .0000 
»oono .OOOQ 
.ouca .0000 
.ouco .OOQC 

X(   3>-T0-C(   1)  MUrtERATOH 

ROOT  LOCUS   RAlNi»       .1544 + Ü3 

BODE   GAIN   =        .1310*03 

ROOTS 

nF..AL IMAGINAHV 
PAf^T PA^T 

.243l-')fr .0000 
-,4V63*J1 .couo 
-.20*0-00 .0000 
-.8017-01 .coco 
.31V9-.K] .0000 

-.2210-30 ,6902-00 
-.2210-013 -.^9^l2-0'', 

-.9/20-00 .0000 
,0000 .0000 
.0000 .00:0 

NOT REPRODUCIBLE 
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X<   4)-TC-rr    1^      D-tRATC» 

ROOT  LOCUS   f;A^«     -,l9b7*lil 

BODE   CAP.   :        ./'J66*C? 

ROOTS 

«FAL I^iAfilNARV 
PA'-^T fJAWT 

-.5iri-a' .-COG 

-.l^'i^Ji .noo.: 
-.2ubl-3n ,37^2-0^ 
-.20ftl-JC -,37G2-Qr 

.3«17-01 .396:j-ü'l> 

.3H17-Ü1 -.3960-0? 
-.4ftM9-:rj »oaoo 

.or.'rc .rioCü 

.ODOo .orco 

X(   5)-TC-C(   1)   \UMERATQK 

ROOT  LOCUS   RAP'«     -.7420-00 

BODE   GAIM   «      -.5H1S7-00 

ROOTS 

4FAL IMAüI^ARV 
PAS<T PA^T 

,10f«?*OC .1537-00 
.IGHP^'JC -.1507-00 
,3»Jprt-0: .üüCC 
.l/lb-'JC .0003 
.39f.4*'Jl .ooco 
,lb49-U: .1140*01 
.1949-OC -.1140+01 
.0000 • ncoo 
.ÜCZC ,0000 
,0V.1V- .::c:c 

NOT 
RtPROOUNBLE 
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ROOT  LOri.i>   r.A!   =     -.63 .>'•♦:": 

«r .'i. r ..',(,!   .«M^ 

i'   ;.' I M   .         T 
* ^«    i r .» ■♦ : 

.?/' w-y/ . ■ T. : 

.3/"V*.ll r ü 11 J 

.l;^?* 11 •• n 0 :■ 

.4».14- );; ""j^:'1 

,l,..^.'*..r.i 43t)ft-V: 
.U-/.'■•■ j'1 - O^ft-OJ 
.Ho/i-Jl -5y.^-jr 
.»••■/1. - ^ i. - j 9 Ob-n n 
,m:,i ""ic 
.Ou?n 

.t ^»0 
0^c\ ̂ v^- 

X(   D-TO-C.«   D   ■ J"F.;-/.Tr;. 

«OOT  LOCUS   '.AT =        .g^OO + f"! 

HOOTS 

fVf AL r-iAf.^/.w 
PA;' PA^T 

.76M-'U .'jure 
-.1^3- U" .rO'-'C 
-,ri?i*:si . i'UiK; 
.3ü/l-i:: ./,»>,,s**:i 
.3/.71-:: -,<?!: L'v*:i 

-.i'»>"i-jc .^./H^-f*^ 

-. I *» >■ i -.: r -.47»*r.-Lt 
-.3//••;>-;^ .r: n C L 

• Oi^n .■::vf: 

• 0 >.■' .orcL 
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X( ?)-Tr-C{ r >  O'E^^Tji, 

HOOT LOCUS ',u\s* -.itm*^;: 

BODE GAIN =   .löni*ü4 

HOOTS 

PAAT PAKT 

-.3ft^9ta2 .ocnc 

-.6393-Cy .<iJ36-0C 
-.6393-"10 -.423^-0^ 
.431fi-ül .3&8i;-or 
.631n-m -.JbÖi-Qf 

-.132V-.1/ .SQOü 
.onrc .acrr 

X( 3>-TO-C( 2) NUMERATO'v 

ROOT LOCUS ".AlNs -,4ft5fi40l 

BODE GAIN *   .9S34*C3 

ROOTS 

WEAL IKACISARY 

• It'HH-ob .0000 
-.ifi66*0H .nooo 
-.lül3*:)2 .0UÜ0 
-.39?0-ü0 .5160-00 
-.3Vk»C-'3C -.blbL-Un 
-,1766-00 .444ft-un 
-.17^6-'JC -.444ft-nn 
-.la::-in .nnco 
.OO^Ü .üüüü 
.0C"ü .'JOOO 

HO^ 
^**1 
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X(   4)-T0-C(   2)   NUMERATOt' 

ROOT  LOCUS   GAIN« -.4107*0? 

BODE  RAIM   s        .?0bS>*P? 

ROOTS 

PART PAHT 

,77?7-U3 .3615-0r. 
.7/?7-ü: -,3610-00 

-.7fc73-0ü .2724-00 
-.7ft7i-üC -.2724-00 

,14/0-00 ,6044-00 
.14/n-JC -.6Ö44-0T 
,QOCU .tlOÜfi 
.OC'JU .DOOü 
»onnj .oooo 

X(   5)-T0-C{   2)   NUMERATOR 

ROOT LOCUS   CAlNs -.9560-00 

BODE  GAIN   s     -.5048-00 

ROOTS 

REAL IXACI\AF<Y 
PART PART 

-.1925-00 .0000 
.1377-00 .0000 

-.1730-00 .1774-00 
-.1710-00 -.1774-00 
-,2S«0*02 .0000 
-.17',2-Ü0 ,4511-00 
-.1702-00 -.4811-00 
-.7431-0» .nooc 
,0000 .OOUU 
,9ji3-j9 .oocc: 
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X(   •)-Tn-C(   k)  NUMRRATOt« 

