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ABSTRACT

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 for
the YHC 1=A include forward speeds from O to 80 knots and descent
rates from O to 25 fps. For the S-58 forward speeds of O to 100 knots
and descent rates of O to 22.5 fps are considered.
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LIST OF SYMEOIS

A Polynomial coefficients

A, Coefficient of transfer function numerator for
generalized degree of freedom i

A1s Lateral cyclic pitch, radians
B Polynomial coefficient
Bi Coefficient of transfer function numerator for generalized

degree of freedom i

B1S Longitudinal cyclic pitch, radians
e Polynomial coefficient
S 2
Cp Drag coefficient, (Drag)/(l/E)on Sy
Ci Coefficient of transfer function numerator for generalized
degree of freedom i
Cy, Lift coefficient, (Lift)/(1/2) °U025w
D Polynomial coefficient
Di Coefficient of transfer function numerator for generalized

degree of freedom i

E Polynomial coefficient

g Acceleration due to gravity

i Generalized degree of freedom

Ix,Iy,IZ Moments of inertia

IXZ Product of inertii referred to stability axes

: -V-1

Ex . Distance from center of gravity to pilot's location
2J2

viii



U

Roll acceleration

L, + Ixz N,
L el
X
= T2
Ve XZ

.1
X'z

Airplane mass
Pitch acceleration

Yaw acceleration

Rate of roll

Rate of pitch

Yaw rate

= 0 + jw, Laplace transfer complex variable
Wing Area

Thrust

Time constant of particular mode characterized by
subscript

Time to half amplitude

Perturbation velocity along the x axis
Forward speed

Trim forward speed

ix
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'_E‘\O’\Z

Sideslip velocity

True air speed

Perturbation velocity along the z axis

Gross weight

Acceleration along X axis (forward acceleration)
Spanwise distance from airplane c.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 r>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 transform complex variable s

Undamped natural frequency of a second-order mode,
particularized by subscript (e.g., Wy wb)



Special Subscripts:

a Roll control (aileron, differential thrust or
equivalent)

d Dutch roll

DR Yaw control

e Pitch control (elevator, tail jet or equivalent)

o Basic (unperturbed) condition

D Phugoid

R | Roll subsidence

s Spiral

sp Short=period

P Bank angle

xi



This part presents the derivatives and transfer funcitions for
the YHC-1A. The format follows that of Reference 33 of the main text and
is largely self-explanatory; however, the following points should be noted.

All derivatives are quoted in units of angular or linear accelera-
tion per unit perturbation quantity. The derivatives in body axes were
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 in
the equations of motion through the transformation

Loz Tos
o P 3
e E ] Ny 8 =y
X z
Li i 2 2 N:L i3 2
bl (Ixz) e (Ixz)
1 Sl i
X Z X 2

where i = u, W, p, 4, r, Oor d

Note that Ixz’ Ix’ IZ must be referred to stability axes in this

transformation.

The input format also includes some redundant data ‘e.g., span)
which are arbitrarily set to zero.

The transfer function data include.

(1) Demping ratios and undamped natural frequencies 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,RB,C,D,E,

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

(L) d.c. gain and root-locus gain



roll to equivalent sideslip velocity ratio d/v where

(5)
1/2 ), 0 = air density ratio (=1 for th' sea

=U 5(0
level conditionl considered here).

The longitudinal controls are denoted in the print-ocut as
The lateral controls are denoted as 'cyclic’

'cyclic' and 'collective',
and 'tail rotor', These labels are not wellschosen for the YHC=-1A
tandem=rotor configuration, however they are standard for the print-out
of the computer program employed,

For a full discussion of the derivatives and transfer functious,

see the main text of this report.



Yv
Yp
YR
YvD
YPD
YRD

< <
C O»
D

MACH
MAC
HT
LX
CL
IX
SPAN

Yv

YR
YVD
YPD
YRD
YA
YDR

COMPUTER PRINT-OUT DATA.
ROOTS OF A/C LATERAL DIRECTIONAL TRANSFER FUNCTIONS
RUN NO, L%
VERTOL YHWC-1A LEVEL FLIGHT AT 80 KNOTS
INPUT DATA
DIMENSIONAL STABIL!TY DERIVATIVES

UNITS ARE 1 PER RAD!aN
(BODY AXES DIFFER BY ,2311+04 DEGREES: POSITIVE

FOR NOSE UP, FROM STABILITY AXES)

-.1512-00 Lv = =,2440-01 NV = ~,4150-02
-,1233+01 LP = -,6255~00 NP = «,5340-04
-.5820-01 LR & .1170-01 NR = -=,5440-04
-,0000 LVD = =,0000 NVD = =-,0000
-.,0000 LPD = -,0000 NPD = =,0000
-.0000 LRD = =,0000 NRD = -,0000
n’b’é‘ﬂg LA © .‘500.00 NA ® .2630.01
+9850-01 LORs =,1391-00 NORs 1174400
«1350+03 uz = , 5450401 GAMA = -,0000
~.0000 RHO = .2380-02 S s =,0000
-,0000 IXZ = ¢ 7314404 1Y = 17591+05
-.0000 X] = -,0000 TOT = «,0000
+1700+02 LY = =,0000 LZ = -,0000
-.0000 ChO = =,0000 W s 11340405
«9203+04 12 = 747905 G = 1 3220+02
-.0000
DIMENSIONAL STABILI!TY DERIVATIVES,PER RAD!AN,
STABILITY AXES
~.1512-00 LV ® ©,2707-01 NV 3 =,3994e02
-,1234401 P 8 «.6761-00 NP =  =,5194-01
-,8431-02 LR = 12157-01 NR = =,5201-04
.0000 LVD = .0000 NVE = 10000
.0000 LPD = ,0000 NPD = 0000
.0000 LRD = .0000 NRD = 0000
.9696~00 LA s .4911~-00 NA = ,2375-01
.9850-01 LDOR= =, 896701 NDRs 14709=00



Yv
Yp
YR
YvD
YPD
YRD
YA
YDOR

DIMENSIONAL NERIVATIVES, PRIMED

=-,1512-00 LV = -,2%84~04 NV =
=,12344+01 Lp = -,6712-00 NP =
'-'431‘02 LR 8 t5°‘6’°1 NR »
.0000 LVD = +0000 NVD =

«0000 LPD = ,0000 NPD =

.0000 LRD ® +0000 NRD =
«9696-00 LA 3 .49%0~00 NA =
«9050-01 LCR® -,1852-00 NDR=

IN STABILITY AXES, U® ,1351+03

1228 ,7226+0% I1XZ2z=,45609404

'1XXs 873304

-.2441'02
-,9849-02
»,53709-014
10000
y0000
20000
=-,7805-~02
,1888-00

LATERAL DIRECTIONAL DENOMINATOR ROOTS
ROOTS (COMPLEX FORM)

+2006+000 164214000
+2806+000 -,6421¢000
-,7683~-001 ,6085=0314
-,1363+001 11127-029
76 = =,130435+02 TR = -,733159-00
I0R = -,400925-00 WOR = «700764-00 RAD/SEC
s +111530400 CYCLES/SEC
DUTCH ROLL MODE
PERIOD = 978544014 TIME TO DOUBLE AMP, =
TIME TO TEN TIMES AMP, =
CYCLES YO DOUBLE AMP, =
CYCLES TO YTEN TIMES aAMP, =
COEFFICIENTS
A S +10000+01 B = ,87945-00 C = -,21292-00
D= .64870-00 E & .51462-014

124696401
8203801
125238-00
+83838~00



TRANSFER FUNCTIONS FOR STABILIYY AXES,
ORIGIN AT AIRPLANE C.35,

RJN NO. L3 NUMERATOR CHARACTERISTICS FOR CYCLIC

SIDESLIP ALONG BODY Y AX1S PER DELTA CycCcLIC
PERTURBATIONS ABOUT INITIAL VALUE.

vo = 0,0
ROOTS (COMPLEX FORM)
-+5201-001 0000
=+5670+000 41794001
=.5670+000 =-,41794001

Ive = ,134439-00 WwvB = ,421796¢01 1/7v8 = =,520148-01
D«Cy GAIN ®= ,174357402, ROOT LOCUS GAIN = ,969600-00

AVB s ,969600-00 BvVB & ,115007401 CVvB = 173076402
ove = ,897274-00

ROLL RATE ABOUT BODY X AX!S PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,
PO = 0.0
ROOTS (COMPLEX FORM)
0000 .0000
«5426+000 +0000
=,6995+000 0000

i/7ePB1 = ,000000 1/7PB82 s ,342674-00 41/TPB3 » «-699338-00
D.C, GAIN = ,000000 » ROOT LOCUS GAIN = ,495009-00

APB = ,495009=-00 BPR = ,776591-01 CPB = -,187921-00
ppe = ,000000

YAW RATE ABOUT BODY Z AX!S PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,

NO s Q,0
ROQOTS (COMPLEX FORM)
14116+000 =.14464004
141164000 1144640014
~.2571+001 =,1879=-030

ZRB ® =,273715-00 WRR = ,150399+401 41/TRB = ~,257166+01
DeCe GAIN = -,882299-00., ROOT LOCUS GAIN = =,780347-02

ARB 3 ~-.780547-02 BRB * =,136466-01 CRB = »,112912=02
DRB &= =,434048-01



PH1/VE(SIDESLiI®)= +3221-01 PHI/BETA= 14354404
FOR ROOT( .2807-00, ,6421-00 J)

PHI/VE(SIDESLIP)= +3221-01 PHI/BETAs® 14354004
FOR ROOT( .2807-00, =,6421~00 J)

PHi/VE(SIDESLIP)= +4481-00 PHI/BETAS 16056402
FOR RQOT( =-,7683-01, ,6086-31 J)

PHI/VE(SIDESLIP)®  ,2723-031 PHI/BETA% ,3680¢01
FOR ROOT( =,1364¢01, ,1128-29 J)

(DERIVATIVE OF) SIDE ACCELERATION 4S MEASURED
BY AN ACCELEROMETER, PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,

AYO = 0,0
ROOTS (COMPLEX FORM)
.0000 . 0000
11330+001 ,0000
=.6898+000 93094000
-,6898+000 «,9309+000
-.4928-001 -,8185-033

WAY = ,115870+01 Zay = ,595339~-00
1/TAYL = ,133078+01 1/TAY2 ® -,689819-00
D+:Cy GAIN = -,165924+01, ROOT LOCUS GAIN = ,969600-00

AAY = ,969600-00 BAY = ,951621-01 CAY = -,476079-00
DAY = =,175595401 EAY s -,0853876-01 FAY = ,000000

(DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR TC
INITIAL FLIGHWT PATH:, PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,
vG60 = (0,0

ROOTS (COMPLEX FORM)
15988+000 .0000
- 64704000 .0000
~,2496-001 . 40414001
-12496-001 ~,4041+001

WVG = .404142+01 ZvG = ,617835-02
4/Tv61 = ,598847-00 1/7TVG2 = -,647054~00
DeCe GAIN ® =,119243#+03, ROOT LOCUS GAIN = ,969600~00

AVG = ,969600-00 BVG = .951621-01 CVG = ,154632402
DVG ® .744673-00 EVG = =,613646+01



(DERIVATIVE COF) BANK ANGLE PROUECTED ON VERTICAL
PLANE: PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE:
PHO ® 0,0
ROOTS (COMPLEX FORM)
0000 «0000
+5426+000 .0000
-:6995+000 0000

1/7PH1 = .000000 1/TPH2 = ,542674-00 1/7PM3 = «,699538+-00
D.C. GAIN = .000000 » ROOT LOCUS GAIN = ,49500%-00

APH = ,495009-00 RPH ® ,776%91-01 CPH = - 187921-00
DPH = ,000000

TRANSFE= FUNCTICNS FOR BODY AXES UP ~,0000 DEGREES
FROM ORIGINAL BODY AXES,

RESPECTIVE X Y AND Z DISTANCES FROM AIRPLANE C,G
TO ORIGIN OF AXES ARE,
LX = ,1700«02 LY = ,0000 AND LZ = -,0000

RUN NO. L1 NUMERATOR CHARACTERISTICS FOR CYCLIC

SIDESLIP ALONG B0DY Y AX!S PER DELTA CYCLIC
PERTURBATIONS ABOUT AN INITIAL VaLUE,

vC=0,0
ROOTS (COMPLEX FORM)
-.7347-002 .0000
-.4092+000 +3796+001
=+4092+000 *=,.3796+004

vB = ,107177+00 wvB = ,381850¢01 1/7vB = =-,734705-02
D«Cs GAIN = ,244880+01, ROOT LOCUS GAIN = ,117636+01

AVR = ,117636+01 BVR = ,971505-00 Cv8 = ,171595+02
DvB = .126020-00

ROLL RATE ABOUY BORY X aX]S PER DELT2 CYCLIC
PERTURBAT]IONS ABOUT AN INITIAL VALUE,

P3 = 0,0
ROOTS (COMPLEX FORM)
+5383+000 +5125~018
+9796-002 «1157-031
-.7040+000 «1174-031

1/TPB1 = .536385-00 1/TPB2 = ,979603~02 1/TPRS = =~,704077-00
D«.Cs GAIN = ,355792-01:+ ROQT LOCUS GAIN = ,494521-00

APB = .494921-00 BPB = ,751462-01 CP8 = ~,187723-00
DPB = .183098-02



YAW RATE ABCUT BODY Z AX!S PER DELTa CYCLIC
PERTURBATIONS ABOUT AN INITIAL VALUE,

NQ = 0.0
ROOTS (COMPLEX FORM)
+2074+001 0000
-.,86056+000 01196‘001
-,6056+000 «,1196+07¢

IRB = ,451732-00 WRB ®= ,134078+01 4/TRB = ,207498+01
D¢Cs GAIN = =-,881581-00, ROOT LOCUS GAIN = .121624-01

ARB ®= ,121624-01 BRB ® «,105039-01 CR8 = -,370624=02
DRB = ~-,453679-01

(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMETER ,PER DPELTA CYCLIC
PERTURBATIONS ABOUT AN INITIAL VALUE,

AYO = 0,0
ROOTS (COMPLEX FORM)
0000 .0000
-,3407-001 0000
114624001 .0000
~,6785+000 . 9983+000
=,86785+000 =,9983+000

WAY = ,120711+01 ZAy = ,562110~-00
1/TAY1 & -,340721-01 1/TAY2 = ,146203401
D«Co GAIN ® =,165924+01, ROOT LOCUS GAIN 3 ,117636+01

AAY & ,117636401 BAY = «,834035-01 CAY = -,6240085-00
DAY = ~,252720+4C% EAY = «,853876-01 FAY. = ,000000

(DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR T0
INITIAL FLIGWT PATH, PER DELTA CYCLIC
PERTURBATIONS ABOUT AN INITIAL VALUE,

VG0 = 0,0
ROOTS (COMPLEX FORM)
16255+000 .0000
-.6219+000 .0000
13363-001 » 36614004
+3363-001 »,3661+001

WVG 3 ,366169+01 IVe & -,918464-02
1/7vGL = ,625566-00 1/7VG2 s -,621929-00
D«Co GAIN & =,119243+03, ROOT LOCUS GAIN = ,117636+014

AVG ® ,117636401 BVG ®= «,834035«01 CVG = ,153152¢02
OVG ® =,265809-01 EVG ® =»,613646401



TRANSPER FUNCTIONS FOR STABILITY AXES,
ORIGIN AT AIRPLANE €. 0,

RUN NO. LY NUMERATOR CHARACTERISTICS POR TALL ROTOR

SIOESLIP ALONG BODY v AXIS PER DELTA TAlL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE,
v0o s °.°
ROOTS (COMPLEX FORM)
*,4446-002 0000
=,9203¢000 +0000
1295094003 +0000

$/7VBL ® =,144039-02 4/7VB2 ° ~,020399=00 4/TVE3 s 296943603
0¢Co BAIN ® <,694738=00, ROOT LOCUS CAIN & ,985000°0%

AVE ® ,909000-01 OVB ° #,282499¢02 CVB ® -,233324402
OVe & =,330943-04

ROLL RATE ABOUY BODY X AXIS PER DELYA TAIL ROTOR
PERTURBATIONS ABOUT INITIAL VaLUR,
PO e 0,0
ROOTS (COMPLEX FORM)
10000 10000
110004001 10000
=,20994001 +0000

/7984 = ,009000 1/7P82 o ,100047¢04 1/7903 ¢ =,200900408
0+Co GAIN ® .000000 o ROOT LOCUS GAIN = =,183206-00

APS & +,100206-00 BPB ® =,319943°04 CPB » ,720169-00
oP8 = ,000000

YAW RATE ABOUT B0DY 2 AX1S PER DELTA TAIL ROTOR
PERTURBATIONS ABOUT INITIAL VaLUE,
NO » 0,0
ROOTS (COMPLEX PORM)
12393000 *,79004000
12393¢000 + 79002000
=,1309+001 ®,0304-030

ING & =,307204-00 WRD & ,833209-00 34/TRD = <,130945+04
DeCe GAIN ® 33354308, ROOT LOCUS GAIN 5 ,1880817-00

ARG ® 10004700 OGRS ¢ ,4196883°00 CRB s 12739704
DRG * ,171647-00



(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMETER, PER DELYTA TAIL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE,

AYC 8 0,0
ROOTS (COMPLEX FORM)
+0000 0000
=, 3239=002 «7215-024
-,7344+000 *,9606-035
*11147+001 «3989¢001
11474001 »,50094004

WAY = ,609812¢04 ZaYy 8 ,188194-00
$/TAYL B «,323990-02 1/7AY2 & «,734469-00
D«Ce GAIN &8 ,169375-00, ROOT LOCUS GAIN s ,983000-04

AAY = ,983000-01 BAY = ,298748-00 CAY = ,382905¢01
DAY 3 ,270271¢01 EAY = ,871634-02 FAY = ,000000

(DERIVATIVE OF) LATERAL GROUND SPEEDs PERPENDICULAR YO
INITIAL FLIGWHT PATH, PER DELTA TAIL ROTOR
PERTURBAT|ONS ABOUT INITIAL VALUE.

vG0 s 0,0
ROOTS (COMPLEX FORM)
129474001 . 23086+004
129474001 =,21%6¢00¢
=,2903+001 +2497-028
=,8023+001 +7801-028

WVG 3 .366947+0) Ive s =,803132-00
4/7VGs ® =,290391¢01 1/TVG2 & «,602320¢0%
D:Cs GAIN & ,450783¢03, ROOT LOCUS GAIN & ,985000-0¢

AVG & ,985000°04 BVG ® ,298748-00 CVC = ~»,213368404
DVG & 168337401 EVG ® ,231981+02

(DERIVATIVE OF) BANK ANGLE PROJECTED ON VERTICAL
PLANE» PER DELTA TallL ROYOR
PERTURBATIONS ABOUY INITIAL VALUE,
PHO s 0,0
ROOTS (COMPLEX FORM)
+0000 .0000
118808+001 , 0000
»,2059¢001 ,0000

1/7PHg s ,000000 1/7PK2 s 188847401 1/TPW3 = =,208906401
D«Cy GAIN & ,000000 + ROOT LOCUS GAIN = =,183206-00

APH 8 +»,185206-00 BPH & «,315945-01 CPW s ,720169=00
OPW & ,000000
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TRANSFER FUNCTIONS FOR BODY AXES UP +,0000 DEGREES
FROM ORIGINAL BODY AXES,

RESPECTIVE X Y AND Z DISTANCES FROM AJRPLANE C,6
TO ORIGIN OF AXES ARE,
LX = ,1700402 LY = ,0000 AND LZ = -,0000

RUN NO. L1 NUMERATOR CHARACTERISTICS FOR TAIL ROTOR

SIDESLIP ALONG BODY Y AXI!S PER DELTA TAIL ROTOR
PERTURBATIONS ABOUT AN INITIAL VALUE,

v0=0,0
ROOTS (COMPLEX FORM)
111454000 , 0000
-v9920"003 .0000
+ 79794001 . 0000

1/7vB1 = .,114515+00 1/7TvB2 = ~-,992097-00 1/TVE3 = ,797997+01
D«.C¢ GAIN = ,560014%02, ROOT LOCUS GAIN = ,317882+01

AVR = ,317882+01 BVB = =,225772+402 CVB = ~, 22622702
DVvB = .288194+01

ROLL RATE ABOUY BODY X AXIS PER DELTA TAIL ROTOR
PERTURBATIONS ABOUT AN INITIAL VALUE,

PO = 0,0
ROOTS (COMPLEX FORM)
«9631-002 0000
+1830+001 .0000
-,2037+001 0000

1/7TP81 = ,963115-02 1/7TPR2 = ,183096+01 1/7TPRY = -,203727+01
D«Cy GAIN = =-,134503~00,» ROOT LOCUS GAIN = ~,1902669-00

APB = =,192669-00 BPE = »,378940-01 CPR = ,719070~00
DPB = ~-.692179-02

YAW RATE ABCUT BODY Z AX1S PER DELTA TAlL ROTOR
PERTURBATIONS AROUT AN INITIAL VALUE,

NO = 0,0
ROOTS (COMPLEX FORM)
+2041+000 84014000
120414000 -,8401+000
=:1266+001 »,3722-029

IRB = =~,236154-00 WRB = ,B64580-00 1/TRB = =~,126627+01
D«Ce GAIN = ,333271+01, ROCT LOCUS GAIN 1181195-00

ARR = ,181195-00 BRHE = ,155452~00 CRR = ,417506~01
DRBR = .171508-00

11



(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMETER ,PER NELTA TAIL ROTOR
PERTURBATIONS ABOUT AN INITIAL VALUE,

AYO ®= 0,0
ROOYS (COMPLEX FORM)
«2000 .0000
-,1553-002 «4715-028
.8523-001 112674004
.8523-001 -,1267+001
=.1094+001 «7867-031

WAY = ,127012+01 ZAY s -,671050-04
1/TAYL = -,155335-02 1/TAY2 = ,852314-01
D«.Ce GAIN = ,169375~00, ROOT LOCUS GAIN = ,317882+01

AAY = 317882401 BAY ® ,204143+01 CAY = ,453971+01
DAY = ,561835¢01 EAY = ,874634-02 FAY = ,000000

(DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR TO
INITIAL FLIGHT PATH, PZR DELTA TAIL ROTOR
PERTURBATIONS ABOUT AN INITIAL VALUE,

véo ®= 0,0
ROOTS (COMPLEX FORM)
+1001+001 »1221+001
11001+001 =,1221+001
=:1464+001 -,8834+000
"1‘6“001 06‘3‘0000

WVGL = ,157956401 2ZVG1L = «=,634193-00
WVG2 = ,171024+01 2ZVvG2 = ,856260-00
D.Ce GAIN = ,450783+03, ROOT LOCUS GAIN = ,317882+014

AVG = ,317882¢01 BVC ® ,294143+01 CVE = ~,142392401
OVG = .460100+401 EVG ®= °,231981+02
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ROOTS OF A/C LATERAL DIRECTIONAL TRANSFER FUNCTIONS

RUN NO, L2

VERTOL YWC-1A 1500 FY/MIN DESCENT 80 KNOTS

INPUY DATA

OIMENSIONAL STABILITY DERJVATIVES

UNITS ARE 4 PER RADIAN

(B800Y AXES DIFFER BY ,1372¢02 NEGREES,» POSITIVE
FPOR NOSE UP, FROM STABILITY AXES)

«,4020-00 (v ¢ *,2000-02 NV 8 *,7400<02
*.4733¢04 (P «,7973-00 NP s -,5920-04¢
©,1924°00 LR ® *,5690-01 NR s =-,3700-04
-,0000 Lvp & -,0000 NVD s -,0000
«,0000 LPO s -,0000 NPD = -,0000
.0°°°° LRD «,0000 NRD s -,0000
876800 LA ® 4263-00 NA 8 02310-04
+7000-0% LDR® e,1326-00 NDRs 115%4-00
031333403 yz s v325%¢02 GAMA s =,10%0¢02
=,0000 RWO 8 12360-02 Ss -,0000
=,0000 IX2 s 7444004 i1y = 1759403
«,0000 Xy o -,0000 T0T = -,0000
+4700¢02 LY = *,0000 Ll s =,0000
-,0000 co s *,0000 Ws 11340008
+9203+04 Iz » 7479405 G s 13220402
-,0000
DIMENSIONAL STABILITY DERIVATIVES,PER RADIAN,
STABILITY AXES
-,4026-00 Lv ¢ 0,15%4-01 NV s -,6833~02
=,1729¢01 (P s «,8054-00 NP B -,4057-01
0224200 LR °® '8721-04 NR @ -, 2543~01
»0000 LVD ® 0000 NVD s 10000
+0000 LPD ©® 0000 NPD s 10000
+0000 LRD = ,0000 NRD s 10000
876000 LA ® +4451-00 NA = 1950902
+7000°01 LOR® +1546-00 NORsS 1155500

13



OIMENSIONAL DERIVATIVES., PRIMED

Yy & -,1826-00
YP s '01729‘01
YR s 12242-00
Yyvg s 0000
YPD = 0000
YRD s .0000
T 8768-90
YORS «7000-0¢

Lv s «,2374-04 NV o o,109908
LP o »,0072-00 NP & «,1704-00
LR 8 «7242=04¢ N e «,1900-08
LVD ¢ ,0000 NVD ® 10000
LPD & ,0000 NPD o 10000
LRD ’ .0000 Nlb e 0°°°°

La ® +5024-00 NA ® 17390-04
LDR® 349200 NORe 1242400

IN STABILITY AXESs yu ,1372¢03

1]XXS ,9446+04

1228 7154408

Ix2s ,8409¢04

LATERAL DIRECTIONAL DENOMINATOR ROOTS

ROOTS (COMPLEX FORM)
17749+000
=11404+000
+2330-002
-,1832+001

1129536404
=.545619-00

71 s
T4 3

» 1000001
'01’57,'00

O »
a e

+0000
-,5912-016
=.7074-02A

01‘31‘026

T2 = *,742323¢01 73
COEFFICIENTS

B 011989404 (C o =,12007¢08
E s 146314-03

14
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TRANSFER FUNCTIONS FOR STABILITY AXES.
ORIGIN AT AIRPLANE C.G,

RUN NO. L2 NUMERATOR CHARACTERISTICS FOR CYCLIC

SIDESLIP ALONG BODY Y AXI!S PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE.

vo = 0,0
ROOTS (COMPLEX FORM)
=-.3113-002 +0000
12119+001 .0000
19381+001 .0000

1/7vBl = =,311359-01 1/TVB2 = ,211945401 41/TvBY & ,938190+04
D«Cse GAIN = ,117219¢04, ROOT LOCUS GAIN = ,276800-00

AVB = ,876800-00 BVB ® «,100571+02 CVB = ,171207+02
DVB 3 ,542846-00

ROLL RATE ABOUTY BODY X AX]S PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE.

PO = 0,0
ROOTS (COMPLEX FORM)
92334000 0000
-,4273-001 0000
=+1031+001 0000

1/7TPBL = ,923368-00 4/7TPB2 = -,427383-01 1/TPBI & ~,105153¢0}
D«Cy GAIN = ~,449948+02, ROOT LOCUS GAIN = ,502146-00

APB = ,502146-00 BPR = ,858158-04 CPR = -,484806-00
OPB ®= ~,208373-01

YAW RATE ABQUY BODY Z AX!S PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,

NO = 0.0
ROOTS (COMPLEX FORM)
11195001 .0000
-,5443+000 =,9907+000
'.54430000 09’07‘000

ZRB s ,481513-00 WRB = ,113046401 1/TRB = ,119566+01
D+:Cs GAIN = =,242770¢03, ROOT LOCUS GAIN = ,735798-01

ARB &= ,735798-01 BRB ® =»,787282-02 CRB = «,174608-02
DRB s =,112428+00
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(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMETER. PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE.

AY0 = 0,0
ROOTS (COMPLEX FORM)
» 0000 0000
112584001 . 0000
*,3543~-001 12294-023
~,6336+000 «,1359+001
=,6336+000 13594001

WAY = ,149932+04 ZaY s ,422598-00
1/TAYL = ,125803+401 1/TAY2 = ~,354362-04
DsCe GAIN = ~.189786%03, ROOT LOCUS GAIN = ,876800~-00

AAY ®= ,876800-00 BAY = ,392810-01 CAY = ,573856-00
DAY ® =,245994+01 EAY » «,878911-01 FAY = ,000000

(DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR TO
INITIAL FLIGHT PATH, PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE.

VGO = 0,0
ROOTS (COMPLEX FORM)
+9474+000 0000
~,9667+000 .0000
-,1278-001 43824001
-.1278-001 e, 43824001

WVG = ,438289+01 IVe = ,291774=-0C
1/YvGL = ,947476-00 1/TVG2 = ~-,966700~00
D«Cs GAIN = =,333121+05, ROOT LOCUS GAIN = ,876800-00

AVG = ,876800-00 BVG ®= ,392810-01 €CVG = ,160404402
DVG ® .303255-00 EVG * =,154270+02
PHI/VE(SIDESLIP)= 11791-01 PHI/BETA= 12457403

FOR ROOT( .7720-00, .0000 J?

PHI/VE(SIDESLIP)= 11642-00 PHI/BETAS 1225302
FOR ROOT( =~,1404-00, =-,3913-16 J)

PHI/VE(SIDESLIP)= +1617+02 PHI/BETA® 12219404
FOR ROOT( .2331-02, =-,7074-28 )

PHI/VE(SIDESLIP)= 11508-01 PWI/BETA® 1207001
FOR ROOT( =-.,1833+01, ,1431-26 J)
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(DERIVATIVE OF) BANK ANGLE PROJECYED ON VERTICAL
PLANE, PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE.
PW0 ® 0,0
ROOTS (COMPLEX FORM)
+0000 + 0000
19105000 »0000
=,1089+001 ,0000

1/7Pwy s ,000000 1/7PH2 & ,910544-00 1/TPW3 ®» «,100920401
D.C. GAIN = ,000000 + ROOT LOCUS GaAIN s ,480329-00

APW 3 ,480329=-00 BPW 3 ,0858435-01 CPW ® «,476370=00
DPu s ,000000

TRANSFER FUNCTICNS FCR BODY AXES UP =-,0000 DEGREES
FROM ORIGINAL BODY AXES,

RESPECTIVE X Y AND I DISYANCES FROM AIRPLANE C,6
TO ORIGIN OF AXES ARE,
LX &= ,1700¢02 LY = .0000 AND L2 s -,0000

RUN NO. L2 NUMERATOR CWARACTERISTICS FOR CYCLIC

SIDESL!P ALCNG BODY Y AX1S PER DELTA CYCLIC
PERTURBATIONS ABOUY aN INITIaAL VALUE,

vos0,0
ROOTS (COMPLEX FORM)
09830‘001 .0000
111454001 « 14624004
111454001 =,1462¢001

IVR 8 =,6160874-00 wvR s ,18%5774¢01 1/7VB s ,983858-01
DeCo GAIN 8 =,301856%04, ROOY LOCUS GAIN & ,413694¢0%

AVB 8 ,411694401 BVB & »,984103¢01 CVB = ,154368402
Ove & =.139791¢01

ROLL RATE ABOUT BODY X AX1S PER DELTA CYCLIC
PERTURRATIONS ABOUT AN INITIAL ValLUE,

PO = 0,0
ROOTS (COMPLEX FORM)
+9061+009 .N000
11369-001 0000
-.1101+001 +0000

1/TPBL = .,906162-00 1/YPB2 s ,1369%4-01 1/TPRA3 = -,110107+04
NeCo GAIN & ,138785¢02, RNOT LOCUS GAIN s ,470359-00

APB 8 ,470359-00 BPR 3 ,852339-01 CP3 = -,470554=00
OPB s ,642722-02



YAW RATE aBCUT 80OOY Z aAX1S PER DELYA CYCLIC
PERTURng!gN: ABOUT AN INITIAL VALUE,
NO s ’
ROOTS (COMPLEX FORM)
11093+001 .0000
=,9602+000 50454000
=:5602+000 *,5045¢4000

IRB & ,743074-00 WRB & ,753929<00 4/TRD s ,109377¢0%
DeCo GAIN ® =,246514¢03, ROOT LOCUS GAIN 5 19099700

ARG 8 ,190397-00 BRR = ,427008-04 CRA s -,116700¢00
OR8 & -,114162+00

(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMETER ,PER NELTA CYCLIC
PERTURBATIONS ABOUT AN INITIAL VALUE,

AYO ® 0,0
ROOTS (COMPLEX FORM)
+0000 +0000
111164001 0000
-,5793+000 .7043+000
«,9793+000 -,7843¢000
-,2010-001 -,1155032

WAY s ,975434-00 ay s ,594171-00
1/TAYL & ,111688¢01 1/TAY2 8 =,579396-00
D«Co GAIN & ~,189786403, ROOT LOCUS GAIN & ,411694+03

AAY 8 ,411694401 BAY = ,255330-00 CAY = =,144009¢01
DAY 8 =,440009+01 EAY ® ~,8789011-01 FAY &= ,000000

(DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR T0
INITIAL FLIGHT PATH, PER NELTA CYCLIC
PERTURBATIONS ABOUT AN INITIAL VALUE,

vGo & 0,0
ROOTS (COMPLEX FORM)
+9678+000 +0000
-.,642%5-001 +20744001
'o.‘25'°01 '020’1‘001
=,9013+000 +1482-030

WvG = ,207250401% VG s ,310054+01
1/TV6L = ,967866-00 1/TVG2 = ~-,642588-04
0:Ce GAIN = =,333121405, ROOT LOCUS GAIN s ,441604401

AVG ® .411694¢01 BVG ® .295330-00 CVC s ,140565402
OVG & ~=.163750%01 EVG *= =,154270402
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TRANSFER FUNCTIONS FOR STABILITY AXES,
ORIGIN AT AIRPLANE C.G.

RUN NO. L2 NUMERATOR CHARACTERISTICS FOR TAIL ROTOR

SIDESLIP ALONG BODY Y AXIS PER DELTA TAIL RQTOR
PERTURBATIONS ABOUT INITIAL VALUE.

vo = 0,0
ROOTS (COMPLEX FORM)
-,2009-001 0000
-,4104+000 .0000
142294003 0000

1/7VvB1 = ~-.200954-01 1/TVB2 = ~,410465-00 1/TVBY & ,422902¢0)
D«Cs GAIN = =,527266403, ROOT LOCUS GAIN = ,700000=014

AVB = ,700000~-01 BVB ® =,295730402 CVB = =,127454+02
ovB ® -,244130-00

ROLL RATE ABOUY BODY X AX]S PER DELTA TAllL ROTOR
PERTURBAT]ONS ABOUT INITIAL VALUE,

PO = 0,0
ROOTS (COMPLEX FORM)
~+1010+000 =,8421+000
=.1010+000 84214000
’n‘2§3'°°1 «,6162-032

iPB & ,119103¢00 WPRB = ,848140~00 1/TPB s =,426318~01
D+Ce GAIN ®= ,211381+02. ROOT LOCUS GAIN = ,319211~00

APB s ,319211-00 BPB ®= ,780994-01 CPB = ,232371-00
DPB = .978918-02

YAW RATE ABOUT BODY Z AX!S PER DELTA TAIL ROTOR
PERTURBAT]IONS ABOUT INITIAL VALUE,

NO = 0,0
ROQTS (COMPLEX FORM)
+3800-001 «4863+000
+5800-001 »,4863+000
=+1036+001 +2557=030

ZRB = -,118424400 WRB = ,489828~00 1/TRB = ~,103660+014
De«Ce GAIN = ,114051¢03, ROOT LOCUS GAIN = ,212363-00

ARB = ,212363-00 BRB = ,195499=00 CRB = ,254137e04
DRB = ,528177=-01
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(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMETER, PER DELYA TAIL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE»

AYD s 0,0
ROOTS (COMPLEX FORM)
=.2192-001 =,9209-019
-,9423-007 «6103-041
=¢3349¢000 11296044
132724001 «,8135+003
«3272+001 +8135+0014

WAY = ,076926+01 ZAY = -,373220~00
1/TAVY = =,942318-07 1/74Y2 = ~,334909-00
D.Cs GAIN = ,853660%02, ROOT LOCUS GAIN = ,700000~-01

AAY ®* ,700000-01 BAY ® =,433222-00 CAY = ,522000+01
DAY 8 ,191749401 EAY = ,395334=01 FAY = ,372529-08

(DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR TO
INITIAL FLIGHY PATW, PER DELTA TAIL ROYOR
PERTURBATIONS ABOUT INITIAL VALUE,

VG0 s 0,0
ROOTS (COMPLEX FORM)
=.1226+000 +7049+000
-:1226+000 *,7049+000
¢ 32174001 =,1385¢002
132174001 11385002

WVEL = ,715546-00 ZVGi = ,171475-00
WVG2 = ,142202+02 2ZvG2 s -,226237-00
D«Cs GAIN 3 .136497+05, ROOT LOCUS GAIN = ,700000-01

A¥YG ®= ,700000=01 BVG ® +,433222-00 CVG = ,140803+02
DVG = ,324299¢401 EVG ® ,724746+0%

(DERIVATIVE OF) BANK ANGLE PROJECTED ON VERTICAL
PLANEs PER DELTA TAIL ROTOR
PERTURBATIONS ABOUY INITIAL VALUE.
PH0 = 0,0
ROOTS (COMPLEX FORM)
0000 .0000
-,7460-001 «,8088+000
-,7480-001 ,8988+000

IPH = ,829320-01 WPH = ,901946-00 1/TPW = ,000000
D.C. GAIN = .000000 + ROOT LOCUS GAIN = ,273165-00

APH ® ,275165-00 BPW = ,411648-01 CPW = ,223849-00
DPW ®= 000000
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TRANSFER FUNCTIONS FOR BODY aXES YP -,0000 DECREES
FROM OR{GINAL BODY AXES,

RESPECTIVE X V AND T DISYANCES FROM AIRPLANE C.C
TO ORJGIN OF AXES ARE,
LX s ,3700002 LY s ,0000 AND L2 = -,0000

|YN NO, L2 NUMERATOR CHARACTERISTICS FOR TAIL ROTOR

SIDESLIP ALONG BODY Y AXIS PER DELTA TAIL ROYOR
PERTURBATIONS ABAUT AN INITIAL VALUE,

v0e0,0
ROOTS (COMPLEX FORM)
195240-001 .0300
*,4991000 ,0000
097930001 +0000

2/7ves 5 ,524026-01 4/7VR2 ® =,455150.00 4/TVE3 ® ,573376¢04
D.Co GAIN & ,3443150004, ROOY LOCUS CAIN & ,4808444004

VD & ,4R04e1¢08 AVE ® =,200204002 CVA s -,113080¢02
OVl © .0079%09-00

ROLL RATE ABOUT AQDY X 4XIS PER DELYA TallL ROTOR
PERTURRATIONS ABOUT AN INITIAL VaALUE,
PO 0 0,0
ROOTS (COMPLEX EORM)
=,0303-002 191040000
«,6363-001 *,9104¢000
03373-C0¢ -,1340-032

IP0 o ,091197-03 WPR & ,920097-00 1/7YPp & ,137446°04
DeCo GAIN & =,092000403, ARCOY LOCUS CAlN s ,299724-00

AP & ,299724-00 OPP = ,204047-01 CPE ¢ ,219710<00
0P8 ©® -,.301949°02

YoV RATE aBCUY SODY 2 axiS PER DELYA TALIL ROYOR
PERTURBATIOANS 200UT 4N INITIAL VALUE,
N0 s 0,9
REOTS (COMPLEX FORM)
*=:1399-001 «9499000
=.1399-001 =,9199¢000
*,7392¢002 04742032

Ing & .231779-03 wRR & ,51%451-00 31/7%8 s -,719201-00
D«Co Galn & .3390200C3, BNOT LOCUS CalN s 202024200

4% °  ,202024-05 ORN 8 ,230443-00 CRS & 79010402
ong s ,936322-02



(OERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMCTER ,PER NELTA TAIL ROTOR
PERTURBATIONS ABOUT AN [INITIAL VALUE,

AY0 ® 0,0
ROOTS (COMPLEX FORM)
=-,4491+000 » 3848-020
~:9423-007 .5883-033
-,8980-001 »,1120+004
-,8989-001 11120004
=,1445%5-001 -,2118-032