ROOT  LdCUS  /.AP.«       .3RVh*C4 

BODF   fiAlN   «        .2BOO-05 

ROOTS 

PA^T 
.1213-06 

.2iJ72-01 

.2S>'2-Dl 
•»OHo-ao 
-,43hG-00 
-,10W*01 

.^499-00 
-.1101-07 

.ooou 

IHAClMRt 

»0060 
.OüCO 
.36&Ö-0C 

-.365Ö-0G 
,6Öb5-ÜD 

-,6bt.s-on 
»OOOQ 
.3Ü00 
»0000 
.0000 

X(   1>-T0-C{   3)   NUMERATOR 

ROOT  LOCUS  GAIV«     -.2<36*C2 

BODE   GAIN  s        .&J?03*QZ 

ROOTS 

^ 
*** 

*& X
%\S 

HEAL 
PART 

-,lb36-01 
-,1J96-0U 
-.lb97-00 
-.Ib97-0C 
-.512*-HU 

.1224*00 
•1224400 
.4351-1)0 
.OOQC 
• 0000 

IMAGINARY 
PART 

• onoo 
»0000 
»«401*0« 

-.&4ül-D(' 
,r.ooo 
.271U*C1 

-.^71^*C1 
»0000 
»nooo 
•uooo 
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«OCT  LOCUS   M I"«     -.2 '-:. »01 

nor? r.AiK1 •-     ,3C0rt*ci 

WOTS 

^ AL 

.i«v3*'ja 

. 1 (1'.' 1 ♦ C" c 

•♦4M79*(il 

.1'V/ ♦CJ 

.^-SiL -JU 

.^i/". •00 
»CUCQ 
.C'.:rr- 
.pn-- 

"COC 

COOfJ 

CDC;ü 

^ 

^ 

X{   3)-T--C.(   3)   NürtfRÄtO« 

ROCT  LCCUS   f-AI^1s        .gpbj + r.: 

BODE r-Ar 

»OOTb 

-.2«30»P4 

;/UL r-^;l\A^y 
l»A«T PA^r 

-.1*,U?''-J^ »OÖDf) 
-•lii^M »aofio 
••>l!0*0l .?Q^Ü 
• .i^m-oo .^3■.-J-DL, 

-.IVV^M: •.sl¥i»cr 
••42^»0C .!»0C/«»^ 
-.4*!5 -.IL. -•!i(iU/*«)t 
.3V'.--.i/ »OOOC 
..:J: ■; .0üCr3 

1 f i n i * 
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X(    4)-T0-C(    3)   'ÜMCrATC-. 

ROOT  LOCUS  r,AI\«     -.14y3*Cl 

HODE  GAIfM  «       .mi*0l 

ROOTS 

HP. 4L MACIUWV 
PA^T PA«T 

.Pb^-O? .0000 

.ll/6*U2 IOOOO 

.17H-ÜÜ .i)h77-o:' 

.1714-00 -.5»77.00 

.4639-00 .5629-00 

.4A3V-0Ü -.5629-00 

.3L:L]-UO ,0000 

.1J4S>-!J0 .0000 
löocg .1000 
• ouro .0000 

X(   5)-T0-C(   3)   MWiftiTOH 

ROOT  LOCUS  GAIN«       .7377*f;i 

BODE  GAIN  *   .-.24Ö5-00 

WOTS H01I*P*OOUC^ 

WFAL IMMüPv'*WV 
PA^T PAHT 

.?C93-01 .4H11-01 
,20»3-ül -.<rtll-01 

-.5134*')1 .0000 
-.l9?S-nO ,A3«h-00 
-.19Cb-0C -.^««b-OC 
-.2^73-00 .1401-00 
-.2^73-00 -.14U1-QO 
-.22<9-0H .0000 
.1923-07 ,3000 
.oc"-: .aooc 
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X(   ft>-TP-C'   3)  fnOHWlTCH 

ROOT  LOCt'f   r'AP»       »lJ«4*t»i 

BOOt   r,A!^   ■     -.J272-C4 

ROOTS 

RE At. IHAfttKARY 
Pif'T PAHT 

-.3336-0:? .coco 
-.1X/3+Ü2 • noou 
.i2Si-aii .0000 
.2Vn7-ÜC .2623-Dr 
.29''7-'-(J -.282J-ÜC' 

-.lV?h-CO .6742-or 
-,iv26-:c -.674^-ür 
-»f>44-cq iQOOO 
-,Bb4a-tjß .ooco 
-.53V2-07 • 0000 

X< 1>-T0-C( *) liUMEHATO« 

ROOT LOCl-'b SAIN1« .2523-00 

800E GAIN »  -.4762 ♦ 02 

ROOTS 

*UL IMAGINARY 
PAPT PAPT 

.1K7«30 ..7.000 
-,S»'l>ll*U2 .noon 
-.llf54 + :i .192&+Ü1 
-.li«?4*ni -.I92i>+01 
-.6226-00 .0000 
.ä7C4-JC .0000 

••ti»«-3a .0000 
.2bbn-:)H .cone 
.OOQQ ,nooo 
• Cinpo .0000 
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t(   ?)-Tn-( (   4)    tyHfftATOO 

WOT LOCUS :.Aiti   -.i.ni4*M4j 

BODE  CAIN   I        .i'bll^ni 

HOOTS 

»F.AL !MACI\Ah(Y 
PART PW 

-.li.v-nt .noCS 
-•ffM^OI .nocc 
-.3c'6*;u ."000 
-,l()4ft*(Jl lObOQ 
-.41/7-1)2 • riOOO 
-.14f:3-ll2 .3643-0n 
-.14b3-Ü2 -.364J-00 
-.2730-00 • 000Q 
IOOCO •oooc 
.occo i900C 

X(   3)-TO-C(   4)   NU^FRATOK 

ROOT LOCUS  RAIN»     ••fWMMJC 

BODE  GAIN   s     -.2fj7h'»-03 

ROOTS 

HO^ RIPR 
00\JC^U 

SEAL IMAttlMftV 
FAST PAWT 

.Ilfe4-n6 • 0000 

.296b+01 .lÜ4ä*ü2 
,2V65+01 -.104^*02 
.5b69-00 ,&l3!)-nrj 
.SbftH-OO -.nH*oa 
.f2C0*01 .rjonc. 
.b()49-un .noon 
.1719-00 iCOCC 
.1397-08 .00ÜÜ 
.0000 • POCJO 
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■ 

HOOT  LOCH;-    -AI'.»     -.ff#»»Üfl 

ROOTS 

-.J>1.C-o'. .34/9-0fl 

••IV16»0C -.3«39-C)n 

•,f%v7-o: looon 
»kiOO^U ,3Hn4-on 
,iiPÜ«'Jl -.3b04-00 
.IWH/*;]2 ,3000 

-,XOW*JI .rouo 
rOCCC iCOUO 
.ot*pr inooo 
»OflPC .coor: 

xc  |}*Trj*C(  A) Nü.4KäT0R 

ROOT  LCCUS  CAIM        ifl»%*Ü| 

BODE  r.AlK   s       .220O-G0 

ROOTS 

NOT REPRODUCIBLE 

f*t M IHA&lKAttV 
-AST PA^T 

.K 31-0/ .^713-07 

.lUil-'.)/ -.f-713-ü7 
,fC^l>*08 ,0000 
.9/<'j-nfj .f.COC 
,2f>6-ii: ,cooc 
.llb6*0: .3^7i-cr; 
iitt>6«nc! -.lft7i-CC 
.7^x7-0: •cooo 
.2/u/-crj • 00t)C 
.0(ir 'J »oouc 
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X( 6I-Tp-C( *)  ^'ü^EK«^0,•% 