WAY 8 ,112304+04 Ay s ,7999%6-014
1/74Y% 8 =,942320-07 1/7TAY2 = ~=,80809A-04¢
DsCo GAIN & ,853660¢02, ROOT LOCUS GAIN & 486441401

AAY 8 4806444408 BAY 8 ,31103%+01 CAY =3 ,457678+01
DAY &= ,2082924¢01 EAY 5 ,395334-01 FAY = ,372529-08

(DERIVATIVE OF) LATERAL GROUND SPEEDs, PERPENDICULAR YO
INITIAL FLICGHY PATH, PER NELTA TAIL ROTOR
PERTURBATIONS ABOUT AN INITIAL VALUE,

v6o ® 0.0
ROOTS (COMPLEX FORM)
=112%34000 »76508+000
=11253+000 =,7658+000
=+49444000 =,1560+001
=,49449000 +18604004

WVGL s ,776066-00 2vGL s ,461460-00
WVG2 3 ,157202401 2vG2 = ,123600¢00
D.Ce GAIN 8 ,156497405, ROOY LOCUS GAIN 8 ,4A6441401

AVG 5 .486443401 BVG 5 .,311035601 CVC 5 ,154373402
OVG ® .415474401 EVG = 724746401
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ROOTS OF A/C LATERAL DIRECTIONAL TRANSPER FUNCTIONS
RUN NO, L3

VERTOL YWC-1A LEVEL FLIGHT AT 60 KNOTS

INPUT DATA

DIMENSIONAL STABILITY OERIVATIVES

UNITS ARE 1 PER RADIAN
(BODY AXES DIFFER 8Y ,4712+0% DEGREES, POSITIVE

FOR NOSE UP, FROM STABILITY AXES)

=.1182¢%00 Lv e ~,1720-04¢ NV e «,2000-02
=,1240840% LP & *,6527-00 NP @ *,3950-04
-.1281-00 LR ® -,2270=0¢ NR s '.5030'08
-,0000 LVD s =,0000 NVD & -,0000
-,0000 LPD = =,0000 NPD = *,0000
-,0000 LRD = *,0000 NRD = «,0000
«9643-00 LA s .45%8-00 NA ® 1200004
+ 1099400 LDR® c,13%4-00 NDRs 11703«00
100703 uz s 8300001 GaAMA = 10000
-,0000 RHO 8 023.0'02 Ss ~0°°°°
-,2000 IXZ ® 7114404 iy ¢ 17994408
-,0000 Xt s =,0000 T0Y = -,0000
01700‘07 LY s '.0000 Ll s '00000
-,0000 CO s «-,0000 Wes 1134009
9203404 12 s « 7179405 Gs 13220402
'.0000
DIMENSIONAL STABILITY DERIVATIVES,PER RADIAN,
STABILITY AXES
-.11082+00 Lv & -,2067-01 NV @ ,20081-02
=.12%4¢401 P s =,737%5-00 NP 8 =,3610-01
-,29185-01 R ® «9896-03 NR & =,4647=04
.0000 LVD s 0000 NVD s 10000
.0000 LPD s 0000 NPD & ,0000
.0000 LRD s ,0000 NRD » 0000
,9643-00 LA ® 0 5127-00 NA & 1214904
1059400 LDRs -,2809-01 NDRs 11694-00
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DIMENSIONAL DERIVATIVES, PRIMED

Yv s, ~,1182+00
Yp = =.12944+01
YR = -,251%-01
YVD = .0000
YPD = 0000
YRD ® .0000

YA «9643-00
YDR® « 108900

IN STABILITY AXES,» y»®

»IXXs ,8460+04

LATERAL DIRECTIONAL DENOMINATOR ROOTS

ROOTS (COMPLEX FORM)
12293000
+ 22534000
..5.‘7'°°1
=,1291+001

=.471021+02
=,349603-00

T8 =
20R =

DUTCW ROLL MODE
PERIOD =

.10000+01
+52692-00

LV s -=,2019-01
LP = ~,7337-00
LR ® 114601
LVD = ,0000
LPD = .0000
LRD = ,0000
LA ® .3408-00
LDR® v,6641-01
1401003

12Z= ,72353¢09%

160394000
16039¢000
11571-030
19352-030

TR =
WOR =

11040302

z
b
o
a NN wWewn

I1XZ3=,1895404

~,774435-00

»,2167-02
=,1703-04
-,4705-01

, 0000
0000
10000
’ 01’2'02
11721-00

+644670-00 RAD/SEC
+102602¢00 CYCLES/SEC

TIME TO DOUBLE AMP,
TIME TO YEN TIMES aMP,
CYCLES YO DOUBLE AMP,
CYCLES TO TEN TIMES AMP,

COEFFICIENTS

mm
LI |

.39898-00

2k

(ol |

=~,11730+00

30755401
«10217402
129564-00
»98210~00



b e

TRANSPER FUNCTIONS FOR STABILITY AXES,
ORIGIN AT AIRPLANE C.0,

RUN NO. LD NUMERATOR CHARACTERISTICS FOR CYCLIC

SIOESLIP ALONG BODY Y AXIS PER DELTA CYCLIC
'tl?Ul:AYlgng ABOUT INITIAL VALUE,
v0 & O,
ROOTS (COMPLEX FORM)
=,4039-001 ,0000
139430000 181904004
39434000 *,44904004

VD ® »,9450896-01 WVE 9 ,416089340% 1/7VE s ~,463569-014
D«Co GAIN ® ,247991002, ROOY LOCUS GAIN = ,964300-00

AVD & ,964300-00 OV ® -,7157895-00 €V8 & ,467243¢02
OVE ® .776919-00

ROLL RATE ABOUT BODY X AXIS PER DELTA CYCLIC
.‘.'u‘."!g": AB0UT INITIAL VALUE,
PO o 0,
ROOTS (COMPLEX FORM)
+0000 »0000
136824000 +0000
=,4996+000 0000

/7984 = ,000000 1/77P02 & 3608286200 4/7TPR3 ¢ «,493613-00

0«Ce GAIN ® ,000000 o ROOT LOCUS GAIN = ,51004200

APg & 93004200 B8PS ° ,650449°01 CP8 » -,932430014
org * ,000000

YAW RATE ABQUT BODY 2 AX1S PER DELTA CYCLIC
PERTURBATIONS ABOUY INITIAL VaALUE,
NO s 0,0
ROOTS (COMPLEX PORM)
017204004 10000
=,0314¢000 143204003
=:03144000 *,13204004

INg & ,431529-00 WRE ® ,146333¢01 1/7TR8 s 172029404
DeCo GAIN ® =,966140°00, ROOY LOCUS GAIN s ,019202-02

ARG 5 ,019202-02 BRB ¢ <,301483°02 CRB » +,330614-03
OR® & ~,303166-01
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PHI/VE(SIDESLIP)s 1276501 PHI/BETAS 12793004
FOR ROOT( 1225400, 1604000 )

PHI/VE(SIDESLIP)® 12765-04 PWH]/BETAS 12793004
FOR ROOY( .225%4-00, ~,6040-00 J)

PHI/VE(SIDESLIP)s  ,4680-00 PHI/BETA®S  ,4729402
FOR ROOT( =,5847-01, ,1872-30 J)

PHI/VEC(SIDESLIP)s «2000-01 PH1/BETAS 120294014
FOR ROOT( =-,1291+01, ,9553-30 J)

(DERIVATIVE OF) SIDE ACCELERATION 48 MEASURED
BY AN ACCELEROMETER, PER DELTA CYCLIC
PERTURBATIONS ABOUY INITIAL VALUF,

AYD s 0,0
ROOTS (COMPLEX FORM)
+0000 0000
+1328¢001 0000
=15998+000 193664000
=,9998¢000 =,9366¢000
~.4515-001¢ «1346-034

WAY 8 ,111225¢03% ay s ,530350-00
$/774Y4 = ,1120885401 1/74Y2 & +,990001-00
DiCo GAIN 3 =,193793¢0¢8, ROOY LOCUS Galn s ,964300-00

AAY 8 ,964300-00 BAY ® ,111949¢00 CAV & «,100997¢00
DAY 8 =,135174¢01 EAY & «,608109-01 FAY & ,000000

(DERIVATIVE OF) LATERAL GROUND SPEED. PERPENDICULAR Y0
INITIAL PLIGHY PATH, PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUF,

v6o = 0,0
ROOTS (COMPLEX FORM)
+4084+000 .0000
~-,4541¢000 +0000
-,3517-001 4430003
=,3517-001 v, 44300008

WVG s ,413839+01 ivG = ,8950080-02
4/Tv61 s ,408417-00 31/TVG2 & -,454151-00
D.Ce GAIN & =,976202¢02, ROOT LOCUS GAIN & ,964300-00

AVG 5 ,964300-00 BVG ® ,1311049+00 CVG & ,163303¢02
OVG & ,742706-00 EVG = =,306324+01
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(DERIVATIVE OF) BANK ANGLE PROJECTED ON VERTICAL
PLANE, PER DELTA CYCL!C
PERTURBATIONS ABOUT INITIAL VALUE,
PHO = 0,0
ROOTS (COMPLEX FORM)
»0000 .0000
» 36824000 .0000
~.4956+000 ,0000

i/7PWy = ,000000 1/7PH2 = ,368286-00 1/TPK3 = -,495615-00
D.C. GAIN = .00CO00 » ROOY LOCUS GAIN = ,510842-00

APH = ,510842-00 BPW = ,650449=01 CPW = ~,932430~01
DPHW = .000000

TRANSFER FUNCTIONS FOR BODY AXES UP =-,0000 DEGREES
FROM ORIGINAL BODY AXES,

RESPECTIVE X Y AND Z DISTANCES FROM AJRPLANE C.G
TO ORIGIN CF AXES ARE,
LX = ,1700¢02 LY = ,0000 AND |Z = ~-,0000

RUN NO. (3 NUMERATOR CHARACTERISTICS FOR CYCL!IC

SIDESLIP ALCNG BODY Y AXIS PER DELTA CYCLIC
PERTURBATIONS ABOUT AN INITIAL VALUE,

vosn,0
ROOTS (COMPLEX FORM)
'01566"001 10000
.1977+000 .3016+001
119774000 =,3016+001

iV ® -.654093-01 WVB = ,302299+01 1/7TvB = =~,158604-01
D.Cs GAIN = ,839026+01, ROOY LOCUS GAIN = ,181846+01

AVB = .181646+¢01 AVR = =,689535-00 CVB = ,165883+22
DVR = ,263279-00

ROLL RATE ABCUT RODY X aXIS PER DEiLTa CYCLIC
PERTURBATIONS ABOUY AN INITIAL VaLiU'Es

P30 = 0,9
ROOTS (COMPLEX FORM)
+2744-001 »1300-025
+3517+000 -,7679~042
=15073+000 +1154-03%
1/7PB1 = ,274481-01 1/7TPB2 = ,351748-00 1/7PRY = -,507309-00

DeCe GAIN = .793631-01, RNOOT LOCUS GAIN = ,508443-00

APR = ,508443-00 BPB = ,651382-01 CP3 = -,529001-01
DPR = .249034-02



YAW RATE ABOUY BODY Z AXIS PER DELTA CYCLIC
PERTURBATIONS ABOUT AN INITIAL VALUE,

NO = 0,0
ROOTS (COMPLEX FORM)
18967+000 +0000
~.4637+000 «6760+000
-.4637+000 =,6760+000

ZRB = ,565650-00 WRB = ,819865%5-00 1/TRB = ,0896710-00
D.C, GAIN ® «,962875=00, ROOT LOCUS GAIN s ,504272-01

ARB = ,501272-01 BRB ®= ,154414~02 CRR = ~,799686=02
DRB = =,302142-01

(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMETER ,PER DELTA CYCLIC
PERTURBATIONS ABOUT AN INITIAL VALUE,

AYO ® 0,0
ROOYS (COMPLEX FORM)
»0000 40000
+1037+001 0000
“.5405*000 08324‘000
=,5405+000 », 83244000
-,3274-001 -,4391-03¢

WAY = ,992574-00 ZAY = ,544617-00
1/TAYL = ,103781+01 1/TAY2 = -,540573-00
D:sCe GAIN = =,193793+01, ROOT LOCUS GAIN = ,181646+01

AAY 3 ,181646¢01 BAY = ,138199-00 CAY = «,2459044-00
DAY = ~-,186538¢01 EAY = «,608105-01 FAY = ,000000

{DERIVATIVE OF) LATERAL GROUND SPEED. PERPENDICULAR TO
INITIAL FLIGHY PAYH, PER DELTA CYCLIC
PERTURBATIONS ABOUT AN INITIAL VALUE,

VG0 ®= 0.0
ROOTS (COMPLEX FORM)
«4228+000 »0000
-.4379+000 ,8372-026
-.3049-001 «3017+001
-+3049-001 =,3017+001

WVG = ,301736+01 v = ,101065-04
1/7Tv6L = .422897-00 1/TVG2 = -,437989-00
D«Ce GAIN ® ~,976202+02,» ROOT LOCUS GAIN = ,1R1646+01

AVG = ,181646+01 BVG *= .138199-00 CV6 = ,162032+02
DVG = .229065-00 EVG = -.306324+01
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TRANSFER FUNCTIONS FOR STYABILITY AXES,
ORIGIN AT AIRPLANE C.0,

(% NUMERATOR CWARACTERISTICS FOR YAIL ROTOR

SIDESLIP ALONG BODY Y AXI!S PER DELYA TAIL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE,
vl s 0,0
ROOTS (COMPLEX FORM)
-, 2476-002 +0000
=,8641¢000 +0000
11635003 0000

1/97VBYL & =,247611-02 1/7VB2 = =,864157<00 41/TVBI & ,463502¢03
D«Co GAIN & =,1181208404, ROOT LOCUS GAIN = ,105900¢00

AVE s ,109900400 BVS 8 «,172316¢02 CV8 = ~,1350120402
OvV8 s =.370677-01

ROLL RATE ABOUY BODY X AX1S PER DELYA TAlL ROTOR
PERTURBATIONS ABOUY INITIAL VALUE.
P0 s 0,0
ROOTE (COMPLEX FORM)
+0000 »0000
182634001 10000
’02‘,$‘°°1 .0000
/784 = .000000 L/TPB2 & ,2203%6003% 1/7TPB3 & «,243130408
D«Ce GAIN & ,000000 ¢ ROOT LOCUS GAIN = =,664009-04

APB ® «,004099°01 BPB 5 «,111384=01 CPB = ,30847700
ors = ,000000
YAW RATE ABOUT BODY I AXIS PER DELTA YallL ROYOR

PERTUIBA?IgNG SB0UT INITIAL VALUE,
0

RUN NO.

NO ® O,

ROOTS (COMPLEX FORM)
+1940+000 *,7412¢000
119404000 174424000

*,124954001 -,0401-030

IRG ¢ ©.203364-00 WRS ® ,737279-00 1/TRE ® -,12682240%
D.Co GAIN 8 371323601, ROOT LOCUS GAIN & 172140200

ARG & ,172340-00 ORB = ,34735300 CRS © ,103922-0%
ORS & ,1165108400
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(DERIVATIVE OF) SIDE ACCELERATION 48 MEASURED
BY AN ACCELEROMETER, PER DELYA TAlL ROYOR
PERTURBATIONS ABOUT INITIAL VALUE

AY0 = 0,0
ROOTS (COMPLEX FORM)
+0000 +0000
=,3498-002 =,3910-048
=,0915+000 =,1204-036
*,43974000 142964004
=,4457+000 ®,42004004

WaY s ,43316391+0% Zav s ,0630008-04
$/T4YL & =,349806-02 1/7AY2 & =,691530-00
D.C. GAIN & ,152139-00, ROOT LOCUS SaIN & ,105900¢00

AAY & ,109900000 BAY ® ,1616%4-00 CAv 5 ,2034644014
DAY & ,13736390% EAY 3 ,477397-02 FAY s ,)00800

(DERIVATIVE OF) LATERAL CROUND SPEED, PERPENDICULAR Y0
INITIAL FLICHY PATW, PER DELTS TAIL ROTOR
PERTURBATIONS ABOUY INITIAL VaLUE,

veC s 0,0
ROOTS (COMPLEX FORM)
+2000¢001 24244001
+2000+001 °,202400014
*, 27634001 *,1902¢004
-,2703¢003 019024004

WVGYL s ,334283¢01 2IVGL s -,636481-09
WVG2 = .33%480¢04 2vG2 * ,823753-00
D«Co GAIN & 375190403, ROOT LOCUS GAIN & ,305900400

AVG ® 309900400 BVG ® ,361654-00 CVG * =,103786400
OVG ® .301297¢01 EVC ® .117731¢02

(DERJVATIVE OF) RANK ANGLE PROJECYED ON VERTICAL
PLANE, PER DELTa TalL eOTOR
PERTURBATIONS ABOUY INITIAL VALUE,
PH0 s 0,0
ROOTS (COMPLEX FORM)
+0000 ,0000
122034001 0000
-,2434¢001 , 0000

1/7Pu1 s ,300000 1/7PW2 8 ,2263%640% 1/TPu3 8 =,24342001%
D.C, GalN ®= .000000 ¢ ROOT LOCUS GAIN s -,666099-03

APH & =,066099-01 BPu 8 <,111384-01 CPu s ,305477-C0
pPN s ,000000



TRANSFER FUNCTICMS FOR BODY AXES UP ~-,0000 "EGREES
FROM ORIGINAL BCDY AXES,

RESPECTIVE X Y AND Z DISTANCES FROM AJRPLANE C,06
TO ORIGIN CF AXES ARE.
LX & ,1700#02 LY = .0P0D AND LZ = -.0000

RUN NO, L3 NUMERATOR CHARACTERISTICS FOR TAIL ROTOR

SIDESLIP ALONG BODY Y AX!S PER DELTA TAIL ROTOR
PERTURRATIONS ABOUT AN INITIAL VALUE,

vo=0.,0
ROOTS (COMPLEX FORM)
+1205+000 .0000
-n93’10000 .OGOD
+5850¢001 ,0000

1/7vB1 = ,120996+0C 41/TvB2 = -,937148~00 1/TyB3 = ,585034+01
DsCs GAIN = ,617302402, ROOY |LOCUS GAIN 3 ,262965+0%

AVB = ,292965+01 RVB * «,147472402 CV8 = -,143263¢02
DVB = .193704+014

ROLL RATE ABOUY KODY X AX]S PER DELYTL TAIL ROTOR
PERTURBATIONS AROUY AN INITIAL VaALUE,

PO = 0,0
ROOTS (COMPLEX FORM)
'2638'001 .0000
«1973+001 . 0000
-,2288+001 2000

1/7TPRYL = .263876-01 1/7PB2 = ,197310¢01 41/TPBD = =-,2280858+04
D.C. GAIN = -,305021-00, ROOY LOCUS GAIN = -,803258-01

APB = -,803258-p1 B8PB ®* =,232215-01 CPB = ,363388-00
OPB = ~-,957129-02

YAW RATE ABCUT BODY Z AX!S PER DELTA TAIL ROTOR
PERTURRATIONS ABOUT AN INITIAL VALUE,

NO = 0,0
ROOTS (COMPLEX FORM)
14884000 . 75594000
+1488+000 ~,7559¢000
=¢1177+001 «1172-027

ZRB & =,193206~00 WRR = ,770518-00 41/TRB = =,117755+01%
DeCe GAIN = ,370068*01, RCOT LOCUS GAIN = ,166103-00

ARB = .166103-00 BRRR = ,146140-00 CR8 = ,403790~-04
DR8 = ,116124+00

=



(DERIVATIVE OF) SIDE ACCELERAYION AS MEASURED
BY aN ACCELEROMETER ,PER DELTA TAIL ROTOR
PERTURBATIONS ABOUY AN INITIAL VALUE,

AYO = 0,0
ROOTS (COMPLEX FORM)
+0000 .0000
|7‘B"’001 '010380001
»7484-001 ,1038+001
-.1428-002 '01271'031
=-,1051+001 .7857-031

WAY = ,104458+01 ZAY = «,718530~01
1/TAYL = -.142854-02 1/TAY2 & ~,105144404
D+«Co GAIN = ,152139-00, ROOT LOCUS GaIN = ,292965+01%

AAY ® ,292965¢01 BAY ®= ,264603+01 cAY = ,272106+01
DAY = ,334574¢01 EAY ®= ,477397-02 FAY = ,000000

(DERIVATIVE OF) LATERAL GROUND SPEED: PERPENDICULAR TO
INITIAL FLIGHWT PATH,» PER NELTA TAIL ROTOR
PERTURBATIONS ABOUT AN INITIAL VALUE,

vG0 = 0,0
ROOTS (COMPLEX FORM)
177844000 «1099«001
+ 77844000 ~,1099+001
-.1230+001 -,8370+000
-,1230+001 ,A370+000

WVGL = ,134736¢01 2vGl = «,577761-00
WVG2 = ,148783+01 2vG62 s ,B826740-00
D.Cv GAIN = ,375190¢03, ROOT LOCUS GAIN = ,292965+01

AVG ®  .292965+01 BVG = .,264603401 CVE = ,582657-00
DVG ® .298708401 EVGC ® ,117731¢02
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ROOTS OF A/C LATERAL NDIRECTIONAL TRANSFER FUNCTIONS
RUN NO. L4

VERTOL YHC=-14 1500FT/MIN DESCENT AY 60 KNOTS

INPUT DATA

DIMENSIONAL STABIL!TY DERIVATIVES

UNITS ARE 1 PER RADI!AN

(BODY AXES DIFFER BY ,1930+02 DEGREESs POSITIVE
FOR NOSE UP, FRQOM STABILITY AXES)

-.1517-00 Lv = -,3710-02 NV = -,4560-02
-.1862+01 P = »,8746=00 NP = -,4000-04
-.2282-00 LR = -,7680-01 NR = -,3300-01
-.0000 LVD = -.0000 NVD = -,0000
-.0000 LPD = =,.0000 NPD = -,0000
-,0000 LRD = -~,0000 NRD = -,0000
«8469-00 LA @ ,4323-00 NA = 12385-01
«7300-01 LDRs= -,13%5-00 NORs 11591-00
»9850+02 uz s 3450402 GAMA = =,1390+02
-.0000 RHO @ .2380-02 S = -,0000
'.0000 IXZ s .711‘*0‘ IY s l7591+05
'00000 X! 3 ".0000 TDT L] -.0000
+1700+02 LY = ~,0000 Lz = -,0000
-.0000 CD = ~,0000 W = 11340+05
9203404 72 ® ,7179405 G = 13220402
-.0000

DIMENSIONAL STABILITY DERIVATIVES,PER RADIAN,
STABILITY AXES

-.1517-00 Ly ® -,1210-01 NV = -,4290~02

-,1833+Q1 LP = -,7364-00 NP = ».1021-01
.4001-00 LR = «1255-00 NR = -.2700-01
.0000 LVp = .0000 NVD = 0000
.0000 LPD ® 0000 NPD = »0000
»0000 LRD s 0000 NRD = 0000
.8469-00 LA = ,3724-00 NA = 14334-02
«7300~01 LOR® ,2240-00 NOR= y1613-00
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CIMENS|OVAL DERIVAYIVES, PRINED

Yy o *.49347°00 (v ® *,2279-01 NV @
vo o *,1833¢01 (W e,9804-00 NP &
va o .0004=CO0 (N * +$220¢00 NR o
Yvw o +000C LvD @ +0000 NYD @
veQ o 0000 LPn o «0000 NPD o
vay s 0000 LNp o 0000 \NRD o
va o 000900 L4 ® « 4900300 NA O
voRe «7300=01 LDRe® +9910+00 NOR®

I\ SYABILITY AXES. ys ,106400)
cjuNe ,1360000% 1229 ,0939¢09 12 ,1397¢09

©,1474-04

*,2799-00

=,3024-02
10000
+0000
10000
1430400
13990400

LATERAL DIRECTYIONAL OENOWINATOR ROOTS

ROOYS (CO“PLEx FOAN)

+1343¢000 '971%-022
19622000 02773037
-,4810-230} 9376036
*.1773¢00% 11299034
Ty o . 764996003 T2 o «104683004 73 s -,20700%9¢02
T4 ® =,9040)51-00
COtFPICIENTS
s 0 +30000¢0% R 031620008 (C s *,30724¢00%
Do 074042303 L e +02030-02



TRANSFER FUNCTIOMS FOR STABILITY AXES.
ORIGIN AT AIRPLANE C.G,

RUN NO, L¢ NUMERATOR CHARACTERISTICS FOR CYCLIC

SIDESLIP ALONG BOOY Y AXIS PER DELTa CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,
vo s 0,0
ROOTS (COMPLEX PORM)
11234001 +0000
-,3056-001 .N000
T 019994002 +0000

L/7vis s .112300¢01 41/7v02 s -,309622-01 1/7vB) ¢ ,199949¢02
0:Ce GAIN ® ,943316¢02, ROOT LOCUS GAIN s ,046900-00

AVE ®  .040900°00 BVE ® «,344303¢02 CVB & 146104002
Ove s 58513700

ROLL RATE ABOUT BODY X aX]S PER OELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUR,
#0 s 0,0
ROOTS (COMPLEX FORM)
07439+000 +0000
©¢7408-001 +0000
=+ 78994000 0000

/7008 8 ,713962-00 4/7P02 © -,740632°0% $/7P8) ¢ «,709913+00
0:Co GAIN ® ~,335563¢01, ROOY LOCUS CAIN & ,490332-00

APS & ,490332°00 BPB ® ,747539701 CPB o -,270239-00
OPR * <,200149°04

YAV RATE aB0OUY 90DY 2 AXIS PER DELTA CYCLIC
Plnmn:an:ﬂ: ABOUT INITIAL VaLUE.
NO s 0,
ROOTS (COMPLEX PORNM)
102344000 +0000
=,44780000 + 73420000
*,44704000 *,7342¢000

IRG = .520090-00 wRE ° ,00N062-00 4/7TRp = ,023409-00
0:Co GAIN © =,139999002, ROOY LOCUS GAIN s ,130009°00

ARG 8 ,130009°00 ORE ° ,900¢21-02 CRD ¢ ,293009-03
ORp ¢ -,043092-04

¥



Pui/VECSIDESLIP)s  ,10C9-00 PwW]/BCTas  ,1080032
FOR ROOT( ,1343-00, ,0003 J)
Pul/VE(SIDESLIP)e 1294001 Pu]/BETA® 3074001
FPOR ROOT( 942100, ,2773¢37 )
PHI/VECSIDESLIP)s  ,3003001 Pui/BETA®  ,$047¢0)
FOR ROOT( =.4041-01, .9176-36 !
Pul/VE(SIOESLIP)e 1194703 Pu1/BETAS 13036004

POR ROOT( =,1773¢01, ,3296-" )

(DERIVATIVE 0F) SI.. ACCELERATION A8 MEaBURED
BY an ACCELERD TER, PER DELTa CYCLIC
PERTURBATIONS 4B0UY INITIAL VALUE
AY0 & 0,0

ROOTS (COMPLEX BORM)
+0000 +2000
19209000 .9000
*,409%9-001 *,1300-021
'.‘!010000 0.1‘0‘0001
=,4302+000 « 16040004
WAY & ,31400809¢03 24y 8 ,292835-00
/7y 8 02091300 1/74v2 & ~,465520018
D¢Cos GAIN © =,327300002, ROOY LOCUS CaIN & ,040900-00
AAY & ,040900-00 Bav ¢ «,1080949-01 CAY o 116702408
DAY ©® «,104304008 EAY & ©,7900100-01 PAY o ,300000

(DERIVATIVE OF) LATERAL CROYUND

SPEED, PERPENDICULAR Y0

INITIAL PLICHT PATH, PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VaLUE.

vGéo ¢ 0,0
ROOTS (COMPLEX FOAw)
274990000 .0000
=,7904¢000 .0000
12929-0014 63020004
12929-001 -,83020002
wvG o ,43020000% Ive ® -,8731902-C2
4/TVv8s & .719920-00 1/7V62 ¢ =,7964408-00

D:Ce GAIN ©® =,361939004, ROCTY LOCLS GaIN o

avg ®
ovg ¢

«800900-00 OVC ® «,.106949°01 CVC ¢
«0319723°00 EVG & =.877023+08

019656302



(DERIVATIVE OF) RaNx ANGLE PROUECTEC ON VERTICAL
PLaNEs PER DELTYS CYCLIC
PERTURRATIONS ADNUT INITIAL VALUE,
Pu0 o 0,0
R00TS (COMPLEX FORY)
0700300 0000
8ALA-00° 0009
'..901000? .0900

$77Pug 8 ,700379-00 $/77Pu2 s ,001019-09 1/7Pul & ¢,0890119-00
NeCo GalN © 0379383-07, anrgY LOCUS GaIN o 0505956700

APW 8 ,4%05%07-00 APw s ,701720-04 CPW o -,270162-00
OPu & ,232033-09

TRANSEFD BUNLTICLS FOR 8OOV AYES UP ~-,3(00 oECREES
Fa0mM ORIGINAL BCDY oXES,

RESPECTIVE X ¥ 4ND 2 DISTANCES FPROM AIRPLANE C.6
TO ORIGIN OF AXES ARE,
Lt & ,170Ce02 LY &= ,0000 420 L2 ¢ -,0000

RUN NO. L6 NUMERATOR CwaRACTERISTICS FOR CYCLIC

SIJESL:T 4LCNG 800V v A¥1S PER DELYa CYCLIC
PERTURLATIONS 480UY AN INITIA, vallE,

vas2,0
00718 (CO“PLEX FOA™)
0 7296-301 *.A030-020
031440C01 060900000
11640001 o, 850000

Ive o =,70/56A=-00 wvp & ,343930601 4/7vB s ,729693-03
NeCo CAIN 8 =,362070003, ROCT LOCUS CaIN s .580200¢03

avD &  .50020C¢01 Ova o -,130903¢02 CVS * ,130972002
VA & <,001309-00

GOLL Ra"E ABOUY AONY X AY]S PE® “ELTs CVCLIC
PERTURLAT]ICAS ABCUY N INITIaL VaLUE,
S s C,0
VWOTS (COWP EX FORw)
«093%¢0C" .0000
03339-001 .000C
*,80033¢00 0000

277941 8 0939080 3$/°397 s .313903eC1 /7083 & +,08%307-00
0.Ce GAIN & ,33:520021, 8007 LCCUS Gal\ & ,624071-00

AP 0  ,420073-00 abn o 07290403 CPO & -,202099-00
9’. L .019007003



YaW RATE ABCUY 900Y 2 AXIS PER OFLTA CYCLIC
PERTURBATIONS ABOUT AN l""'.k vaLut,
N0 » 0,0
R00TS (COMPLEX SORNM)
07730000 +0000
*,8447¢000 42640000
,84474000 ,4261¢000

IS & .723730-00 WRR & 03400600 4/7RQ o ,773074<0¢
DeCe GAIN ® =,139009¢02, ROOY LOCLS Caln ©» ,2909083-00

ARG & ,209093°00 ARB © ,341190-0% CAB o ~,910993°04
ORg ¢ -,002019-0}

(OERIVATIVE OF) SIOC ACCELERATION A8 MEaSURED
OY AN ACCELERONETER ,PE® DELTS CYCLIC
PERTURBATIONS ABOUT AN INITIAL vaLUL,
AY0 ¢ 0,0
ROOTS (CONPLEX FORM)
+0000 .0000
01460000 .ogog
*,44240000 ,07320000
*,44240000 .67320000
*,2949-001 -,8121-03¢

vay o ,009509-00 lav s ,909221-00
1/7avy o 01464800 1/T4Y2 & ~,442444-00
0.Ce GAIN ® =,1273008¢02, ROOT LOCUS Caln o ,5080280°03

AAY o 500200001 6av o ,961270-00 CAY o -,411009-00
DAY & =,311029¢01 €AY ® «,7001R9-01 Fav & ,000000

(OERIVATIVE 0F) LATERAL GROUND $PEED, PERPENDICULAR T0
INITIAL FLIGWY PaTu, B8 DELY) CYCLIC
PERTURBATIONS ABCUT AN INITI4L vaLUR,

véo ® 0,0
ROOYS (CONPLEX FORNM)
+7301000 +0000
*:0109-001 «1707002
=+0305-001 =,1707¢003
=,70212000 *,1780-020

wé s .170090404 v o ,301921-08
$/7ves o ,730421-00 1/TVG2 o ~-,0618817-04
0.Ce GAIN & =,141910004, ROOY LOCUS CalN o 580200403

Ve o .500200°0% OVC ° .361270°00 CVe ° ,14P972¢C2
Ove * =.090723-00 EVS ©® =.077A23¢0%



TRANSFER FUNCTIONS FOR STABILITY AXES,
ORIGIN AT AIRPLANE C.5,

RUN NO. L4 NUMERATOR CHARACTERISTICS FOR TAIL ROTOR

SIDESLIP ALONG BODY Y AX!S PER DELYA TAIL ROTOR
PERTURBAT]ONS ABOUT INITIAL VALUE.

vo = 0,0
ROOTS (COMPLEX FORM)
-,2385-001 . 0000
=-,1512+000 ,0000
15249+003 »0000

1/TvB1 = =-,238529-01 1/TvB2 s ~,151227-00 1/TVvB) = ,524943403
DsC: GAIN = =,222834402, ROOT LOCUS GAIN = ,730000-01

AVB = ,730000-01 BVR ® «»,383059402 CVB = -,670857+04
bve & =,138223-00

ROLL RATE ABOUT BODY X AX!S PER DELTA TAlL ROTCR
PERTURBATIONS ABOUT INITIAL VALUE,

PO = 0,0
ROOTS (COMPLEX FORM)
-+7871-001 ~-.5655¢000
-.7871-001 56554000
~.7424-001 ,8281-~032

ZPB = ,137850-00 wPB = ,571012-00 41/TPB = =,742418-01
D«Co GAIN = .215321¢01, ROOT LOCUS GaIN = ,551757-00

APB = ,551757-00 BPB = ,127823-00 CPB = ,186352-00
-DPB &  ,133563-01

YAW RATE ABQUY BODY Z AX1S PER DELTA TAIL ROTOR
PERTURBAT]ONS ABOUT INITIAL VALUE,

NO = 0,0
ROOTS (COMPLEX FORM)
16182-001 44189000
16182-001 »~,4189¢000
'.83740000 11224-030

IRR 3 =,146003-00 WRBR & ,423446~00 41/TRB = =,837464-00
D«Cs GAIN = ,870073+04, ROOY LOCUS GAIN = ,359412-00

ARB = ,359412-00 BRB = ,256554~00 CRR = ,272273~01
DREB = ,539704=01



(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMETER, PER DELTA TAIL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE,

AY0 = 0,0
ROOTS (COMPLEX FORM)

+ 0000 +0000
-,3938-001 .0000
-03250-001 .UDUU

+5506+001 «6909+001

+5506+001 . ,69009+001

WAY = ,883558+01 ZAY & =,623240-00
1/7AY3 = =.393873-01 1/TAY2 = ~,825870-01
D«Cy GAIN ®= ,298855401, ROOT LOCUS GaIN s ,730000-01

AAY = ,730000~01 BAY ® »,795073~00 CAY = ,560110+0%
DAY s ,692508-00 EAY = ,185379-01 FAY = ,000200

(DERIVATIVE OF) LATERAL GROUND SPEED: PERPENDICULAR YO
INITIAL FLIGHY PATW, PER DELTA TAlL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE,

VGO = 0,0
ROOTS (COMPLEX FORM)
=+7261-001 +5235+000
=-.7261~-001 »,5235+000
155184001 *,15674002
+5518+001 115674002

WVGL = ,528334-00 2ZvGl = ,137393-00
WVG2 = ,166198+02 2vG2 = =,332033~00
D«Ce GAIN = ,908070+403, ROOT LOCUS GAIN = ,730000~01

AVG = ,730000-01 BVG ®= =,795073-00 CVG = ,200672402
DVG = ,270342¢01 EVG ®= ,563274+01

(DERIVATIVE OF) BANK ANGLE PROJECTED ON VERTICAL
PLANE, PER DELTA TAIL ROTOR
PERTURBAT]ONS ABOUY INITIAL VALUE.
P40 = 0,0
ROOTS (CUMPLEX FORM)
«0000 .0000
-,6950-001 =,6190+000
-,6950-001 61904000

IPH = ,111569+00 WPH 3 ,622971-00 1/7TPW = ,000000
0.C, GAIN = ,000000 » ROOT LOCUS GAIN = ,449259-00

APH B ,449259-00 BPW = ,624506-01 CPW = ,174354-00
DPW = .000000



TRANSFER FUNCTICNS FAR RODY aXES UP +,0000 DECREER
E20M ONIGINAL PRPDY ANES,

RESPECYIVE X V 4ND 7 DISTANCES So0M AIRPLANE C,C
TO ORIGIN CF AXES ARE.
LY 8 ,1700¢02 LV ®s ,0000 aND L2 ¢ -,0000

QUN NO. LS NUMERATOR CwARACTERISTICS FOR TALL ROYOR

SIDESLIP ALCNG BODY Y AXIS PER DELYA TalL ROYOR
PERTURBATIONS ABOUT AN INITIAL VALUE,

visl,(
B0QTS (CCvPLEX FCRY)
+9609-001 0000
°.2404CCC .03eC
2 L11 LisH .£00C

177yng 8 L 00C0999-C0: 1/Tub2 8 =, 74564820 17733 8 LI8M020e08
DeCo CAIN & 129414003, ROOY LOCUS GAIN & 09403703

AVE 8 094017001 AVE 5 ©,334713002 CVO o ~,52245000%
ova s ,072792-3°

ROLL aTE 400U° AJ0Y X aX]S PE® DELTA TatL ROTOR
LAY <avICAR 222UT AN INITIAL valLUE,

. L ]
s 8 v

QSIS (CCvP ex FOR™)

“.00312-23: YT ]
*.6042-001 *,04440000
+3309-C51 *.0740-032

209 s 02007301 wPR & ,0487243-00 /799 ¢ ,3100308-0%
9¢Co CAIN ® =.063979<3C, ANOYT LOCUS GAIN ¢ ,4603031-00

APQ 8 .431931-00 @Pa & ,3I3A310-01 CPR o ,104873-00
0P8 & <,923591A°32

You TE 48CUT B8OV 7 4X18 PE® 6 Ya TalL ROYOR
PESTURAATIONS 48°UY aN INI®1aL VaLUE,
\C 0 $,%

2038 (So¥ tx FRAV,

+16V2-°31 + 4393008
034902502 =,8203¢000
° 9790032 *,34600-020

T80 8 «,347643°5 <88 8 ,629972-00 3/9%8 o =,979070-00
Nele COIN & 0923308078, a%2% LOCuS Ca'c & .921990-0C

A% 8 92190090 wda 8 20610030 288 ¢ 720709
% & ,395333%C:



(IERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELERNMETER ,PE® A T4 YAl ROTOR
PERTURBATIONS ABOUT AN INITTAL VALUE,

AY0 & 0,0
R09TS (COMPLEX FORM)
10000 +1000
*, 283440000 12098°019
13027900 =,053%¢000
*,1027¢009 «A953%¢000
=,1196-001 «,7956=-030

waY & ,0899701-00 Ay 8 ,1104664400
4/77avy 8 -,234409-00 1/7aY2 & -,102700000
NeCo GAIN 8 20089608, ROOT LOCUS Calv & ,0804017¢01

A0Y 8 004017001 BAY & ,603040001 CAY ® 700517404
0AY & ,103340¢0% €AY & ,108381201 FAY = ,N00000

(OERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR 70
INITIAL PLICHY PATH, PER AELYA TalL ROTOR
PERTURBATIONS 4BAUT AN IN]TIAL VALUE,

veo ® 0,0
R00YS (COMPLEX FORN)
*,76864-001 +947080000
*,7604-001 *,9678000
=,3490000 ,1427¢004
*,1490¢000 036276003

WvgL & ,993202-00 2vGL o ,130904-0"
WVGR & 143404001 2vG2 & ,10309740N
0.C. GCaIN & 90807003, ROOY LOCUS CalN & 89404740y

AVG ® 004017001 AVC ® ,403040001 CVS * ,219913¢02
OVG & .304439¢01 EVGC ® 3032740018



ROOTS OF a4/C LATERAL NIRECTIONAL TRANSFER PUNCTIONS
RUV %O, L9

VERTOL VYuCe=18 wOVER

INPUT DaTa

AIMENSIONAL STABILITY DERIVATIVES

UNITS ARE 3 PER RADIAY

(800Y AXES DIFFER §Y ,9270°0% ;ECRELS, POSIYIVE
FOR NOSE UP, PRCH STaBILITY aNES)

YZWSs =,2008=00 Lv ©® ,7000-02 NV © 1300003
YP s <,7691°00 (P ® <,5073-00 NP o +,300008
YR ¢ <-,1292-00 (R ® ~,2300°0% NR o <,5090-0%
Ywy s ~,0000 Lvo & +,0000 Nwo o <,0000
Yep s ~,0000 PO & ,0000 w0 o +,0000
YRO °® -,0000 LRO s «,0000 NRD o *,0000
va o 998000 L& ® 409400 N o 1300008
YORs 340600 (ORS +,3304-00 NORe 14798-00
ye «1010¢0% vz s 0109000 Gamap o +0000
MACH & =,0000 RO © .2300-02 e +,0000
MAC o -,0000 X2 = 7434008 iv o 179903009
HY o -,0000 Xy s *,0000 0T o <,0000
LX s +4700¢02 LY * ~,0000 L2 ¢ +<,0000
cL® ~-,0000 CO s +,0000 ve 04360009
iIx s 9203904 1z ® 0747909 G o 13220002
SPAN s -,0000
DIMENSIONAL STABILITY DERIVATIVES.PER RADTAN,
STABILITY AXES
YZWSs <°,2008°00 (V* ,0027-02 NV o 03399-03
Yvws =,7793-00 (L *,9726-00 e -.g’g‘-ﬂl
YR & <-,2097-03 (AR ® ~,1126-08 NR o ~,9472-04
Yvp ¢ 0000 LVD © +0000 NVD o 10000
vPp o +0000 LPD © +0000 NPD o 10000
VRQ o «0000 LRD o 0000 VRO o 10000
YA S 99800-00 LA ® 934000 NG O 0490404
. YOR® «3406°00 (DAS +1039¢00 NOR® 1176600

!.3



YV = -.2664-00
Yp = =.7753=00
YR = -.2087-03
YVD @ 0000
Yep = .0000
YRD ¢ 0000

YA * +9980=00
YDRs= +1466-00

o 1XXs ,0566+04

ROOTS

8 »
IOR =

DIMENSIONAL DERIVATIVES, PRIMED

LV
LP
LR
Lve
LPD
LRD
LA
LOR

»,8035-02
=,5888-00
=-,3233-01
0000
+0000
» 0000
+5506~00
11’19'00

IN STABILITY AXES, U® ,1023¢01

12T= ,7242403

1X2»

NPD

NRD
NA
NDR

3244404

-,2105-04

- |‘391‘01

=¢5711-01
10000
0000
10000
14500-01
11853-00

LATERAL DIRECTIONAL DENOMINATOR ROOTS

31184000
=,9418¢000
«,2465-03¢
=-,1556=-030

~,102606401

(COMPLEX FORM)
+13964-001
19964001

«,5701-001

9746000

*,475406+02
*=.115755+00

DUTCW ROLL MODE

PERIOD =

«10000+0%
126730-00

112276+02

TR »
WDR =

+515302-00 RAD/SEC

® +820129=01 CYCLES/SEC

COEFFICIENTS
,91232-00 cCs=
01""-01

Ly

TIME TO DOUBLE AMP,
TIME TO TEN TIMES AMP,
CYCLES YO DOUBLE AMP,
CYCLES TO TEN TIMES aAMP,

+19803-00

111620+02
38602402
194662~00
131446401



TRANSFER FUNCTIONS FOR STABILITY AXES,
ORIGIN AT AIRPLANE C.G.