BODE GAIN « -.^/iim 

ROOTS 

*[ LI IfM':,lN4HV 
PiRT PAhT 

-.92*?-C?l .4ii3-Dr 
-.9Zft2-tJl -,4iii-on 
.92??-f)l ,36?6-0CI 
,92V?-ül -.3626-00 

-,2331)*0l • rooc 
-.ICfb^Ol lOOCU 

-.26f7-3r .coco 
.745l-0a ,2010 

-.11M-C/ .CCCC 
• ooco .3000 NOT REPRODUCIBLE 
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SIKORSKY S-5b HELICOPTE»  JU^E 2 1970 NOtTAft«! nCRIVATlVFS 
CASE 21  SBF.ED'lPl.b FT/IICi  ►'-nCT«-2?,9 PT/SCC.  CAW^A«-12.8 DEC» 
CROSS WEICHT» 11Ö67.LÜ.   SEA LEVEL  DYMAUIC TIP LOSS (YES) 

STABILITY OERIVATIVF. ^AT«ICF8- 

U        V 4*9* 
X  -,2626*02  -.4165-00  -.5il4*02 -.743R*CJ .1299*C4   .2ft4r*03 
Y .2766-01 -.29''»*02 ' .*b*?mQ? '.l?!?*** -.«b92*ri3 .76«MrJ 
Z -.6785*02 -.12V3+01 •.2J3**03 -.I^M*:! -.295y*,.5 ,7i?^*'.i 
L -.2070*02 -.67»2*02 -.74li'*ü2 •tl«il*Ol -.M210*04 .214l*n4 
I ,9119*02 .67«5*0l .746b*ö2 ,93ft7*n4 -.2237*r5 -.JiJ>7*f4 
M  -.1993*03   .35>5r*n3  -,4?OI*03 .lJ%f*nJ .?>5'Ci*>  -.l^lS*".^ 

U DOT     V DOT      ' OOT P ""1 9 "CT     .'J '"*▼ 
X  -.5296-02   .1^40-03  -.?60b-01 -.2,'69<'.2 •.•»y|*Pi   ,5347* il 
Y .7918-02 .7049-01 .3795-01 .«5r>*(il -.2A27*'j? ',*€i?*Ll 
Z .1331-02 .937^-03 ,6556-02 ,7?9^*ni .143H»ni -.15;0*'!1 
L .3994-30 -.1979-00 .17*5*01 .25?4*:4 -.3735*f;3 -.5l9l*"3 
M .3904-01 .372(1-0? .H'77-Cü .3',T*n3 .2647*-4 •.79.^*;-i- 
N  -.9509-01  -.235S*ül  -.47l*-wn -.59«7*''3 ,1)9H>**?       .23M*^3 

C( 1)     C( 2)     C( II £< 41 
X  -#2543*05  -.6Ä7?*03   .lA^r^C1» -.7Ä7«*';l 
Y .4939*03 .1202*09 .^346*03 ,iVi9*r* 
I -,9*61*09 .1043*03 .?115*C,> -.9«'32*k:l 
L .1509*09 .1736*06 .l64|«*C"> -.96??*''4 
H   ,B939*C9   .9A90*R4  -,1«6J-*:* -.31^4*'3 
H     -.6939*04  -.3«64*c*   ,46?l*i:!J -.l47l*C;6 ^QJ RERROOUCIBLt 

THE INERTIA TENSOR 
,6*51*^4 .37««J-n«, •t3«)f*C4 
,3789-06 .2/%n*r5 -.7?29-r7 
,3939*r4  -.7229-n7   .2213*.?5 

TRIHUED VELOCITIES '«ITH «ESPECT  ffl  WF.HtLl  VCMtCLI "fePE^t'-CF   t^S- 

J                      \i                       *                      f '.                      - 
.9^64*02       .IflfeS-C'.        .?3<'3*0?     '«OOCfl .rnCO           -.CtD" 

TRIHMEO ITERATION COLl^'i VLCTOH. !£- 

.1717-CC  -.5523-n<,   ,4*46-01  -.3ir<>-r/' il44»«ej   ,30t»6»ii 

STÜIL1TY  AXIS SYSTE1  ItiLER   4M6LIS-       THETä»   -.2235-CC       PWJ     l^i64«C* 
AIHOUFt   INERT1AL SPEEP«     ,1019*83 
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.N0»MMiT04 CHI. iCTERIITtC 
»OTS 

*KtX I^MCINHRV 
H;. \ T KAWT 

.4««»l-.)/ ."COrj 
-•iM;*3i .3000 
-.8V41-JJ .nooo 
-.s/«A-jr: iHOOO 
.ivii-:u •afti»ofl 
.ivj3-'il -,?V22-on 

-.367r-oo .ll54*ni 
-.367:-i: -.lli4*01 
-.1424*01 .nooo 
.OOCO .0000 
.on^c .nooo 
•OOOn .nnoo 

NOT REPRODUCIBLE 

IMEQATOQS 
I0TE-  MU^'P-'ATOf.  ^OOTS 
.RCE8T  NJ'TWAT)«  W00T 

LtSS   THAN  l.Ot-7  TIMES  THE 
A«t   '.CT   IMCLMDED   IN  TwE  BODE  CAIN). 

l)-TO-C(   1)    rJ^?ATOr< 

lOT LOCUS  CAl\t       .693,)*n2 

»DE  GAIN  »     -.9V6;*03 

•OTS 

SF.-L 
PA^T 

.5723-00 
,5/?3-:0 
.7k47-:i 
.724/-LU 

■,lliü-0C 
.0053 
.OOün 
,oo:n 

r'ACI\A»V 
PAMF 

.nooo 

.0000 

.1369*01 
-.I36d*0?. 
.1307*01 

-.1307+31 
.0600 
.fJÜ30 
.rnoo 
.1000 
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2)-T0-C( 1) NUMERATOR 

OT LOCUS iUlfv«  -. 1164*01 

DE GAIN «   .l»3b*03 

OTS 

SEAL MACINARV 
PART PART 

.1721-07 .0000 

.1014+03 .0000 

.4?57*01 .0000 

.3216-00 .cooo 

.3054-01 .cooo 

.7149*01 .0000 
,2469-00 .4571-00 
,2469-00 -.4571-00 
.0000 .0000 
.0000 .3000 

3)-T0-C( 1) NUMERATOR 

OT LOCUS GAIN*   .2675*03 

OE GAIN • -.8^94*02 

GTS 

REAL IMAGINARY 
PART PART 

.6552-07 ,0000 
-,5736*01 ,0000 
-.4376-00 ,1243*01 
-.4376-00 -,1243*01 
-.1683-00 ,5427-01 
-.1663-00 -,5427-01 
,5270-00 .0000 
.1012*00 .cooo 
.0000 .0000 
.0030 .0000 
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4I-T0-C»   i>  *4l*iWQß 

»OT LOCUS C.AI"    •.«^••3i 

•OE  CAIN •       .tiS/-C* 

»OTt 

*t*L l-.&p.i^v 
»MT PA«T 

••fti9*OI ."SJC 
.«/•/-.: .it3i*:i 
.47f7-3: -.1031*81 
.4011-90 .437^-0: 
.4011-00 ••4J7i.O^ 

•.l»40*0l .0000 
-.3oii-j: .»000 

.4X41-36 .9000 

.0772-07 .rooo 
• 0000 .0000 

5I-T0-C(   D  \UMt«4TCw 

K)T LOCUS Utm    -.3ft4*«01 

«I  84IN •        .4474-01 

WS 

H*L 1**01%*»* 
Pant »4«T 

.2412-03 .3«27.:i 
•1412-03 -.3427-31 
.«143*01 .:coc 
.3l7f-00 .127MC1 
.3iy»-3r -.J274*:s 
.0104-00 .:ooc 
•0209-01 .ooos 
•ooco .n?or 
.ooc: oocr 
.4141-J/ .—"C 
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• )-TO-C( i) rj^F.UTOR 

)OT LOCUS -.APv«   .127S*Pi 

)OE CAIN r   .?Vl<9-:4 

)0T8 

»EAL I
V
.ACI\A«Y 

P/7T PAMT 
.20*1-.^ • 0000 
.7!)67*.;i .coon 

-.79;H-JI .sis^-c: 
-.79/«-01 -.5159-C3 
.3l34-'j: .3H1C-0P 
.3134-:: -•9tt0*0fi 

-.3667*:i .rccc 
-.3132-30 .ccoo 

• OOPC .9900 
.onno .9000 

KC 1)-Te-C( 2)  fUMEf.ATC'J 

ROOT LOCUo Mt«l   .5731*01 

BODE CM»: • -.!»Att/*03       N0T RtPROOUCIBLE 

ROOTS 
pLAL |NACI\/^V 
»A^T pAfcT 

.4h7l-nft .'QCU 
-.2215*02 .'JCGf 
-.21J4-0C .2794*03 
-.2U*-00 -.2794*01 
-.4K1-CC ,ll7j*ni 
-^i^i-on -.ll7r,*01 
-.46«.4-:: »0000 
-.41>--;1 .JOCi- 
.0;":i5 .ncoc 
• ocrn ..JOOC 
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- . 

! 

X( 2)-T0-C( 2) NUHCRATOfl 

ROOT LOCUS UIN"  - .339i*n2 

BODE GAIN a   .1603> »04 

ROOTS * 

«F.AL IMAGINARY 
PA9T PART 

.66^7-07 .3000 
-.3642*02 .0000 
-.2073-00 .nooü 
.57154-01 .2310-00 
.57fl4-01 -.2310-00 

-.2B73*0l .0000 
-.3807-00 .135<J*01 
-.3607-00 -.I35ö*01 
IOOOQ .0000 
,0000 ,QQOC 

X< 3)-T0-C( 2) NUMERATOR 

ROOT LOCUS GAIN«  -.1393*01 

BODE GAIN '     ..2419*03 

ROOTS 

REAL 
PART 

-.5076-07 
-.9429-01 
-.5429-01 
-.6248-01 
-.2485*02 
-.2485*02 
-.4058-00 
-.4058-00 
.0000 
.0000 

IMAGINARY 
PART 

.0000 

.2326-00 
-.2326-00 
.0000 
.3212*02 

-.3212*0? 
.1170*01 

-.1170*01 
.0000 
.0000 

NOT REPRODUCIBLE 
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ROOT  LOCLIS   r;fiINs     -.&317+02 

BODF GAIN =   .6370*01 

ROOTS 

HIM nuciKArfv 
FA^T PA»T 

-.Sft'H-P/ .0000 
- «2JÄ-00 .1167+CH 

•22*-00 -.1167+01 
9ft.:6-iji .3452-00 
96'.;.6-Ul -.3452-00 

- .IJ54+C1 .0000 
-, 2>&?'ÜQ .0000 
- 71(^7-U1 ,aooc 
,4623-09 .0000 
oc:3 .0000 

X(   5)-T0-C(   2)   NO^EWATO'? 

ROOT LOCU6?   HAlIV«     -.I2ä2*ni 

BODE  GAIN   s        .ftb77-01 

ROOTS 

ML AL IMAGISARY 
PAHT PART 

.1051-01 .4891-01 

.1051-01 -.4091-01 

.803.6-01 .ooao 

.1H49+02 .0000 

.4a9:»-oa .1174*01 

.4090-00 -.1174*01 

.6419-00 .0000 

.2554-0/ .0000 

.1902-0/ .0000 
»oooo • nooo 

Wr »^»««tll 
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X( 6)-T0-C( 2) NUVIER4T0« 

^OOT LOCUS 54I\t   il277*02 

BODF. GAIN s   ,2*0**02 

ROOTS 

«EAL IMA6IMRV 
PART PART 

.415H-01 .344(.-o;i 

.41brt-01 -.3446-Cn 
-,2»69-or .ncoo 
-.2302*01 .cono 
-.3039-3: .1304*01 
-.3039-01' -.130«*C1 

.7994-00 .r.ocj 

.12ft3-07 .nooii 

.OCCO .coor 

.0003 •cooo 

MC 1)-T0-C< 3) KUHKMATOI« 

ROOT LOCUS MIM -.4»7««ü2 

BODE GAIN •  .297A«a4 

ROOTS 

REAL I>4Ct>.«4V 
PART i>i4T 

-.4X61-0' .'»OCS 
-.4*73-00 .10ÜO 
-.»32S-31 .-0C3 
•.16>e-0C .?^3•♦P1 
-.16>I»-00 -.2636*:i 
-.»♦'^♦oi .700% 
-,43*2-3C .lrf/-»Ji 
-.4362-30 -.t^^^Ol 

.03:: •3001 

.0330 •oooa 
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X(  2)-TO-C;(   J> ''J it..AT:;., 