RUN NO. L5 NUMERATOR CHARACTERISTICS FOR CYCL!C

SIDESLIP ALONG BODY Y AXIS PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,

vo = 0,0
ROOTS (COMPLEX FORM)
~.5446-001 .0000
-,3878~001 142144001
-.5878-001 =,42144001

IVvB & ,139469-01 WVB ® ,421490+01 1/7TVB = = ,544669-01
D+Ce GAIN ® ,654530+402, ROOT LOCUS GAIN = ,998000~00

AVB = ,998000-00 BVB ®= ,171693-00 CVB » ,177362402
DVvB = ,965689-00

ROLL RATE ABOUT BODY X AX]S PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,
PO = 0,0
ROOTS (COMPLEX FORM)
»0000 .0000
'.57‘2'001 .0000
-,2486+000 ,0000

1/7PR1 = .000000 1/7TPB2 & =,576254-01 1/TPB3 = =,248678-00
D.C. GAIN = ,000000 » ROOT LOCUS GAIN = ,550612~-00

APB = ,550612-00 BPB = ,168634-00 CPB = ,789037-02
DPB = ,000000

YAW RATE ABQUT BODY Z AXIS PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,
NO = O.D

ROOTS (COMPLEX FORM)
+ 21444000 .3380+000
121444000 =,53804000
~,7464+000 »,1556=030

ZRB ® ~,370322-00 WRB ®= ,579214-00 1/TRB = «,746481~00
D.C. GAIN ® ,763784-00,» ROQT LOCUS GAIN = ,449967-01

ARB ® ,449967-04 BRB ® ,142860-01 CRB = 68640103
DRB ®= ,3112688-01

L5



PHI/VE(SIDESLIP)= +1885-01 PHI/BETaS® +1929=01
FOR ROOT( ,5965~01, ,5118-00 J!

PHI/VEC(SIDESLIP)®  ,1885-01 PHI/BETA®  ,1929=01
FOR ROOT( ,5965=01, =,5118-00 J)

PHI/VE(SIDESLIP)= 1143902 PHI/BETAS ,1473=02
'UR RODT( .05701-010 '|2465'31 J’

Pl /VE(SIDESLIP)s 1234601 PHI/BETA®R ,2196=01
FOR ROOT( =.9746-00, =,1556-30 J)

(DERIVATIVE OF) SIDE ACCELERATION A4S MEASURED
BY AN ACCELEROMETER, PER DELTA CYCL!IC
PERTURBATIONS ABOUT INITIAL VALUE,

AYDC = 0,0
ROOTS (COMPLEX FORM)
«0000 .0000
~¢5432-001 ,0000
«1592+001 ,0000
-.8784+000 114274001
-.8781+00C =,1427+001

WAY = ,167610+01 ZAY = ,523945-00
1/TAYL = -.343204-01 1/TAY2 = ,156251¢01
DeCo GAIN = -,164388¢02, ROOT LOCUS GAIN = ,998000-00

AAY & ,998000-00 BAY = ,217742~00 CAY = ,211372-01
DAY & =,446428¢01 EAY ®= -,242537-00 FAY = ,000000

(DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR YO
INITIAL FLIGHT PATHW:, PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE.

VGO = 0,0
ROOTS (COMPLEX FORM)
=+3680-001 .8988-019
=.1766-001 »,2719-033
'.31@5‘001 -|‘215*001
-,8185-001 ,4215+001

WVG = ,421626+01 IV = ,194145-01
1/TvG1 = ~-,368029-01 1/TVG2 = ~-,176624+01
D«Cs GAIN = ,781645-00, ROOT LOCUS GAIN = ,998000-00

AVG = ,998000-00 BVG = ,217742-00 CVG = ,177508e02
DVve = ,966392-00 EVG = ,115323-01

=
ON



(DERIVATIVE OF) RANK ANGLE PROJECTED ON VERTICAL
PLANE: PER DELYA CYCLIC
PERTURBATIONS AROUT INITIAL VALUE,
PW0 = 0,0
ROOTS (COMPLEX FORM)
+C000 0000
-.95762-001 0000
-, 24864000 000

1/TPHy = ,000000 1/7TPH2 = - ,576254=01 1/TPu3 = »,248678-00
D.C. GAIN = ,000000 » ROCY LOCUS GaIN = ,550612-00

APH = ,550612-00 RPW 8 ,16B654=00 CPW = ,789037-02
DPw = 000000

TRANSFER FUNCTICNS FOR BODY AXES UP »,0000 BEGREES
FROM ORIGINAL BODY AXES,

RESPECTIVE X Y AND Z DISTANCES FROM AIRPLANE C.G
TO ORIGIN OF AXES ARE,
LX & 170002 LY = ,0000 AND LZ = -,0000

RUN NO. L5 NUMERATOR CWARACTER]ISTICS FOR CYCL!IC

SIDESLIP ALCNG BODY Y AXIS PER DELTA CyCLIC
PERTURBATIONS 4BOUY AN INITIAL ValLUE,

vie=0,0
ROOTS (COMPLEX FORM)
~.6514-001 +5133-02¢6
=.1013+000 123284001
*+.1013+000 »,2328+001

Zvg = ,474713-01 wVvR = ,2331410¢01 1/7TvB = =,651435-01
DeCe GAIN & ,782674¢02, ROQOT LOCUS SAIN = ,326210+04

AVB = ,326210401 B3V ® ,B73640-00 CVR = ,177654402
Dve = .115475+01

ROLL RATE ABOUY RODY X AX1S PER DELTA CVYCLIC
PERTURSATIONS ABOUT AN INITIAL VALUE,

PO = 0,0
ROOTS (COMPLEX FORM)
=+1916+000C -,8466-001
-+1916+000 +R466-001
.7738-001 +9239=031
ZPB = .914731-00 wPR s ,209534-00 1/TPR = ,771829-01
D.C. GAIN = =,123144¢00, ROOT LOCUS GAIN = ,536153-00

APR = .536153-00 &PR = ,164144-00 CPR =  767647-02
pDP8 = -,181685-02



YAW RATE ABCUT BODY Z AX!S PER DELTA CYCLIC
PERTURBATIONS ABOUT AN INITIAL VALUE,

NO = 0,0
ROOTS (COMPLEX FORM)
+11224+000 -,3681+000
+1224+000 .3681+000
-.5548+000 .1078~-030

ZRB & -,315568-00 WRB = ,387934-00 1/TRB = =,554873-00
D:.Cs GAIN = ,753729=00, ROOT LOCUS GAIN = ,133183~00

ARB = ,133183-00 BRR ®= ,412910-01 CRB = ,194958-02
DRB = ,111213-01

(DERIVATIVE OF) SIDE ACCELERATION aS MEASURED
~ BY AN ACCELEROMETER ,PER DELTA CYCLIC
PERTURBATIONS ABOUT AN INITIAL VALUE,

AYO ®= 0,0
ROOTS (COMPLEX FORM)
0000 »0000
+11023+001 . 0000
=,6241+000 .9442+000
-,6241+000 -,9442+000
~,5672-001 1368-026

WAY 3 +113187+014 ZAY 3 .551460-00
1/TAYL = ,102315+401 1/TAY2 ® »,624181-~00
De:Cy GAIN = =,164388+402, ROOT LOCUS GAIN = ,326210+01

AAY 3 ,326210401 BAY 3 ,919689-00 CAY = ,542798-01
DAY = ~-,427521¢01 EAY = =-,242537-00 Ay »000000

(DERIVATIVE OF) LATERAL GROUND SPEEDs, PERPENDICULAR TO
INITIAL FLIGHY PATH: PE~ DELTA CYCLIC
PERTURBATIONS ABOUY AN INITIAL VALUE,

VGO ®* 0.0
ROOTS (COMPLEX FORM)
-,5280-001 +1836=026
-.1231-001 «4749-041
=:1084+000 »2329+0014
=,1084+000 »,2329+004

WVG = .233172+01 ZvG = ,464912-01
1/TV6L = -,%28095-01 1/TVG2 = =,123127-01
Ds+C. GAIN = ,781645-00, ROOT LOCUS GAIN & ,326210+01

AVG 3 .326210401 BVG = ,919689~00 CVE = ,177840+02
OVG ®= ,115545+01 EVG = ,115323-01

L8



TRANSFER FUNCTIONS FOR STABILITY AXES,
ORIGIN AT AIRPLANE C.G,

RUN NO. L3 NUMERATOR CHARACTERISTICS FOR TAli ROTOR

SIDESLIP ALONG BODY Y AX1S PER DELTA TAIL ROTOR
PERTURBAT]IONS ABOUT INITIAL VALUE:

vo s 0,0
ROOTS (COMPLEX FORM)
'02265'001 .0000
+7896+000 .6038+001
«7896+000 -,6038+001

Zv3 = =,129661-00 WvB ®= ,6809012+01 4/7TVB = ~,226565-01
D+Co GAIN = ,B34973¢01, ROOT LOCUS GAIN 3 ,146600~00

AVB = ,146600~00 BVB ® =,228204-00 CVB s ,543209+01
DVR 3 .123191+0C

ROLL RATE ABOUY BODY X AXIS PER DELTA TAIL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE,
PO = 0,0
ROOTS (COMPLEX FORM)
0000 .0000
~.6694-001 .0000
-,2148+000 . 0000

i/TPB1 = ,000000 1/TPB2 & -,669430-01 1/TPB3 * =~,214862-00
D«.Cy GAIN = .000000 + ROOT LOCUS GAIN = ,171872-00

AP ® ,171872-00 BPB ® ,4B4346-01 CPB ® 24721502
DPB s ,000000

YAW RATE ABOUT BODY I AX1S PER DELTA TAIL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE,

NO = U.D
ROOTS (COMPLEX FORM)
16881-001 =,5460¢000
+6881-001 5160000
-.9520+000 -,6162-032

ZRB = -,132159-00 WRB = ,520663-00 1/TRB = =-,952085-00
D«Cs GAIN ® ,324116%01, ROOT LOCUS GAIN = ,185276-00

ARB = ,185276-00 BRB = ,150901-00 CRB = ,259505+04
DRB = ,478198-01

hg



(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMETER, PER DELTA TAIlL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE.

AYD = 0,0
ROQOTS (COMPLEX FORM)
0000 . 0000
~,2173-001 .000C
121674001 ,0000
-,9410+000 18854001
=,9410+000 ~,1885+001

WAY = ,210744401 ZAY 8 ,44654Q-00
1/TAYL = =,217329-01 1/TAY2 ®» ,21671104
D:«Cy GAIN = =,207844401, ROOT LOCUS GAIN = ,146600-00

AAY ®  ,146600-00 BRAY ® =,385947-01 CAY = ,522434=-01
DAY = ~,140984+401 EAY = -,306651-01 rAY = 000000

(DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR YO
INITIAL FLIGWT PATHW, PER DELTA TAIL ROTOR
PERTURBATIONS ABOULT INITIAL VALUE.

VGO = 0,0
ROOTS (COMPLEX FORM)
-,1343-001 .9262~001
-.1343-001 -,9262-001
+1450+000 =,6171+001
+11450+000 +6171+001

WVGL = ,935964-01 2ZVGi = ,143556-00
WVG2 = ,617303+01 2ZvG2 = -,23500%-014
D.Cy GAIN 8 ,331697+01, ROOT LOCUS GAIN = ,146600-00

AVG 8 ,146600-00 BVG ® =,385947-01 CVG 3 ,558652401
DVG & ,149749-00 EVGC = ,489383-01

(DERIVATIVE OF) BANK ANGLE PROJECTED ON VERTICAL
PLANE,) PER DELTA TAIL ROYOR
PERTURBATIONS ABOUT INITTAL VALUE.
PHO = 0,0
ROOTS (COMPLEX FORM)
0000 . 3000
-,6694-001 . 0000
-,2148+000 , 0000

1/7PHL = ,000000 1/TPH2 & - ,669438~01 1/TPH2 =z =,214862~00
D.C. GAIN = ,000000 » ROOT LOCUS GAIN = ,171872-00

APH » .171872-00 BPW = ,4B4346-01 CPW = ,247215-02
DPH = 000000



TRANSFER FUNCTIONS FOR BODY AXES UP ~,0000 PDEGCREE®
FROM SRiGINAL BODY AXES,
RESPECTIVE X Y AND Z DISTANCES FROM AIRPLANE C.C
TO ORIGIN OF AXES ARE.,
—r LX = ,1700¢02 LY = ,p000ON AND LZ = -,0000

RUN NO. L5 NUMERATOR CWARACTERISTICS FOR TAIL ROTOR

SIDESLIP ALCNG BODY Y AXIS PER DELTA TAIL ROTOR
PERTURBAT]IONS ABOUT AN INITIAL VALUE.

vi=0,0
ROOTS (COMPLEX FORM)
=:2438+000 ~.1196+004
-,2438+00C ,11984001
=.,1660+000 .2542-031
IVB = .199424-00 VB ® ,122290¢01 4/TVvB s ~-,166085~00

D«Cs GAIN = .627286%02, ROOT LOCUS GAIN = ,372617+01

AVB = ,372617+01 RBVB & ,243630401 CVB = 5874254014
pve = ,%25493-00

ROLL RATE ABOUT BODY X AX]S PER NEL T4 TAIL RCTOR
PERTURRATIONS ABOUT AN INITIAL VALUE,
PC = 0,0
ROOTS (COMPLEX FORM)
-125474000 31084000
-.2547+000 -,3108¢000
+3415+000 .3039-033

IPB = ,633838-00 wPR = ,4041908-00 1/TPB = ,341539-00
D.Cs GAIN = =,522569-00, ROOT LOCUS GAIN = ,139752-00

APB 3 .139752-00 RPR = ,234714-01 CPB = -, 174416-02
DPB = =,770995-02

YAW RATE ABCUT BODY Z AX!S FPER DELTA TAIL ROTYOR
PERTURBAT]IONS AROUT AN INITIAL VALUE,

NO = 0,0
ROOTS (COMPLEX FORM)
«7232-001 49684000
+7232-001 ~.4968+000
-,8890+000 .3636-030
IRR = ~.144038-00 WRR = ,502111-00 41/7TRR = =-,889011-00
D«Co GAIN = ,319876+01, ROOT [LOCUS GaIN = ,210563~00
ARB = ,21(0563-00 B8RP = ,156735-00 CRA = ,260095-01
DRB = ,471942-01



TRANSFER FUNCTIONS FOR BODY AXES UP ~,0000 PDEGCREE®
FROM SRiGINAL BODY AXES,
RESPECTIVE X Y AND Z DISTANCES FROM AIRPLANE C.C
TO ORIGIN OF AXES ARE.,
—r LX = ,1700¢02 LY = ,p000ON AND LZ = -,0000

RUN NO. L5 NUMERATOR CWARACTERISTICS FOR TAIL ROTOR

SIDESLIP ALCNG BODY Y AXIS PER DELTA TAIL ROTOR
PERTURBAT]IONS ABOUT AN INITIAL VALUE.

vi=0,0
ROOTS (COMPLEX FORM)
=:2438+000 ~.1196+004
-,2438+00C ,11984001
=.,1660+000 .2542-031
IVB = .199424-00 VB ® ,122290¢01 4/TVvB s ~-,166085~00

D«Cs GAIN = .627286%02, ROOT LOCUS GAIN = ,372617+01

AVB = ,372617+01 RBVB & ,243630401 CVB = 5874254014
pve = ,%25493-00

ROLL RATE ABOUT BODY X AX]S PER NEL T4 TAIL RCTOR
PERTURRATIONS ABOUT AN INITIAL VALUE,
PC = 0,0
ROOTS (COMPLEX FORM)
-125474000 31084000
-.2547+000 -,3108¢000
+3415+000 .3039-033

IPB = ,633838-00 wPR = ,4041908-00 1/TPB = ,341539-00
D.Cs GAIN = =,522569-00, ROOT LOCUS GAIN = ,139752-00

APB 3 .139752-00 RPR = ,234714-01 CPB = -, 174416-02
DPB = =,770995-02

YAW RATE ABCUT BODY Z AX!S FPER DELTA TAIL ROTYOR
PERTURBAT]IONS AROUT AN INITIAL VALUE,

NO = 0,0
ROOTS (COMPLEX FORM)
«7232-001 49684000
+7232-001 ~.4968+000
-,8890+000 .3636-030
IRR = ~.144038-00 WRR = ,502111-00 41/7TRR = =-,889011-00
D«Co GAIN = ,319876+01, ROOT [LOCUS GaIN = ,210563~00
ARB = ,21(0563-00 B8RP = ,156735-00 CRA = ,260095-01
DRB = ,471942-01



(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMFTER ,PER DELTA TAIL ROTOR
PERTURBATIONS AROUT AN [NITIAL VALUE,

AYO = 0,0
ROOTS (COMPLEX FORM)
.0000 +7000
'04699-001 0611‘.019
»3601+000 -,8451-014
-,5079+000 .45465+000
=.5079+000 -.4565+000

WAY 3 ,682945-00 ZAY = ,743741-00
1/TAYL = -,489935-01 1/TAY2 3 ,360141-00
DeCe GAIN = =-,207844+01, ROOT LOCUS GAIN = ,372617+01%

AAY 3 ,372617+01 BAY = ,262591¢01 CAY = ,494405-00
DAY 3 =,607543=-00 EAY 3 =~,306651-01 FAY = ,000000

(DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR TC
INITIAL FLIGHY PATH,» PER DELTA TAIL ROTOR 4
PERTURBATIONS ABOUT AN INITIAL VALUE,

VGO * 0,0
ROOTS (COMPLEX FORM)
-,8250~-001 .4281-001
-,8250-001 -,4281-001
-,2698+000 ,1203+001
-,2698+000 ~,1203+001

WVG1L = ,929474-01 ZVG1 = ,B87605-00
WvG2 = ,123298+01 2vfh2 = ,21RB68=-0N
D.Co GAIN = ,331697+01, ROOT LOCUS GAIN = ,372617+0%

AVG * .372617+401 BVG = ,262591+01 CVG = ,602868+01
DVG *= .952050-00 EVG * . .489383-01
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ROQTS OF A/C LATERAL NIRECTIONAL TRANSFFR FUNCTIONS
RUN NO, L6

VERTOL YWC=-1A VERTICAL DrSCENT AT 1500 FT/MIN

INPUT DATA

DIMENSIONAL STABILITY DERIVATIVES

UNITS ARE 1 PER RADIAN

(BODY AXES DIFFER BY ,8748+02 DEGREES, POSITIVE
FOR NOSE UP, FROM STABIL!TY AXES)

Yv= ~-,8640-014 LV ® =,9960-02 NV 2 11220-02

YP = =.1104+01 LP = »,6304-00 NP = =,2400-04

YR = ~,1844-00 LR ® -,5230-01 NR 3 ~,4990-04
YVD s -,0000 LVD = '.0000 NVD = '.0000
YPD = -.0000 LPD = -,0000 NPD = ~,0000
YRD s -.,0000 LRD = -,0000 NRD = '.0900

YA ¥ «98Q6-0C LA = ,4590~=00 NA = 12425~-01

YDRS »1425-00 LOR® «,1245400 NDR= ,1728+00

W = +1100+01 Ul = 2500402 GAMA = =,9000+02
MACH ® =.0000 RHO = .2380-02 S = -,0000
MAC = -.0000 IXZ = 27114404 Y = 17594405

NT = =,0000 X{ = =,0000 ™T = -,0000

LX = «1700¢02 LY ® *,N000 L2 = ~,0000

CL = -.0000 CO = -,0000 W = 11340405

IX = «9203+04 JZ ® +7179+05 G = 13220402
'PAN = -,0300

DIMENSIONAL STABILITY DERIVATIVES,PER RADIAN,
STABILITY AXES

YV s -,8640-01 Lv = +1175~02 NV = 195941~02
Yp = -,2326+00 LP = -=,5171-0¢ NP = 1 5779=01

YR = +1095+¢01 | R = ,2254-01 NR = «,5739-00
YVD = ,0000 LVD = ,0000 NVD = , 0000
YPD = 0000 LPN = ,0000 NPD = ,0000
YRD = .0000 LRD = ,0000 NRD = ,0000

YA = 980600 LA = ,2709-01 NA = »,4165-00

YOR® «1425-00 LORS® .1737-00 NDR= 11699-00

23



Yv
L L4

YvD
vep
YRO

YA

<
[~
P

-,8040-01

=,2320-00
14099404
+0000
+0000
+0000
«9806-00
+1425-00

LV
LP
LR
Lvd
LPO
LRO
LA
LOR

DIMENSIONAL DERIVATIVES, PRIMED

+2900-02
»,5004-0¢
«,0594-04
0000
+0000
+0000
*,3944-04
.22. =00

IN STABILITY AXES) Us ,2502402

11XX8 730409

122 9949404

NV
w
R
NYD
NPD
NRD
NA
NOR

Ixzs 9833004

1444304
18994-02
*,740%-00
10000
10000
10000

g X1

LATERAL DJRECTIONAL DENOMINATOR ROOTS

ROOYS (COMPLEX FORM)
+5027-004
15027-001%

*,5244-001
*,9256+000

7§ o
I0R @

'0"0’.0.02
*,709417-03

DUTCH ROLL MODE

PERIOD =

+10000404
+48643-00

170690000
=,7069¢000
'0’315'031
«,3328<030

-,108033¢0¢

TR o
WOR s

80876404

170074900 RAD/SEC

s 1142001400 CYCLES/8EC

COEFFICIENTS
,87780-00 ¢ ®
.24372-04

54

TIME TO DOUBLE AMP,
TIME TO YEN TIMES AMP,
CYCLES Y0 DOUBLE AMP,
CYCLES TO TEN TIMES AMP,

145249-00

143706002
145798002
14994404
1#1920404

—_—




TRANSFER PUNCTIONS POR STABILITY AXES,
ORIGIN AT AIRPLANE C. 6,

RUN NO. L6 NUMERATOR CHARACTERISTICS POR CYCLIC

SIDESLIP ALONG 00DY Y AXIS PER DELYA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,

vo = 0,0
ROOTS ¢conrttx ronn:
=,9129-004 +0000
*=,14200001 ,0000
*.4209¢002 +0000

1/7V0L & =,512969-01 1/7VB2 o =,14202360% 3$/TVE3 o 'o‘!""‘.’
DeCo GAIN ® 354301402, ROOY LOCUS GAIN o 9000000

AVE ¢ ,980600-00 BVB ® ,133011402 CVB © 173202602
Ve * ,063219-00

ROLL RATE ABOUY B00DY X AXIS PER DELTA CYELIC
'(l?U::lYlgﬂ: ABOUY INITIAL VALUR,
e Uy
ROOTS (COMPLEX FORM)
143344001 oﬂgﬂg
194344000 103276000
*,54344000 *,03274000

P8 ° ,051924=00 WPp ° ,034097-00 4/7P9 o ,138439¢0%
i DeCo CAIN ® 232001408, ROOT LOCUS BAIN & =,394408-018

| APS © «,354100°01 BP9 & ,005009°02 CPO ¢ ,299509<03
L 0P8 & .323813-01

YAW RATE ABOUT BODY 2 AXIS PER DELTA CYCLIC
Pll?UlllY!gN: ABOUT INITIAL VaLUR
.
ROOTS (COMPLEX IORH)
=, 5939-001 14997004

t . 5989001 . 4997

| *. 2001006 X 44411

: IND 5 940342500 VRS o 50792008 4/TRE o ©,200309°06
Lﬁ DeCo GAIN ® =,304050°07, ROOT LOCUS SAIN ® =,523084°00

ARG 8 ©,923004°00 ORS ® ¢,970494°041 CRE © »,4100000-02
ORG & =,44099409

5




PHI/VEC(SIDESLIP)S 1456502 PHI/BETAS 11142000
FOR ROOT( .5028-01s 707000 V)

PHI/VEC(SIDESLIP)S 14956502 PHI/BETAS 01442400
'" .oo'( .9020'010 «,7070-00 J,

PHI/VECSIDESLIP)® e 5164402 PHI/BETA® 0794703
FOR ROOY( =.5242-01, =,5316-3% J)

PHI/VEC(SIDESLIP)S  ,9809-02 PHI/BETA®  ,2473-00
FOR ROOT( =.9296-00¢ =.3320-30 J) :

(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
8Y AN ACCELEROMETER, PER DELTs CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,

AY0 ® 0,0
ROOTS (COMPLEX FORM)
*,1900~-014¢ »,3795-02¢
12049002 1 2190-039
=,08310+000 164044000
=,0810¢000 *,04081¢000
*,95029-004 »,2077-029

WAY 8 ,919719-00 LAY 8 74046700
4/T4Y8 &  ,320681401 1/TAY2 ® -,681021=00
DsCo GAIN ® =,238876¢04, ROOT LOCUS CAIN = ,980600-00'

AAY & ,900600-00 BAY = ,231311-00 CAY ® -,770740-00
DAY ® =,40447840% EAY ®= =,502194-01 FaY ® *,111022~45

(DERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR 70
INITIAL FLIGHT PATM, PER DELTA CYCLIC
PERTURBATIONS ADOUY INITIAL VALUE,

vGo s 0,0
ROOTS (COMPLEX FORM)
-,5094-001 16732-02)
11372-007 v,1692-053
-,0220-001% 140660001
-,0220-001 », 40404008

WG & 404749403 Ivé s ,203302-01
4/TV63 ® =.9093085-01 1/TVG2 ® ,137237-07
DeCo GAIN ® =.460990-06, ROOT LOCUS GAIN = ,980600-00

AVG ® .900600-00 BVG ® .211311-00 CVG @ 1160726002
OVG = ,017974-00 EVG ® =,1122%6-07
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T e TN, W Yo

(DERIVATIVE OF) RANK ANGLE PROJECTED ON VERTICAL
PLANE: PER DELTA CYCLIC

PERTURBATIONS ABOUY INITIAL VaLUE»
PRO ® 0,0

ROOTS (COMPLEX FORM)
-19529-001 *,1997-004
=,9529-001 11997=004
“,1948-014 «,R425-034

IPH 8 ,940%40-00 WPK ® ,587023=01 41/YPN & *,1901008-44
D.Cs GAIN 8  ,142352=45, ROOYT LOCUS GAIN & ,523084-00

APH 8 ,523004-00 B8PH & ,578494-0% CPu s ,180806-02
DPW 8 ,346945-17

TRANSFE= FUNCTIZNS FOR B80DY AXES UP «,0000 DECREES
FROM ORIGINAL BODY AXES,

RESPECTIVE X Y AND T DISTANCES FROM AIRPLANE C,6
TO0 ORIGIN COF AXNES ARE,
L7 & ,1700e02 LY &= ,0000 AnND LT & -,0000

RUN NO. L6 NUMERATOR CHARACTER]ISTICS FOR SYCLIC

SIDESLIF ALCNG 8ADY Y AXIS PER CFLTa CVCLIC
PERTURRATIONS aR4UY AN INVITIAL VaLlE,

visn,0
ROOTS (COMFLEX FORM)
-, 83v4-001 900
=,12%5%¢00: 0009
113474004 00080

4/TVB1 & -,839415-01 1/TvR2 s =,129930¢01 4/TvBS 8 ,13673000¢
NeCo GAIN ® 579826402, ROOT LOCUS CalN & =,116900-03

AVB 8 =,316900-01 0{va ® ,133947¢02 CvB & ,1705000C2
Ove & .141317¢0%

ROLL RLTE ARCUY 20DY X Y18 Pe® ELT2 CYCLIC
PERTURLATICNS 220UY AN INITIAL Vablie
e s 0,0
ROOTS (COMPLEX FNORM)
12995-00: 012260000
12995001 *,12264007
‘01,‘5.003 '.78'0'03?

IPH 8 «,237301=00 wPa 8 ,1262:2-00 4/°PRa s -,.73%03-02
DeCos GAIN & +584024-01, R99Y L CCUS &alN o 924022-20

APB 3 ,921022-00 0PP 8 ,381477<0%1 CPB & ,29470%9<02
DPR 8 ,142340~02



YAW RATE ABOUY B0DY Z aXIS PER DELYA CYCLIC
’ll?UlglflgN: ABOUY AN INTTIAL VALUE,

NO » O,
ROOTS (COMPLEX PORM)

040364001 +0000
*,47124000 *,5309¢000
©147124000 99094000

IRG & ,044009-00 WRD & ,734401-00 4/7RD o 3036000404
DeCo GAIN 8 ,132733604, ROOY LOCUS SAIN © =,503700-0%

ARG © =,503700°04 ORA & ,550019°02 CRO ° 25040404
ORg ¢ ,323900-04

(DERIVATIVE OF) SIDE ACCELERATION AS MEASURED
BY AN ACCELEROMETER ,PgR nELYA CYCLIC
PERTURBATIONS ADOUT AN INITIAL VALUE.

AY0 © 0,0
ROOTS (CONPLEX FORNM)
*,4906-04¢ «0000
*:4304¢000 +0000
C,gzzoﬂﬂl +0000
e, +000 +0000
260870002 +0000

$/74Y8 © =,330440-00 4/7AY2 s ,207747401
$/74Y3 & =, 7309485-00 1/T4Y6 & ,248793402
0¢Ce BAIN © =,230070¢03, ROOT LOCUS GalN » ©,3116900-04

AAY © =,430900-08 0AY ¢ 30091800 CAY ® -,331322-00
DAY & =,494080°00 (QAY ® «,502194-03 PAY @ -,114022-19

(OERIVATIVE OF) LATERAL GROUND SPEED, PERPENDICULAR 70

NITIAL PLIGHY PATH, PER DELTA CYCLIC
g TIONS ABOUTY AN INITIAL VALUE,

4
0206000 -.g.u-m
.m . 7908032
17788 © =.089730°08 3/7veR ¢ 020633°00
$/TVE3 © =, 200047602 1/Tve6 o 920811002
0eCc GAIN © =,660900-06, ROOT LOCUS GAIN  =,31690003

Ve ® =,44 Ve ® .3049135-00 CVe ¢ ,109120002
ove * 3136 Ve © «,312896+07



T

TRANSPER PUNCTIONS POR STABILITY AXES
ORIGIN AY AIRPLANE €.0,

RUN NO» LSO NUMERATOR CHARACTERISTICS POR TAIL ROTOR

CIOESLIP ALONG BODY Y AXIS PER DELTA TAIL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE.

vo ¢ 0,0
ROOTS (COMPLEX PORM)

*,9498-004 0000
*,4334+004 10000
177964002 +0000

. S/TV0L © =,949098-01 41/7VO8 & =,133170004 4/TVE3 ° 77969308
0:Co GAIN & =,333029¢02, ROOT LOCUS GAIN & ,142500°00

AVD ® ,4432500-00 BVE ® «,409427402 CVO = +,153904¢02
ove © =,0813606°00

ROLL RATE ABOUY B00Y X ANIS PER DELTA TAIL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE

P60 s 0,0
ROOTS (COMPLEX PORM)

+5346-001 150824000
13346-004 *,50924000
*,8032¢000 ¢, 4002034

IP8 ® «,000010°01 WP o ,507660-00 4/7P8 ¢ -,003209-00
DeCo GAIN & 200186403, ROOY LOCUS CAIN ¢ ,220920-00

APS © ,280020-00 PO ¢ 19913700 CPB * ,592900+04
0P = 03396208

YAV RATE ABOUT BODY Z AX1S PER DELTA TAIL ROTOM
PERTURBATIONS ABOUT INITIAL VALUR.

NO & 0,0
ROOTS (COMPLEX PORM)

*,10944000 +4990-016
16798-006 04373029
©,3690001 *,5000-03¢

S/TRBYL © =,400403000 4/TRBS o 47920306 4/TRE3 0 «,368079-04
DeCo GAIN ® ©,360349=07, ROOT LOCUS GAIN & ,450820-00

ARD ¢ 450020°00 ORG * ,009400-01 CAS » ,1083278+02
ORg ® =,0870293-09
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(DERIVATIVE OF) SIDE ACCELERAYION 4S MEASURED
BY an ACCELEROMEYER, PER DELTA TAIL ROTOR
PERTURBATIONS ABOUT INITIAL VALUE.

AY0 s 0,0
ROOTS (COMPLEX FORM)
+0000 : +0000
~+4394-001 +1734-02¢4
=.6775+000 +1802¢00%
=,6775¢000 *,1002¢001
=12541¢008 -,3204-030

WAY 8 ,192564+04 Ay = ,351870+00
4/74AYL & =,439425-01 1/TAY2 & =,677562-00 ‘
D:Co GAIN & ,242132001, ROQY LOCUS CaIN & ,342500-00

AAY ® ,142500-00 BaY 3 ,501551-00 Cav ¢ ,104399401
DAY &  ,138775¢0% EAY = ,590131-01 FAv s 032300

(DERIVATIVE OF) LATERAL GROUND GPEED, PERPENDICULAR YO
INITIAL FLICHY PaTW, PER DELTA TaIL ROTOR
PERTURBATIONS ABOUY INITIAL VALUF,

V6o » 0,0
ROOYS (COMPLEX FORM)
-.2.02'007 o°°°°
=:95582-002 «0000
+8074¢001 0000
*,319%9¢002 « 0000

1/7v6s & ~.200202-07 1/7VG2 & =,558212-04
1/7vG3 = 007344001 1/7VG4 = -,319563¢02
DeCo GAIN & =,901745-06, ROOT LOCUS CAIN s ,342500-00

AVG & ,342500-00 BVG ¢ ,961391-00 CVC ® +,137210¢02
DVG 8 =,767744=00 EVGC ® =,239776-07

(DERIVATIVE OF) BANK ANGLE PROJECTED ON VERTICAL
PLANE:, PER DELT4 TalL ROTOR
PERTURBATIONS ABOUY INITIAL VaLUE,
PHO © 0,0
ROOTS (COMPLEX FORM)
+0000 +0000
*.3050-001 .0000
~+30944000 +0006C

4/TPuL 8 .D00000  3/TPu2 s -.365072-01° 1/7Pu3 5 =,109483600
eCo GAIN & ,000000 o ROOT LOCUS SAIN 5 =.430920-00

APH & «,45092000 8P & <,060600-08 CPu & -,103278-02
oPw s 000000

&0



P

TRANSFER FUNCTIONS FOR BODY AXES UP =,0000 OECREES
FROV ORIGINAL BODY AXES,

RESPECTIVE X Y AND I DISYANCES FROM AIRPLANE C.8
TO ORIGIN CF AXES ARE,
Lx s ,1700e02 LY s ,0000 AND L2 ® »,0000

RUN NO, L6 NUMERATOR CWARACTERISTICS FOR TAIL ROTOR

SIDESLIP ALONG B0OY v AX1S PER DELYA TAIL ROTOR
PERTURRATIONS 4B0UT AN INITIAL VALUE,

vCs0,0
RPLTS (COMPLEX FORM)
+3810-001 +0000
=,1120¢001 , 0000
18971001 » 0000

1/7vE1 5 L181013=1 L/1VvB2 & ~,13203%¢01 4/TVBS s  ,297100¢018
DiCr GAIN 3 ,107945°02, ROOT LOCUS CAIN 5 436636404

AVB & 436636401 BVB s «,816000004 CVB 5 -,143070¢02
DVB & ,263086-00

ROLL RATE ABCUY RODY X AXIS PER DELTA TAlL ROTOR
PERTURBATICAS ABOUY AN INITI4L ValLUE,

PC s 0,C
ROOTS (COMPLEX FORM)
03422000 »,14486000
=,1422¢00C ,14480000
115094000 ,2764-029

P8 s .700853-00 wPR = ,203043-00 3/YP8 s ,150914-00
D«Co GAIN 8 ,114340¢00, ROOY LOCUS CAIN s ~=,440039-00

APB & -,448039°00 BPR = +,598808-01 CP8 s ,775340-03
DPB 8 ,27867/3=02

YAW RATE ABCUT BODY I AX1S PER DELYA TAIL ROTOR
PERTURBATIONS ABOUY AN INITIAL VALUE,
NO = 0,0
ROSTS (COMPLEX FORM)
+5961-001 +5749¢00C
+59961-001 *,5719¢000
’07’0”000 0‘252'030

IRB ® =,103676¢00 WRB & ,575047-00 4/7TR@ s =,770941-00
DeCe GAIN ® 259064901, ROOY LOCUS GAIN & 24846200

ARB & ,240462-00 BRB 5 ,3163926-00 CRR & ,593140-0¢
DR s ,633348-03

€1



(DERIVATIVE OF) 8108 ACCELERATION 48 MEASURED
BY AN ACCELEROMETER ,PER DELTA TALL ROTOR
PERTURBATIONS ABOUY 4N INITIAL VALUE,

AY0 8 0
IOOT:oaGON'LIl laSﬂ)

0 +0000

0.“"00‘ o?