SOOT  LOCUS   r.al\s     •.2.U2*Cl 

ÖODF.   SAIN   =        .l/JJ + 03 

HOOTS 

"l-.L r-i/.5i u^v 
Prt«T PAWT 

.ii/7-01 .'5932-01 

.5J'7-()1 -.l5;32-Cl 

.*)/-'9*n2 .3000 

.l^n-jü ."•rjoj 

.'al9i*:;i ."jp] 

.422i"-00 .3l«ö*'ll 

.47y:'-:i: -.3l4o*ot 

.O'i-ro .rnjn 

.?:--. .."io: 
•oa*n .cooo 

K(  3»-t'i-f<c   3) vj lCf>ATO*i 

•IOOT UTtS   UP«     -.%74!*(V 

8006  C*l .  ■     -.o/l/*C3 

«00T< 

•«r'.L I'AGI . 4V 
p>aT PAnT 

-.»1/^-31 . »cnj 
.li?71*02 .?oon 

-.•5J1-11 ./3n7-3: 
•.4351-31 -.23C7-J' 
-.^^»♦'•l 
-.4^-/-.,? .I2iv*;i 
-.4* #-w»'. -.I2li*jl 
•.Aul3-ni- ."30? 
.?•"' .•.n:c 
.: • .■'jr.:i 

NOT REPRODUCIBLE 
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X( 4)-T0-C.{ 3) NUlE-ATyi 

ROOT LOCUS (UIM  -.2V6:i*ni. 

BODE CAIN =  -.^«lia-Qli 

«00T3 

ftF.At IMAClKA^V 
PAUT PART 

-.636i>-t.^ ,3«09«0l 
-.63^-02 -.33Q9-C31 
-.7161-31 .11300 
-.8»H9*01 »3000 
-,6ü9a-01 .lb23*0l 
-.6093-01. -.lb23*0l 
-.1234*01 loooa 
.00'JO .^onc 

-.S/SO-Ob .0000 
-.7bl2-07 .0000 

NOT REPRODUCIBLE 

X( 5)-T0-C( 3) NUMERATO-» 

ROOT LOCUS GAIN:«  .74«»I#üI 

BODE GAIN • . .1433-0f' 

ROOTS 

"FAL I ASINA^Y 
PART PAMT 

.1392-02 .0000 
-,567e*0l .r.oco 
-.4243-00 .1?32*01 
-.4293-00 -.1232*01 
-.6397-00 . JOOO 
-.9ü?7-01 .OOCD 
-.xn4-ox .nooc 
.6671-06 .cooo 
.5>«-a6 .rn'ij 
.or.: 3 • 300Q 

270 



X( 6)-Tn-C{ 3) I.UMEHATO^i 

HOOT LOCUS 5AIM -.H7.> + ri 

80DF. GAI"; S
  -.«/Oft-O? 

H00T3 

:' K A L PUCfNA^V 
PA^T »-AHT 

-.Ss-^ii-;^ iPOOQ 
-.6V2i)-Ul .5327-Ü0 
-.ew-n -.5327-00 
-.4V&Q-02 .391b-01 
-MVUO-JZ -.3915-01 
.1?99-U0 .3352*01 
,1299-00 -.3332*C1 

-,4/29*01 •aooo 
.22/9-OH ."O'JÜ 
.co:o .?0JC 

X( l)-TO-C< <> NU^IHATOH 

ROOT LOCUS CAIN*   .W3S-00 

MODE CAIN •   .6045*02 

ROOTS 

REAL IHA6UARV 
PART .»ART 

-.2^5-01 • nooc 
-.31A5*32 .D30C 
-.5^34-00 .2ft42*01 
-.»534-Ü0 -.2642*ai 
-,1499*ni .9000 
.li49»0l .cooo 

-.46i»2-:iC .3000 
-,;451-)» .roco 
.3)^0 .cooo 
.0000 .0300 

NOT REPRODUCIBLE 

27i 



X( 2)-T0-C( 4) ■■'ü/it'UTQi-: 

HOOT LOCUS r.AlNs -.Iri'i + O-c 

BODE GAIM *        .7336tn 2 

ROOTS 

REAL MAGtMRV 
PART PAHJT 

-.1344-06 »0000 
-.6478-MJ2 »0000 
-.4894*01 .1000 
-.1440*01 .r.ooo 
-.4043-00 .0000 
.4028-ÜI .3176-00 
.4028-01 -.3i76-on 

-.16«-01 .nooc 
.0000 .100C 
.0070 .njoo 

XC 3)-T0-C( 41 VJHEMATOa 

KOOT LCCU9 CAt\> -.124300 

•006 CAIN •  -.3664*02 

ROOTS 

REAL I^\r,I\A^v 
PIQT PAIT 

-.»417-01 .1003 
-.54i3-0l .2i44-03 
-.»413-01 -.2344-0') 
.3MM02 • 7303*01 
.36H8*02 -.7303*01 
.2296*01 .100} 

-.l»0l*01 .00 31 
-.2^68-0» .nnoo 
.QOCO •oooa 
.0370 .0000 
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X<    4)-T0-r(    4)   fJU^WATOR 

«OOT LOCOS r.Aps    -.^si^oi 

-.7130-01 .icon 
•.l«6*^i ,0000 
-.1^3h4-Jl ,OOOP 
••J4!io-3o ,oonj 

»7>Q4»0t .33'r/-üC 
.7i««-0l -.33f./-nr 
»ww .rooc 

.p^f-n/ ,mot' 

X(   5)-T(-C(   4)   f.uffeK*TC«. 

»CCT   LrCJS  r.4p«     -,ir4A*rt 

BOOt   r.AlK- »    -.iVHJj-tu N0T RtpRQDUCIBLE 

«OCTS 

'( 

^4L If/CP/HV 
H^T PART 

.It'ib-Ol       .&J26.P1 

.Jhfi-Ol -.5*26-01 
'.7«»o-11       .TPLC 
•.29»-7*)2      lOPOr 
•.i*v3*ii    .rcnc 
.lt.2b*01      .CCOC 
•.6i«o-on    ."ooc 
.S273-0/      .399r-07 
,bZ/}"2f -,3«J»'.-07 
.i/«i-'je     ."OOL 
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! 