00669004 *,7790¢000
=,83442-001 03967034
=,90004000 +3098-030

vaY s ,700004-00 24Y © «,411094¢00
$/74v8 & =,844238°04 1/Y7AY2 ¢ «,9008014-00
DsCo GAIN ® 242132004, ROOY LOCUS GAIN & 430630008

AAY © 630030001 OAY & 331489008 CAY & 200893008
DAY ® 240444408 EAY © 990131208 PAY © ,000000

(DERIVATIVE OF) LATERAL GROUND SPEED, PEAPENDICULAR 70
INITIAL PLIONTY PATH, PER SELTYA TAlL ROTOR .
PERTURBATIONS 4BOUT AN INITIAL VALUE.

NOOTS (CONPLER PoMm)
+8444-001 0000
143930003 +0000

7113007
- 23800001 13088
$/TVEL © .204633°01 3/TVER & 139347004
S/TVeS & .711370-07 $/7veé o -.mmon’
DeCo SAIN & =,901745206¢ ROOT LOCUS SAIN & 1636036008

AVG & 436030601 BVE © ,331429001 CVE ¢ ~,127427002
OVe @ .300040°00 EVE ° ¢.21977407
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FOOTS OF 4/C LONSITUR T AL TRANSFER FUNCTIONS

VEJATOL VYHC=1A

Xy
L4
X0
xee
L
} L)
X9
b {

MACH
MaC
() 4
LY

THE

{MNPUT DATA

KA VEVIRL A DR W §

13176 ARE 1 PER RADIAN
PIMENSTONAL STABILITY NERIVATIVES

(40DY AXES NIFFER BY

LEVEL FLIGKT 4T B0 «KNOTS

FOR MNOSE UP, FROY STARILITY AXES)

v STABILITY axeSo v 8
72ivy s

e, 464011 L s 1400-01 "y
894091 2a ® -,921¢-00 M
«7304=30 2 8 -,1820¢01 MO

,=+000C 2Uo ® =,0030 wyn

«,0000 Inh) 8 -,N0%0 wyn

-,0000 2090 8 e, 11300 “g9
304109 n s 526330 M0
0830=00 2T 8 =,7497¢01 (14
01380003 U2 ® .H48Ce01 GAMA

«,0000 MO 8 23R"=02 |

-.CO0¢ 182 s 71960048 84

=,C000 %y s e, N30 ™Y
170Ce02 (Vv ® =, 000 (¥ 4

-.3006 cn s -, "0n% w
9223404 | S «7179¢CS f

PIPENSTONAL STABILITY ArktVaATIVES,

STARILITY 4xCS

-, 4382-01 u s 2130014 «y
«5001-0% v -,92%2-C0 L ]
«0956A-00 In s ~=,1068¢01 [ k]
000" Ln 8 00 b Vi)
.0000 V4 1o I J oMee YW
« 3003 200 s 2990 “en
«30951-00 n s 8413=00 <N
2990239 ir 8 e,984%09% L) g

0 7491¢”8 5 0 2142

-
B

2311401 NEGRFES, POSITIVE

-,58020-02
11134-01
-,1522¢04
-,0000
'oﬂOOO
-,0000
04814-00
06720-01

-.0000
*,n000
1799405
«,n000
-.0000
0334009
0322002

RANS AN,

'05”0'02
03377-01

*,19522+01
000C
«0000
«0000
1404 4-00
1A720-01

01391¢03 A0 o 8 9,0

4500004

CHARACTERISTICS OF Twe LCHGITOINAL DEUAVINATAR ARE
20078 (COWLEY BCoRYV)
=,2119¢000
e,2110007
083270290
=:2649%¢301}

83250000
e, 3312000
°,52%6-C3)
*,39¢1=320
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186 =
1/7¢ it 2
1 s oHE 3 ;
-‘3?773-:: ./" e ::;;;ﬂ.-?r
SHORY RER]~" “CIE yENERTS '.ngnzg:ci
. 'h-" ) 21
PERION =
015966¢c? —-—
TIM MF TC WA
ME T3 i TENT b,
Gl
e evELER ¥
. i ::;;l;és o r-.::T:ﬁl;‘ AP,
vE & = EFS CVE . NT- AMP,
?°70h;
3 WSH
& 122 LNEFFICIENTS
D+ oiidariseas ¢ s
> 15.3c F s .E‘FQC’O“1
-.1&7136_dc

NoT REPRODUC\BLE

RAC/SEL
CYCLES/SEC

010870*3%

17282-07
057358_05
057956‘01
"2365003
'15460'00

cs -.515393-01



TRANSFER FUNCTIONS FOR STABILITY AXES)
OKIGIN AT AIRPLANE C.Go

RUN NO, L3 NUMERATOR CMARACTERISTICS FOR CYCLIC

THETA PER DELTA cveLlC
PERTURRATIONS ARAUT INITIAL VALUE,
Two 8= ,008"
ROOTS (COMPLEX FORM)
-,4255-001 +0000
=,9350+000 0003

1/7THL 8 =,428546-01 1/TTH2 ® -,93503%4-00
DsCe GAIN & =,114609+00, RNOT LOCUS GAIN s ,481400-00

ATH 8 ,481400=00 BTH 5 ,470621-00 CTW & ,194553~014

X AX1S VELOCITY PER DELTA CYCLIC
PERTURBAT]ONS ABOUT INITIAL VALUF,
VO s ,135103
ROOTS (COMPLEX FORM)

=.1146+001 +0000
+6R424001 0000
=,99088+001 »0000

L/TUB1 8 =.114638401 1/TUR2 s .684228401 1/TUB3 8 =,99A883404
D.C, GAIN &8 ,867957402, RAOT LOCUS GaIN s ,185150-00

AUR = ,485150-00 AUB & .794835-00 CUR s -,119844¢02
DUs & =.145067402

Z AXIS VELOCITY, W, PER DELTA CYCLIC
PERTURBATIONS ABOUY INITIAL VALUE,
w0 s ,0000 » POSITIVE DOWN
ROOTS (COMPLEX FORM)

=,2079-001 «5741-001
*,2079-001 =.5744-001
=,1293¢003 19249025

ws o ,340515°00 wWi * ,610049-01 4/7vB s =,128339+03
DeCo GAIN & =,144925+01, ROOT LOCUS GAIN = ,510239-00

AVE s ..810295-00 AWR 5 649703402 CW8 = ,270333¢0%
Ovs s ,242221-00



T aX1S ACCELERATION,AZ,PER DELTA CYELIC
PERTURRATIONS ABOUY INITIAL VALUE
A20 8 0,0
R0ITS (COMPLEX EBNKM)
+ 0000 «N0A0
=.3853-001 000N
110936002 +NONRC
*,10744002 3000

1/7A21 s ,000000 1/7422 3 =,385341-04
177473 s ,109380¢02 1/7424 s «,107419+02
D.Co GAIN 8 003000 » ROODT LOCLS GAIN & ,51825%-00

AAT & .851828%5-00 PAZ & =,82N8904=01 CAZ 8 ~,800010+02
DAZ s =.234662¢401 EA2 s ,000N00

X AX]S aCCELERATION,aX PER NELTA CYCLIC
PERTURRATIONS sBOUT INITIAL VALUF, .

A%X0 s 9,0
ROOTS (COMPLEX FORM)
*,7%29-001 142144000
=,7%29-001 -,42144000
=,2071¢001 « 47264004
=,2071+001 *,3720+00%

WaX: = ,420323-00 2aXi s ,178862-00
WAX2 & ,426)329¢01 2aX2 s ,48%817-09
M.C. GAIN 3 =,369042¢01, ROOT LOCUS GAIN = ,1851%0-00

AAX 8 (38515000 GAX 3 .794835-00 Cax s ,3944A3¢014
DAX ® .A47308-00 FAx * .6148n1-00

HORI2. VELOCITY PER DELTA CYCLIC
PERTURRATIONS ABOUT INITIAL VALUF.
SDO s ,13519%0¢13
ROOTS (COMPLEX FORM)

*,1146¢001 « 0000
68420001 «0000
=,9988+001 0000

$/78S01 8 =,114630¢01 1/7S02 & ,6042728401 1/7SD3 8 =, 998083¢0¢
DeCe CAIN 8 ,867957402, RNOT LOCUS GAIN & ,$88150-00

ASD &  .1835180-00 Sh s ,794835-00 €80 s =,11908a4402
08D s -.145067402 J



RATE OF cLIMR PER »FILTA CYCLIC
PERTURRATIONS ARNLUY INITIAL VALUE,
Wno = 000000 » POSITIVE FOR CLIMB
ROOTS (COMPLEX FORM)

-,3853-001 0000
+1093+002 N800
‘010740002 Q”CQP

1/THnNY 5 =.385341=01 1/TWD2 s ,1093A8¢02 1/TWD) ® =, 10744909
0.C. GAIN ® =.140402+02, ROOY LOCUS GalN s =,518255-00

AHD 5 =.518255-00 HHD T .420494=01 CHO 3 ,609030¢02
DHD 8 .234662+01

VELOCITY PFRTURBATIONS PARALLEL TO INITIAL
FLIGHT PATH, nUF TO NELTA CYCLIC
PERTIIRBATIONS AROUT INITIAL VALUE)
USTaBO = ,135150+03
ROOTS (COMPLEX FNRM)

-.1146+001 Blefs 1)
168424001 « 0000
-.9988+001 «00N0

1/7U81 * -.114638¢0i 17782 3 _.A~B42256¢01 1/TUS3 = -,998883+01
D.Co GAIN ®  ,867957¢C2, RNONT | OCUS GalIN & +185150-00

CAUS 3 .1K515N=00 RUS T .794835-00 CUS = -,119844¢02
pUS 8 =,145067+02

VELOCITY FERTUKBATIONS PERPENDICULAR TO INITIAL
FLIGHT PATH, NLIF TO DELTA CVYCLIC
PERTUREATIONS ABOUT INITIAL VALUF»
WwSTaRO s 0.0, POSITIVE FOR NQOWN
ROOTS (CHOMPLEX FORM)

-,38653-001 0000
+ 10934002 0000
'0107‘¢002 DCOCG

1/TWg1 = =.385341=01 1/74S2 = ,1093Rke02 1/TWS3 & =,10741940?
DsCe GAIN & ,140402¢02, RNNT L OCUS GAIN & +5108255-00

AWS 2 ,518255=00 i3kS = =,A20R94=-01 €S = =,A09010402
DWS = =,234662+01
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TRANSFER FUNCTIONS FOR ANDY AXES UP -,N000 NEGREESR
FRO" ORIGINAL BODY AXES,
RESPLCTIVE X, Yo AND & DISTAMNCFS FROM AJSPLANE C.6

TO GRIGIN OF AXES ARE,
L 3 1700407 LY = =,0080 AND L2 5 =.N000

RUN NO, Lt WU IERATOR CHARACTERISTICS FOR CYCLIC

X AX]S VELOCITY REN DELTA CYCLIC
PERTURBATIONG ABNOUT INITIAL VALUF,
Un = ,1350en3
R007S (COMPLEX FORM™)

=«1709+001 + 000
-,3219+004 1000
1605002 + 2090

1/7UB1 = =,170964+01 1/TUB2 = -,321974¢01 1/TURY = ,160575+02
D«Cs GAIN 8 ,867836+02, RNOT LOCUS GAIN & ,164100-00

AUB & ,164100-00 BUR = =,182613+01 CUH = -,120887+02
DUB = ~.145046402 :

2 AX]S VELOCITY, w, PER NELTA CYCLIC
PERTURAATIONS ABOUT INITIAL VALUF,
W) s ,5450+04, POSITIVE DOWN
ROOTS (COMPLEX FORH)

+629%-0014 0009
-,9523-001 . +N00A
+7469+C01 0000

1/T7WRL & ,629567-01 1/7TuB2 3 =,9523N4=01 1/TWBY 8 ,746947+04
D.Co CAIN 8 . ,205202¢01» ROQY LOCUS GAIN 8 =,765850+01

AWNB 8 =,765850%01 HWH T -, 569577402 CWR 3 ,189213+01
OWe = -,342966-00 ' :

X AX1S ACCELERATION,AX,PER DELTA CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,

AXO0 = 0.0
ROOTS (COMPLEX FORM)
-.5624~-001 -,31934000
-+5624-001 +31934000
" *,2373+001 5435+001
=.2373+001 -,54A54001

WAXL = ,324224-00 2aXi = ,173480-00
WAX2 s 597718401 2aX2 = ,397122-00
D.C, GAIN 8 =,368744¢01, RNONT LOCUS GAIN = .164100-00

AAX ® ,164100=00 RAX ® ,79749R=00 CAX = ,594784+01
DAX & ,7414310=090 EAX 3 .A1A299-0N
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2 AX1S ACCELERATION,42,PER DELTA CYCLIC
PERTURBATIONS AROUT INITTAL VALUP»

A0 ® 1.0
ROOTS (COMPLEX FORM)
+A722-002 +1277-029
«,4694-004 *,3209-04%
«,9004¢000 »,2770¢004
=,50044000 27700004

WAl 8 ,201620¢01 A2 v ,179842-00
1/7a21 8 ,072242-02 31/TA72 5 ~=,409461-08
D.Co GAIN ® =,340818=00, ROOT LOCUS CAIN & *,76988004

AAZ & =,769050001 8A2 5 -.80%082¢01 CA2 ® *,040394002
DAZ & =,231001¢01 EAZ ® «24A729-01

VELOCITY PERTURBATIONS PARALLEL 0 INITIAL
BLICHT PATH, OUE TO DELYs CYCLIC
PERTURBATIONS AROUY INITIAL VALUR,
USTaB0 & 13915003
ROOTS (COMPLEX FORM)
«,1396¢00¢ +0000
163030008 0010
=, 90460001 +0000

1/TUSL ¢ =.139613+03 1/7U82 s 638317401 1/TUS3 o -, 904087004
D.,C. GAIN & 001989402, ROOT LOCUS GAIN & ,164300-00

AUS & ,164100°00 BUS ® 797498-00 CUS ¢ *, 95200301
OUS = =,144002¢002

VELOCITY PERTURSATIONS PERPENDICULAR 70 INITEIAL
FLIGHT PATW, PUE TO DELYA CYCLIC
PERTURBATIONS ABOUTY INITIAL VALUR,
¥gTa80 s 9,0, POSITIVE FOR DOWN

ROOTS (COMPLEX FORM)

‘o"".°°1 o°°°°
=+:90164000 =,27044004
=,90164000 127844003

INg & ,177339°00 WWS ® 202901401 L/7vg & «,477901-0%
D.Co GAIN ® (1752808402, ROOT LOCUS GalIN © *,7695050¢03

AVS & =.703080601 B ® =.803083¢01 Cug ¢ -,630009002
Ovg o =,292970401



TRANGPIR PINCTI01S BAR STARILITY AXES,
OR161Y AT AIRPLA'E CoBo

RUN N0, L3 NWUMERATON CuaRACTERIRTICE FOR COLLFCTIVE

Tog Ta PER DFLTs COLLICTIVE
PERTLUARATIUNG ARCUT INTTIAL VALUF,
T4 8 LJ00F
53018 (COvwLEY FON:)
+7442¢000 000
-.33“4‘01 «N0N0

$/%Tug 8  ,764200=00 1/TTH2 8 «,224647-01
DeCo BAIN 8 07227702, ANDY LOCUS Rafn 8 ,672000=01

ATH 8 07200001 UTu ® =,483973=C1 PTW 8 ,112342-02

X aX18 VLLOCITY PEP NELTA COLLECTIVE
PERTURBATIONS AROUY INITIAL VaLUE
Ur s ,1383003
HOOYS (COMPLEX FDNN)

+ 75640000 000
+1921004 000
*.36034001 ne0e

/7088 8 .7944K2-00 31/TUB2 3 ,192199¢0¢ $/TUBY 8 =,360374409
DsCe CAIN ® =.901301401, RAQY LOCUS CAIN 8 ,209755-00

AUR s ,290785-03 GUR & ,301665-00 CUR s -,232140¢01
ouUr s ,160521003

T ax1S VELOCITY, we PER DELTA COLLECTIVE
PERTURDATIONS 4BNUT INITIAL VALUF.
“W0 s ,0006 o POSITIVE NOWN
ROOTS (COMPLEX FNRM)

+ 39234009 +3085-019
*.5004¢020 *,4392¢000
«,95084009°2 + 4392009

W8 & 75667800 Wi 8 ,671026°00 1/7WR s ,392335-00
D.Ce GAIN 8 =,300787402, REOY LOCUS Calv s ~,950982+01

AWA 8 «,990982001 8en 8 <,503016¢01 Cin s =,499502-00
owg s ,1004950001



2 %15 BCCELERATION,A7,PER DELTA COLLECTIVE
PERTURRATIONS ARNUY INTTIAL VALUF,

420 = 0,0
ROOTS (COMPLEX F9RM)
«£000 . 730¢C
+ 49504000 000
=.2091+000 0000
=, 1865+0C1 « 000
177421 = .000000 1/7422 = .495018-00

177423 5 «,206117=00 1/7:2¢4 3 ~,186544401
D«Ce GAlS 8 LOO0ONC ¢+ ROOT LOCUS RAIN 8 =,980982+018

AAZ = =,950082¢01 BAZ * -.150212+402 CAZ = ,60%9647401
DAZ s .1A3636¢01 FAZ ®= .0000CO

X aX1S ACCELERATION,AX,PER NELTA COLLECTIVE
PERTURBATIONMS ARCUY INITIAL VALUF

A¥Y0 s 0,0
R00TS (COMPLFY FORM)
+7140+000 0000
«1746=00: -.3n0k+000
«1746=-001 .3N9Re0CN
'ol’S“Ool -01533-030

WwAxX s ,310391-00 ax 2 =,562826-01
1/74%1 8 ,714003-00 1/7AX%X2 = ,174697=01
N.Co GAlV & ,2164723=03, RIOY LOCUS GAIN = ,290975%-00

AAX B .299755-00 uAx = ,301465-00 CaX = -,357559-00
DAX = ,431740=01 EAX 2 -,361A04-01

HOR1Z. VELOCITY FER DELTA COLLFCYIVE
PERTURHATIONS ABOUY INITIAL VALUE,
SNC 8 ,135150403
ROOTS (CCMPLEX FORM)

. 7564400( 2000
«1921+001 Lont
'03‘_‘83’601 .POOO

177801 = 75648100 1/T:D7 = ,192155¢01 1/7SD3 = «,368374¢0¢
NoCo GAIM & =,667361403, ROOT LOCUS GAIN 8 ,299755-00

ASD &  .299755=00 kS) = .301445-00 SN = «,2521404CY
0SC = 140511401
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RATE OF CLIMS PER PFLTA COLLECTIVE
PERTURRATIONS 2B80UT INITIAL VALUE,
W00 8  ,00009C o POSITIVE FOR CLIMB
ROOTS (COMPLEX FCRM)

+ 49504000 «€000
=.2091¢00C 0020
18654001 «C00C

1/7HDL 8 .495011-00 1/TWD2 = =,209117-00 1/7HD3 8 =,18634440¢
D.Ce GAIN & 109872402, RNOT LOCLS GAIN s ,950942+03

AMD 3 .950082901 RHN B3 ,15N2912402 CWN 8 =,6056174C1
DHD & =,183630¢01

VELOCITY PERTURBATIONS PaRA_LEL TO INITIAL
FLIGHT PATH, RUF TO DELTA COLLECTIVE
PERTURRATIONS ABOUT INIYIAL VALUF.
USTABOD s ,135150403
ROOTS (COMPLEX FORM)

175644000 +0000
019214001 .0000
*.36834001 «0000

1/TUS1 & .756401-C0 1/Tus2 s .19215%601 1/TU'S3 3 =,36A37440¢
D.Ce GAIN & =,960361401, RAOY LOCUS CalN s ,299755-00

AUS s 29978800 &US & .301445-00 CUS s -,292140¢01
OUsS = ,160911¢01

VELOCITY PERTURBATIONS PERPENDICULAR TO INJTIAL
FLIGHY PATH, CUE TO DELTA COLLECTIVE
PERTURBITICNS ARJUT INITIAL VALUER,
dSTARD = 0,0, POSITIVE FOR DOWN
ROOTS (COMPLEX FORM) .

«4950+000 0000
%20'10000 0000
'.1“50001 +C000

1/7HEL &  ,495081-00 1/Tw§2 s =.209317-00 31/TUE3 s =,10694440i
0.C. GAIN ® =,109872902, ROOT LOCUS GAIN s =,93092401

AVG 8 =,95090200% AWS ® =,150212402 CWS s ,609617¢08
OWg = ,183636¢01%



ThevSFLa FUCCTIO & BNR UNNY AXFS UP -,00N0 NEGREES
b0+ CRIGINAL WODY AXFS,

SESPELCYIVE X, Y, a*3 Z NISTANCFS FRPOV AI9PLANE C.6
To ORIGIN OF 2XrS a®RF,
LY 3 L1700e07 LY s =,n000 AMVD L2 s -,0000

UN a0, L T BRATOR Cap=rCTERISTICS FOR COLLECTIVE

Y AX]S VELOCITY Dfe “BLY2 CALLECTIVE
PERTURLATIONS ABNOUT 1%ITIAL VALUE,
Ui & ,1350e0)
S997S (COMPLEX FUR™M)

sRA52e000 ' INA 3000
«AKRD2e 00 ’.30630000
=.2562¢0CC; 2006=-030

ZUR = =,3457010=03 uL'e 3 .934415-00 1/TUR s =,256220¢01
Do RAIN B =,614037401, RNOY LOCUS GAIY &  ,6A83800-00

AUR 38 .6K3)0U=CC HUS 8  .54N720-0% CUR = -,249920¢01
DUR 8 ,153547¢0)

2 AYIS VELCCITY, o, FER JELTA COILLECTIVE
PESTURRATIONS ABNUY INITIAL VaLUE,
WO 8 ,5450eny, POSITIVE NOWN
S00TS (COMPLEY FNRM)

«4019¢001; «98PR=01%
=,4406¢000 *,4A36¢000
-,.44064000 .403“000

Ivh 3 (47939ReNN 4 0 B ,A30840-00 1/748 s 1 801947=-00
DeCe G2IN 8 =,1045770C2, 00T LOCUS BAIY 8 =,110324402

AWR B8 =,1763240N2 n3 8 =,5C078%¢01 CW 8 =,58178300
DU“ ] 0'7‘7.6001

X AXIS ACCELERATION,aX,PER DELT2 COLLECTIVE
PERTURRATICAS ARNUY INITIAL VALUE,

axg s 0,9
ROOTS (COMPLFYX FNR%)
=,5n61-201 «21R31+000
'050‘1'301 '021‘1.000
+5429¢900 12266030
=.1h09+001 ., 1155029

“bX 8 ,223687-20 lax & ,225984-00
1/7ax1 8 ,542987-00 1/TaX2 & =,18n966401
N.Se QAIN 8 ,2106297=00) ROOT LOCUS falN 8  ,6R3000-00

AAX 8 LAGIROC=NN mAX 3 ,934942=00 CAY 8 «,6014A7-00
CaX 8 =,30013¢=31 cax = =,361910=01
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2 AX]S ACCEILERATICN,A2.PER DELTA COLLECTIVE
PERTURKATIONS ABOUT INITIAL VALUE,

AZD 8 3,0
ROOTS (COYPLEX FRM)
«7923=0C1 ~,n91R=021
149930730 -, 1565=034
=.2142+000 -, 2993=-031%

=.1618+0C1 . 1726=032

1/TA21 3 .762332-03 1/7a2? = ,499349-0N
1/7TA23 5 -,2142446-00 1/7a724 3 -.1616R2+D1
DsCo GAIN 8 ,872641-C2, RNOT LOCUS CGAIN = =,106324+402

AA2 8 =,106324402 HAZ ® -,141722+02 CAZ2 = ,605593+01
DAZ = .1A3A61¢01 EAZ = -.145900-02

VELOCITY PERTURBATIONS PARALLEL TO IVITIAL
FLIGHT PATH, DUF TO DELTA COLLECTIVE
PERTURMATIONS ABNUT INITIAL VALUF
USTABO = ,13%150+03
ROOTS (COVPLEY FrRM)

+8131+000 +3113+000
81344000 =.31134000
=.2954+001 ~.3340-02¢

UG = =,9334873-30 wus 8 A70723=0C L/TUS ® =,295420+01
D.Co GAIM ' =,915273¢01, RNAT LOCHS GAIN & ,6R3N0C=00

AUS 8  ,4830NCN=NN 1KUS 8  .935960=00 CUS & «,276387+01
DUS & ,152975¢01

VELOCITY PERTURRATIONS PERPENNDICULAR T2 INITIAL
FLIGKTY PATH, NUE TO DELTA COLLRCTIVE
PERTURBATIONS ARNUY INITIAL VALUR
WETABOD 8 N,0, POSITIVE FOR NOW\
REOTS (COMPLEX FIRM)

«5007¢CC0 ke ls Lo
=e22124C0 Jons
=,1612¢003 100

$/7TWst 8 ,5C0730-C) 1/7462 8 =,221290-0N 1/TWS3 5 «,16123701
DsCo GAIN 8 =,113654472, RONT LUCUS GAIN 8 =, 1063264402

ANG & =,300324002 (ot 8 =,141722402 €4S 8 ,49AFAT*D1
OWS s . 179959401

Th
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VERTCL YWC-14

X!
Xa
Xa
xuo
XWD
L{cln
xn
XT

U
MACKH
MAC
MY
LX
CL
ix

XU
X
XQ

Xun

{

XG0
X[
XT

THE

e |

—

1:PUY maTe

1500 ¥T/ 0

W G, L’

PESCENT

LIITS ARE 3 PFR HAD!S
PIMEASTOMAL STARILITY NERIVATIVES

CAODY LYFS IFFLR npYy

A0 xNOTS

FOR *“OSE 'R, FrO“ KTABILITY AXFS)

s e, 451n=01 2. 8 1740012 vy
s 1065600 218 ~=,9895-00 45
s ol}’q.gl “ 8 '0"?€‘°1 sy
s -, 0ugr FAUAIE | =.N003 i
s «.0000 24y 8 -.0000 L)
s -,000n0 760 8 -,%090 in
s 1440090 ) s «71%4=20 Zh)
4 327C=NnN PANE | -=,97%3+(C1 “Y
s ¢153%03 7 s 3055602 Gave
z -, 3205 Kho & 23002 5
s -,0000 1xZ 8 ¢ 7114404 1y
5 -, 506N ] = =,3000 ™Y
s 1700402 LY ¢ -.7009 L2
s -.QQOC C‘. 3 ".\’)’JCO W
s 9203604 17 & . 747905 f

DIVENSIONAL STARILITY WRIVATIVES,

STARILTTY AXES

s -, 6720=01 21 ¢ =-.2ns2-00 My
L '.1165*00 Z” 2 -0956"00 M
3 '756R.OD ZQ L .0?576‘01 MQ
L] LGaan PEVISIR Janc ML
s L0000 PSR JICRY Vv
z LG &y ol Lnan van
2 +3115=10 PAVIR ,86N3=0N MY
s -,1544401 i1 s -,3991+01 vy

1IN SYABILITY avES, U s

Zly. s

+7591en% 200 21X7 =

PER

% N N W NN Nw

11372002 NEGREES) PASITIVE

*,8350-02
o“SC'O?
*,1023¢04
'.”000
-.9000
-.0000
13034-00
11688+00

=,1050¢02
-,N000
17591405
-.0000
-,c000
13404089
13220402

RADT AN,

=,4549=02
1614102

-s4623+(C1
00N0
0008
0000
+%034-00
1108400

¢1372¢03 4*8 w 8 0.0

+A109¢0 ¢

CHARACTERISTICS b ThE LOUGITHRINAL NENOMINATOR ARE

WNTS
= 3490000
-.3‘90‘[:9{.

L 4567000
°.?35‘*0G1

LEOYPLEX FARM)

AL LE Il
-, 2n04eJ0C
.o7=1°'031

.1651=026



i8» o o 7093285=00 L0 089374797
[ ] / pd o
/1Py s AUAPR RN /T2 8 -:igg}:‘ogi

SHORY FERIAT 4O E

PERIOD = 021676002 TN 7O NALE 2P,
TIME TO ~up TLMTd avp,

CYCIEY T <4LE 2P,

CYCLES TO g TENTE awP,

ONE CVIFR CYCLER YO HALE suP,

0% OVER CYCLES TN nNg TEVIW pvp,

20 euN
480
CeOCFFRIr1e' TS
As «1C0000*01 . e 244A0NGN
08 =,268632-00 t s -.105900-3%

NoT REPRODUCIBLE

76

HAN/SEC
CYCLFR/8Ke

(] «190%¢0014
8 089050004
8 9161004
8 .)”433'00
s 40986002
s 32840003
s 0981900
8 2099400
cs 6nN9763-00



o —

PCT

TR tloie Do (TIC .8 FR K400 1Y 4¥PS,
"G &° "‘.’l"’ fofes

Wy 0, (2 LHMATA CeugRICTERICYICE 106 PYELIC

Yotk T4 igs S5V 20rL1C
CRATIHATIC T AR LY IMITIAL a1yt
47 0 o,1°9"%0°7
WO VS (6 LN R
o, 3" 3100} Nt L]
* 99380107 R L1

$/7%1 8 o, §0.3 V%1 $1/77%2 8 «,993192."
Pofo %1] 8 «,00,800e91, araY | OCLE Lol 8 ,97345%-2)

AT 8 5%3e( o D1 8 93929007 2%« 0 L0089 7<()

y Av13 vi(3CI1TY rEa "ELTa CYCLIC
FERT NLAYIOS AQNLYT INTTIAL VaiUbe
N g ,137202)
SONTS (LY FoB)

Y L YL IHE 300
07492001 gk L g
%1'-.“0:!'2 Pl 1 B

§/Tt 8 o, ALP 90l $/% k2 8 ,74920869) /7Y 8 ,133998002

CoCo %25 8 (RO2AIRGN2, KRANY 1 0CHS 250 8 (31353779

QUR 8 (311937200 iy 8 4137743001 €U 8 «,2344%4eCD
DIty 8 «,1%7793e07

2 %13 ViLUC TV, <o FEP 2P, T4 2ViiC
PEATUHATINS.S Ags'® INITIAL ‘8180
u¢ s L2000 o POSITIVE 20N
ICHTL (CAWLSE BhARY)

*,8228°9)} 71820000
®,9721°5"¢ e, 288¢CeC0
e, 30 diten "y e *327e026

QUR 8 23990100 W 8 ,221326°00 41/7VR 8 =,3°435%¢0)
NCo G211 8 o, 3/7h9%2%, Ki'ATY LOCUS RaIN 8 64334790

AWR e8ANSET7e"L 1pe B .Qa"ﬂ'.a’ fe0 3 .,z:’?..o’
Dwid 8 . IVAh2eng

NOT REPRODUCIBLE



7 4Y1S ACLELEVAT!INN,47,FER NEL TS CYCLICG
PERTOREATICy Al LT YL ITIAL VALUSL o

a7y 8 .0
N CIR TSRS SR T
.3 783-0094 e, §71na A
17232204 t11e=li0Y
.‘.( 5!"’?? '.7"‘.‘-3"1
= 5034000 =.4hane029

Y2 BT RUTE IEIG A/ 8 LA20/27e2N
/77483 8 J\0N91e027 177470 3 =,9A%4NK e
Cle Nl 8 9707340, AT | OCLS Rl 8 LAADYET7=00

AAZ 8 AFD34TeNN A2 8 =,294PA5<-0C CA7 8 <,469949402
DAZ & =.230941001 LAZ ® =,117399¢00

X AYLS ACCELENATINN,AVHER ELTA €CYELIC
FERTURBATIONE ABOUY INITIAL VALUE

AX2 8 Q0,0
q0I3TS (COMPLEX FARY)
+ 3433000 NOnnN
=, 2399¢::00 12900
INAaei0)2 10N
°,7025+001 b LA

$/70%3 8 .343328-00 1/7aAX2 3 =,239942-0N
1/77ay3 8 330459401 1/7TaX4 8 =,702333401
Nele GEIV 8 =,3079240ny, kAT LOCLS Rty s ,311537-00

AAX 8 33153700 iax 8 L1107ANe01 fAY 8 =,7905324018
DAX 8  Ar716a6=00 EAY 8 ,4044%2-00

»OR12. VELOC]ITY PER NELTYA CYCLTC
PERTUREATIONS ARAUT INTITIAL VALUF,
SDY 8 134910403
JUJYS (COHPLEX FNRM)

.,1249¢001 o 1300
«6113¢C01 « 7000
'.11000002 1000

177871 8 «,124062eN1 177512 8 (61132501  1/78S13 8 =,1100004C?
N,Ce Bals 8 79428007, RWNYY LOCLS B2t 8 «105982-00

ASD s  .1159RP<00 AS§H 3  ,1162A1401 C8D 5 ~-,113603+02
DSD s ~.15%5A4260N2

NOT REPRODUCIBLE
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TN R

RATE OF CLIMKF PER RELTA CYCLIC
PERTURBATIONS ARNAUT INITIAL VALUE,
WD 8 -,250N57+n2, POSITIVE FOR CLIMB
ROOTS (COMPLEX FrRM)

‘03196'001 20NC
90374001 alslele
-, 9680¢001 0N

1/THCY 8 =.319637-01 1/7KD2 = ,98371A401  1/TWD3 ® =,968047¢04
D.Ce GAIN 3 =,109123+02, ROQT LOCUS GAIM & *,706062-00

AHD 8 =.706062=00 #WD 3  LR31775-01 CkD = ,672408+02
OHD = .214915+01

VELOCITY FERTURBATIONS PARALLEL Y0 INITIAL
FLIGHT PATH, NUF TO DFLTA CYCLIC
PERTURRATIONS ABOUT INITIAL VALUF,
USTARD s ,137217+03
ROOTE (COMPLEX FORM)

-.6561+000 000
174524001 0000
-.1035+002 +0000

1/7USL =2 =.,06%6194=00 1/TUS2 = ,745294401 31/TUS) & -,103521402
D.Co CAIN = ,ROC836+C2, RNOOY LOCUS CAlN 8 ,311837-00

AUS &8 .311537=00 RUS = ,110763¢01 CUS = =,234434402
NUS s =,157723+02

VELOCITY PERTURBATIONS PERPENDICULAR TO INITIAL
FLIGHT FATHW, ALFE TO DFLYA CYCLIC
PERTURRATIONS ABOUT INITIAL VALUE.
WSTARO s 0,0, POSITIVE FOR DOWN
RNOTS (COMPLEX FORM)

+1151-001 .7009
+1006+002 00nc
=+9633+001 «£20n0

1/7wst = ,115181-01 1/T4S2 s ,1006%0e02 1/TWES s =,963303¢0¢
DsCe CAIN 8 =,374452+01, ROOT LOCUS GAIN =« +060347-00

AWS 3 ,660347-00 HNS 8 =,204RA5-00 CWS s -,040440002
OWS 8 .737474=00
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TRANSEER FUNCTIONS FOR RNADY AXES UP »,0000 NEGREES
FRO ' ORIGINAL BODY aXes,

RESPECTIVE X» Yo AP 7 NISTANCES FROM AIRPLANE C.6
TO ORIGIN OF AXES aRE,
L = 4170052 LY = =,0000 AMD (L2 3 ~,0000

RUN NO. L2 NUTERATAN CHARACTERISTICS FOR CYCLIC

X AX]S YELGCITY PER CELTA CYCLIC
PERTURRAT]IONS ARJMUT INITIAL VALUF,
Ji g (133302
ROOTS (COMPLEY FORM)

=,7961+000 e . AJRG+000
=,7961+000 63nAR00C
10594003 -.776%=029

U8 & .779964=0C wU3 = .102074¢01 1/TUR s ,105974403
DsCe GAIN & ,A184%174C7, RNOT LOCUS GAIM &  ,146000-00

AUB s ,146000-00 tUX 3 -,152307+02 CUR s =,244R39+02
OUB s =-.161206¢02

2 AXIS VELOCITY, W, PER NELTA CYyrLlC
PERTURRATIONS ABOUY INITIAL VALUF,
"D 8 ,325%402, POSITIVFE DOWN
ROOTS (COMPLEX FNR™)

+8132-001 2000
-,9933-001 «00N0
174450001 0000

1/7WRL 3  .813293=01 1/TwB2 8 -,993310=01 1/TWRI 8 744589401
NDeCo GAIN 8 ,230510¢01¢ ROOY LOCUS SAIN 8 =,78424001

AW & =,704240001 PRwiy = 582924402 CW3 8 ,1114774n01
OwR s =,471711-00

X AX1S ACCFLERATION.AY,PER DELTA CYOLIC
PERTURKATIONS ABROUT INITIAL VALUF

AX2 = 0,0
ROOTS (COMF_ X FRRM)
-,6596-001 28196000
-,86596-C01 =,2619+000
=,38%R8400) £5524001
. 3A5Re001 -, 0822004

WAXY 3 ,270006-00 2aX1 s ,244247=0N
WAX2 ® ,760402¢01 7aX2 3 ,507435=2"
0.C. CAIN 8 =,31287%eA1, RIIT LOCUS GAIN 3 ,L,1460N0%=00

AAX ®  ,14600C=00 11AX 3  ,114%06eN1 CAY 8 5601164018
DAX 8  .119597¢01 (av 2 ,A35ANGe()

—_—



Z aX18 ACCELERATION,AZ/PER ISELTA £VALIC
PERTURHATIONS ARAUT INTTIAL VaLUF

A20 8 0,0
ROOTS (COMPLEY EQRM)
1119R=-001 145100246
-,4321-001 =, 40A4-047
=,854864000 -, 70490014
=,84864000 PNAQe 00

WAZ & .292124+01 2A7 = ,407824e2N

L/TA21 & 11988401 1/TA27 s «,430124-)1
DiCe GAIN & =,176032=00, RNANT LOCUS CaI\ 8 =,7R4240¢0)

AAZ 8 ~,7H4240401 [DA7 = =, BEGC77403 CL2 8 «,A715A7eR?
DAZ = ~,208523¢01 EA7 = .34A4$93-C1

VELOCITY PERTURBATIONS PARALLEL TO {%1TIAL
FLIGHT DATH, NUF YO DELTA CvCLIC
PERTURBATIONS ABOUY INITIAL VaALUE,
USTaBO s ,137217¢n03
ROOTS (COMPLEX FORM)

=,17014001 0N
54024001 ,oane
=.1154+002 000

1/7USL = ~,170118+01 1/7uS2 = ,540214¢01 1/TUS3 & =,115503¢02
DiCo GAIN 8 ,7863604CZ, RNOT LOCUS GA'S. 8 ,14670%=0)

AUS & ,146000=00 KU 3 134596401 CUS = =, 758267401
DUS & ~.154971¢02

VELOCITY PERTURRBATICNS PERPEMNDNTICULAR YO INITIAL
FLIGHT PATH, NUE TC 0OFTs CYCL!C
| PERTURBATIONS AR YIT INITIAL VAL UF
W3TABD 8 0.0y PCSITIVE FOR NOw*
ROOTS (COMPLEX ENRM)

~,4466~-001 2900
~,5419+000 =, 20A2¢001
-,5419+000 «2URRSQ0]

NS &  ,184429=00 WaS 3 795456401 1/TWS 5 =,448A94=]]
D.Co GAIN 8 ,153595+02, RAOT LOCLS GAlN 5 =,784247¢01

} AWNS 8 =~,784240401 HWE 2 =, RENT7T7401 W8 8 «,A0N508422
DWS = =,302503+04

81




TRAMNGEE « FLCINIGI % F'R STASILITY AXES
CRISLY AT A14O1L AE .G,

RN w0, L7 o BRAT(N L aRACTERISTIAS FOR AOLLECTIVE

TNETA P DELTS 69 L:CTIVE
PESTUREATIO S oY [NTTIAL VALURS
Tht 8 =,109 .07
NOITL (CCMPLY K BCR!™M)
. =+783C=0C1 UL
. 3287¢(,00 N0

1’77001 ] .0733009.01 1/7’“2 s -.32“723'0“
D.Cos GAIN B8 =,142194=01, RNAT (LOCUS GAIN 8 ,108800+00

AT 8 1PPUANGNN RTA 8 ,447942-01 CTH 8 ,280044-~02

X aAY[S veELOCITY PER "ELTA COLLFCTIVE
FERTURCATIONG ARGUT INITIAL VALUF,
e s ,137249%
Q0918 (COMPLER BRI

=,2731+000 -, 9573=-02¢0
«, 7278000 -,14354001
=, 1278000 143484001

Iun 8 451497 e%) At 3 ,1081284¢C1 1/TUR 3 =,243113-00
D.Co BAIN 8 ,5312357¢01, R0AT |.OCUS BAIN 58 =,13441240%

A3 8 =,134412401 HY? 8 -,238713+C1 CUR s -,404981+01
OUR 3 «,9471A0=C3

Z AX1S VELOCITY, », FRR DELTA COLLECTIVE
f ERTURKATIONS ARODUT IMITIAL VALUR,
0 s ,00N0 o POSITIVE NOwWN
ROOTS (COMPLEX FNRM)

071354000 ONNC
“.372440930 -, A3117+300
*. 3724007 A3N74000

IWA 8 L654113=00 wwii 3 ,58%456=00 1/TWR s ,713571-00
NeCo GalV 8 =,205634432, RNNT LOCUS GAIN s =,899078+01

AN 8 =, R99J7AeN] Nwi 8 =,2472394-00 CWB = ,186391+01
OWR s ,208045%401

NOT REPRODUCIBLE
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2 aAX1S ACCELERATION,AZFER NELYA COLLECTIVE
PERTURGATIONS ARNUT 1HITIAL VALUE

A20 s 0.0
ROOTS (CUMPLEX FNR™)
11194-001 -.2021-017
=.9384+000 -.A3106-001
=.,9384+000 «6316-001
17324090 .1422-027

wA? 8 ,94n561-00 LA7 = ,997742-00
1/TAZ2: 8 .11840A=C1 1/TA72 = - ,037438=30
D.Ce GalN 2 ,h34377=01, ROINT LOCUS GAIN = =,499N78en1

AAZ 3 =, H9907Re01 HAZ ® =,157114+02 A7 = -,488105¢01
DAZ = ,1436334D01 £A7 = -,164329~01

X AX]S AGCELFRATICNIAYIPER MELTA 7nOLLFCYIVE
FERTURNMATIONS ABZUT INITIAL VALUE

AxD = 0.0
ROOTS (COMPLEX FORR™)
=,1761+000 An1-023
294000 W 43aK6=-021
=, 742240005 -, 7354=-033
“,11583¢001 -.,25031-034

1/77AX1 & =,106139=-00 1/7aX2 & ,382926-0"
L/7TAXS = =,742154=00 1/7.X4 =z =,118343e01
Dol KAl = =,450197%=01, AN2Y (LOCUS Galy 8 =,1344124018

AAY 3 =,1384492401 AAx T =,233743401 CAY 2 &, R9A113=01
DAX 3 ,4145395=00 tAx = ,hB&K42-01

HORIZs VELUGITY PER DELTA COLLECTIVE
PERTURBATIONS ABNUY INITIAL VALUF,
SO0 8 ,134319¢73
ROCTS (COMPLEX FORY)

=.36334000 sN00N
27374001 » 002
=, 3A514001 L0003

177801 3 =.3A3094=0" 1/7T50Z 3 27378701 1/7603 & =,385117¢01
BeCo HAlN B (643798471, RNAAT LOCUS GAlY 3 ,316R23-00

ASN & ,336823=01 3§° 3 ,474701-00 €80 3 -,320%46¢C8
DS 3 =.127376+0)
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HATE OF LIS PEW B TA CALLFCTIVE
PERT RRATION G AR00!Y 1LITPYAL VALUEZ,
Wish 8 =,290087¢.2. POSITIVE FOQ CLIMB
ROITS (COMPLEY FNARM)

“,9331¢1109 -,31%0=00)
=. 93931 e00¢C gt =lng
«1it91e000 RT3 T

WD & L6640 whi B J94973=00 (/TN 3 ,145116-0C
Befe GAl B 79544971, Q03T | OCI'S G4 8 ,9NRS1740y

AMD 8 JGNABLTeRY e B 1B 7402 fwn 8 L4ART7540¢01
CHD 8 =,13h74%e0Y

VELICITY PERTURLATIAS FARALLFL TO IMITIAL
FLIGHT PATH, nLE TO DELTA CcALLECTIVE
PERTUIXATIONSE ARMIT INITIAL VALUF
USTAND 8 ,137297+%3
SOOTS (SOMPLEX FARW)

=.2R314000 ,9427=(20
-"27.‘000 -01.3“001
-, 7274202 .1436¢001

2US 3 .451A49N=1] wus B ,1613A64e31 1/TUS 8 =,233113=30
DeCe GAL. & 511237478, 2947 LUCUS RN 8 =,134412401

AUS 3 =,134412¢31 HyS 8 «,231713e01 CUS 8 -,404N83+C1
OUS s «,9h7180=03

VELOCITY PERTURRATIONS PERPENNICULAR TO INITIAL
FLIGHT PATH, I'UE TO NFLYA COLLECTIVE
FERTURRATIONS ABTJUT INITTIAL VALUF,
SCTARC ® G0y POSITIVE FOR mOWN
03TS (COMPLER2 FNR*)

=.7780+000 -,1329-017
«214A4000 A446=035
=,1123+001 +1394-032

1/7TWS]1 8 =.778047=0C 1/TwS? s ,216:31=C0 1/TwS3 & =4112869¢C1
N.Co RAIN 8 =, R61234¢01, KGNT LOCUS BATIN 8 =, 89807Re(])

ANS 38 =,8990780N1 T3 8 =,152114¢02 CaS 8 «,42§242401
OWS s 14961901

NOT REPRODUCIBLE
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TRANSFER FLrCTI0YS FNK RODY AXES UP =-,0000 NEGRFES

FrROM CRIGINAL HCDY AXES.

FESPECTIVE x, Yy &*C 2 LISTANCFS FROM AIRPLANE C.G
T ORIRIN OF AXES ARE,
L = ,17:0+02 LY & =.000N AND L7 = -,0000

RUM %O, L7 MUTERATOR CHARACTERISTICS 6OR COLLECTIVE

¥ OAXIS VELOCITY PREe NELTA COLLECTIVE
PERTURBATIONS ARMUIT INITIAL VALUE,
Un s ,1333en%
ROOTS (CCMPLEY FORM)

=.4546+4000 0000
~.9495¢(( aee
LY Je]eh) JDee0

1/TURL = ~.454632-00 1/TUHD & -,549549=-00 1/TUR3 s 1406855+ 01
0.C, CAl: 8 .737512+01, RANT LOCUS GAIN 3 ,827000-00

AUR 8 ,927000=00 MUK B «,22n343401 CUS = ~,436762+01
DR & =,145252401

2 AX1S VELOCITY, W, PER DELTA COLLECTIVE
PERTURBATICMS aBNUT INITIAL VALUE,
AN = 3255407, PASITIVE NOWN
RAGTS (CUMPLEX FOR™M)

54414000 1900
'.34450000 '042’1’000
=,34454000 «4271¢000

240 8 LA27876=0N Wk = L 542826=00 1/TWR 3 ,544126-00
D.Cs GAIY = =.907291%01s RONY 1LOCUS GAIN 3 =,109026+02

AWR 8 =,100026¢402 Hwk 8 -,15R157+01 CWR = ,R04560-00
OWR = ,178600¢01

¥ aX1S ACCELERATION, AX,PER DELTA COLLECTIVE
PERTURNBATIONS ABOLT INITIAL VALUE

A0 s (0,0
ROOTS (COMPLEX ENRM)
18512-001 + 34324000
+8512-001 -, 34326000
=,8940+000 26694000
~.8940+000 -, 26694000

WAl = ,353614-00 2ZaX1 s -,240729=0"
wax2 = ,933073-00 2aX2 = ,75R82n/-00
D.Co GAlHN 8 =.457133=n10, RNOY LOCUS GAIN = ,827000-00

AAX = ,827000=00 AX = ,1334n1+01 CAX ® ,571651-00
DAX 8 ,623321=-01 ©cAx = ,3C0N31e-01
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T AX1S ACCELE~AYION,£2,FEQ NELYA 0O LECTIVF
PERTURHATICHS ARALT ITNITIAL VALUS,

L7o 8 (.9
ROOTS (SLMALTY FNRY)
-03356-302 -1023-1’?7
=.8282+000 =.2537+000
-, 8z82+(00 25374000
018‘5‘000 -01‘22-029

WAZ s P66243-(C 242 = ,3%A143-00
1/Ta21 s =,335670-(2 1/TAZZ = =,"2h25b=]"
D.Co GAIN = =,257361-C1, ROOT LOCUS GAIN 8 =,1Nn0024402

AAZ 8 =,100026%02 E2Z2 = «,36°Rabp+02 CL? 3 «,49N160¢C1
DAZ = ,149375¢21 a7 = .S50e6ms5-02

VELOCITY PERTUSRLTIONS PARALLEL YO InITIAL
FLIGHT PATwH, TUF TO DELTA COLLECTIVE
PERTURRATIONS AROUT INITIAL VALUF
USTARD & ,137247+03
ROOTS (COMBLEY FOR™)

«149240C1 2000
=, 40824000 1200
=.2701+C01 Mateluly

1/TUS1 &  .149231401 1/TUS? 8 =-,4DBZ87-00 1/TUGE3 s ., 270105401
D.Co GAIN 3 ,691229¢N1, K27 LICUS GAlN 8 WJR2INCN-00

AUS &  ,R27000=00 =16 & 133401401 CUS 8 =, 29261711
DUS & =,136137¢01

VELOCITY PERTURRATIONS PERBENDICULLR TC INITIAL
FLIGWHT PATH, ~LE TO DFLTA COLLECTIVE
PERTUREATIONS AHCUYT INITT&L VALLF
WeTLED B 0,1, FRASITIVE FOR N0
ROOTS (COMFLEX FORM)

-,8230¢000 -, 27ne+C0N
-, 8238+000 P7¢+050
1724000 , 1343030

v = .950186-30 wwt ¥ . FE7072-00C 1/1#% = ,172456-00
D.C. GAIN 8 =,717750¢01, ROOT LOCUS GAIN & =.1790Z6402

ANS 8 =.109026402 Hyf £ =, 160K46+CL CeS ¥ =, 500853401
DWS & ,141360¢01

NOT REPRODUCIBLE
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VERYAL YRi-314

XU
X a
 §4
xin
Xwn
) ks
) 44
B f

MaCH
ver
-y
Lx
CL
13§

X

xn
xup
Xal
xar

Xt

x?

- - A 4
-

SCF /7 (00T 0Ny TR GFED B LTINS

.
~
:.IJ' y -’l. L"

FUge FLIGHT 2% #T «%0TS

]
-

BT MATe NOT REPRODUCIBLE

CL1TC aRE L FER BLLYR

PIMENETONZL STARILITY PESTVATIVES

(=CV AYES TIFELL gV 4712471 DEGREES, PASITIVE
FCS “0GE LF, BP&(" €T R ITY AXES)

- 3kmzery 7o F <,7197-{1 vis  e,k700-C2
AT LI PR 5048l vy 8 133¢63=C1
B4GA=NT PN . 3kq40l] v & =,1460¢(13

o, Uull( v I® '.CCT? “L’ s 'o“GUC

&, CaEP 7" 8 e ,BERC LAPYA T -,M30e

e, 000t P s, A0 " s e, 2000
142407 FL XY VAl ARSI '4502-C2
AngBen? AR ~."92%e0} vy s W#7hC=01
«3152%¢r3 .7 3001 Gavae s 7000

@ ST LTI o 3ur a2 S s -,00328

= 0008 1l 7306004 1V » 1759402

-e2uT Y1 e, noe ™Y 8 -,*003
017::’:2 LY LI L | L? L ’OQOQO

s 2Qer Lo il w s 013‘0‘05
G20 3e0¢ 170t 07379405 5 s 1 322902

~IMECEIONAE STAEILITVY CERYveTIVESR, PER RATIAN,

CF¥apILITY ax: S

=, 35¢ %= i ° -, 56-(1 v 8 =, 8855802
2632=01 7.8 -,i319=00 A v1613-01
L,0227=00 in & e,1n7be(3 ‘s =,14A0+0)
vene FATR o e .o s 2000
3 2. s Chl 2 o PRl 2020
. OROL ge- & Jpee van s ,"00C
Jinboesr PRI LY T Tty LR 1 49522-07
3997271 17 & e, e Tel vY s 1ATR0=01

v LORTRILIYY sk, o3 % Sk Lol dnb PR NPNE Sl o

' w1y s PTLLeTR 2 T QINT 8 -, 1%05e" ¢
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THE CHARACTERISTICS CF THE LOUMGITUDINAL DENAMINATAR ARE
ROOTS (COMPLEX FORM)

=,2135+000
-,213%¢000

4727408410
«,2343+071

ISP s +526632-00

1/TPy = .472711-00

SHORT PERIND MOLE

34474000
'.3447*000
'4212=033
'o§551.030

«405593=00

8
8 16455222014
s -, 234308014

TIME TO HALF aMP,
TIME TO OME TENTH AMP,

CYCLES TO HALF AMP,

CYCLES TO ONF TENTH amP,
ONE OVER CYCLES YO HALE NP,
ONE CVER CYCLES TO ONF TENTH AMP,

PERIOD = «18223+02
As +100000+01
Cs +».1635476-00

2070WN
489
COEFFICIFNTS
8 s 122975403
Fs =.1r2205-00

RAD/SEC
CYCLES/SEC

s « 32451401,
.10780+02

017500'00
591%6-0n
+56156+01
16905401
0‘2720'00
.16451-00

C s -.144079-00



n——

g TRANSFES FUACTI0NG Fd gPaRp LTV ANES,
‘ ORIGIY AT 29781 2°6 CW0,

RUN MO, L3 NUVERATOR ChakuCTERISTICE FOR cvYeLsc

THETL PESY DELTA evep;d
PERTUPF&?!ONS AE~UY INTITIAL VaALUE
L B [ T I
RCOTS (CoMPLEX FORv)
=, 3534=001 alils )
'06172‘030 -‘000

3/7Tu1 & =, 35354001 3/TTH2 & =e537239-0n
DiCo GAIN 8 =,750499=r1, pRray LOCUS G2l 8 +450200-00

ATH 8 ,450200=00 ~Y- = ¢ Ja3usie00 CTw @ 1430189-01

| X AXIS VELOCITY rEo CELT: cveLic
PERTUREATIONS LBNUY INTITIAL VAL Uk,
(VISR } 01010‘03
S00TS (CONPLFY FARM)

=.8731¢000 R alels
7069401 Makild¢
-.1029+002 2008

1/TURY & =.673144<00 3/ R2 s «7069R8¢0¢  3/TuR3 8 *¢102036°0?
CiCo GALIM 3 651824007, Rnnw LOCUS Calv 3 ,348893-00

AUR = ,1B8593=00 &L, 8 «75582Pr1=09 cyn & *,1308¢4¢02
CUR s «,11R766¢02

ey

2 AXIS ViLCCITY, o, FER “ELTA CYeLlC
PEITURE LTICNE PROVT INTTIAL VALUF
O s L0000 o POSITIVE DOWN
ROJTS (COMPLEX FORM)

1602001 01571‘000
*.1602-001 *.1571¢C0D
=.8163¢C02 «5366-02%

dWB 3 ,101430400 sy3 = +157045-0U0 3/vvp = *. 8990341402
C.Ce GAIN & =.622130%"4, ROAY LOCUS Gal* = ,584582-0p

s B

AWR 3 46458210 fun s 145457002 con 14697600
! CWH & ,113355en¢

NOT REPRODUCIBLE
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2 AY18 ACCELERATINN,A2.PER NELTA CYLLIC
PERTUMIATIONS AROUT INITIAL VALUF
A20 * 0,0
RO0T5 (COMPLAX FIRM)

00730 T, I

c,4h73-007? e
H233e001 o Fol [

=.81714001 Ng

177423 = ,2100000 177422 o =,807343-002
L/TA23 8 LHP3507e01 3/7A74 8 =,417161¢99
D.Co GalIN 8 L,CORNAG ¢ FOOT LOCUS GAIN 8 ,554582-00

AA2 5 .554582-00 wAZ ® +.3310A42-01 CA7 ® =,373181402 '
DAZ » =.181859=00 Faz ® .cONOAN

X aX]8 aCCELERATION,AYPER OELTA CYCLIC
PERTUKRATIONS ABOIIT INITIAL VALUF,

x0 s 0,0
ROOTS (COMPLEX FORM)
=.96085-0C1 9847000
*.9ARS-0C1 «.841740C0
=+1935¢0C1 +16A14(04
=.3190%¢+0C1 *,16610004

wAXy s ,389753-0C ZaXl s ,164222-00
WAX2 3 ,252799¢01 2aAX2 s .7537A4=00
CeCo GAIN 8 =,237069401, RCOT LOCUS GAIN & ,188593-00

AAX 8 ,q1RA503=00 ARAXY B ,75%2R1<C0 rAX s ,141006+01
DAX & .4R344A-00 EAX ® .419196-~00

HORIZ. VELOCITY PER NELTA CYCLIC
PERTURRATIONS ABNUT IWITIAL VALUE,
$C 8 ,101043403
RQOTS (COMNPLEX FORM)

°.O7310000 1000
070694001 000
'01020‘002 «NAN0

177801 & «.A73144=30 4/7SC2 8  ,7009R%¢01 4/7SDY ® =,.102096%0°
B.Ce GAIN 8 451824402, RNOT LOCUS 541N 8 ,180593-00

ASD & . 1A8%93-00 ASD & ,75%271<00 8§D & =,130864402
08D 3 =.118766402



o

mﬂ-‘m S ———

RATE CF cCLIMy PE® nELTA €YCLIC
PERTUREATIONS ARNUT INITIAL VALUF,
nC & ,0Cohan o, POSITIVE FOR CLIMB

RQOTS (COMPLEX FNR™)

-.4373=002 .nJnn
V2334001 NN
=, 21714001 .00e9

1/THNY 3 =,4373A3=02 1/7uD2 s ,3233974N1  1/TWHD3 = =, 817161404
DeCoe GAIN B =,99A134=P3, RNOT LOCUS GAIN & ~,5%54582-00

AHD 3 =,5545K2=N0 w2 317194201 CHN 3, 373153+02
DHI} = ,1B13859=90

VELOCITY PERTURBATIONS PARALLEL T0 INITIAL
FLIGHT PATH, MUF TO DELTA CYCLIC
PERTURRATIONS ARNUT INITIAL VALUE,
DaTaBN 3 .1010541+03
ROOTS (COMPLEX FORM)

=,A731+000 200"
«7069+001 +J020
=.102n+002 b Ll

1/7U81 s =,873144=-00 1/7uS2 = ,7060R8+01 4/TUSI ® ~,102016+0?
NeCo GAIN 8 (6D1824+02, ROOT LOCUS CAIN s ,31808593=00

AUS 8 ,188993=20 HUS = ,755261=00 CUS = =,1308484402
DUS 8 =,118766+02

VELOCITY PERTURBATIONS PERPENDICULAR YO INITIAL
FLIGHT PATH, NUE TO DELTA CYCLIC
FERTURRATIONS ABOUT INITIAL VALUE,
WSTABD &8 0,0, PASITIVE FOR NOWN
REOTS (COMPLEX FORM)

'0‘873‘002 .ﬁUOC
+0233+001 -1'0NC
-,8171+001 L LI

1/TWS1 & = 487363-02 1/T482 3 ,A23397+401 1/TuS3 &= =,817161401
D:Cy GAIN B ,998104=010, ROOT LOCUS GAIN s ,554582-00

AWS 8 ,B54547=00 g 8 =,318447-01 WS & «,373151¢02
DWS 3 =,181859=-00
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TRANSFCR FLACTIONS Enm ROCY AYPS UP «,000)0 AELREES
Pul TRIGINIL ROTY AXES,

CESPECTIVE Xo Yo AML 2 DISTANCFS FROY AIRPLANE Co6
Tn ~QIGIN OF LXES ARE,
LY 3 ,17°Cen? LY 3 =,09C00 avg L2 = -,0000

RUN NO, L3 fUTRR AT CwaARLCTERISTICS FOR CYCLIC

X AX1S VELCCTY PED ELTA CY7L'C
PERTURRATIONS ABNYY INITYAL VALUF,
Ul & 130703
ROOTS (COMPLEX FORM)

-,1337+001 .N0E0
-.25264001 DL
24794032 . 9%

1/77UR1 8 =,133709¢01 1/TUR7 3 ~,252643e01 4/TURY 8 ,247907+(2
D.Co CAIN 8  £54732¢L2, ROOT LOCUS AalN 8 ,142499-00

AUB 8 ,142400=00 0Lx 8 «,294131¢01 ClIA 8 «,131629e"2
DUB & =.11929%¢02
2 AX1S VELCCITY, o, FER DELYA CVYLLIC
PERTURARATIONS £RNUT INITIAL VALLF,
N s L6300e09, POSITIVE NOUN
ROOTE (COMPLEX FQOR™)

-,2528-C02 -, 8261=021
-,2528-002 16291001
5486400, -,2267=-027

IND 8 ,40153N=01 Wbk 3 ,620040=-01 3/7vk 8 ,548A90en}
DeCo GAIN 8 =,Pa5R04=07, RNAY LOCLS Regln 8 =,70088200)

AVE 8 =,700520001 He: 8 352300602 Catt s ,168404=00
DwWB s .31543126-00

X AX1S LCCELERATIAN,AX,PEP NELTA CYCLTIC
PERTURKLTIONS ABNUT INITTAL ValLUE»
AxC s (0,0
ROOTS (COVPLEX FRY)

-.4858-001 + 3040000
=.48506-0C1 =, 3n¢he(0C
=,2603¢001 o49CLe00Y
°,2603+001 =.,49n0eCNY

Wax: s ,308669-90 2aXi 3 ,31%7479-30
WAX2 & 05"’13001 25'2 8 «4091%73=0"
0.Ce GAIN 8 =,229201¢21, R’7Y LOCUS R\ 8 ,3142470=00

AAX 3 ,142400<09 Rax 8 ,755347=C0 CaX = 44708703
DAX & ,496757=00 tar B ,4317779=00

\t
) qpro0s®’
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T ———————— e

2 aX1S ACCELERATION,AZ,PER NELTA CYALIC
FERTURRATICHS APMLY INITIAL VALUF

4725 8 0,3
Q0TS (COMPLEX FIRM)
.2ﬂ47'001 '01776'020
-,3243-C01 -,4425-016
-0‘563‘003 0?2‘7‘001
-,4563+C00 e,22474001

407 3 . 229369+01 2.7 = ,1914974=0C
1/7424 3 .244796-01 1/7A72 = -,324368-01
D.Co GAIN B =,188939=00, ROOY LOCUS Gatn s =,708520401

A2 s -.708520¢01 HAZ 3 -.649520401 CAZ = -,372945+02
DA2 = ~.141532=30 ¢G4z ¢ +344346-C1

VELOCITY PERTUREATIO!S PARALLEL Y0 INITIAL
FLIGHT FATH, NUF TC DELTA CYCLIE
PERTURGATIONS 4BOUT INITIAL VALUE
USTABG s ,101043¢03
Q50TS (COMPLEX FNRW)

-.31311¢CC 0000
67984001 OO0
’01599‘002 0008

1/7US1 * =.112101401 1/7TuSZ 8 679811401 1/TUSY 3 =,109915¢0?
N.C. GAIN B JEARASZe%P, ROOY LOCU'S GatN 8 ,142400-CO

AUS 8 ,342420=30 byS B ,755347-00 CUS T =,997692+C1
DUS 8 =.110215402

VELOCITY PERTURBATIONS BERPENDICULAR TO INITIAL
FLIGHT PATW, PUE TO DELTS CYCLIC
PERTUREATIONS aBNUY INITIAL VALUF
WsTaRS 3 N0, PASITIVE FAR NOWN

RO0YS (CCMFLEX FORM)

-,3029-C01 .20%2=01¢
-,44324000 -,2202¢302
'.44320036 022.20001

WS & . 19C66C=00 bval ® .237407401  t/7v§ 5 =,3N2082-01
D.C. GAIN & ,634913¢33, ROIT LOCLS GAIN ® e, 708%20404

ANS 8 =.708520001 s 8 e 0qU820403 ChS 8 =,3084853402
DWg s -,115684¢(CY
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TRANSFFk FUNCTIONS FOR STARILITY AXES)
ORISIN AT AIRPLAYE €06,

RUN NO, L3 MUMERATOR CHARACTERISTICS FOR COLLECTIVE

THETA KE DELTA GALLFGTIVE
PERTURKATIONS ABRNJT INITIAL VALUR,
W0 & ,000)
ROOTS (CUMPLEX ENRM)
+9777400C JHAND
=-,2319-CC¢ 000

1/7Tuy 8 ,977752-00 1/7THZ2 s =-,231926-0)1
N.Co BAIN = (EEZRLT=02, ROAT |LOGUS GAth 8 ,878000-01

ATH 8 ,A78000=01 FRTH = =.647164-01 CTH & =-,153747-012

X AX1S VELOCITY ®ER DELTA COLLFCTIVE
PERTURLATIONS ABCUT INITIAL VALUR,
Vo s ,1010+03
ROOTS (CUMPLEX FORM)

194444000 0807
+41064001 s NR0D
-.5532+001 0000

1/TUBL & .944480-00 1/TuB2 = ,4106%4401 1/TUR3 s =,553235+01
D.C. GAIN 8 =,1176628+02, RNOT LOCUS GAIN 3 ,999449-014

AUR 5 ,999169=01 BUR & ,44Nn922-01 £US = -,240455+01
DUR = .214396+01

2 AXIS VELOGCITY, #, PER NELTA COLLECTIVE
PERTURRATIONS ARCUY INITIAL VALUER,
w0 s 04000 » POSITIVE NOWN
R00TS (COMRLEX FGRM) .

,40764000 - 9718017
- 55924000 . 42364700
-.5592400¢C -, 42364000

IVB = .797164=00 WA 8 ,701613-00 4/TWB s ,407623-00
D.C. GAIN 8 =,942344¢01, RNOT LOCUS GAIN s =,855713+01

AWB 8 =,.855713¢01 Rw3 8 =,80R3N0401 CWR = -,310540-00
owg = 0171703001



2 aAX1S ACCELERATION,A2,PER DELTA COLLECTIVE
PERTURRATIONS ABOUT INITIAL VALUE:
A20 s 0,0
ROOTS (COMPLEX FORM)
0000 «0000
54754000 «0003
-,2169+000 0700
-,1842¢001 +29300

1/7421 = .000030 1/7422 = ,547569-00
1/7423 & =,216916-00 1/Ta24 = -,184220+01
D.C. CAIN & .000007 » ROOT LOCUS GAIN 8 =,089713¢0%

AAZ = =,855713060% BAZ ® =,129345¢02 CA2 = 622070008
DAZ = ,187238¢0% EA2 ®= ,000000

X AX1S ACCELERATION.AX,PER DELTA COLLECTIVE
PERTURBATIONS ABOUY INITIAL VaLUR,

AX0 s C.0
ROOTS (COMPLEX FORM)
«1213+001 «0000
+9884-001 =.4537¢000
+9084-001 +4537+000
=,1892+001 +6330-029

WAX & ,464420-00 Zax s =,212033-00
1/TANL &  ,121369¢041 1/7TaX2 = ,00R4%52-01
D.Ce GAIN & 1271709=00, ROOT LOCUS GAIN s o”"..‘O‘

AAX 3 ,999469-01 HAX ® .480922-01 CAX s ~,22¢4387-00
DAX = ,400006-0% EAX ® -,495067-0¢

HMORIZ. VELOCITY PER DELTA COLLECTIVE
PERTURBATIONS ARNUY INITIAL VALUE,
SN0 s ,101N41¢03
ROOTS (COMPLEX FORM)

194444000 +0000
. 143064001 +0000
«,5532¢001 «0000

1/7801 ® .944480-00 1/7TSD2 s .4106%54601 1/7803 ® ~,983238¢07
D.C, GAIN 8 =,11766A8¢02, ROOY LOCUS CAIN s ,999469-03

ASD s .999149-01 BSD = ,480922-01 CSD = -,240499¢04
08D s .214396+0%
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RATE OF = 17w PEF "ELTA £OLLFCYIVE
PERTURFATIZNG LR"VY INTIYIAL VALUER
W3 8 L,20079n o POSITIVE FOR CLIMB
ROOTS (CCMBLEY FaRw)

+547%¢00C 20Nn%
*,216942200 20020
.01.‘2.001 e 3900

/7KDL 8 .547969-00 1/7wD2 3 -,216916-00 1/THC3 = =,184220+0¢
D.Co CAIN & ,3102762¢02, RPQT LOCUS G2IN &8 ,A85713¢0%

AMD 8  .895857313¢01 RWN B ,129345¢02 CHD & -,622878¢01
OHD & -,187238¢01

VELOCITY PERTURR.T10.S PaRALLEL YO 1*1T71AL
FLIGKRT PaTw, PLF TC DELYA CNLLECTIVE
PERTURKRATIONS £8CUT INITIAL VALUE
USTARC 8 ,108C41e23
ROOTS (COMPLEX FORM)

94440000 00D
+4406+001 gl Jale
=.5532¢001 000

1/7TUS1 8  ,9444AC-0) 1/7.,S2 = ,410654e01 1/T0EY 8 «,55323540¢
D.Co CAIN 8 =,1176652402, RNOY LOCUS CLIN 8 ,999160-01

AUS = 99916901 3us = .480022-01 CUS s -,240455¢014
DUS = .214394¢014

VELOCITY PERTURBATIONS PERPENCICULAR YO INITIAL
FLIGHY PATW, NUE YO DELYA COLLECTIVE
PERTURBATIONS ABOUT INITIAL VALUE,
WSTaB0 = 0,3, POSITIVE FOR DOWN
ROOTS (COMPLEX ENAM)

+347%¢000 +2000
*,2169¢000 0000
=,10424002 «nooe

/708y = .547509-00 1/7wS2 & =,216916-00 1/TwS3 8 =,384220¢0¢
D.Cs GAIN & =,302762+02, RNOT LOCUS GaAIN s =,855713¢01

AVE 8 =,055713008 5wS ® =.120345¢02 CwS s ,622878+C3
WS = .167238+0%



TRANEFE< FULCTID .S FNAR AADY LYFS JP «,0000 NECRFES
FIC~ NRIGINLL RODY LXES,

FESFECTIVE X, ¥, arp 2 NISTANCFS FRC™ A1RPLANE C.0
TO ORIGIN OF AXES ARE,
LX = 01700‘02 LY s '.O?OC AND Lz L '00000

RUN NO, L3 NUMERATOR CWARACTERISTICS FOR COLLECYIVE

X AX1S VELOCITY PER DELTA COLLFCTIVE
PERTURBAYIONS ABOUY INITIAL VaLUF,
US &  ,1007¢9%
ROOTS (COMFLEX FORM)

+8442+00C + 5797000
184424000 =.57974000
-12372+001 ~.367R-0238

ZUR 8 =,R24333-00 WUR & ,102494403 1/7UR & =,23709%01
DeCy GAIN 8 =,109529¢82, RNAOY LOCUS GAIN s ,802500-00

AUB = ,A02500-00 BL3 ® ,547688=00 Cua s =.237008¢014
DUB s ,199567¢n1

Z AXIS VELCCITY, &, PER MELTa FOLLFCTIVE
FERTURDBATIONS ABNUT INITIAL VALUR,
“C 3 ,R3IN0eSL, POSITIVE moun
R00TS (COMPLEX FORM)

4294+ (00 -,5959=-017
=, 4710000 0‘521‘000
'0‘710’000 '.‘0?1‘000

IWR & 60888600 wat = 167404807 {/T4k = «429464-90
DeCs GalN 8 =,1035A4%02, ROOY LOCUS falN 8 =,087260e08

AWH 3 =,067260401 Bw3 ® -,495096e01 Cul & -,480874=00
Owh & 146734401

X a¥1S ~CCELERATION,AX,PER 9E_Ta COLLFCTIVE
FERTURLATICNS aBOJY INITIAL veL_ue,

A¥C = 0,0
ROOTS (COMPLEX FHRM)
162554000 +52R6-017
-.7864-001 =,2145+000
°.7664-900 121485000
'01851‘001 03562'029

way = 023c371'00 ZAX s 03‘1366'30
1/Ta%1 =8 ,625549-00 1/7T4X2 2 =-,786454-91
D.Co Galv ® 27779100+ RABY _OCUS GaIN 5 ,802500-00

AAX B L AR7250C=27 HAX & ,11174301 CAX = =-,732298=01
D‘X ] '.9‘0000'91 EAX s .0‘9‘3°"01



I aX18 ACCELERATION,A2,PER DELTA COLLECTIVE
PERTURRATIONS AROUT INITIAL VALUE,

A20 s 0.0
ROOYTS (COMPLEX FORM)
12198-002 ,6478-027
15568+000 11973-044
-,2293¢000 -,1094-040
-,1992+001 -,2200-040

/7424 & ,21%0815=02 1/TaZ2 s ,8556844-00
$/7423 & -,225396-00 1/7A24 s -,159216+08
D¢Ce GAIN 3 ,223194=01,» ROOT LOCUS GAIN 8 =,967260+01%

AAL & =,967260401 BAZ 5 ~,117866¢402 CAZ = ,6215408¢01
DAZ = .187098+01 EAZ ®* -.406670-02

VELOC!ITY PERTURBATIONS PARALLEL T0 INITIAL
FLIGHY PATH, DUE TO OELTA COLLECTIVE
PERTURBATIONS ABOUT INITIAL VALUE:
USTABO = ,101041¢03
ROOTS (COMPLEX FORM)

¢ 76644000 +50964000
176644000 -,5096¢000
=+12916+001 +4209-029

Ug & -,0832723-00 WUS = ,920426=00 41/TUS = =,291663+01
D«Co GAIN = =,108029+402, ROOT LOCUS GAIN = ,802500-00

AUS s .802500-00 BUS ®* .111043¢01 CUS = =,290808+04
OUS = ,390291¢01

VELOCITY PERTURBATIONS PERPENDICULAR TO INITIAL
FLIGHT PATH, NDUE TO DELTA COLLECTIVE
PERTURBATIONS ABNUT INITIAL VALUE
WSTABO = 0,0, PASITIVE FOR NOWN
ROOTS (COMPLEX FORM)

19616000 +0000
=,24408¢000 »0000
-,1535+001 +0000

1/7W81 & ,561690-00 1/TWS2 s ~,244003-00 1/TW83 ® «,153544¢07
DeCo GAIN ® =,2112081¢02, ROOT LOCUS GAIN 8 =,967260¢04

AWS 8 =,967200401 BWS ® ~,117866+402 CWS s ,603634¢04
OvWg = ,204217+01
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ROOTS OF A/C LONGITUDINAL TRANSFER FUMCTIONS
RUN NO., L4

VERTOL YHC=1A 1500FT/MIN CFSCEMNT AT 60 KNOTS

Xy
Xw
XQ
Xup
XwWD
XQD

XT

MACH
MAC
HT
LX

IX

XU
Xw

XUp
XWp
XQp
XD
XT

THE

INPUT DATA

UNITS ARE 1 PER RAD!AM

DIMENSIONAL STABILITY DFRIVATIVES

(300Y AXES DIFFER BY ,1930+02 DEGRFES) POSITIVE
FOR NOSE LUP, FROM STABILITY AXES)

s -.,3180-01 v = -.21%50-04 MU = -,6960-02
a8 «1092+00 v B3 -,90%8-00 MW = ' 4690-02
s 01460+01 G ® -,2410+01 MO s ~,1966+01%
s -.0000 up = -,0000 MUD = -,0000
s '=-,0000 wn = -,nN000 MWD s -,0000
] -,0000 7GD = -,0000 ugn s -,0000
3 +1260-00 = +7732-00 MD = 14717=00
3 .8800-00 T = -.2010+01 MT = 11162+00
s .9880¢02 U2 = +3450+02 GAMA 3 ~,1390402
L] '00000 RHO s .?350'02 S s '.0000
s -.0000 IX2 = 17114404 1y = 1 7591+0%
s -.0000 X] = -."000 ™Y s -,0000
3 +1700+02 LY s -,n300 L2 s -,0000
s -.0000 cn s -, 0000 Ww's 1434005
3 +9203+04 12 = 07179+05% G s 13220402
DIMENSIONAL STABILITY NERIVATIVES, PER RADIAN,
STABILITY aXe$s
s -,9994-01 2L = -,3038-00 MU s ~,8018-02
3 -,1731-00 Iw B -,A377=00 MW s 1672702
s +5813-00 q = =, 2797014 MO ~, 1566014
s .0000 Zun s ,0000 Mun = 0000
s «0000 Zwn s 0000 MWh s 'N000
8 .0000 ZGD & .0000 "GD 8 .OOOO
s 037‘5-00 ZD s .‘881-00 MO s .‘717.00
s -,1817+01 Zt = -, 7051+01 MT ® 01162400
IN STABILITY AXES, U = v1044403 o000 W s 0,0
21y = 75901408 aND Z21X2 s 1397405
CHARACTERISTICS OF TWHE LONGITUDINAL DENOMINATOR ARE
ROOTS (COMPLEX FORM)
-,4285+000 »2%13+000
-,428%+000 -,2%13+000
0‘0‘40000 '01“"033
-,2094+001 v 3112-030
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ISP = .862643-00 WoP 3 + 49683700 RAD/SEC

3 +790742-04 CYCLES/SEC
/7Py 3 .40R454-00 1/TFr2 = =-,205487+n1

SHORT PERIQY MOLE

PERIOD s +25002+02 TIME TO HALF AMP, s +16173+014
TIME YO ONE TENTH AMP, s 83724¢+014
CYCLES TO HWALF AmMP, s ,044685-01
CYCLES TO \F TENTH AMP, 3 ,21408-00
ONE OVER CYCLES TO HALF amP, s 1545902
ONE OVER CYCLLS TO NNF TENTH AMP, @ .46538+01
202eWN & .8%719=-00
wWS3 s ,24685-00
COFFFICIENTS
A s +100000¢01 R s 2%0360401% cs :818813-00
Ds -.313039-00 E s -, 2n7183=-n0
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TRANSFER FUMCTIONS FOR STARILITY AXES,
GRIGIN AT AIRPANE CoGo

RUN NO., L4 MUMERATOR £4ARACTERISTICS FOR CYCLIC

P, g -

THETA FEX DELTA CYCLIC
PERTUKRGATIONS ASOUY INITIAL VALUE,
THO 8 =,1390¢N2
ROOTS (COMPLEX FnRM)
=-.3117-001 00090
'09122‘000 .0000

1/TTHL 8 =,311755-01 1/TTH2 s -,91228%3-00
D.Co GAIN 5 =,647500-01» ROJT LOCUS GAIN & ,473700-00

ATH s ,474700-00 bTH 8 ,445015-00 CTW & ,134151-01%

X AXIS VELOCITY PER MELTA CYCLIC
PERTURRATIONS ABOUT INITIAL VALUF.
Uo s ,1044+03
ROOTS (COMPLEX FORM)

=+5657+000 «N000
+6830+001 «0000
=.9082+009 «0010

1/TUB1 s =,565798-0n 1/TuB2 s ,6830%9¢0% 1/TUBS © «,908261¢0¢
D.C. GAIN = ,634509+02, RNOT LOCUS GAIN s ,374509-00

AUB & ,374509-00 8UR = .105930¢01 CU8 s -,227572¢02
pus = -,131460+02

Z AXIS VELNOCITY, #, PER DELTA CYCLIC
PERTURLATIONS ABOLIT INITIAL VALUE,
W) s 0000 + POSITIVE DOWN
ROOTS (COMPLEX FORM)

-,8239-001 07998*000
-,8219-001 -.2995+000
=.7099+002 «4085=026

W8 *  .264380-00 wWiA *  .310869-00 L1/TWRA = =,709928¢02
D.C, GAIN = =,227853+02, ROOT LOCUS GAIN = ,688082-00

AWR = ,488082-00 kKWt & ,489420+02 cwB s ,809629+01
OWwB s ,472074+01
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2 AX]S ACCELLSATIONGAZFER NELTA CYOLIC
PERTURLATIUL S ARNUT Y. 1TIAL YaLLF