X(   6)-T0-C(   4)   MÜK|ft4TOr5 

HOOT LOCUS CAIN»   ./^i+.U 

BODE GAI\ s '.f>'i7A*Qt 

HOOTS 

"iF.AL 1 ^iGl\A'ÄY 
-»A^T FA-T 

.1052-3/ . ini'C 
-.4S2b*0l .1000 
-.144Q+01 .notjo 
-.74b2-01 .4Q19-00 
-.MHt*OI -,4 01SI-C0 

.9315-01 .:3j.l5-00 

.9315-01 -.3015-00 
-.37151-00 .LIQ'I'J 

.13^0-08 .0000 
,0000 ,0000 

NOT REPRODUCIBLE 

1 
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CAS« <;/     l^crri lif.i «T/«- c,   —• u*ft«> M/nr.   c«»^*«-'.»* nee, 
CROSS *EIC^i«  11067.L^.       SLA trVU      '^'.«»IC  Mp tC«i fvitt 

sTAmiTv »ratvAnvf   -.'^if.-?- 

. » .• » 0 i 
X -.r^:»:? -.4»?4-.: -.::M^C? ••fait"! .t;»" • .»U4*3« 
< .i W-JO •,4V*M '/ ., .V -••n -.1>3«"   4 •.•»4 7«-J ,•?•#♦«> 
r -./l'^*'!? -,39V3«<)t •.    T' -• ri •.V'Tl«   J -.«rf**«,^ ^«^••♦•»J 

L |4?U*C1 -.1" ,7*:i.4 •.t}J3*01 -.l7»>   > .«;9j*'4 .^:ii*?4 
■i .i>VJ*C2 .l/O*.'? .'»''^♦CiS .l-^J^*-» -.?4J4#5% -.rMo3 
• ■ •,»J!i|*'Jf .4.J l*0J •.»39*^09 -.I*-!*'« .*T»**J4 •.J433»5> 

J   ^OT v : »1 .   -OT n rot i f»et 4 jr» 
< •«i'ja-M ..*. >•>•« -..•'•!-. I -.W>* l -.*7«'4*   i .l'#**Cl 
Y • J^f^-rj . /v« ^-3j .»#«#•01 .9*>«*-l •.?5«j»:^ •.i43S»-l 
Z -. U95-:^ -.7»»7,,-iIi -.^»s-ns .6?»3«n »io#fn •.4|»4->9 
L ,l'/6-CP .l»lT»nc .y9;i*ji .?A«fl«»«4 -.J»»!»'»? •.:4»?»:3 
'» .7"^-:? -.?:>ai-"l (jr#y««a(i .^••«^♦•J .?6*4*?4 •.2>4»»-J 
M -.JM3-'U -.fi74*0] -..iiM-jr -.3^7#*"i , «Hfl«,«* .»♦•♦•»J 

'(   1) :A   |1 C(  1) ?(   4) 
X -.iMl*r* -.6i3.*„i .i#n«c« -.<OST*'^ 
V .•»IVö^CS .iJw**rs ./^/•»♦j^ .bl>l*   * 
1 -.l^is^C-ft .2'.r;^*;i« ,«41940% -.«.•»«▼•-rf 
L ./j^i^r^ .1777« jh .•»•74-«:4 .X?49«    » 
^ »i^n^o« , /«V.*'M -..»»S?*.** -.i*7:»*« —« e 
«i -.«;>«*o* -•1A^«0S ,»»fi»l*C5 •.;7??* 6 .<BQr lOUC»»^ 

THE   INFRTM  Ttf.SO^ 
tft .".'!*',4 

,17: Ur* 
,?7*C*C% 
.7001,-^4 

»OT 

.i7l7»r4 
,;-«4.-« 

TRIMI1E3  VM..1C1TIES   MTH   ^.S?ECT   T(J  ■'VE«/.Lt   VFuir.tr   "^PC'f.Cf   «»rt- 

3 • 
.3:r 

.r:7:-::;    -.i/"'.,-'i     .7m-ci      .i*<r>--i 1944*01 

STimLlTY   -'1^  &V5TFN  |    LUV   A*;i.F--       1-^TAI   -.li!»-:?       »»-I 

-.Xl4>»-2 

•.ii«»«a2 

2?^ 



OIWIMW   C«'A».Af. rF-iSMt 
*CCT? 

-«AL r*&lN4UV 
i-<T ».4♦,' 

-.l».«.'- ib .-.C r 
-.^/«•'♦•Jl .-cr•, 

-.4/f 7-1C. ..•en 
-.»^3-:i .CCfiC 
.9t* 4-:i .3lOC-t# 

,9"» 4--.1 -.iibt-n" 
',b>» 7-lT .lb3. »Ql 
-.bj* 7-t: -.1^. m 
••&t»v«oi .rnnc 
-.«/»•7-Ul» .rctt 
.rf re .care 
,3! -r •escc 

NUHFRATCaS 
(NOTE- ^'t^iTru fc,0CT!» LtSb U-^ \t*i-7  Tl-f5 TME 
LARGEST WL*r»AT()R RCOT /Rt '.^ l^iCtUDlO P T^r aorF CAIV). 

X( l)-TO-( C 1) r.UMkR/Tc:. 

ROOT LCCüS Z*V       .4/9r4üj 

BOCF CAP *   .*HJ)/*,w,> 

ROOTS 

«PAL »•^CI'ARV 
k*5T PART 

.7«.-3-',l .rroo 

.b^l4-0C .ncoc 

.1«.',7-ÜÜ .^19^♦C1 

.1,»"7-JC -.?i9e*ci 

.5/S1401 ."'OOC 

.51-5-OC .172*^CJ 
•ttcn-oc -.1724*01 
.d *•" .noor 
.3»-'?-"/ •&bOo 
.C "'.' .roor 

NOT REPRODUCIBLE 

i 

I 
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. 

ROOT? 

X(   ^)-Tr-( (    1 )   liUMlRATOf' 

«CCr  LOCI':-   ^AI* =     -.h:'[b-ir 

•PAL r-i^üI\AKV 
y/i^T PAWT 

.9016-06 »0000 

.4'y7?*0J tOOOO 

.biVM+ni .rcoo 
,IU6Cl-00 .TüOO 

.1^/7-Cl .nnccj 
,l«i»4*01 .23Clh+Pl 
.l<Jb4 + Ql -.23r'P+Ci1. 
,to*»-oa .couc 
.OOtiQ .oooc 
.00^0 .coco 

X(   J)-TO-C(   1)   NUMtHAfOP 

«OCT LOCÜ«  GAIN»       .3iwn*ci3 

BOCrr r,Ai\ »       .I4 7i*p,i 

HOOTS 
NOT REPRODUCIBLE 

^».AL IHAüIfw'.KV 
PA«T PAKT 

-.94-3-01 .:ono 
-.56:;*o.i .oooc 
•,f»4«-00 ,UH*01 
•.iü4«-00 -.16H«)*01 

,I4S»2*01 .OOOQ 
-.lftv;-op .oacü 

,l*9d-öO .OOOü 
-.li)7/-J6 .ciünj 

.corn ,ooon 

.C'V-n .oontj 
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X{    4>-TP-r:i    1 )   .jJ-t'-ATCV-, 