‘lc L 000
ROCYS (CCMPLFX FAR)
*.1440-002 -, 1944=-001
=:¢1440-0C, 14964-009
80114003 +1308-029
7648004 +7843=02¢

wWAZ 8 ,497074-01 262 = ,7RQ8AR7-0)9
1/7a21 s ,80112%¢01 1/T422 3 =,7618R06(0%
DiCo GAIN 8 ,5008483=£0, RANY LOCUS GAIN 8 ,688082-N0

AAY s ,480082°00 BA2 8 -,2A7996-00 CAZ & =,41907440?
DAZ s +,121702400 EAZ = -.103771+09

X AX1S ACCELERATION,AY,PRR DELYA CYCLIC
PERTUREATIONS ABOUT INITIAL VALUE

AX0 s 0.0
ROOTS (COMBLEX FoRM)
+20886+00C 2300
'01"3‘000 2000
¢3352+00: 0000
-,86274¢001 « 2000

1/7AXL = ,288690~0C 31/7aX2 = ~,3184346-00"
1/77AX3 3 ,335278¢01 1/7aX6 8 =,6274944n1
D.Cs BAIN 8 =,2023R9¢01, RNDT LOCUS GAIN 8 ,3745C9=-0C

AAX 8 .374509-00 “ax = ,105530¢01 CAX = =,801323¢(C1
DAX 8 ,763894-00 EAX = .419317-(0

HORIZ+. VELOCITY PER MELTA CYCLIC
o PERTURLATIC '3 AROUY INITIAL VaLUE,
SO = 10131903
ROOTS (COMFLEX FNR™)

-, 98544200 200
6376001 o IEND
'91068‘002 «6u00

1/7TSD1 = ~.9R5461=-00 31/75N2 8 ,637689409 1/T78NY = -,108835+0%
D.C. CAIN ® ,694433+7;, RANT LOCLS GAlIY 8 ,198245-00

ASD s 0198245=-00 8O = CA0ART77¢01 £8N & =, 125704407
DSD = =-,135587+02
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KATE OF CLIMY FE? rr TA £YRLIC
FERTLHIATIONS Wl Y INTTTAL VAL UR
WP 8 «,250730e12, POSITIVE FOR CLIMR
ROITS (COMPLEX FARY)

+ 1531002 Jnonr
+750He 501 M Lolaly
-,7501+(C1 Makelsle

$/THRY 3 ,163319=02 1/7407 5 75089501 1/THR3 = «,750173+0"
NeCo AAIN & ,315520«1N, KOOT LLOCUS GAIN & =,757900=00

AHD 8 =,7579R0er} LK B8 LA63494=02 CHPN 3 ,42A976402
DHN 3 «,683704-01

VELOCITY PERTUFRATIONS PARALLEL TO IMNITIAL
FLIGHT PATW, rUF TO DELTA CYCLIC
PERTURLATIONS 4BOUY INTTIAL VALUF,
USTARD = ,31043¢/+03
ROYS (COMPLEY FORMV)

'05657‘000 0005
88304001 0pne
“.9082+002 000

1/7u81 = ©.56579R=91 1/7,82 = .+03759¢01  1/T0S3 = -,90R261¢01
DeCe SAIN 8 ,€3451F4r2, REAT LICUS falM 8 ,37450¢-00

AUS 8 ,374509=90 9yYSs ®  .105530+01 CUS s =-,227572+D2
DUS 8 =,131460+02

VELACITY PERTURKATTIO.S PERPENDICULAR TO INITIA|
FLIGHT PATH, NUE TO DELTA CVYCLIC
PERTURKBATIONS ARAUT INITIAL VALUE
wWSTABO = 0,0y POSITIVE FOR NOWN
0TS (COMPLEX FNRM)

+8655-501 N300
176204001 <0000 .
=.7317+001 NON

1/7Ws1 & ,H65501=01 1/T4§2 =  ,762019+n1  1/TuSY s =,731726404
ND.0e AT 8 =,167276+02, RNQTY LOCLS BaAlN & L6RBOK2-00

AWS 8 (ERA0AR2=00 dS 3 =,767996=00 CWS = =, 383407402
DWS s ,332064+71
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TRANSFES FUNCTIONE FOR BRODY AXES UP <=.0000 NEGREES
FRO ORIGINAL HODY AXES,

RESPLCTIVE X, Yy AMD 2 CISTAMCES FROV AJRPLANE €46
To ORIGIN OF AXES ARE,
Lx = 1790072 LY = =,000N0 ANG L2 = -,0000

RUN NO, L4 LUOERATOR CHARACTERISTICS FOR CYCLIC

X AX1S VELOGITY RER "ELTA COVYCLIC
PERTURKHATIONS ABNLT INITIAL VALUE
un = ,98%CenN?
R0ITS (COMPLEX FORM)

=.70K500C0 =, 5346+000
-07855¢000 .5346‘000

2uB & . 827689-00 wyx B ,952731-00 4/TLUR = ,122125+03
D:Co GAIN = .674160+02, ROOT LOCUS GAIN & ,126000=-00

AUB = ,126000=00 HUH 3 =,151861+02 CUR & »,241542+(2
DUR = =,1139675+02

Z AX1S VELOCITY, w, FER NELTA CYCLIC
FERTURSATIONS AROUT INITUIAL VALUE,
0 3 ,3450+02, PNSITIVE NOWN
ROJTS (CUMPLEX FQORM)

+1144-002 =.5305-004
+1144-002 +5305-0014
+8379+001 «57%0=030

IWe = =,215631=01 w2 & ,530608-C1 31/TWwR & 537924404
DiCe GAIN 8 =,529833=G0» R0OOT LOCUS GAIN 3 =,724570+01

AWB = =,724570401 Rw'i 8 ,389931¢02 CWA s -,109412+00
DWR = ,109773400

X aX]S ACCELERATION,AX,PER NELTA CYCLIC
PERTURHATICNS ABOUT INITTAL VaALUF,

AY) 3 0,0
RONTS (COMPLEX FNRM)
'055‘5'001 .?5760000
=,8545-C01 =.72%76+000
=,4248+(01 =.5576+001
=, 42484001 58764074

WAX1 & ,263%25=-N0 ZaX1 s ,Z210439=0N
WAX2 = ,701053+01 2ZaX2 = .4N%997/=CN
D.Cs GAIN 8 =,207549+71, ROAT LOCUS CAIN 8 ,126000=-00

AAX 8 ,1260RN=00 HAX 8 ,10#456401 CAY = ,4320nbeN1
DAX 3 ,7611R1=09 EaXx 8 ,4}"047-00
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& AX]S ACCELERATION,AZ,PER NELTA CYCLIC
PERTURBATIONSG ARCUT INITIAL YALUF
Al 8 C,0

RUOTS (COUMPLLEX FOARM)

e 3249-20 s1176=021
-, 2942-001 -,7548-036
-,5169+000 -,23474001%
=.,21604000 23674001

wh? = ,242312+0) Ja7 3 ,713347-0n

1/741 = 324%39-C1 L/TAZe = =,;94247=01
D.Ce GAIN = =,196320=00s RANT LOCUS GAIN 5 =,724570+D1

AAZ = =,724570+01 b} 3 «,7469135+401 CA7 = ~,425134+02
PAZ = .157?55-G0 YAL = JADAT42=-01

VELOCITY PERTURRATIONS PARALLEL TO IMITIAL
FLIGHT PATH, RUF TC DELTA CYCLIC
PERTURMATIONS ARGHT INITIAL VALUFR
USTARD = ,104347+23
ROOTR (COMPLE X FORvM)

~.1346+001 TN
6LC2+002 o 050
=.1226+C02 000

1/TU81 = =.134606¢01 1/7482 = . A0N2RGe01  1/TLSY £ =,132645¢(0
BeCo RATIN B ,6D182L+02 RONT LOCUS RAN = ,126000-00

ALS = ,12660N=00 U3 T 107458401 6US = =, REGI1AeN]
DL3 3 =.135046¢02

VELCCITY PERTUREBATIONS PERPENNICULAR TO INITIAL
FLLIAMT BaTH, rULE YO DFLTA CYCLIC
PERTURALATIONS ARCUT INITIAL VAILUF,
waTAlll 8 0,0, PUSITIVE FOR ndWN
RCOTS (COMRLEY FORMY)

=.2769-0C1 L2000
=.8n15+(030 ,24n5¢C01
~,501>+0CH -, 24n5+(01

vg 2 2048147 =NC u3 = 24%7,r3¢01  L1/7Tv§ B =,276930n=nN1
D.Co GAIN = ,5H4pJ4+]), RNANT LOCUS GA'M 8 =,724570+01

-, 724570401 hyh 2 «,74K9TEe(1 240 T -, 430436402
=s171167¢0

AVS
Lws

NOT REPRODUCIBLE
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NOT REPRODUCIBLE

TRANGFER FUZTIO 6 bR STAAILITY AYES
ORIGIN &7 AlWE 2%E CoGo

RUN N, L4 TUMBRATOw CHaARGCTERISTICS FOR CGOLLFCTIVE

THETA PES CELTA COLLECTIVE
PERTURIBATIONS ARNUY IMNITTAL VALUF
740 8 =,1390en2
ROOTS (CUMMLEX FORM)
-, 4822~-001 yJnrAan
«,5133+000 NI00

1/7THl 3 =,482202=01 1/TTH? 8 =,513375-00
D.C. GAIN 8 =,134640=01, RNOT LOCUS KalN = ,116200+00

ATH 2 ,116200400 STW 2 .657574=01 CT4 = ,2876854=02

X AXIS VFLOCITY PER NELTA COLLFCTIVE
PERTURRATIONS ABNUT INITTAL VALUR,
U2 = ,1044+03
V0TS (COMPLEX FNRM)

-,6185+CCH -, 13nk«01
=,6185+C0D »13064001
.03“17*000 ".“39(3'031

JUR 3 ,427473«C0 Wi 8 144708401 1/TUk 3 =,3081749-00
D.Co GAIN.® 701156401, ROOT LOCUS GalnN s =,141729+04

AUB 8 «,181729+01 323Uk 5 =,294201+01 CUR = =,46A340¢01
DUR 8 =,145268+N1

Z AX1S VELOGITY, w, FER MELTA COLLECTIVE
PERTURABATIONS ARNUT TMNITIAL VALUE,
w0 = ,0000 » POSITIVE NO¥N
ROOTS (COMPLFEX FnRM)

+B067400N T sl s
-,44%2+4000 -, 43 3+000
-, 44924000 ) LA3IR3IS0N0

IWR 8  ,71972R=0N0 wwiy ® ,AZ27A42-00 1/7R s ,AN6784-00
D.Ce GAIN ® =,120429+02, ROOT |.OCUS GAIM s =,745060+01

AWE 3 - “B5040%N1 W B =,719970-00 Cw3 = ,2597R7+01
OWg 3 ,24950P+01
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I AX1S ACCELERATION,A7,PER MELTA FOLLFCTIVE
PERTURSATIONS 48T INITIAL VALUF»

420 = 0,0
ROOTS (COMPLEX FR™)
=,92414000 -.4311+029
=,9241+000 4311000
+1980+000 ¢ 3399=-03y

WAZ 3 ,10197R+01 Za72 = ,908216=-2N
1/Ta28 s .1375R81-01 1/7472 = -,9764145=00
DeCy GAIN = ,107398+01, ROOT LLOCLS GAlIMN = «,785060¢01

AAZ = -,785060¢401 RAZ = =-,12R470402 Ca7 = -,511170+01
DAZ = ,169008+01 EAZ = -.222%10-01

X AX]S ACCELERATION,AX,PER DELTA COILLECTIVE
PERTURBATIONS ABNUT INITIAL VALUF,

AX0 = 0,0
ROOTS (COMPLEX FORM)
=¢1329+000 +R44k=-018
+3598+000 = H434-016
=.9229+019) -, 4272+000
=19229+00¢C 1 4272+00N

WAX = ,101705+01 ZAx = ,0N7441-0nN
L/TaXL ® -,132913-00 1/TAX2 = ,359871-)n
DeC: GAIN ® =,433974-n0, RASY LOCUS fal™ 3 -, 101729014

AAX & =,181729+01 BAX = =,294201401 CAY = -, 103183+
DAX = .8587077-00 EAX = .R99122-01

KOR1Z. VELOCITY PEP NELTA COLLFCTIVE
PERTURRATIONS ARNUY INITIAL Va| UF,
SC0 = 10133903
ROOTS (COMPLEX FARM)

-.5376+000 y3ANR
148034001 .nnan
=.6156+001 Nalslale
1/7SpD1 = ~-,537630-0n0 1/7gD? = (400344401 1/T8N3 = -, 615611404

DeCo GAIN 3 .93511H¢01, RONT LCCUS GATY # +121R65+0¢

ASD = ,121865¢00 1587 = ,2303e1-00 5" =.351499+01
DSD & -,193741+01
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“ATE OF cLIM PEY NFLTA COLLECTIVE
PERTUREATIUNMS AR™IT TNITIAL VALUFR
w0 8 «,25G719+Md» POSITIVE FOR CLIMB
RONTS (COMPLEX FNRM)

-.9240+0C0 «3319+0N0
-.9240+0C2 -.4305+0N0
$ 217254000 . 7513=133

IHN B ,9N62B4=00 wH 3 101944401 3L/THD 3 ,212682-00
N.Co BRAIN = ,859924¢+G1, RNOT LOCUS GAIN = ,605727+018

AHD & LADB727+401 HRH 8 ,131776+02 CHD = ,520981+01
DHN 2 =,17R162+01

VELOCITY PERTURBATIONS PARALLEL TO INITIAL
FLIGKT PATH, NUE TO DELTA COLLECTIVE
PERTURRATICNS ABOUT INITIAL VALUE,
USTARD &8 ,174367+03
200TS (COMPLEX FORM)

-.6185+CC0 -.130A+001
-.61585+000 +1308+001
-.3817+0C0 -,1741-030

US 8 ,427473=20 wWUR = .144705¢01 1/7TUS = ~-,381749-00
DeCo GAIN 8 701156+01, NODT ILCCUS GAIN s =,1R1729+01

AUS 3 «,1P1729+01 RUS = «,204201+01 CUS 8 =,466360+01
DuUS = =,145268¢+01

VELOC!ITY PERTURBATIONS PERPENDICULAR TO INITIAL
FLIGHT FATH, NUE TO DELTA COLLECTIVE
FERTURBATIONS ABOUT INITIAL VALUE
#STABD = N,0, POSITIVE FOR NOWN
R09TS (COMPLEX FORM)

-,9519+000 '03735*000
-,9519+0(0 «3735+000

(WS 8, .930893-00 «WS = (1022%7+01 1/7Ws = ,267373=00
DeCe CAIN 2 =.10593R+GC2, ROQT LLOCYUS GAIN = =,785060+01

AWS 8 =,73%06N¢01 HRWG 2 =,12h470)+02 CWS & =,4212R6+01
DwS 8 ,2194h7+01
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TRANSFER FUMNCTION'S FrR RONY AXFS UP «,D000 NEGRFES
FROS ORIGINIL RADY AXFS,

MESPLCTIVE Xy Y, At £ NISTANCFS FROV AIPPLANE C.G
TO ORICIN CF aAXeS ARE,
LY =  ,1700e0?2 LY = =,0N0ON AND L2 ® -.0000

RUN 0. L¢ SUSERATOR CRaARSCTERISTICS FOR COLLECTIVE

X AX'S VELOCITY PEk PELTA COLLFCTIVE
PERTURHATINMNS ARNLUY INITIAL VALUR,
un = L9REQe0?
R00TS (COMPLEX FORM)

=, 74744000 «1051+0N0
=. 74744000 =,12%1+000
43794001 ,5130=030

ZUR 8 ,99N246=00 wln = ,754702<0N0 1/TUR 5 ,437984+0}
D.C, GAIN 8 ,105933+02, KOAY LOCLIS RAIN = ,B80000-00

AUR 3 LBHOCON=00 HUt = =,253874+01 CUS 3 -,526019+(C1
DUR 8 =,219580+01

2 MXIS VeLOCITY, W4, PER DELTA COLLECTIVE
PERTURBATIONS ABOUT. INITIAL VALUE.
WC = ,3450+02, POSITIVE DOWN
ROOTS (COMPLEX FNRM)

53654000 +2C00
-.4065+000 -,4297+000
= 4065+000 42974000

ZAn 3 ,667192=0N wWwn 2 ,5018544=00 L/TWR = ,536503-00
Do RAII 8 =,504810+0%, ROOY LOCUS GAIN s = ,908540+01

AWB 2 =,998540+01 Kwn = =,276172+71 CWA 8 ,R861314-00
DWH = ,187462+01

X AX1S ACCELERATION,AX,FER DELTA COLLECTIVE
FERTURKATIONS 2BOLT INITIAL VALUE,

~ AX® ® 0,0
RO0TS (COMPLEX FORM)

' 9058-001 =.3227+4000
=, 9025K+0300 43844000
-.9258+000 =, 4304000

wAX1 s ,3159R4=-00 ZaX1l s =,2PAA60-00
WAX2 = ,102445401 2AX2 3 .903794=-00
D.Co ARAIN & =,445C79-00, ROOT LOCUS GAIN = ,8A0000-00

AAX 8 LARCNNC=NN FAX &  ,147N14+01 Cax 5 ,7314275-00
NAX & =,460544=02 AN = ,€22131-01

109



T AX]S ACCELENATIOM,AZ,PER NELTA COLLECTIVE
FERTUREATIONS ABOLT INTTYAL VAL UR

&ZT 3 0.0
ROOTS (COMPLEX FORM)
-.4808-002 HAN2=-024
=,8146+000 «A427+000
-.8146+000 ~,4427+000
+2113+4C00 -,6933-032

WAZ = ,927171-00 A7 = ,n7HE14-01
1/742L & -, 48082402 L1/T422 = ~-,114626-00
D.Cs GAIN = =,420959-01, RONTY LOCUS GAIN = =,998540+01

AAZ & =,99B540+01 A7 & ~-,14.
£7

CE7+02 CAZ & =,521423+01
DAZ 3 ,178913+01 ¢tA7 = *

2157=02
VELOC!ITY PERTURRATIONS PARALLEL TO INITIAL
FLIGHT PATH, NUE T0 DELTA COLLECTIVE
PERTURRATIONS AROUT INITIAL VALUF,
USTARD s ,104367+03
ROOTS (COMPLEX FORM:

115434001 Mtlad el
“,5R74+000 000
'.2626*001 02503

1/TUS1 ® .154379+01 1/TUS2 & -.5B7473-0n 4/TUS3 8 =,262693+0¢
D,Cs CAIN 8 ,101193+02, ROQT LOCUS GalNv s ,BADNDO=-N0

AUS 3 LRAN000=00 ~US = ,147014+01 CUS = -, ,3008AL+DL
DUS = «,209656+01

VELOCITY PERTURAATIONS PERPENDICULAK TO INITIAL
FLIGHT PATH, DUt TN DELTA COLLECTIVF
PERTURAATIONS ABNUT INITIAL VALUE»
WSTARO = N,0, POSITIVE FNR DOWN
ROOTS (COMPLEY FORM)

=, 80434000 -.4579+000
-,8043+000 .8579+000
018600000 0‘04"032

IWS = L B69046=00 WwwS = ,925591-00 1/TwWs = ,186013-00
D.Co GAIN 8 =,768052+01,» ROOT LOCUS GAIN 8 =,998540+04

AWS &8 =,998540¢01 /WS B =,1642047402 CWE 8 =,556654+01
Ows = ,159128+01
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QTS OF L/ METAN Y Al TRavREr D Flroriots

0% g )

VFRTOL YWG=1f  WOYLR
ALY DaTy
PNITS BRE 1 FeR Wby,

PIMERCTOVAL SYpR]LITY NERIVATY
C30LY axte _JpFer av JOC00

FOR 10SE UP, bup» STABILITY axEes)

VES

PEGREES) PNSITIVE

Xie ~.2h40=ny = rr9e01 IV AhHD =02
Yy g 5¢4Gen1 - = = X8Q%=0N MY o® =.2850-02
¥n sz NS L) 27 B -.7181-00 MO T 732000
Xty = - D0 PAVIONE =, 0ng M = =, 2000
XWn = -.0n0c 7w = ~, 7000 MWwh = =, 0000
XAp = - RUo 750 = =.0ann uan s =-,n0rQ
Y, = 770200 43 e gyan nD “Y = +3545-0n
XT = 105eny 2T = .74 3 mT “,4770=01
U s lintery Ui = o3 GewA = 0O00
MACHKH = -.mune o P CIENS(2 £ = -, 00010
MAL 3 = Nns 1x2 = 211404 1y = 175091408
WY g - unpe x] = -,nean ™T = -, 0000
LY = J1700402 Ly ¢ -, "ong LZ = -.000n
CL s . 0000 Cy = = 00nn W= 11340405
IX = 9203404 17 = L TL79+0B £ = 03220402
NIMEMGTONZL STAUTLITY NFRIVATIVES, Pen PART ALY,
STARILTIV 2w e
X!t 2 -, 2%4C-01 28 A1N9=01 MU e 16560-02
Xi s 5449-01 7, % =.3401-0N oz =,2850-02
X7 = 601800 7. 2 <,7451-00 MR 2 - ,7320-00
Xim oz o os0ng LT3 e ) MY = -, p00
Xur 3 T PR -, 00 A o= =.J0ng
X3z a0 2 N el MY = - 3000
Xn s 177000 25 & ~.41nne-02 MD s +3545-00
XT ¢ 120540 41 = .76+ vY = ~,4770=-01
'VSTERILITY xbS, 1 = 110003 A w w30
21y = ThYIenn 4L Z71K7 = 11397408

THE C<arcTERISTIOLS oF ThE LOvOITODINAL GENAMINATAR ARE

RONYS (OONPLIY RCRV)

.¢37C'311 .45'4*000
WG = ubngeNn
= 3h0Nei e r FAL=028
“Jy783%0L0, b kel 24

NoT REPRODUCIBLE
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ISP s
'021"'55
n9id=0°
¢
Y
: «66111%="
.7339&6-'0 nay
1 CYCLEESSE(

/79
1 s
SHORY .3'.')("."0"1"
Y pERLeT Hn i e
PER '- b )
o 9741777
« 136494 )
T
rie T TEr TISES
-~ A"
£+ TIMES pJ:. . <
. 3 JT0N2744
.233?8001
02

C'C :
(. l-l’..‘i S Y "*'I vp 5“3'2 00
LES gr.:l '|‘U‘ 2 : IP 8 7? +
cY FQ TO Y I ?E_ A .
. . 9 -
.16 3
01

A s b C Sw

«1000 * 3] '. ¢70e! 8 9 7

.1 c.oo 01 | -"

. o C
C s ’1‘33’ ocC F s .7?4"35-!‘
* .1'1
02 el
00

NOT gepRODUCIELE
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TRAMNSFER FUNETI(NS Falk SYARILITY AXEe,
GRIG1Y AT AIRPLr b 605,

RUN NE, (W MUMBERATOR CrakaCTERISTIC FOR AYCLLIC

TWETA FEX TFLTA YL IC
PERTURALATIONS ABOUT INITTIAL VALUK
1"2 2 .CCG”
00T (COVELITH FOkM)
-.1907-00) Jounn
= 37890 0C o 1501

1/7Tug 3 =,190710-01 1/TTHZ = =,%/8937=-n"
BeCo naly = L3533093=n1, LooT LOCL.S "aln 3 ,3M4EQM=00

ATH 3 ,354500=00 ##Thw 3 ,1411rGa«0N AT £ ,2561R7=(7

X AX)S VELOCITY PEX DELTA CYCLIC
PERTURKATICLS AROUT THMITIAL VALUF,
uhos 1100401
RODTS (COVMPLEX FURM)

-¢3695+0C0 rivialt
+ 71184001 « 3000
‘.9‘054¢f301 .jf_‘l'\[“

1/TURL = =,369578<00 1/T'he = ,731K22401  1/TURY = =,505407+01
NeCo RAIN = =,001558402, PuOT L O0LR AATY 5 L,17700C=-00

AUR 8 L177000=D0 Buc B L40RDA3-CD CUR B <, 11230Be02
DUR 8 =,42159Nn+01

7 OAX1S VELOCITY, 4, FER NELTE fYCLIC
PERTURHATIONS abnu!Y INITIAL VALUF
w2 32 L,00CO » FOSITIVE NnO.UAN
ROOTS (COYPLEX FnRM)

21854001 00
~.22004001 0T
+321%«002 05N C

1/TW8BY T ,216599+401 L/T4H? 8 =,220013¢01 1/7TwBY 2 351506402
Do AAIN = =,047370401, RKONTY L CCUS RATr 2 =,41000C-02

AWB 2 =,41000C=N2 ria 8 ,14367R=(0C CwR s ,2445R7-01
DWR 2 =,4.i87P7«20D

NOT REPRODUCIBLE
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7 0718 ACOELENATION,02,%0 LT PYELEIC
PERTLINATICHS ARA T 1NITIAL VALUT
2% 8 0,9
L L1344 CC?'“LQI (1. 8}
2%09 o Niint

YLl U o, 1003600}

°, 2442409 014030004

*,999000,02 °,48494°00¢

YY 2 Y Y 13% 4 LI} PTYRE S L LY 4 L] [)
179424 ¢ LS CO) 177479 & «,%4430100
PeCe BALs &8 (0LN0ST o HYAY LOCUS GAl 8 =,410000-02

AL 8 ©,41970%=92 1A & «,245072-00 CA2 ¢ ~,130745-00
DAZ & «,Ar9005-03 kA7 & ,0000M

% a%18 ACCELERATION,AX,PER DELTA CYCLIC
PESTURRATIONS ABMT INITIAL VALUS,

AX) & 0,9
ROOTS (SOMPLZX ®ORM)
042164000 ,744¢000
128480000 17430000
°,2602¢000 ,26906=031
.,228084001 07272030

dAxX 8 ,884%9%0-00 ZAx & =,43750309
1/7aXy 8 «,200275-)0 1/TA%2 8 =,22K856¢01
D.Co GAlv & ,113792¢01, RIOT LOCUS RAIN 8  ,177000-00

AAX s 0377003°1° JAY 8 404063=00 CAX 013‘11:'00
DAX 8 .327324-00 kAX & ,%24921=01

HOR1Z, vELOCITY PEW DELTA CYCLIC
PEATURSATIONS ASOUT INITIAL VALUJF),
$30 8 ,11000neNn1
R0ATS (COMPLEX FFORM)

=,3695¢000 « 0000
¢74444001 0000
*,90%4¢001 »0007

179801 8 =,369979=00 1/TSD2 8 ,711A20401 1/7SD3 s =,905407¢09
N.Co GAIN & =,581855+02, RNOT LOCUS GalNv 8 (477000-00

ASD & .177300=N0 38N 8 .40AIA3-00 €SN s ~,112808+02
0Sn = =,421900001
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®4vE OF CLiIve PN ~ELTS CYELIC
PENTURIA P10 S 4AM)® 1HIT0L VOLLF,
w0 0 ,000%A o POSITIVE FAR GLIN
0078 (COPLPY FORM)

*,8443¢001 +1603¢004
'o:“"ooo 'ot“"ogt
®, “Q‘OO? .".r.o

3 0 1140880°00 w8 108399001 3/7uD o 000040008
P.Co GATY © 091249401, ANOT LOCUS Catn o ,430000-08

M) & ,430000°08 ~w1 5 ,205073-00 CuD & ,130740<00
Dup ¢ ,4R0408-00

VELOCITY PERTURDATIONS PARALLEL TO INITIAL
PLICNTY PATH, PUZ TO DELYSA CYCLIC
PERTURNATIONS AROUT INITIAL VALUR,
UsSTall s 910070009
ROOTS (COMPLEX FPORNM)

*,309%4000 +17009
074404003 +00C0
=,90944001 +NON0

1/7U81 ® =.309579-00 1/TUS2 s ,731820001 1/TUS3 ® =,9084070¢
DeCo GALN 8 =,5815%%4N2, RNOT LOCUS GaIN s ,177000-00

AUg & ,177000=00 AUS & ,4040A3=00 £US ® «,112000002
DUS s =,421590404

VELOCITY PERTURRATIONS PERPENDICULAR TO INITIAL
FLIGHT PATH, NUF TO DELYA CYCLIC
PERTURARATIOMS ABOUT {NITIAL VALUE:
W&TABO s 0,0, PNSITIVE FOR NOWN
ROOTS (COMPLEX FORM)

=.2442¢000 =,1643¢001
=.2442400C 010634004
=.5950¢0C2 -,2140-029%

INg s 14925000 WwS = ,16R125¢01 1/7Wg s =,595049¢02
Di.Co GAIN 8 =,931265401, ROOT LOCUS CaIN s =,410000-02

AWS & ~,410000°02 WS 5 =,245972-00 C¥S = =,130745-00
OWS s «.4689605-00
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TRANSSEQ 60710 Q IR ¥ADY 4¥Pg UP o, 0OLC L JA )

6o0° “BpGlNey L'V A0S,

PESPFCTILE 9o Vo 201 T L INTAVCEY PROe 41FPLAE Cob
e %101 OF 200 204,
Lh 8 170Fe0y LY 0 o,0%0F oD L2 0 «.00r0

Wy 40, S 3 'L HNITAL CupRACTIUISTICE FON PYELIC

% N0 VrLCCITY PRV 1LY PYELIC
PEBTLRAATILNS ARCUT INTTIAL VALLF
Ul s L1800
R00TS (CCHPLEY Fliv)

. *000 9P isLt
% 115 WOt REPRODVC
., 0NPae0Ce .10R"

L7708 & =,309978<0C $/T.R2 o ,7330%0eC1 L/TiNY ® <, 008407004
D.Ce CAIN ©® =,50398%¢r 2, RAOY LOCLS Galv &8 ,377000-0C

AUR & ,977000=00 ~y~ 8 40134300 CUS & «,132000002
OUS s =,421590904

2 AX1S VFLUCITY, w, FER OELTA CVCLIC
PERTLRLATICAS ABNUYT INITIAL VALUEB,
¥2 s L300C s PCSITIVE NOJN
W00TS (CCHPLEX EOR:)

«1349¢000C =,3013¢0N0
113494000 + 30834000
«, 64374000 -,5431-031

IWB 8 =,32083500 ki B L420ANR3CN 31/TR 8 =,0643751-00
DeCe GAIN & =,047378¢01, RLOT LOCUS GAIN s =.AN30604¢01

AWE 8 =,603060001 Wil B «,225462¢01 CWR 5 =,190931-01
DHEg & ~,4686787-00

X aX1S ACCELERATION,AX,PER NELTA CYCLIC
PERTUREATIONS ABOUT INITIAL VALUE,

AX0 s (0,0
ROOTS (COMPLEX FfRM)
+1216+000 -,3761¢300
012164000 «8761+200
=.2602¢000 =, 2696-031
=.2288+001 «7272-030

WAx & ,884550-00 LAY ® «,117563-00
$77a%Xy 8 =,2602795-00 1/TAX? 8 =,22R8548404
D.Ce CAIN 8 ,1137V2¢91, RONY LOCUS falIN s ,127000-0C0

AAX B ,177000=C0 SAXx & L4 °ralelN ZAX 8 ,134193-210
DAX 8  ,3273726=N" cax = ,:24321-01

116

e



e ——

L a2

$ A¥1S ACCCLIRATIONG AT, FEW %1 70 PyrLIC
PEBTURSATI0S Sp%. (T 81908 Ve yF,
423 8 L,0
R0078 (CSWLLN F3Qv)
.eoc’ ..19:
030990900 A4210030¢C
040990000 *,0919000¢
*,0084000° 0 1978C3¢

AR © ,636766200 247 & o,2¢ 88133
$/% 338 s 000000  1/%472 5 170430l
0:Co SN ® 000000 o 8997 LOCUS %41\ 0 =,0n306N000)

003 © ©,003000001 842 & «,204487¢23 Ca2 ¢ «,174200""
D42 © =.00000%°03 a2 ¢ "0~

VELOCITY PERTURALYILS wadaLLeL I (0 1Ty
PLIAMT PATwH, DUt T2 DELTA CYCLIC
PERTURKATIONS ARAUTY INITIAL VALUE,
USTABC s  ,31197"Cery
0078 (COVPLEX FNR™)

-.30'50030 o oct
¢« 7138001 I oEal”
*,9054¢001 RLLE

L/TUBL 8 =,36997%=00 1/7Tu82 8 731820401 1/TUS3 & =,90%4n7400

DsCo CAIN ® =,.581555402, RUOY LOCLS GATY 8 ,17730%=ND

AUS 8  ,17700C=0) 3U3 8 4087 3=00 £ & =,112hNH8402
DUS s ~,421590¢91

VELOCITY PERTURBATIONS PERPENDICHLAR 70 INITIAL

FLIGHT PATH, NUF TC JELT: CYCLIC
PERTURBATIONS ABOUT INITIAL VALUE,
WSTABO s 0,7, POSITIVE FOR NnOWN
ROOTS (COMPLEX FORM)

¢1099+000 .AN99%«000
110994000 -,4019+000
=,65844000 -,1045=037

IWS 8 =,263813-00 WwS = .414746-CC 1/7+5 3 =,458411-1Q
D.Co GAIN 8 =,951265¢01, RCOOT LOCUS fAlY 8 =,403060¢71

AWNS 8 =,4803060¢01 HWG 5 =,264457+01 (sS ¢t =,174206=0"
Dws s '0639605'00
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TRANSFFR S0, 710 % Fnd GRASILITY A¥ES,
aRIGIS AT a1™P Ak Cobe

U N, LS UERITOS CualisCTETISTICS FOR coLLeCTIvVE

TerTa PR? OFLTS CALLICTIVE
CERTUAAATIUNS AN-u® 1°ITIAL VALURY
'Mo | .3?3'
0978 (COMNPLLY FARF)
024343+030 o nc
c,2637=011 el [ 11

1/7Tg 8 .261324=00 /7742 @ -, 203742-014
D.Co GAIN 8 41A703°02, RANOTY LOCUS BAIN & =,477000-01

ATH 8 =.47700CeNn3 AT« 8 ,102932-01 cYH s ,303900-03

X AX]S VELOCITY SER NELTA COLLECTIVE
FERTURJATIONS ABMIT INTTIAL VALUE.
un s ,1100014
00TS (COMPLEX FORM)

07005'001 00250'023
-, 4097000 + 1092001
-,4097+000 -,10024001

Zul s ,348213-00 wynh B ,116530+401 1/7U8 s ,700536-01
D.Co GALN 8 =415K122¢01, RONT |.OCUS GAIN s v120500+01

AUB = .120500401 RUR = A93498=00 CUR 8 ,156779+014
DUR &8 =,114626+CD

Z AX1S VELOCITY., 4, PER DELTA COLLECTIVE
PERTUREATIONS ABOUT INITIAL VALUE.
w0 s ,0000 » POSITIVE DOWN
QOJTS (COMPLEX FORM)

+1042+000C . 447324000
«1042+000 -,4432+000
-,9%87+000 -,3215=031

ZWB 4 ’0?290?5.00 Wilge @ .45"3&‘1'\30 1,7\"8 ] '.95‘71}.00
D.Cs CAIN 3 =.203764+02,» ROOY LOCUS GAIN 8 =,743000401

AWB 8 =.743000¢01 FEwii * -, 557343+J1 WA = -,549557=-01
pvwR s =,147746+01%

nggﬁ 118



7 %1% sCCUILm0T17 vo0?0i%® WY COLLICYIVE
FRUT Q000 o 2P 07 200708, VoL,
' Y4l UM o
LELIS (PN ey §oke )
05'0’: ' n"‘,‘-
o] Gne ¢ Y YL, L
o3 0neC v 0084005039
®, 18Q%e02 1 12087029

282 8 ,49An93eC" 71/ 8 ©,95091 %00
/%23 8 70100 VAL YRS IS LULL Y 114,
ReCo RIS 8 PIUI™E o 30T 1 0CLC Gals 8 ©,7430000Nn)

BAZ 8 =,74310)0N1 a7 8 =,592N04¢01 CA2 & «,40234¢8°0}
DA2 ® =.14/7749¢CL tLaZ ® .N0Y0ONC

X AY1S aCOELEKATION) X ET YELTA COLLECTIVE
PERTURFATION:. AE=UY 1MITIAL VALU®T

AXD s 0,9
QOATS (COMPLEX FNRM)
109600 142244030
W 109A400 -, 4200000
'.lﬁlﬂ'ﬁfﬂ '05777'033
=, 715400 -,7703=031

wA) B L, 4427296-00 LA 2 =,24767%=00
1/7AX1 8 =,453004=-N1 1/7AXZ? 2 «,915460-00
DeCo GAIL 2 ,134A51«0 1, ROAIOT LLOCUS BAIN 8 ,120509+0%

AAY = 12050001 aX B L9340R=00 2AXY 8 ,318577-01
DAX &8 ,215522=N" FAX = ,9775a%=02

HOR1Z. VFLOCITY PER I'ELTZ COLLECTIVE
PERTURLATIONS ARALT INITIAL VALUK
S0 8 L1107 0neN
QQITS (COMPLFX b R)

7008001 &145-023
=, 405700 “.1092+001
-0‘057‘0;-‘)\) 01"°2‘001

ISP & JXH213=0D w3 T L,1146511e01 g/TSD s ,7n0536-01
Dele RAINY 8 =,155122¢01, RODT LOCUS GAl* 3 ,120500+n%

ASD 3 L1Z0900¢01 HE 2 Lk6h467=00 €SN 2 ,1956779+01
DSy 3 =,114620¢C0

yoiBLE 119



RATE O L1 R 200,18 CNLICYIVE
PENYINGAT 06 ARy 1%ITIOL VoI URe
WY 8 Anpne o BIRITIVE FOR CLIND
ROATS (CHWLEY § ks )

010400000 8640009
03 0680C00 ., 40006009
*,9537¢¢00 , 4392030

TUD 8 =, 22904000 VW~ 8  .4PA483=00 3/THC 8 =,988767-00
0.Co GAIN & 0203810002, hOAY LOCLS Baly & 743000001

AND & 043000001 PrN 8 897700601 FNN @ 06236401
OHNE © 168774000}

VELOCITY PERTURBATIONS PARALLEL TO INITIAL
FLIGHT PATH, PUF TO DELTS COLLEETIVF
PERTURBATIONS AROUT INITIAL VaLUP,
USTABD s .11nNn0*0L
ROOTS (COMPLEX FARM)

+7005-001 «6169-023
-,4057+000 =,1092+001
=,4097+4000 +1092+001

Us s ,348213-00 WUS = .11¢530401 1/TUS s ,700534-01
D.Co GAIN 3 =.158122¢C1, ROOT LOCUS GAIN s ,120500¢04

AUS 8 ,120500401 BUS = .893498-00 cuUS = ,156779+01
DUS = -.114628+00 | '

VELOCITY PERTUREATICS PERPENDICULAR YO INITIAL
FLIGHT PATH, NUF TO DELTA COLLECTIVE
PERTURBATINNS AFOUT INITIAL VALUF»
WSTaABO s 0,7 POSITIVE FOR NOWN
ROOTS (COMPLEX FORM)

« 10484000 -,44464000
+10648¢000 44464000
-,9%2740C0 . 4992-030

W s ~,229510-C0 Vus 8 +49AA81-00 1/74S = -,982767-00
D«Ce GAIN ©® -,203340402, ROAOY LOCUS GAIN s .'7‘3000"01

AWS 8 =.743000401 WS = =.592n096+01 CWS = -,662341-01
DWS 3 =,147749+01%

-
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-
=

L.
.

Mpeslic Pioetie ¢ 00 %9 Hvig VP «,2000 ngearge
o0 "H96% 4 ™V W8RG,

EOMEIL L 0o vy 00 ] TI%%CEY SN 218N 00 €0
A et CF AvED 49,
W 8 J17%e%9 LV o 0,930 0D Lt & .00

O P, Sy ESg99% 2, 064CTPBL0919C6 FON POLLECTYIVE

o VLD Gl g6 Yo% O LECTIVE
o L -054'36"53'9""' 1837000 VoL UE,
VS 8 498 je™e

SI0IN (COMWPLed 6. ¥Y)

0 72980201 00369009
“ 0 99033 LY S Ih
P Y L RLY 1)

Q1% 8 JViedider P Lun 8 L1309%700) §/9:6 o ,72313000%
BiCe G411 8 @ 19R3270D3, BNIY ( JCUT Go1° o ,39000000%

1% 8 197887678 e 8 LAPVE0Ne(0T 2ys 0 190770001
DUR 8 o,314n030(

7 ANIS yLLOCITY, o, PEN L2 OO LECTIVE
PELTURGATIONS A0%% T IH1TI8L vaLUB
sl 8 ('3 o PONITIVE 0wk
ANOTS (CLUYBLEX FR™%)

5523001 *,4493¢.7C
09523001 «4493400C
“.1050e308 =,1331-029

IWR 3 =, 20745000 wwsi B 45470300 L/748 8 =,109A8%¢0)
DeCo BAIN B =,203704¢37, ROOY LOCLS GATM & =,081910¢08

AWB 8 «,461910e01 Wl 8 «,874774¢01 WA 8 =, 40114901
OWR s =,147716+01

X AX1S ALCCFLERATION,AY.PER DELTA ZOLLECTIVE
FERTURKATIONS AROLY INITIAL VALUE

AY) s 0,0
RCITS (COMPLEX FORM)
10264000 JA2F44000
W1096eN00 -, 4284000
-,4530=-001 -, 5777=-0133
=,7154+000 =,77173=031
WAK 8 ,4427964-00 2ex 2 =,24787%-00

1/77aX1 3 =, 453004011 1/TaXz = =-,915480=0N
DeCe GBI 3 413435%1=N2, RADY LOCLS GaIN & ,1205004018

Abx & 1209onne0l AX B ,A9149A-00 Cax = ,3185n7-01
DAXx 8 ,7159272=00 Ea< 5 ,977585=-02
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‘sp 2 %18 ACCRLETETIN 87,705 LTS POLLLCTIVE
N

SROTIANATIONS MU 1UITIAL VALURY
o s %,
f WIS (COWLIY 61w )

& .2200 o B0
& 9973001 o"'~.°3C
" «9973°001 o, 4979000
°.33940001 °,*121=0%

CTY R T Y. T L+ J47 o *, 90703020
/%321 ¢ ,03%0€00 177422 & 057308991
0.Co QALY ® ,000200 o RACY LOCUR a1\ o *=,044080008

002 & =,063930001 MAZ © .509527008 CAZ © ©,73308308
DAZ © =.1477e9¢08 (A2 ® .0ONPRO

VELCCITY BLUTURRATIC .§ PakLLELl TO 141715,
FLISMTY PATH, M TC OFLTA COLLECTIVE
PERTUSRATIONS ABN!IT (VITIAL VaLls,
USTaAR0 o ,112000¢01
20078 (COMPLEY BN*)

+700%-003 «43495-023
=,4097¢000 '.10.’000‘
=,4097¢000 019924003

UG s .340213-00 wUS 8 ,L13A030401 Q/TUG @ 070093402
D.Co GAIN 8 =,198122¢03, RNCY LOCI'S R4ty & ,1209C0¢08

AUS 8  .120900¢01 bUs 8 <A0340A=00 Ci'S s ,196779¢0}
DUS s =.114628400

VELOCITY PERTURBATIO S PERPEVRICILAR TO INITIAL
FLIGHT PATH, "t TN DELTA COLLECTIVE
PERTURBATIONS ABOUTY IVNITTAL VALUE,
WSTAB0 s N,3, POSITIVE FOR NOWN
R00TS (COMPLFX FORM)

.9573-001 + 45054000
+9573-001 -, 45154009
-.1091+001 + 19122030

IWS 3 =,207832=00 Wws 8 ,4674%54-00 1/TWS s =,1n5191+04
DeCo GAIN 3 =,203410+07, RNAT LOCUS RAINM 8 =,641910404

AWS 8 =,641910+01 RWS 2 =,569527+01 CWS = «,7139583-04
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TR S

ROCTS OF A/C LONG

VERTOL YHWC-1A VERTICAL
INPUY DATA

“'dn‘ 't.L ‘"“!"t. 'o'. "".."
YT G PR S .
UFSOEST aT 1500 FT/1N

UNITS ARE 3 PER RADIA!

cIPEnSioNAL 87461
t800Y AXES nIFFER
rOR NOSE VP

LITY DERIVATIVER
AY L A748en2 WFRBFES, PASITIVE
gug: RTLRILITY A¥FS)

% o 4400°08 3 ° v,114400 ny +1308-03

%y © ,4370°0% 1- ° .,2479-00 wt s +3600-02

v © 4080008 10 ° e, 7909-C0 uy s =,9024-00
yup © .-.0900 U ¢ -,3000 wn s -,1000
ap ¢ «,0000 40 ® ., 209 wnhs =,2000
%00 © «,0000 00 & ° 2009 "y o «,9300

% e 4000°00 I ° +4300=0? w) e + 303000

%Y © 4130008 27 ° °,749300° «t s *=,9910°02

ve 4800008 W ° 2900002 6Ca%A © °,9000008
magu o =.0000 o s 730002 ss =0

nag & =.0000 ug ¢ o 7440034 tve + 799309
uP s =.0000 %y & =.°%08 oY s =."000
t: ] .1700008 LY °® °, 90N 20 -.cg:o

s =.0000 cne <.”00 ¢ o «1300009

1% e 0203008 12° .7470¢C9 ¢ + 3820002
rINENSIONAL SravILITY LERIVATIVES. *8° NariaN.

gTasILITY AXES

% o e, 200000 2 ° °, 470001 w s 0629102

% o .gtum a8 «1604-01 wis ©,3891-01

TR D ee3=080 10 ¢ -,91%00001 ua 8 =,9024-00
%o © .0000 V0 ¢ «1300 "W e +nC00
%o © 0000 wp © 2300 w? e «20C0
%GO ¢ 0 20 ¢ «2N00 gt s o000

%O © .4339-04 20 ° -,1090°0" w) e 0 34%6-09

Xy s =.739600% s ,1600001 ot ¢ =,9910°02

IN STABILITY AYES, © ® 2979672 4’0 ¢ 8 0.0

21y s ,79592¢18 40 21n? 9039076

YHE CMARACTERISTICS OF e LO RITDLAL gEs ang 4ATAR ARE
ROOTS (COMPLEX FnRe)

.10087¢000
.1007+0C0
- .29200000
-.82394000

71120032
-,7002¢CNC
®oe '“.3'025
-, ‘,"z.a’s
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isp s -.153482-00 WSk 8 o /NA63=") KAD/SEC

s 0112768700 CVYOLLER/%SE"
1/7PL 8 -,292787-07 /77 5 =,t2394%e0A

SHORY PERIANY “OI'E

PER]IOD = «89726403 TLF TA CAVALE anP, 03728421
TIME T YEs TIVES pmp, g 21170032

CYCLES 71 DCURLE avP, s 0 74C?25=2"
CYCLES T~ Tee Y24 AvP, 8 23994421

COGFFICTIENTS

«100900¢01 N s ARBS(LTeN] rs +475834=np
«495205-00 tE s «174331e93

o>

' d

£
noY gerropuctet
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D —

TRAV BE « Bait P P00 o e LYAY *Ov Lailv,
oL S R LS SR B SPRY W B P

RUN %40, 4 CUTCRRATG CaAep(TIUIRYICR st mvr 10

THETe 10 UPLY: 2vr0C
"c"'““{",:“( N i, @ ' _:.?‘1' [} YRR N
Tl 8 e85, en2
WAk (CLIELLY BnK)
", 1%47=021 LR
oY LLLLd dole O bty

$/7Tug 8 <,18870208  1/TT07 3 o, P0AI"4en”
DeCo 2411 8 337738011, 2297 1L0C.C A1 8 L343ATR-0D

AT 8 630N eA% 1 1, 8,97 aqTel) “Td »  ,1437%he(?

x AX1S velOCITY PER TELTA CYCL'C
PERTUREATIONE AN~ LY IRITTAL VAL,
Ud 8 ,2972¢°2
«GITE (CUMBPLER FRik)

*,104%¢631 o200
'867%eC%] Jonar
0143945)¢ o I

3/TUBY & =, 17456101 1/Tiul 8 L ALT757ye59  1/Tint 8 (343933400
NeCo FAlL 8 (3124979092, WAAY LCC S A1 8 18391001

AUR 8 133940201 tLn 8 «.2673%0e(" 2k g I94an2enr
DUR 8 ,134930e0}

! AX]S VELCLITY, », PER SELTa PYRLIY
PERTUREATICHS ARCIH™ INITIAL VAL LB,
wii 8 L0OD » POSITIVE POt
4N0T8 (COMPLEY BrRv)

=, 290840C0 NETY! ]
'01326‘301 W IS0N
o’p"’CU? RSl 11

177481 8 =, 20060R=CL 1/T.H7 8 =,132410¢03 /7.0 3 5047937407
DeCo CAIN 8 J3IR7A0eNP, REHT LOCIL] BATN 8 =,16E8571e20

AVR 8 =,31609571=0C wwb 3 JH0LHE30T maf 8 1346a2e02
DWA s ,.322039¢01

NOT REPRODUCIBLE
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2 AX1S ACCELERATION,A2,PER OELTA eveLtc
PERTURBATIONS Akeliy INITTAL VAl UF

a20 s 0.0
R00TS (COMPLEX FORM)
24154000 Jnade00
¢ 2415000 =, 3)444(00
-,6320+400C .1034-027
-,2928+001 .14ne=026

WAz s ,308627-00 A2 = =,421670=00
1/7a24 s -.632024-00 1/TA22 8 =,292829+01
D.C, GAIN & =,443678=-00, RCCT LOCUS BAIN & =,145571-00

AAl s -.165571-00 BAZ & «.5094n3=0N CAZ 8 =,4860nk=01
DAZ = .590356-01 EAZ * -, 44700%=01

X AX1S ACCELERATION,AX,PER JELTA cveltc
PERTURBATIONS AROUT INITIAL VALUE

AX0 ®= 0,0
ROOTS (COMPLEX FORM)
+476%=-009 ' + 0000
-,104%+001 000
66754004 1008
014394002 MahIsh)

L/TAXL 8 476548090 1/TAX2 «,104561+01
2 Iy 8 1667579401 1/74X4 s ,143933+02
U,Co BAIN & =,614646=08, RNOT LOCUS GAIM & ,133940-01

AAX 5 ,133940-04 BAX °® -, 26H135-C0 CAX 5 ,991692-00
DAX s ,134539401 EAX * -, 641143=09

HOR12Z, VELOCITY PER DELTA CYCLIC
PERTURRATIONS ABNUT INITIAL VALUF)
SDO 8 =,346A74-CE
ROOTS (COMPLEX FORM)

-,2056+000 0000
169284001 »n000
-.97194001 0000

1/7501 & ~-.285616-00 1/7sD2 s .49281401 177803 8 =,971061401
D.C, GAIN & =,305282+02, RNOY LOCUS BAIN & ,145%74-00

ASD & .165571-00 ASD ® ,507483=00 €87 ¥ «,110173+02
080 L] ‘031.“2‘01
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RATE OF CLIMB PEX PELTA CYCLIC
FERTURBATIONS ARNUT INITIAL VALUF)
HOO ® -,250242402, POSITIVE FAR CLIMB

ROOTS (COMPLEX FORM)

-,404%54001 1900
66754001 .nnno
,14394002 1000
1/THDL 8 =.104561401 1/THD2 3 (667579401 1/THDY 8 143933402

D.Cs GAIN S 120979402, RNIT LOCUS GAIN @ c,133911-04

AWD 5 =.133911-01 8HD s ., 0hi13%9=00 CWD 8 -,991602-20
DHD 3 =.134539¢01
VELOCITY PERTURRATIONS PARALLEL TO 1V171AL
FLIGHT PATH, NUE TO NELTA CYCLIC

PERTURRAT]IONS ABAUY INTTIAL VALUF
USTARD s ,250242¢07

ROOTS (COMPLEX FORM)

'01045‘001 -0000
166754001 «NON0
.1439+002 ,7000

1/TUSL 8 =.104561¢01 1/TU82 8 66757901 1/TUS3 ¢ 1143933¢0?
D.Ce GAIN ® ,128979+02, ROOY LOCLS GAIN @ ,133910-01

AUS 8 13391001 HRUS *® .267195=00 7uS ® ,994692-00

pUS s 134539401

VELOCITY PERTUSHATIO"S PEXPEMNDICULAR TO 1N1TIAL
FLIGHT PATH, DUE T9 nELYA CcYCLIC
PERTURRBATIONS ARGT INITIAL VALUE
WsTABO s 0,0 POSITIVE FOR NOMN

ROOTS (COMPLEX FORY)

-,2656+000 .o000
.6928+001 «"000
-,9719+4001 0000

L/TWSL 3 -,208616-00 1/Tws2 = 692811401 177683 8 =.97194300¢
D.iC. GAIN 8 305282902, ROAT LCCUS GAIN @ .,165874-00

AVWS 8 ~-,165571-00 BWS s «.,509483-00 C48 8 ,110173402
pWS 3 . 318442401
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TRANSFER FUNCT!)' § FOR &ny axeg Ub =,7000 ~FARFES
FRO OR1G! L kNUY :xPSR,

RESPECTIVE X, Yi atrt: 2 "I1STAMLES FROY AJSPLANE C.6
TO ORIGIN OF AXES a2E,
LY 8 L,1700+22 LY s =, popn A'D L2 s =020

RUN NO, L$§ NUYERATOR (WpARACTERISTIC® FOR ~YCLIL

X AX]S VELOCITY PER IELT: fVYCLIC
PERTURRATIONS &BOHT INITIAL VL by
U s ,41%Ceny
RO0OTE (COMPLEX FORw)

*,2053¢000 1900
*,1323+00¢ 200
+95036¢002 200

$/TU88 = =,208375-00 1/Tuh2 8 -,132377¢31 1/TiaY &, 5036N940Y
°0°0 Gl!V L 'o’ﬂ?’é?‘CZo &'\,A‘, an,e s"t s .1‘ép3r‘.q:

AUB & 16600000 BUR 8 =.ACO2ANeCL U 8 «,133806407
OUB & -.319834401

2 AX1S VELCCITY, o+, FEF “ELYS £VCLIC
PERTURRATIONS ABNL® INTITIZL VAL WUb s
Wi 8 ,25CNen), POSITIVE My
ROOTS (COMPLEX FOR)

+670%¢000 "0
*,4731¢000 -, Y890e{TD
*,4733¢000 ' 389%eDNC

VB 8 772427°00 anf B ,A17882=00 31/T4h 8 L,A75588-7)
D.Co GAIN & 182429002, RQOT LOC.© 521" 8 =,53351%e")

AV s -,503510001 RWE 8 =,154230601 ~¢2 3 ,955736e31
DWp o ,340565+01

X 4¥18 ACCELERATION jan,BE2 “ZLTA ~vr 1
PERTURARATIONS LW INITIAL Ve L8

ax0 & 0.0
00TS (COMPLEX FoR*)
ageeoty  -.aresess: SqODUCIBLE
¢ 1 * ®e L 4 - : :
=+9733400C -, 464%-C2¢ not Re
=, 2787031 °,1791=02¢

Wax s ,4417444-00 24% 8 o, 438174-)"
1/774%8 8 «,973307=00 1/74%2 8 ~,278764¢(
D.Co GAIN & ,443249-07, &ICY LOCL'S %A1N 3 ,346707%=92

A% & ,366000°00 Rax 8 ,4972n4=C0 Zav =, 90148001
DX s .363409-03 EaXx & .4¢2387-01
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T AXIS ACCELERATION,AZ,PER "ELTA cYCLIC
PERTURBATIONS ABNUY INITTAL VALUF

AZ0 = 0.0
ROOTS (COMPLEX FORM)
+1509-002 .Aen5-023
+5954+000 19975-0414
~,4645+000 -.4151+000
-.46454000 «4151+C00

WAZ = ,623072-00 ZAL = ,745627-00
/7424 ® ,150903°02 1/TA22 = ,8595125-00
D:Ce GAIN 3 =,195030~-01, RNNDT LOCUS GAIN 3 =,5R3510+01

AAZ & =,583510401 BAZ = -.194C32+01 Ca7 8 ,964251-0F
DAZ s ,134668¢401 EAZ = -,203437-02

VELOCITY PERTURBATIONS PARALLEL YO IMNITIAL
FLIGHT PATH, DUE TO DFLTA CYCLIr
PERTURBATIONS ABCUT INITUIAL VaLUER,
USTABO = ,250242+02
ROOTS (COMPLEX FORM)

=.2815+000 0000
169284001 0000
=,96424001 +0000

1/77UgL 8 =,2084836-00 1/TuUS2 = ,692855¢n1 (/TSI 3 =,964222¢D1
DeCe CAIN 8 =,290347¢02, RNOT I.OCUS GAIN & ,166N00~00

AUS s ,166000-00 BUS = .497204-00 CUS = -,109631+02
DUS = =,312220404

VELOCITY PERTURBATIONS PERPENCICULAR TO INITIAL
FLIGHT PATH, DUF TO DELTA CYCLI!C
PERTURBATIONS ABOUT INITIAL VaLUF,
WSTABO = 0,0, POSITIVE FOR NOWN
ROOTS (COMPLEX FORM)

=.4915¢000 ~-,3844+000
-.4918+000 +3864+000

Vg 5  ,786137-00 wwS ® ,625260-00 41/T#4Ss 3 ,650555-00
D.Co GAIN 8 ,142274¢02, RNOT LOCUS GalN 2 =,58351N¢01

AWS s ~,583510¢401 BWS = =,194032+01 748 2 ,145710e01
DWE 3 ,148407¢01
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TRANSFER FUNCTIOMS FOR STABILITY AXES.
ORIGIN AT AIRPLAMNE C.G.

RUN NO, L6 NUMERATOR CHARACTERISTICS FOR COLLECTIVE

THETA PER DELTA COLLECTIVE
PERTURBATIONS ABOUT INITIAL VALUE.
THO & -,9000+Nn2
ROOTS (COMPLEX FORM)
'01369'001 .0000
'.40970000 .0000

L/TTHL & -.136979-01 1/TTH2 = -,489746-00
D.Co GAIN 8 =,354340-02, ROOT LOCUS GAIN & -,551000-02

ATH 8 =.551000-01 BTH 8 =,277381-01 CTH s -,369615-03

X AX1S VELOCITY PER NELTA COLLFCTIVE
PERTURBATIONS ABOUT INITIAL VALUF,
Vo s ,2502+02
ROOTS (COMPLEX FORM)

+1205+000 « 7232000
+1205+000 -.7232+000
-.8270+000 -.,3235-030

2uB & =.164361-00 wWuB ® .733195-00 1/7TUB s -,827069-00
D.Co GAIN = =.315233¢02, ROOT LOCUS GAIN s =,739571+401

AUB & =.739571401 BUB 3 =,433427+01 CUB = -,250151401
puR s -.328822¢01

Z aAX1S VELOCITY, W, PER DELTA COLLECTIVE
PERTURBATIONS ABOUY INITIAL VALUE,
wo s ,0000 o POSITIVE DOWN
ROOYS (COMPLEX FORM)

-,3814+000 ~,1138¢001
-,3814+000 +1138¢001
=,7236+000 +1343=026

I8 s . .317760-00 WWB ® ,120047¢0% 1/7WB s ~,723610-00
D.Co CAIN 8 =.,166540+02, ROOT LOCUS CAIN & =,146581+0%

ANE 8 =,146581¢01 BWB 8 -.217008+01 CuB s -,292164¢01
oWy s -,1528%57¢01
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Z 4X]S ACCELERATION.AZ/)PER DELTA COLLECTIVE
PERTURBATIONS ABOUT INITIAL VALUF,

Az0 = 0,0
R00TS (COMPLEX FGRM)
012"‘000 '07150‘000
012744300 .7158+000
+1874-001 -,5546-033
=,A194+000 -,5854-031

WwA2 & ,727264-00 A2 3 ~-,175231-00
1/TAZ1 8 .187445-01 1/TA22 = =,419424-00
D.sCo GAIN & ,114097400, ROOT LOCUS GAIN 5 =,146581404

AAZ s =,146581¢01 BAZ = =,300146-00 CA? = -,4532902-00
DAZ = =,626153-00 EAZ = .119N16-01

X aX1S ACCELERATION,AX,FPER DELTA COLLECTIVE
PERTURBATIONS ABOUT INITIAL VALUE»

Ax0 = 0.0
R00TS (COMPLEX FORM)
112054000 + 72324000
+1205+000 -.7232+000
.5014=-010 «9783-031
-.8270+000 ,2804-030

WwAX & ,73319%-00 ZAx s =»,164361-00
1/7a%X3 = .501420-10 1/TAX2 = =,R27069-00
D«Cy GAIN = ,158064=04,» RNOT LOCUS GAIN 8 =,739871¢0}

AAX 8 =,739571¢01 BAX = =,433427¢01 CAX = -,250151¢0%
DAX = =,328822¢01 EAX & .164878-09

WORIZ. VELOCITY PER DELTYA COLLFCTIVE
PERTURBATIONS ABOUT INITIAL VaLUF,
SO0 8 -,346671-06
ROQTS (COMPLEX FCRM™)

+5320-001 112594001
«5320-001 =.1259¢001
=.6522+000 12247-031

1SN 8 -,42205R-01 WSN 3 ,124057¢401 1/7SD s =,652278-00
D.Co GAIN = 145653402, ROOY LOCUS GAIN & ,146581¢01

ASD = .,146581+01 1SN = ,A0N146-00 CSH = ,222751¢01
DSD = .151932+01
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RATE OF cLIMR PER DELTA COLLECTIVE
PERTURBATIONS ABOUT INITIAL VALUE,
HDO 8 =,250242¢02, POSITIVE FOR CLIMB
ROOTS (COMPLEX FORM)

+120%5+000 72324000
0420%+000 -,7232+000
'0.270‘000 -.92“-032

IHD & ~,164361°00 WHD 8 .733195-00 L/THD s =,A27069-00
D.Ce GAIN 5 ,315233¢02, RNOY LOCUS GAIN s ,739571+04

AMD 8 73957404 BHD & .433427¢401 CHN s ,250181401
OMD & ,3208022+0%

VELOCITY PERTURBATIONS PARALLEL TO INMITIAL
FLIGHT PATH, PUE TO DELTA COLLECTIVF
PERTURBATIONS ABOUT INITIAL VALUE,
USTABO s ,290242¢02
ROOTS (COMPLEX FORM)

+31209¢000 -,7232¢000
01209+000 +7232+000
«,8270+000 «972%-034

2US 8 =.364361-00 WUS ® .733199-00 41/7TUS s =,827069-00
D.Co GAIN 8 =,315233¢02, ROOT LOCUS GAIN s =,739571¢04

AUS & =,739974¢01 OUS & =,433427¢01 CUS = -,29015104
OUg = -.32"22001

VELOCITY PERTURBATIONS PERPENDICULAR TO INITIAL
FLIGHT PATH, NUE TO DELTA COLLECTIVE
PERTURBATIONS ABOUT INITIAL VALUE,
W8T480 s 0.0, POSITIVE FOR NOWN
ROOTS (COMPLEX FPORM)

+$320-004 *,1299¢004
+9320-001 012996004
-.6’820000 -.30&:-032

Vg & «,422080-01 WUE & .1200%7¢0% 4/Tvg s -,092270-00
0.Ce GAIN & =,185653902, ROOT LOCUS BAIN ® ,14090490¢

ANG 8 =,340901¢01 BYS ® ~,0800846-00 CdS s -,222791¢02
OUg & ~,191932¢04
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TRANSFER FUMCTIONS FNR RNODY AXES UP -,0000 NEGREES
FRGY ORIGINAL RADY AXES,

RESPECTIVE X» Y, AND 2 DISTANCFS FROV AIRPLANE C,6
TO ORIGIN OF aXFS ARE,
LX 8 1710002 LY = =,00NN AND L2 8 =-,N000

RUN NO. L6 NUMERATOR CHARACTERISTICS FOM COLLFCTIVE

X AXIS VELOCITY FER DELYA COLLFCTIVE
PERTURRATIONS ABNUT INITIAL VALUF
UD s (1100491
ROOTS (COMPLEX FORM)

=,5220+000 112n9+001
‘05?20*000 '01209‘001
-,6993+000 «2744-031

JUR 8 ,396325-00 «URA & ,131727+01 /70 = =,6099345-00
D.Co GAIN 8  ,132541+02, RNOT LOCUS GAIN 8 ,113930+08

AUB 8 .113930401 fiun = 19263501 CUR 3 ,28N8A5+01
pug s ,138255¢01

2 AX]S VEFLOCITY, W, PER "ELTA COLLFCTIVE
PERTURHATIONS ARAUT INITTAL VaLLE,
WO s ,29500¢0%, POSITIVE NCAN
ROOTS (COMPLEX FOR%)

01205‘000 '.70950000
+320%5+000 + 7695009
=.8479¢00C «9264-034

IWA 8 =,18476A00 WWAK 8 77R9A7-00 1/TWR s =,A47935-00
D.Ce GALIN & =.321369+92, AnOT LOCUS GalN & =,681630+0%

QWA 8 =,091630401 Bwn 8 =,308432¢01 Cull = -,262124408
OWe & -,335223¢01

% aX1S ACCELERATICNIAYPER “ELTA COLLFCTIVE
FERTURBATICNS ABAIY INITIAL VALUFY

aAxg s 0.9
ROOTS (COMPLEX FOWY)
+1293403C «,713%4000
«1293¢030 +7339¢00¢C
' 2428-001 +20AC=031
=.8173¢009 +40n5=031

vAX 8 ,729198-02 av 8 =,47431320
L/7a%g 8 242R51-01 1/VANG ¢ -, 231738C6-2"
DeCo CAIN 8 =,133017e0%, 3997 (UCLS G2 5 ,11393Ce0y

QAN 8 33303701 wAy 8 ,6canane0f 7aY 8 ,342n04<3"
DX & .404006-00 tAX 8 =,13°'9Pr3-C1



Z AX]S ACCELERATION,AZ,VER NeLLTA £OILECTIVE
FERTURBATIONS AT INITYIAL VALL'Y

AZQ s 0,0
ROOTS (COMFLEX FnR:3
v 12554070 cTATASTTH
012554200 -, 74244 N0
«1579-003 2214-031
-,8488+000 300031

WAZ 8 ,773902-00 2A7 = =,1822h3-00
1/TAZ4 8 ,157915-03 1/TA22 = =-,Nn4h874-210
D.Ce GAIN 8 ,501544=02, RNOT LOCUS GAIM = =,651630+04

AAZ 3 ~,651630401 BA2 3 =,359371+01 82 s -,251273+01
DAZ s =-,331257+401 EAZ 3 ,527%165-03

VELOCITY PERTUREATIONS PARALLEL TO IMITIAL
FLIGHT PATW, NUE TH DELTA COLLECTIVE
PERTURBATIONS aBOUT INITIAL VALUF,
USTABO = ,250242¢+72
ROOTS (COMPLEX FORM)

+4731-001 1303008
+4731-001 =.13R3+C0
-.6290+000 ~.%5176-032

ZUS s =,341782-01 WUS ® .13+430+01 1/TUS = =,629031-00
DeCe GAIN & ,131655+02, ROOY LOCUS GAIN = v113930+01

AUS 8 113930401 BUS ® .60/:#48=00 cuUS s ,211%40+0¢
DUS = ,137331+01%

VELOCITY PERTURRATIONS PERPENDICIILAR TO INITIAL
FLIGHT PATH, DUF TH NELTA COLLECTIVE
PERTURBATIOMS ABOUT INITIAL VALUE,
WSTABO s Nn,n, PASITIVE FOR NOWN
ROOTS (COMPLEX FORM)

12424000 ° -,7697+000
«1242+000 . 769742101
-,8461+000C -,1741=-037

NS 8 =,159418-00 WwWS B ,772691-C3 1/7TuS 3 =,R46127-00
DsCo GAIN 8 =,321330402, RNOT LOCI'S nAlr 8 =,A85163N401

ANS 8 =,651630401 W5 8 =, 3R63714{L .8 3 =,28972+01
OWS s -,335183+01
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V1. DERIVATIVES AND TRANSFER FUNCTIONS FOR SIKORSKY S-S8

Derivatives, eigenvectors, residues, and transfer functions were
calculated for the S-58 in the flight conditions shown by the following

tables. Note that VTAS is the total speed, not the horizontal component.
TABLE I 8-58 FLIGHT COND S; 8 D

Vayg Knots 0 20 Lo 60 100

Rate of 0 0 0 0 0

Descent =75 =T.5 =75 =T.5 =7.5

fps =15.0 =15.0 =15.0 =15.0 -15.0

' =225 =225 =22.5 =22.5 -22.5
——=-=—=—===h@—-=-_——4

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:

IE II 8=50 FLIGHT CONDITIONS: SPEED AND DES
mg Knots 0 20 ko 60 100
Descent o) 0 0 0 0
Angle -90 -12.8  -6.35 412 2,54
y =90 -26.4 -12.8 -8.5 «5.10
Degrees -90 -41.8 -19.4 -12.8 =7.6%

Because of space considerations, it was impracticable to present
the results of the calculations for all the above flight conditions.

Therefore, this part presénts
Derivatives for all the above flight conditions

(1)
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(2) Numerators of the transfer functions relating u, v, w,
P, 1, and r to longitudinal and lateral cyclic pitch,
moain rotor collective pitch, and tail rotor collective
for speeds of 0, 20, 40, 50, and 100 knots in level
flight and 22.% 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.

(1) Derivatives and eigenvalues for 22.5 fps rate of descent
at 7y = - 18.5 degrees and 7 = = 90 degrees calculated with
static tip loss factor (i.e., no cyelic variation) to
provide a basis for comparing the effect of dynamic tip
losses on the derivatives.

Basidues and Tigenvectars

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 are
obtained by taking the ratio of the required numerators evaluated at the
appropriate denominator root, as with the ¢/B commonly uvsed as: a
handling qualities parameter,

Explanation of the Print-Out Format

The print-out is as self-explanatory as possible; however, the
following items require some comment.

Stebility Derivative Matrices

The stability derivatives given in the print-out are in units of
1b=-ft and 1b, per unit perturbation quantity. Note that this differs
from equations of motion cited in themain 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. Ix’ Iy, Iz 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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The S-58 controls are denoted as follows*:

c(1) = 0, = main rotor collective pitch, radians
c(2) = B, = longitudinal cyclic pitch, radians
c(3) = Alg = lateral cyclic pitch, radians

c(4) = 0,g - ‘tall rotor collective pitch, radians

The trimmed iteration column vector contains the trimmed values of
c(1), c(2), c(3), c(k), ®, and ¢ (in that order), where © and ¢ are
referred to overall vehicle axes and are in radians, The print-out
also lists © and ¢ 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.

Bissovalues (Dencminstor Charscteristic Roots)

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 ecigenvalues. For example, transfer functions relating
veloc.ty 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 C(1), C(2), c(3), C(4)
are defined differently (see Part VII).
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Transfer Function Mmerators

The print-out shows the transfer function numerators for all
controls. The response quantities are denoted as follows:

u v w P q r
x(1) x(2) x(@3) X(k) 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*, The root-locus gain is defined as the
lead coefficient, An’ wvhere the transfer function is written as

n n-l n=2
As +An_ls +An_2s A 55000 +Ao

r rel
8 +Br-18 + I E N N NN NN NN N NNNENNNNN] +B°

The Bode gain, also called d.c. gain, is defined as AQ/Bo
provided neither of these terms is zero. If either Ao or Bo is

zero the Bode gain is defined as the ration of the lowest order
nonzero denominator coefficient. This definition of Bode gain

is not foolproof for automatic computation, and occasionally
round-off errors will cause a spurious Bode gain to be printed out.
The sign of this gain may be either correct or incorrect, but the
magnitude is usually grossly inaccurate. This situation occy’-a when
the magnitude of the smallest numerator root is less than 1 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.
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eam o S B S

SIKORSKY S-38 WELICOPTER

CASE 1

GROSS WEIGHT= 11867,L8.

JUNE 2 1970
SPEED® 67,8 FT/SEC,

MOSTAB8 DERIVATIVES

HeD0Tn-22,5FT/8EC,

SEA LFVEL

SYABILITY DERIVATIVE MATRICES-

ZEXECMCrN<X

ZXECN<X

X
Y
4
L
M
N

THE INERTIA TENSOR

V
=,4925+02

03017=00 -

=,3121¢03
-,6926¢02

19627+02
-.2312‘03

Vv por
-,5381-02
01063-014
1475602
«3879-00
«, 677902
-,1502~00

et 1)
'.314"05
12363403
-,82%60¢05
12294405
» 5441405
v 3946405

v

'0’256‘00
-,2306+02
°Q"’5.°°
*,2782¢02

17798401
13074403

vV DOY

-.5514-03

060‘5.01

-,1788=02
=,3925-00
-, 2524-0¢

ct 2)

~.6276403

+1210¢05
023134403
1160706
18936404

;060‘5‘05

8327404

W
'062‘2‘02
=.1639-00
'01'2200:
*.1060¢03

12434402
'0331.‘03

W NOY
'0‘557.01
+3036-01
+5206-02
+440000¢
+3290-02
-,4229-00

¢t 3
119566905
16929403
18377404
11532¢05

~:4018406
+20108¢05

~,1996-06

5778404

P
'0.33"03
*:1123404

1479403

'017.‘00,

9048004
11322404

P LOT

’0225’.02

8006404
11029402
12394004
13625003

=,8457+03

c( &)

'012'5‘02

13758404

-,1409+02
v,244740%
=,6070+03
=,1234¢06

'01”..06
+2730+08
.5953-07

GAMMAS=4§,9
DYNAMIC TP LOSS (YES)

]
14208404
'0‘71’003
°,1944¢33
'0027600‘
=,2087¢9%
14489004

e 0OY
=,8242+01
=.2577¢02

13173¢04
=,3600403
12049004
14169¢03

15778404
05953'07
1208605

R
14109403
18167003
588003
129089404

=,2001¢04
*,1491¢09%

R DOY

17879403
=,4963+03
*,3%5803¢04
*,0003¢03
*,4262+03

13681+03

TRIMMED VELOCITIES WITW RESPECT TO OVERALL VEWICLE REFERENCE AXES~

v
16325+02

«1779-00

v

=.6985-09

W
+ 2443402

. TRIMMED ITERATION COLUMN VECTOR, TE-
«.5233-02

«3423-01

STABILITY AX]S SYSTEM EULER ANGLES~

AIRGRAFT INERT]AL SPEEDS

16780402

129

*.0000

+103%-01

THETA® -,3383-00

¢]
«0000

0
03031'01

R
=,0000

o

-,8211-03

Pul ..“700'03



DENOMINATOR CHARACTERISTIC

ROOTS
REAL IMAGINARY
PARTY PARY
-,1301-07 «0000
=,9%067+01% + 0000
*,.10641+00 «0000
=,1198+01 +0000
-,6160-00 «0000
043135-01 02982-00
1135502 -,2982-00
-,2833-00 09242-00
-,2833-00 -,9242-00
+0000 «0000
»0000 +0000
.0000 « 0000
NUMERATORS

(NOTE= NUMERATOR ROOTS LESS THaAM 41.0E~7 TIMES THE

LARGEST NUMERATOR ROOT ARE NOT tNCLUDED IN TWE BODE GAIN),
Xt 1)=T0=C( 1) NUMERATOR

ROOT LOCUS GAINs +8561+02

BODE GAIN 8 =,6420+03

ROOTS
REAL IMAGINARY
PART PART
-,7150-04 0000
=, %659+01 +0000
=,5%85=-00 v 992300
-,5085=00 -,9923-00
‘e103C=02 095%6-00
+10830-01 =.9556-00
-,5921-00 « 0000
=,4657-08 «N000
.0000 +0000
»0000 «0000

140



-

Xt 2)=70=C( 1) NUMERATOR
ROOT LOCUS GAIN® ~-,5038-00
BODE GAIN 3 12245403

ROOTS
REAL IMAGINARY
PART PARY
v 3942-01 .0000
«1776+33 v 0000
01702'01 0}95"00
01702-03 -.3954-00
=,.1026+02 +2000
-.2819+01 «0000
-,5005-00 »0000
+0000 +0000
» 0000 »0000
0000 «0000

Xt 3)=T0=C( 1) NUMERATOR

ROOY LOCUS GAINs 12239403
BODE GAIN = ~=,1998~-0¢
REAL I“AGINARY
PART PART
‘02255'05 o0000
-,5633+01 »2000
=, 3662-00 09546-00
-,3662-00 =.9546-00
-, 3484-00 +1043+00
-,.3484-00 -.1043+00
+3269-00 .0000
-,9532-02 +0000
.0000 »0000
0000 +0000

141



X( 4)=70=-C( 1) NUMERATOR
ROOT LOCUS GAINs -.2487+0%

BODE GAIN = 6183401
ROOTS
REAL IMAGINARY
PARY PARY
=.9505-07 .0000
-,29544-06 +0000
-,2284-00 2808401
-,2284-00 -,280A+01
o.O"'Ol 0‘316'00
.8094-01 -,4316-00
-,7144-00 «0000
-,43%8-00 0000
-,1858-00 +0000
+2142-07 +0000

Xt 3)=T0=C( 1) NUMERATOR
ROOT LOCUS GAINs ~-,2220+03%
BODE GAIN = ~-,1929-01

ROOTS
REAL IMAGINARY
PART PART
v1932-01 «0000
-,4915-01 +2038-01
-,4915-01 -,2038-01
=.6037+01 +0000
-,2276-0C v1084+01
-.,2276-00 =.100844+01
-.6091-00 .3000
.00C0 +0000
-,3260-07 v1578-07
'03260'07 '01576'07

12



X( 6)=TO=C( 1) NUMERATOR
ROOT LOCUS GAINS =,11400%
BODE GAIN = «1758+02

ROOTS
REAL IMAGIHNARY
PART PART
1263=-00 v 3742-00
«1263-00 -.3742-00
-,1192+00 +4574-00
'01192‘00 '0457"00
=,135%6+02 0000
-.23/3401 » 0000
-.4494-00 +0000
.0000 0000
.0000 »0000
.0000 0000

X(O 1)=TO=C( 2) NUMERATOR
ROOT LOCUS GAINs +5302¢04
BODF GAIN = <=,4270+03

RNOTS
REAL IMAG INARY
PART PARY
110864-06 «0000
-.2275+02 +2000
=,1963-00 02796401
=.1563-00 =,2796+01
-,3144-00 +8686-00
-.3144-00 -.,0686-00
-,3946-00 0000
-, 4/26-01 +0000
.0000 «0000
.0000 «0000

143



Xt 2)=T0=C( 2) NUMERATOR
ROOT LOCUS GAIN® ~,3414402
S0DE GAIN 8 10807404

ROOTS
REAL 1MAGINARY
PARY PARY
09197-01 02764-00
09197-01 «,2764-00
-=,2277-00 +0000
-, 3725402 «0000
,8204¢04 +0000
-,9274-00 987400
~.95274=00 =,9874-00
«0000 +0000
+0000 +0000
«0000 «0000

X( 3)=T0=C( 2) NUMERATOR
ROOT LOCUS CAINS =,2217¢0%
BODE GAIN 5 3746403

ROOTS
REAL IMAGINARY
PART PARY
«,6777-01% +0000
=:3103-00 «87069<00
*,3103-00 «=,0769-00
-,1318-00 0 3948-00
-,1318-00 «=,39548-00
-,1831+02 11952402
..‘.’1‘02 '01’92002
-,2173-07 +0000
+0000 +0000
+0000 +0000

1k



Xt 4)=T70=C( @) NUMERATON
ROOY LOCUS GAIN®s <=,95149¢02
BODE CAIN ®* =.4481-3%

ROOTS
REAL IMAGINARY
PARY PARY
=,1094-00 +0000
-,2993-00 +8203-00
=,2903-00 -,8203-00
0‘2”'0‘ 03.."00
+4299-01 =:3084-00
-,9578-00 +0000
-,4678-00 +0000
«0090 +0000
=,3920-06 «0000
«3131-0/ «0000

X( 3)=T0=C( 2) NUMERATOR
ROOT LOCUS GAINs ~-.1210¢0}
BODE GAIN = ~-,2827-01

ROOTS
REAL IMAGINARY
PART PARY
'28359-01 «0000
-, 4449-01 03423-01
=,4449-01 -,3423-01
=,1911+02 +0000
-,3210-00 +8708-00
-,3210-00 -,8708-00
*,5710-00 .0000
-, 3643-0/ «0000
=,1372-07 +0000
0030 0000