•^nOT   LOCÜ'3   f,tr=      -.7424*Ol 

BODF   GAT\   =      -.li66*ni 

ROOTS 

HEAL IMAGINAMV 
P4ST PAm 

.6'»V7-n/ .98:,6-37 

.§097-0/ -.9M^-G7 
• 16i*i*0l .nooo 

-.234C-Ü1 ."COO 
•tnio*oa    .rone 

-.20b3-pjn    .none 

.1276-00     -•2i4««OS 

.PÜK9+01      »8000 
-.2Ü'6*ül      IOOOQ 

X( 5)-Tn-C( 1) MUMERATQC, 

ROOT LCCUb GA^s  -.6574*1)1 

ROOTS 

AIM   -        .7229*04 

HEAL r-AGI\AWY 

PART PAHT 
-.1624-06 .nooo 
-.5»//*Ql .nooo 
-•4791*90 ilMO^Ot 
-.4791-00 -.i6ftn*oi 

.639b-02 »cooa 
-.60cn-oc »aooa 
-.6152-31 .nooo 
• •4ll99*ai • T'Owi) 

.OU"M; . r<ouo 
-.27Zb'}.. .^0:0 

278 
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i 

\ 

x{  6)-TO-L(   i)   .1.1 irw^r:;- 

ROOT  L nCUri   'Ui: s        ,27Vn*fJl 

ROOTS 

-1 &L IXAd-viRV 
P.AUT MAriT 

.?:r/-o: .•:OüO 
,2U5*»üO • 0000 
.46/TJ + fll .3000 
,4i«u-01 .üiZ^-OC 
.414^-01 -.ÜWV-OO 
.lii'snu .2295*01 
.li?**01 -.?29i,*tJl 
.y/'9-jy ,nooo 
.f^ono .cooo 
,OP30 .0000 

X(   l)-TO-C{   2)   NUi4|«AT0^ 

^00T   LOCUS   r,AlV» .i>661*0l 

BODt  RAIN  s        .4114 + ':? 

^OOTS 
NOT REPROOUC/BL£ 

•^ZAL I/AGIiSAWV 
pm P4«r 

■.4M. i-n ,3003 
■.2>,'»2*.J2 ,30üö 
'.tniS-OO .2712+01 
'.2'nJ-00 -.2712 + 01 
'.»»♦3-33 .l5i.!>+ol 
• b-JftS-JO -.163-j + Ol 
♦»/»/•33 »3000 
.or'. ,3000 
.Sft?-?-:/ .3000 
.Ou"'- .'jooa 
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«AU  »     -.1A'2» 24 

«rAL l^AGPUMV 
•ART P44T 

.2>^l-05 • 0030 
-.2,>l«*32 O90Q 
-.4/i2^0l . in .1.1 
-.l^»-3C .2U3S*gi 
-.lo»»-00 -.2n3^.')i 

.«3^6-01 .l«O^-03 

.»3^-01 -.IdJA-O') 
•.119/-J0 . 1600 

.TJ^O .1000 

.0000 .•»030 

X( 3)-T0*CC 2) MUMEftATOl 

«OOT LOCOS P,AI\«  ••9917-OQ 

BOOP CAIN.»  -.SbW^O« 

NOT 

ROOTS 

'^Al 
PART 

-.»49%-C2 
-.»49»-32 
-,I1959-0X 
-.2427*32 
-.2*27*32 
-.»546-30 
-.3'»46-00 

♦ iro^-oii 
.3'J30 
.1000 

.1002*0) 
-.1032*00 
.0000 
.»«4S*02 

-.»«43*02 
•1639*01 

-.1639*01 
.0000 
•0000 
.O'JOO 

Rt9R00üC»Blt 

260 
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X( 4)-T3-':( 2) KUHCRATOX 

«OOT LOC'iS  r.ilU*     -.>4»5*r)2 

bOD? r.AI i  »     -.1J4ä*02 

-«SAL rnciNAAv 
PiaT PI«?! 

-.2»:6-01 O900 
-.»•»»3-00 .1663*01 
-.»3*3-00 -.1663*31 
.2il/-00 .2927-03 
•231^-30 -.2927-00 

-.)*42*ül .0030 
-.2423-0Ü .J1J0 
.«324-0* .3)00 

-.3J/*-li: .TJ-IO 
-.9313-3V .^003 

X(   *)-T<i-CC   2)  .AjilE4«ro<* 

«OOT LOCUS  GAIW»     -.1164*0X 

ROD? 5AIN •   .1211 3*05 
1 

HOOTS 
r 

«r.AL IMACINA«V 
PART PAKT 

•1131-01 .2300 
•.4^Jl-0l .24S3-01 
-.4*31-01 -.2»»3-01 
-.2109*02 .0300 
-.»»44-00 .1447*01 
-.»»44-00 -.1*47*01 
-.6-*b4-.1C .0000 
•OOM .noon 
.Onoo .3000 
.74»1-1» .3010 

NOT REPRODUCIBLE 
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X< 6)-T0-C( 2) MÜ^Er<ATO^ 

ROOT LOCUS GAlVa   .i>b44 + 0i 

BODE GAIN *  -.lU73+3h 

ROOTS 

^EAL i^jGl:a«v 
PA^T PANT 

-.23*2-00 .irrno 
.1*90-00 .4447-0r) 
,1690-00 -.4447-00 
,5869-00 ,0000 

•Obl^Ol .0000 
-.61/8-02 .1302*01 

-,61/»-'J2 -.ll5C2*01 
.0000 .0000 
,0000 .oooa 
,0000 .0000 

X(   l)-TO-Cf   3)   1 iUME^ATC^ 

«OUT LOCUS GAIN«  -.4410*02 

BODE CAIN «  -.143an0 

ROOTS 

REAL ISAGlrvARY 
PART PANT 

-.9290-01 .0000 
-,5692-00 »oouc 
-.1690-00 .2677*01 
-.1690-00 -,2677*01 
-.54^7*01 .0000 
-.Sb'^-uO ,i64i3*01 
-•»»Hi-OO -.I64f>*3l 

.17«»4-0V .0300 
-.4444-0« .0000 

,0OTO .100!? 

HOT 
RtPR00UC\BU 
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X(   2)-T0-L{   i)   .-U 'Er-'ATC » 

HOOT   L<KU5   ':.AIV«     -.?52-.)4-Ji 

BODE   ÜAIlv'   "     -.7n^ö*0^ 

ROOTS 

»lAI. I^AfJl    AWY 
P^T PA-»T 

-.4vi.ri-oi3 .^OrJO 
.24?0*Ji . n co: 
.l/i^b-n:1 ,'5030 

-.bl« J-?J1 .:;3Qr! 

-.n/>*-.} i. .uOOü 
•♦»ani^oi .noon 
•.i>U-30 .?7Cj*ül 
•.lill-30 -.27Q0*31 

.ooco . 'CJ'J 

.irvjj .oooc 

X(   ?>-TC)-C(   3)   »iÜ«tH*Tü^ 

ROOT   1_ :CsJS   .-6 1 >»     -.UOO^OA 

90ÜF   RAli   s       .»ill*02 HO*  * 

ROOTS 

VJC\B^ 

-t./.! |MA6lNA»¥ 
PA.T PA«T 

.j!>4S-r)i 

.ICI«S*02 .0308 
-.9^^ö-ol .nosn 
-.2/39-Cll .3192-Cl 
-•»W-Ol -.51»2»01 
•.i4il»*0i .:OOü 
•,|*«»»»IJU .1647*CI 
•.»•«fi-03 -.1647*C1 

»coon ..it'On 
.03 en »nooa 
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X(    4)-T0-C(    3)   "UMH^ATO'"' 

ROOT   LOrUS   r,AlV«      -.8994-00 

BODE   Gfcl'vi .UM*0« 

ROOTS 

Hl AL 
PA^T 

-.2b9i!-Jl 
-.31ft7*02 

-.»d52-02 
-.2135*01 
-.8973-01 

.4o26-01 

.l»>7n-0/ 
-.43/6-06 
-.9269-07 

IHAGINAIIV 
PAHT 

IOOOC 
.ilUOO 
.I974*ül 

-.1974*01 
.0000 
.0000 
.oonc 
.nooj 
.noor? 
.ÜOOC 

Xt   5)-T0-C(   3)   I.UMEHATO». 

ROOT LOCUS  0.AIM       thH**Ol 

BODE  GAIN   ■     -..1230*04 

ROOTS 

^EAL IMACrs.'HV 
»ART PA^T 

.9^1-03 .'JOOu 

.5457*0l .nooo 

.5^33-00 .1656*01 

.5&33-aO -.1656*01 

.f/li-oo .OOOU 

.9296-31 .nono 

.3P3>-31 .0003 

.26:7-06 .OQO'J 

.1115-0/ .reoo 

.COCO .00Ü0 

NOT RtPRODU CIBLE 

■ 

26U 

f 



X( 6)-T0-C( 3) '!UME«<ATOf 

HOOT LOCUS CAP'«  -.376V*Ü3 

BODE CAIi  =   ,1C2V" ̂07 

ROOTS 

«f4L IfiAGlVARY 
P/«T P4RT 

,104?-01 .0000 
-.8V/3-01 .oono 
-.bVS>3-01 .5496-00 
••it»l»01 -.5490-00 
-.4V99*01 .OüCO 
-,ir/2'0Q .2749*01 
-.1/^2-00 -.2749"«'01 
.32:1-07 .0000 
.once .0000 
,§0*0 .0000 

X( l)-TO-:i 4) iUMEWATO^ 

ROOT LOCUS fUlM»   .7il7-00 

BODE GAIi: « -.7292*04 

HOOTS 

XFAL IfARIKARV 
PART PART 

.2314-07 .1)000 
-.4191-Ü7 .0000 
-.26*9*02 .PQOC 
-.S799-0C .0000 
-.3»?H5-31 .POOC 
-.3511-00 .^523*01 
-.3311-OC -.2!»23*01 
-.2?<6*J1 ,1000 
.2iJ4*ji .nono 
.no:o .oonn 
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X(   2)-To-c(   «)   NUMERATOR 

ROOT   LOCUS   r.Al\«      -.14?7♦01• 

BODE   GAIN   '     -.561b+rjH 

ROOTS 

«F.AL 
PART 

.llbV-06 

■,2798-00 
.lb6b-00 
.136^-00 
.2218-01 
.4627-09 
.oocn 

IHAfilNARV 
P«RT 

»GOOD 
.nooc 
.oooo 
.r:oco 
.nODO 
.3171-00 

-.3171-0? 
. jnno 
.neon 
.nooo 

X( 3>-T0-C( 4) NMNffUTOR 

ROOT LOCUS GAI\« -.1211-t'i 

BODE GAIN a   .I4<i5*03 

MOOTS 

^FAL iiAci-v^av 
PA5T PA tT 

-^b'-s-os »aooo 
.2426*04 ,000f 
.1091*02 .naro 
.3667*31 .?ono 

-.23',.1-C2 .ll9I>*ün 
-.23n-ü2 -.to'^^on 
-,22b**Pl •cooa 
-.^»^5-01 . icnc 
.omc .::ont. 
.irre .rooc 

NOT 
KPROD uciiie 
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*(   4>-Tr;-c,(   •)'(..  i-;,T ■• 

HOOT UOCL'S  nil» «     -.'i?«J*Ul 

PtRT RAUT 

,2« >/- '.. , v. ? --j" 

-.1/14-;». .".MC 

HOOT ff. •'    -.Al: «     -,A ./7-f i 

•iOPF  TAT . *    -.?4<'-*j4 NOT REPRODUCIBLE 

WOOT^ 

•:-u : ussi «-v 
i;\T »AkT 

.? .«:- i ..(.»••: 

.o.4"-.: .^i^^-n 

.4.^,   -   1 -.n«'*-M 
,44.;v*72 ..'cm 
./»/:/♦;! .   :r. 
.23'-*:M •tote 
.ecK-.n: • T.'iC 
.4/:/-..' .*^e--.T 
.4 i;-H -.1^7*-:» 
.?••*:- 4 . 'O'l! 
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X(   •)-TO-r(   4)   'U^F*<1TC- 

«OOT  LOCI"»   -.AP.«       ,»2«7*rj 

BODE  C&I i »       ./i«49< 

BftrtTC 

►07 

It/iClKASiV 
k^PT PAJ.T 

-.1*14-07 .none. 
-.4Vi»*01 .'OOC 
-.19*3*01 .:ono 
-.576l«-01 .4776-00 
-.57AÄ-01 -.4776-00 

.1003-00 .2796-00 

.lt'«3-0C -.;7*6-0f5 
-.2612-OC • oooc 

.1720-10 .roou 
• 30C0 .0000 

NOT REPRODUCIBLI 
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