145



K¢ 0)=70=C( 2) NUNERATOR
ROOY LOCUS GalNes  ,305940)7
BODE GAIN & .3249¢02

ROOYS
REAL IMAGINARY
PART PARY
v1923-04 « 330400
«1923-01 «,3304-00
=:3195-00 0000
“e1/14¢03 +0000
=.4108-00 01044403
.0‘10..00 ..‘o“.O‘
«7658-09 «2000
.0000 «0000
+0000 «0000
»0000 «0000

X( 1)=70=C( 3) NUMERATOR
ROOT LOCUS GAINS ~=,4245+02
BODE GAIN s +2150+04

ROOTS
REAL IMAGINARY
PART PARY
-,1963-07 «0000
-,3964~00 00000
.01121000 oUDOO
-,3401-00 09543=-00
-,3401-00 -,9543-00
-,5625+01 « 0000
-.1261-00 12648401
-,1261-00 -,2648+01
.0000 +0000
.0000 «0000

146



X 2)=T0=Ct 3) NUMEKATOR
ROOT LOCUS GAlne  =,239%¢03

WODE GAIN & v2310-02
ROOTS
WL IMAGINARY
PARY PARY
«9NN6-09 00000
°, 4404001 01073002
=, 8404403 *,4074¢02
=, 4279003 +0000
=,44%9-03 o.,”'O‘
,4459-0% =,8325-01
«0421-00 529300
+0421-00 -,9293-00
«0N30 +0000
«0000 +0000

X¢ 3)=T0=C( 3) NUMERATOR
ROOT LOCUS GAlvs <=,2270402
SODOF GAIN & =,1291¢04

RO00TS
REAL IMAGINaRY
PARY PARY
«4535-06 «0000
021312402 +0000
=,1091+00 «0000
=,3337=-00 09500-00
=, 3337-00 =:9500-00
-,95620+01 +0000
“.1376-00 3674-00
-,1376-09 '03""00
0000 «0000
+0000 +0000

147



X( 4)=T0=C( 3) NUMERATOR
ROOT LOCUS GAINs =,3230¢01
BODF GAIN = .5684-00

ROOTS
REAL IMAGINARY
PART PART
e 2919-01 v5968-01
02919-01 -,5968~-01
-,7464+01 +0000
-,1591-00 11213401
-,19%1-00 “.1213+01
«,7470-00 +0000
-,4792-00 0000
-,2997-07 '9256=07
-,2997-07 =-,9256-07
+0000 +0000

X( 5)=70-C( 3) NUMERATOR
ROOT LOCUS GAIN®  .7268+01
BODE GAIN 3 =-,1405-02

ROOTS
REAL IMAGINARY
PART PART
-,2171-02 »0000
=-,5627+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)=70=C( 3) NUMERATOR
ROOT LOCUS GAlNs .1018¢00
BODE GAIN = =,7468-05

ROOTS
REAL IMAGINARY
PART PARY
0 2769-01 06149-01
2769=-01 ~:6149-01
-,3457+02 .0000
-,3273+01 + 0000
' 3248401 + 0000
-,9412-01 +5737-00
-,9412-01 -.5737-00
-.4623-05 «0000
2268-07 +0000
+0000 +0000

X( 1)=-T0-C( 4) NUMERATOR
ROOT LOCUS GAINs +4488-00
BOBE GAIN s +3671+02

ROOTS
REAL IMAGINARY
PART PARY
-.2531-01 + 0000
=,3425+02 »0000
-,6944-00 024994014
-,6944-00 -,2499¢01%
“.11955+01 + 0000
01052+01 +0000
-,4108-00 + 0000
+0000 + 0000
0000 +0000
.0000 +0000

149



X( 2)=Y0=C( 4) NUMERATOR
RCOT L3CUS GAINS  =,103Ar+02

30DE GAIN = . 4669+02

ROOTS
Real IMAGINARY
PARY PARY
-.1299-Nn1 «000C
-.4731+02 «0000
=,4433+01 «300C
-.1190+01 « 0000
1311-01 «3204-0C
.1311-01 -,3204-00
-,4826-00 .000C
1084-08 »3000
.0030 +0000
.0020 .0000C

Xt 3)=70-C( 4) NUMERATOR
ROOT LOCUS GAIN® ~-,1479-00
BODE GAIN = ~-,4835¢02

ROOTS
REAL IMAGINARY
PARY PART
-,4320-07 .0000
=.1329-00 v 3652-00
=,31329-00 -,3652-00
=-.5338-01 +3000
«1664¢02 1750402
11664402 =.175002
21470} +3000
=,1153+01 «000C
»0000 «0000
.0020 .0C0C

150



e

WA r——

X( 4)=T0=C( 4) NUMERATOR
ROOT LOCUS GAINZ =,4158401
RODE GAIN = =,2471¢01

R00TS
REAL IMAGINARY
PART FART
-,5431-08 «C000C
+32/79+401 0000
«4074-01 v3361-00
+4074-01 -.3364-00
-.2021-0C + 0000
=.1187+01 0000
=.70795=-00 0000
-.3318-00 +C000
,8489-11 +000C
0000 «0000

X( $)=TO0=C{ 4) NUMERATOR
ROOT LOCUS GAlNs  =,7041~01

BODE GAIN s +6111-02

ROOTS
REAL IMAGINARY
PART PARY
-.3779-01 14095-01
-.3779-01 -,4095-01
«3623-01 «2000
=.3134+32 +300C
=.1160+01 +3000
01241401 0000
-05769-00 oCQOU
=,7697=08 +J000
«1494-06 0000
+2144-07 »200¢C
151



X( 6)=T0O=C( 4) NUMERATOR
ROOT LOCUS GAINS 07366903
BODE GAIN & ~=,7024+01

ROOTS
REAL IMAGINARY
PART PART
.6284-08 .0000
-,34192-07 +0000
-,3996+01 0000
-,1190+01 «0000
-,4618-00 0000
-,7622-01 +3780-00
-,7622-01 -,3780-00
© 2 7429-01 »3453-00
«7429-01 -,34593-00
.0000 10000

152



SIKORSKY 5-58 WELICOPTER

CASE 2

GROSS WEIGWTE® 11867.LR,

JUNE 2 1970
SPEED® 22.5 FT/SEC,

MOSTAB-8 DERIVATIVES

H‘DOY"ZZ.SFT/SEC.

SEA LFVEL

STABILITY DERIVATIVE MATRICES-

Z LT N<X Z T N<CX

£ IMN<X

THE INERTIA TENSOR

v
=.$726¢02
15066-C0
=,1261-C0
=,1509+03
-,7498+01
-.76810+01

U oorv
'01696-02
-,3587=-02
-,4236-02

o 7146-01
-,1982-00

»3937=00

¢t 1)
-,B788+05
~.3506+04
-, 2857402

1607406
' 7528404
1134505

v w P €]
«2947¢01 11568¢01 19084403 17328401
=.138p¢02 ~-.5472-00 02969403 <-,6312403
«5348-00 ~,6521401 2877402 ~.9526¢03
02375403 1777401 =,8832¢04 '.‘622‘0‘
+12401%02 ~,1168¢03 2832403 -,1770¢0%
+1292+03 +1556¢02 ~=,1516¢04 11023409
v DoT « DOY P DOY & DoT
-,3994-02 ' 1834-02 +8938-n4 +1012¢00
+6660-01 =~,38854-04 <-,1750¢01 ~-.1869¢(02
=,7059=-03 714704 ~,3564-00 190810014
-.220A¢01 ~,A794-0) ¢ 7833402 =,9969¢02
~.1083¢400 ~,83144-03 ~,7198402 12670404
-.2911-00 ~-.5499-02 142802 13264403
c( 2) c( 3) ¢t &)
'¢2871‘°3 '01932‘03 '01‘0"0}
01239405 15760403 14083¢404
5843403 ~-,1239¢0% ~-,3081¢02
=.1350¢04 +5600%04 =-,3354006
+1894¢04 ~,1858406 ~=,6765¢04
-, 1857+06 '01755‘0‘ '.1840005
2307405 ~,1236¢03 =,6522¢03
~,1236403 « 2750405 ~-,1819+02
-.6522¢03 ~-,18190+02 1 5920+04¢

GAMMAS=90.0 DEC,
DYNAMIC TP LOSS (YES)

R
-, 6476002
985703
=,7332¢0)
115308404
=,1082¢0%
=,1630¢09

R poY
+3574=0%
.010‘3002
=,1000002
12200002
=,3252¢0)
02677404

TRIMMED VELOCITIES WITW RESPECT TO OVERALL VEWICLE REFERENCE aAXES®

U
-.6541-00

v
-.62734=-00

W
12246902

TRIMMED ITERATION COLUMN VECTOR., TE-

. 2469=-00

-.1236-03

+3864-02

STARILITY AX]S SYSTEM EULER ANGLES-

AIRCRAFT |MERTIAL SPEEDs

+2250¢02

15,5

p
-.00800

+1507-20

THETAS «,1571¢01

6
+0000

0,797-01

R
=,0000

=.,2790-03

Pul =.#553=0%



DENOMINATOR CHARACTERISTIC

ROOTS
REAL IMAGINARY
PART PART
-,2450-00 01291'00
-,2450-00 -.1291-00
5427-01 +4002-00
«5427-01 -.4002-00
-.,1789-00 «4199<00
=.1789-00 -,4199-00
-,4681+01 ~ +000C
=.10591+01 +0000
« 0000 +0000
.0000 +0000
«0030 + 0000
.0030 +0000
NUMERATORS

(NOTE= NUMERATOR ROOTS LESS THAN 1.0E=7 TIMES THE

LARGEST NUMERATOR ROOT ARE \NOT INCLUDED IN TWF BODE GAIN).
X¢( 1)=T0=C( 1) NUMERATOR

ROOT LOCUS GAINs 123085403

BO0DE GAIN 3 ~,7656+03

ROOTS
REAL IMAGINARY
PARY PARY
-,1809-00 14346-00
-.1809-00 -,4346-00
«33/7/2-01 »4034-00
v93372-01 -,4034-00
-, 46085401 +0000
=,1093+01 +0000
-,2273-00 »0000
0000 +0000
.0000 «0000
+0000 »0000

154



X( 2)=T0=C( 1) NUMERATOR
ROOT LOCUS GAINS® 971301
BODE GAIN 3 2748403

ROOTS
REAL IMAGINARY
PART PART
-.5428-07 +0000
-.1510+02 0000
~,1342+01% 0000
-,7540-00 +0000
-,4047-00 +0000
11652-01 +4606-00
+1692-01 ~,4606-00
+2781-00 0000
» 0000 «0000
.00C0 «0000

XC 3)=T0=-C( 1) NUMERATOR
ROOT LOCUS GAINs «3589-00
BODE GAIN = 02591+03

TS TR T S SRR o MR vy (T RS AT SNy

=

ROOTS
REAL IMAGINARY
PART PART
'01070‘00 +3242-00
-.1070+00 =.,3242-00
-,3937-00 »0000
-,1674+02 »0000
-.1902+01 01227+01
~.1902+01 =.1227+01
12352401 +2000
»0000 »0000
0000 +0000
.0000 +0000
155



X( 4)-Y0-C( 1) NUMERATOR

ROOT LOCUS GAINs ~=,7155401
BODE GAIN ® +3872+02

ROOTS
REAL IMAGINARY
PARY PARY
+5476-0/ 18103-07
«5476-07 '08103'07
-,4622+0% «0000
«,1084+0} »0000
-,4082-00 +0000
-.1221+00 +4430-00
=,1221+00 -,4430-00
7377-01 0 3938-00
07377-01 -,3938-00
.0000 +0000

Xt 5)=T0=C( 1) NUMERATOR
ROOY LOCUS GAINs -.2304-00
BODE GAIN = <=,4377-03

ROOTS
REAL JMAGINARY
PARY PART
5648-02 20000
-.9453-02 +0000
e 1986+01 12732401
«1586+01 =,2732+01
-,1049+00 0 3242-00
-,1049+00 =-.3242-00
=.3934-00 «0000
W 76R85=10 .0000
.2691-08 .0009

156



e ach o WP SO

X( 6)=T0-C( 1) NUMERATOR
ROOT LOCUS GAIN®s ~-,5614+01
BODE G4IN = +5180-n4

ROOTS
REAL IMAGIMARY
PART PART
'01496'01 .0000
-,.3924-00 » 0000
+5630-01 + 0000
2548-00 » 0000
-,8370-00 0000
c1430-01 0‘6‘6'00
.1430-01 ~-,4646=00
+00C0 «N000
7766-06 0000
~,5339-07 » 0000

X( 1)=T0=C( 2) NUMERATOR
ROOT LOCUS GAIN= »7852-00
BODE GAIN s «6293+03

ROOTS
RE AL IMAGINARY
PART PARY
'JO9R5=01 v4217-C0
3985-01 -,4217=00
-, 6588-00 « 0000
=,1615+01 »0000
v 5232+01 + 0000
-,7628=-0C ¢ 3166+401
-,7628-00 =.3166+01
.00%0 +0000
0000 w2000
.Qon0 »0000
157



X¢ 2)-70-C( 2) NUMERATOR
ROOYT LOCUS GAIN® =,3518402
BODE GAIN @ «1889+Q4¢

ROOTS
REAL IMAG INARY
PART PARY
'028‘7'00 .7775'01
-,2847-00 -s7775-01
=-,3577+02 «000C
=:1479+01 +0000
-,8115-00 +000C
14660-01 426500
+4660-01 -,4265-00
+0000 +0000
«0000 »0000
0000 +00C0

X¢ 3)=T0=C( 2) NUMERATOR
ROOT LOCUS GAIN® <=.45312¢0%
BODE GAIN &= .4605+03

ROOTS
REAL IMAGINARY
PARTY PART
-,2279-01 02976-00
«,2279-01 =,2976-00
-,2379-00 +0000
=,3419-00 +0000
-,2693+02 +0000
=,2452+01 +8873-00
-,2452+01 -,8873-00
«0000 +0000
»0000 +0000
+0000 »0000

158



X( 4)=TO=Ct 2) MNUMERATOR

ROOT LOCUS GAINS

BODE GA
ROOTS

11749404

IN 8 13999+02

REAL IMAGINARY

PARY PART
v1771-00 10000
,4078-01 14254=00
«4078-01 -,4254-00
»6585-00 +0000
2357+01 07734600
2357401 -,7746-00
' 2236+01 +0000
.0000 .000C
0000 «0000
.0000 +0000

Xt 5)=T0=C( 2) NUMERATOR

ROOT LOCUS GAINs

BODE Ga
ROOTS

-,7840-00

IN 3 =,4521-0J

REAL IMAGINARY

PARY PARY
04673'02 oOOOO
06732-02 +0000
03243402 «0000
«2032-01 v2977-00
+2032-01 -,2977=-00
. 3429-00C »0000
+2379-00 «0000
23%6-07 +0000
.0000 +0000
«1327-07 +0000

159



Xt 6)=7C=C( 2) NUMERATOR

ROOT LOCUS GAINs 575402
BODE GAIN = +6889-02
ROOTS
REAL IMAGINARY
PARY PART
.9608-02 »0000
-,1212-01 0000
-,.2892-00 6263-01
-,2892-00 -,6263-01
-,8182-00 » 0000
«4663-01 1 4263-00
,4663-01 -, 4263-00
,4249-08 ,0000
. 0000 0000
.0000 »0000
Xt 1)=T0-C( 3) NUMERATOR
ROOY LOCUS GAINs +5265-00
BODE GAIN = «6502¢02
ROQOTS
REAL IMAGINARY
PART PARTY
e 1577-01 01846-00
v1577-01 -.1846=-00
-.5610+01 +0000
=,2103+01 +0000
J2H83¢01 »0000
-,3298-00 v1116+01
-.3298-00 -¢1116+01
0000 0000
.0000 0000
. 0000 0000

160



e LY

X( 2)=70=C( 3) NUMERATOR
ROOT LOCUS GAIN® =,1977+0%
BODE GAIN = 0 2/99¢03

ROOTS
REAL IMAGINARY
PART PARY
-.1497-01 +2199-00
-.1497-01 =.2199-00
-.3006-00 «6803-01
=.3006-00 -.6803-01
=.1197+02 +1095¢C2
=.1197+02 -.1095+02
-.1494401 +0000
0000 .0000
.0020 .0000
0000 0000

Xt 3)=T0=-C( 3) NUMERATOR
ROOT LOCUS GAIN= «3375«02
BODE GAIN = =,1521+04¢

ROOTS
REAL IMAGINARY
PARTY PART
-,1323-00 +4662-00
-,1323-00 -.4662-00
-,2325=-00 v1278=00
-.2325-00 -.1278-00
.1‘936+01 oGCDO
-, 2944401 v7798=00
-, 2544¢(1 -,7798=00
0020 +0000
+0000 +0000
.00CO 0000
161



X¢ 4)=TC=C( 3) NUMERATOR
ROOT LOCUS GAIN® <=,1976-00
BODE GAIN s 6745401

ROOTS
REAL IMAGINARY
PARY PARY
-,8090-02 +2137-00
-,8090-02 '02137'00
-,1895-00 +0000
-,4989¢01 0 2401+01
«,4989¢01 -,2401+01
-,3723-00 v 1220004
-,3723-00 =,12208¢01
-,223%5-07 «0000
.2399'07 + 0000
»0000 +0000

X( $)=T0-C( 3) NUMERATOR
ROOT LOCUS GAINS  .7466+04
BODE GAIN & =.7628-04¢

ROOTS
REAL IMAGINARY
PARY PARY
o‘."'O’ .0000
-,4940¢01 +0000
-,4313-00 1 4664-00
-,1313-00 -,4664-00
-,2325-00 +1276-00
-,232%5-00 =.1276-00
v 3329-02 +0000
=,2946-07 « 0000
-,1239-07 +0000
*,33%93-07 +0000

162



X( 6)=-TO=C( 3) NUMERATOR
ROOT LCCUS GAIN= «1295+01
BODE GAIN s «1162-02

ROOTS
REAL IMAGINARY
PART PARY
4661-07 +1034-06
«4661-07 =:1031-06
-,1850+02 +0000
-,.3082-00 14230-01
-,.3082-00 -,4230-01
=.1349-01 +2206-00
-,1349-01 -,2206=-00
-.4370-01 »0000
. 99595-02 «0000
010’0'0. .0000

Xt 1)=T0=C( 4) NUMERATOR
ROOT LOCUS GAINs +4061-00
BODE GAIN = <=,1736¢03

e o -

ROOTS
REAL IMAGINARY
PART PARY
«7681-0% +3892-00
07681-01 -.3092-00
=.1093+00 +4198-00
=+1093+00 ~,4198-00
©¢3386+02 0000
=.5034+03 0000
=.1085+01 «0000
.0000 +0000
0000 .0000
»0000 .0000
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X{ 2)=T0=C( 4) NUMERATOR

ROOT LCOCUS GAlN®

=.1131+02

BODFE GAIN & =.5'75+01

ROOTS

REAL
PART
.14%4-01
-,1506+02
-,1359+01
-,7772=00
J70%1-02
.70%1-02
-,1410-00
0000
.0000
0030

IMAGINARY
PART

«1000
0000
0000
0000
+4364-00

-,4364-00
»0000
«0000
«N000
Qo000

X({ 3)=T0-C( 4) NUMEKRATCR

ROOT LOCUS GAINZ =,2677=00 ¢
0“\‘,\3\-
BODE GAIM = =.7818+02 ePRO
no'
ROOTS
RE AL IMAGINARY
PART PART
-,1726-00 0000
'03103¢02 .on00
-,2091¢01 01214+01
-,2091+01 -,1214401
.1099¢01 « 0000
'01’00'00 03031'00
'01500-00 '03031"00
0000 « 0000
.OCCO .0000C
0000 » 0000
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X( 4)=-7C=C( &) NUMERATOR

ROOT LOCUS GAlLNS 6394401
BODE Galw 3 =,12%4+(02
ROCTYS
REAL IMAGIMARY
PART PARTY
-.9701-10 « 2000
-,4599+1 2000
-,1090¢01 0000
-.11348+00C «4160=-00
-.1134+00C -,4168-00
072“2-01 0385“-30
«12R2-01 +3858=-00
-, 1029-0C . 0000
0000 0000

X( 5)=TNn=C( 4) NUMERATO~

RONT LAOCUS GAlhs ¢19093=-00
BODE GAIN = .141/7-02
RCOTS
RF al. IMAGINARY
PART FARY
-,1036=-01 0000
5719401 « 0200
0 1493¢01 »OC00
-,1273=-n0 «3C2R=0ON
=.127%-00 -.3N2R=CN
-.1719-0C D000
12R87=09 «000c
*,3496-00 «000C
«9355-00 «JC0C
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Xt 6)=TO0~-C( &) NUMERATOR
ROOY LOCUS GAINS 6943401
BODE GAIN = =,2160-02

ROOTS
REAL IMAGINARY
PART PARY
-,1080-07 +J000
144319-07 +0000
-,1163+00 +0000
-,7312-01 «0000
4619-0" «2740-01
'4619-02 «.2740-01
-,8429-0C +0000
«95730-02 +4389-00
- 0974002 -,4389-00
+0000 +0000
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SIKORSKY 858 MELICOPTER JUNE 24 1970 MOSTAR<B DERIVATIVES
SPEED*41,0 FT/8EC,

case 8
GROSS WEIGHT® 140867,L8,

HeDOYs0,0 FT/SEC,
SEA LEVEL

STABILITY DERIVAYIVE MATRICES~

ZBIF N<X

ZBIFrrNa<x

X
Y
4
L
M
N

THE INERTIA TENSOR

¥
*,7329¢04
.704}-00
=, 3077404
14926402
14094003
v, 430904

Vv poY
o,0429<04
», 473904

. "‘.o‘
1242002
*,4090=04
-.7773'03

¢t %)
19400+0¢
1400404
*,8708¢05%
v, 40014095
1 3423004
11902406

v
», 747400
=,1290402
,4792¢04
'01”2‘03
12043402
11777403

v po?Y
=,4504°04
+7209°04
+7040°03
1324900
=,3700°04
*, 2410404

ct 2)
=:5467403
11205403
01102602
11906¢06
=,94560)
=:1769¢04

W
1461400
»,1400¢04
=,1011¢0)
*,1747402
.0‘2"‘02
»,3322¢02

w D0OY
,4423%02
«,1523=02
»7240+03
=,4804-00
»,2234-00
«3312-02

et 3)
11269605
5434403
®,105%9¢03
=, 1037404
=,19G0006

0473603

+95928+04
+0000
..."‘u’

p
'07‘10003
*,8501+03

12943004
=11525¢05
14491409
,2007404

P DOY
«,1990¢02
14063002
.1703-00
026‘°0°‘
1 304%¢0)
'.1414002

c( 4)
»,1583¢04
14406404
*,5100¢04
01”6005
v,2369404
'01"’00‘

0000
+ 2750408
0000

GAMMASRD,0 DEG.,
DYNAMIC TiP LOSS (YES)

¢]
18364003
*,7567¢03
-, 6169601
*14133¢0%
*,3664¢05
=-,4932¢04

e 00T
=14030¢02
=,1601¢02
-,19%6-01
=, 3048003

26084004
*,3894¢02

16649403
0000
12306403

]
=,2030004
12030003
2 9798¢03
11156004
14533002
«,7977¢04

R DOY
11042400
«,2479¢04
12741=04
-,2022¢02
03’...00
8240002

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEWICLE REFERENCE AXFSe

v
19993-00

v
=,0000

W

+3870-014

TRIMMED ITERATION COLUMN VECTYOR, TE~

1267900

=,1532=01

5462-02

SYABILITY AX]S SYSTEM EULER ANGLES-

AIRCRAPY INGRYIAL SPEEDs

11000404

167

THETAS®

4
=,0000

0!933'00

8074-05

1 3869-01

R
~,0000

=,36056#01

PH] 3653014



DENOMINATOR CHARACTERISTIC

ROOTS
REAL IMAGINAIKY
PARY PARY
-,8794-04 14909+00
-,0794-01 -,4909=00
«9304-01 1366700
«9304-04 =, 366700
~,26064°00 17518-04
-,2664~00 *,75108=04
", 449140} +0000
=,1139+04 10000
+0000 »0000
+0000 +0000
+0000 +0000
+0000 10000
NUMERATORS

(NOTE~ NUMERATOR ROOTS LESS TWaN 4,0E=7 TIMES TWE

LARGEST NUMERAYOR ROOT ARE NOT INCLUDED !N TWE BODE GAIN),
X( 1)=70=C( 1) NUMERATOR

ROOY LOCUS GAIN® ~,3350+00

BODE GAIN s =~,3728¢03

ROOTS
REAL IMAGINARY
PARY PARY
-,2690-00 +0000
-,9626-0% 1 3918«00
~,9626-01 ~,3918=00
-, 4734402 v0000
".4874"00 01'87001
-, 487400 ~,1087+04
' 1972¢04 «0000
+0000 ,0000
0000 10000
.0000 ,0000

168



st

X( 2)=T0=C( 1) NUMERATOR
ROOT LOCUS GAINs +4000%04
BODE GAIN = 0 2939+03

ROOYS
REAL IMAGINARY
PARY PARY
02”9'0’ .0000
«,7789=00 180408404
=, 7789=-00 =,8040¢04
'2947-00 10000
13744204 1444000
13744+04 «,4440+00
-,0025-00 10000
'.2’77'00 .0000
0000 «0000
+0000 «0000

Xt 3)=70=C( 1) NUMERATOR
ROOT LOCUS GAIN®  ,236140)
BODE GAIN s =,35063¢03

ROOTS
REAL IMAGINARY
PARY PARY
,1%592-00 »0000
", 4475404 10000
«,1152¢04 +0000
«,8737-0% +499%«00
*,8737-02 -.4’99-00
:91008-01 ' 3605%:00
»9108-01 «,3685=00
10000 +0000
»0000 10000
0000 +0000
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Xt 4)=Y0<C( 1) NUMERATOR
ROOY LOCUS GAINs 07432401
BODE GAIN @ 13361-40

ROOTS
REAL IMAGINARY
PARY PARY
03’22'0’ .0000
~,8006-00 »0000
-,2008-00 10000
*,01081-0% +0000
+6308-04 1440000
o.’°"°1 '.4‘00~00
' 3003-00 »0000
*,4099-09 +0000
*,1162-06 +0000
0314507 +0000

Xt 3)=70=C( &) NUMERATOR
ROOY LOCUS GAIN® ~=,4099-01
BODE GAIN &= =,4309¢01

ROOTS
REAL IMAGINARY
PARY PARTY
-,3290-00 9008404
»,3290-00 «,9004-0¢
-,9670-04 1395900
*.5670-08 =,3959.00
09145002 +0000
+8236-00 .0000
+4672-00 »0000
+0000 10000
+0000 10000
+0000 »0000

170



A L e

X( 6)=70-C( §) NUMERATOR
ROOT LOCUS GAINs =,08846¢04
B0DE GAIN = « 358102

ROOTS
REAL IMAGINARY
PART PARY
01‘03‘00 035.9'00
01103+00 -,3%89=00
'05175'01 .4029-00
'051’5'01 '0“25'00
-,4419+01 «0000
v,1167¢01 +0000
'05299'00 +0000
»0000 10000
»0000 0000
0000 +0000

X¢ 1)=70=C( 2) NUMERATOR
ROOT LOCUS GAINs +4075¢04
BODE CAIN = ~,5259+03

ROOYS
REAL IMAGINARY
PARY PARY
6783-02 +3045=00
16783-02 ~.3015+00
-.2596-00 ,0000
=.3575-00 ,0000
-,8231-04 12575404
-,8231-01 =,2575401
=13847-18 +0000
»0000 - 40000
»0000 ,0000
171



X( 2)=T0=C( 2) NUMERATOR
ROOY LOCUS GAIN® =-,3602¢02

BODE GAIN s 11730¢04

ROOTS
REAL IMAGINARY
PARY PARY
-,3009-00 0570‘001
-,3009-00 -,5704=04
-,3%561-00 172754014
»,3%961-00 -,7275404
-,8690-00 0000
+8706-01 1386200
,8706-04 -,3862«00
»0000 +0000
»0000 10000
»0000 10000

X¢ 3)=T0«C( 2) NUMERATOR
ROOT LOCUS GAINs ~,6067°01
BODE GAIN & 13748403

ROOYS
REAL IMAGINARY
PARY PARY
«7953=014 1379100
' 7953-04 «,3794«00
°,7309-04 1760000
-,7309-04 -,7600=00
1 3037¢02 12112402
+3037+02 ~,2112¢02
«,7498-00 0000
03’7"07 .0000
02502'07 0000
0000 10000
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X({ 4)=T0=C({ 2) NUMERATOR
ROOT LOCUS GAIN®s -,5928402
BODE GAIN = ~=,3216-03

ROOYTS
REAL IMAGINARY
PARY PART
2298-03 +0000
'.0684'00 .0000
-,2926-00 1643404
-,2926~00 *,6134004
0719-01 +3064-00
18749-014 -,3861-00
~,2708-04 10000
' 3725-08 +0000
0000 0000
+0000 10000

Xt 5)=T0-C( 2) NUMERATOR
ROOT LOCUS GAIN® =,6893°00
BODE GAIN = ~=,4455401

ROOTS
REAL IMAGINARY
PARY PART
“-,1143=07 10000
-, 3966+02 +0000
-,2040-00 0000
2141-00 «0000
+3260-01 13259300
1 3260-01 =,3233-00
~,3036-00 11485000
»,3036-00 ~.4485:00
,0000 0000
0000 0000
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X( 6)=T0=C( 2) NUMERATOR
ROOY LCCUS GAINs +1834¢Cy
BODE GAIN = + 3981402

ROOYS
REAL IMAGINARY
PARY PARY
-.2775-00 » 0000
»,21708+0% 114900014
«,2178¢04 -,1490¢04
-,7926-00 +0000
0126704 0000
,8381-04 +3859-00
80381-0¢ '03‘59'00
+0000 0000
» 0000 0000
0000 «0000

X( $£)=Y0eC( 3) NUMERATOR
ROOY LOCUS GAINs =,3452¢402
BODE GAIN = 1170904

ROOYS
REAL IMAGINARY
PARY PARY
-,2581-00 .’612.01
-,2581-00 7612014
~,2382-04 «524300
'023'2'01 '052‘3'00
-,4841¢01 »0000
-,8148-01 267304
-,8148-04 '02673‘01
»0000 »0000
0000 0000
0000 0000
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Xt 2)=Y0=C( 3) NUMERATOR

ROOY LCOCUS Galns
BODE GAIN = +3128+03

ROOYS

REAL

PARY
-.2100-02
-,2100-02
”.3051'00
*,3001-00

-,1490¢32
,4742-00
,4742-00
0000
+0000
»0000

=,1820¢04

IMAGINARY

PARY
022’2'00

'.2272'00

062‘3’01

-,6243201

0000
1563204

-,5632¢01%

0000
0000
0000

X{ 3)=Y0=C( 3) NUMERATOR

ROOY LCCUS GAINs
BODE GAIN = «,4740¢01

ROOYS

REAL
PARY
»,1844-04
-, 279102
-,5790¢0%
'.12‘5‘00
.OIZ‘S‘DG
» 3651-00
»3651-00
05217'07
*,5004-08

» 0000

1285700

IMAGINARY

PARY
3000
0000
0000
|673°'°°

'06’30'00

.1500'00

-,1800~00

0000
+0000
0000
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Xt 4)=T0«C( 3) NUMERATOR
ROOT LOCUS GAIN® =~,3979-00
BODE GAIN = =,5314-04

ROOTS
REAL IMAGINARY
PARY PARY
-,2487-06 ,0000
*,675%¢02 0000
12013-03 10000
-,2046-01 0000
~,2969-00 1653704
*,2969-00 -,6537-04
°,1504-02 1220200
-,4504-02 -,22082«00
*,1569-07 0000
19847-09 0000

X({ 8)=T0«C( 3) NUMERATOR
ROOT LOCUS GAIN®  ,7684401
BODE GAIN 8 =,2404=00

ROOYS
REAL IMAGINARY
PARY PART
«7222-02 1625801
1 7222702 ~,625804
°,4835¢04 0000
=,1369-04 1527400
*,1369-04 -,527400
»,2755-00 7610201
'02’55"00 '07610.01
v, 3725=-08 +0000
0000 10000
+0000 0000
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X{ 6)=T0°C( 3) NUMERATOR
ROOT LOCUS GAINs ~-,2824-014
BODE GAIN 3 16578401

ROOTS
REAL IMAGINARY
PARY PARY
.386%-02 12092000
«3865-02 -,2092»00
~,2900-00 » 0000
~,8167=-00 149504014
-,8167-00 -,4950+04
11947-00 ¢ 3183404
019‘7'00 '03103‘01
»0000 «0000
«0000 0000
+0000 »0000

X( 1)=70-C( 4) NUMERATOR
ROOT LOCUS GAINS »3360-00
BODE GAIN s 11293403

ROOYS
REAL IMAGINARY
PART PART
-, 4378-08 , 0000
-,4803+02 ,0000
-,1979=00 119641404
~,1979-00 ~,1964¢04
-,1420-00 v 3380=00
»,1420-00 -,3380-00
1992300 +0000
-,2155-00 10000
+0000 10000
0000 0000
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Xt 2)=Y0=C( 4) NUMERAT(R
ROOT LOCUS GAIN® ~-,1238¢02
BODE GAIN = =-,4005e¢02

ROOTS
REAL IMAGINARY
PARY PARY
' 5486-01 10000
*,1921+04 14448¢04
~,4921¢014 -, 4448404
-,8922-00 0000
1486704 13989200
14867-01 ~.398900
'02‘30‘00 0000
+0000 0000
0000 0000
0000 +0000

X{ 3)=T0~C( 4) NUMERATOR
ROOT LOCUS GAINs= +1084-04
BODE GAIN = ~,1972403

ROOTS
REAL IMAGINARY
PARY PARY
11047+00 + 368700
01047400 -,3687-00
-,86777-01% 4699«00
-, 8777-0% -, 4699200
~,1641+04 0000
~.3546+01 00000
-,1317+014 0000
» 0000 0000
+0000 0000
0000 0000
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X( 4)=70=C( 4) NUMERATOR
ROOT LOCUS GAIN® ~,7603+401
BODE GAIN = v1608-03

ROOYS
REAL IMAGINARY
PARY PART
v 2356-03 «0000
-,8916-00 » 0000
-,4922-00 888302
~,4922-00 -,8883«02
1 5431-01 1403500
+5431~01 =,403500
+2288-00 0000
+0000 10000
-,9443-08 1148707
-,5443-08 1148707

Xt 5)=70-C( 4) NUMERATOR
ROOY LOCUS GAIN= 1227402
BODE GAIN = '7274~-00

ROOTS
REAL IMAGINARY
PARY PARY
+8562-08 10000
1330404 0000
~,3396-00 »3418«04
~,3396-00 =1 3418~C4
-, 7395-014 03599.00
-,7395=-01 -,3599¢00
+ 3469-00 + 304900
+3469-00 -,304900
0000 0000
+0000 »0000
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Xt 6)=T0«C( 4) NUMERATOR
ROOY LOCUS GAINs 6680404
BODE GAIN = ~,1990402

ROOTS
REAL IMAGINARY
PARY PART
-,5501-014 « 457500
-,5501~0¢ -,4575=00
0107100 ' 3974=00
1107400 -,3571-00
-, 4399404 ,0000
“,1167+04 0000
«,2743-00 10000
+0000 +0000
»0000 »0000
0000 10000
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SIKORSKY S=S8 WELICOPTER  MAY 4970  MOST: -2 ~FZ|VATIVES,
CASE ¢ SPEEDs 33,8 FT/S8Ec, ™ DOTs 0,0 " "/5-7., GAvMAs 0,0 DEG,
GROSS WEIGHTs 11867 LB, SEA LEVEL DYNAMIC 74P LOSSES (VYES),

STABILITY DERIVATIVE MATRICFS»

u ) W P 2] R
X =,9653401 =,5824-00 =,5984-00 <=.7493¢03 ,916440 +,171%402
Y 02270401 =,182%¢N2 = ,1675¢01 <+,9%67403 ~,75n9¢Q3 12915003
2 ~.7055402 ~,2531401 +,1400403 =,6169¢02 14244403 18818403
L 11999402 -,1389403 <= ,1578402 ~,1597405 ~=,109640% 11331004
M 11106403 + 1869402 12567402 11116405 +,1703¢0% 116015403
N =:1277+03  ,2049¢403 =, 8977¢02 «,1703¢04 +=,1522¢02 +«,10449008
U JoY vV DOY v DOY p pOTY @ noY R DOY
X =.7224-04 ~-,3355-03 ~,6426-02 =-,1800402 =~,10r3¢02 ,5891-014
Y -.8‘6"0‘ 06699'01 03183.01 11041402 '01792‘02 '02258‘01
4 11516-04 ~-,7854-03 +9308-03 12851401 +125301 397404
L =.8726-03 ,3079-00 429300  ,2682+404 <=,31R9¢03 -,1594¢02
M =,5760=02 =,5284-01 =,1234+00 13203403 2678004 116794014
N +4573=03 -,2223¢01 ~,1181-01 ~,2651¢402 =-,36n7¢Q0?2 17608402
ct 1) c( 2) (S S D) C( &)
X =,1307+04 -,565n¢03 11248405 -, 41} 92
Y -0897°‘°3 01257‘05 .6130‘03 0‘11 24
2 =~B3R4e05 1664Re02 5002406 ~,4427¢02
L =.8364+04 :1887+06 11246404 11894005
M 12752405 - ,9320403 +»,1889406 «,3018en4
N 01699‘06 .015‘1"04 03700"0‘ '01365“16
THE INERTIA TENSOR
15916+04 »,3141-06 16027403
-,3141-06 1275005 +18774=-08

TRIMMED VELOCITIES WITH RESPECT YO OVERALL VEWICLE REFERENCE AXES~

U Vv w P e} R
3378402 -,4910-09  ,1186401 -,0000 ,00n0 «,0000
TRIMMED ITERATION'COLUMN VECTOR, TE=
,2506-00 =-,1570-01  ,2278-01 ,1559-00 ,3507-0{ «,2919-01

181



DENOMINATOR CWARACTERISTIC

ROOTS
REAL IMAGINARY
PARY PART
-,38%2-00 7000
'.1970'00 .0000
0 6132-01 » 3335-00
,6132-01 *,3335-00
-,14641-00 +7300=00
-,1464=00 =,7300=-00
-, 4759¢01¢ +0000
-,1155¢04 0000
,0000 +0000
0000 0000
0002 0000
» 0000 « 2000
NUMERATORS

(NOTE~ NUMERATOR.ROOTS LESS TWaN §{,0E=? TIMES THE
LARGEST NUMERATOR ROOT aRE \OT INCLUDED IN TWE BODE GAIN),
X({ 1)=T0-C( 1) NUMERATOR

ROOT LOCUS GAINs  ,3367401

BODE GAIN = =,4035+403

ROOTS
REAL IMAGINARY
PARY PARY
'0123"00 .nDOD
» 3491=00 3839404
. 3494-00 -,3839+0¢
-,2247=00 01124401
'02247'00 '01124*01
-,3377¢04 0000
-,3904-00 0000
,0000 « 0000
. 0007 «N000
. 0000 »0000
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X( 2)=70=C( 1) NUMERATOR
ROOT LOCUS GAlMs 267101
BODE GAIN = «2346403

ROOTS
REAL IMAGINARY
PARY PART
05‘65'01 00000
'90830‘02 .0000
-,5492¢014 +0000
-,1283+01 0000
14066-01 13934000
4066-01 -,39034<00
-,4388=00 ,N000
,0000 ,0000
. 0000 ,N000
, 0000 0000

X( 3)=T0~C( 1) NUMERATOR
ROOT LOCUS GAINs  ,2275403
BODE GAIN = <+.2136403

ROOTS
REAL IMAGINARY
PART PARY
-,1829~07 «N000
-, 4693404 ,0000
~»1559-00 0000
«5818+01 12720800
+5818«01 =,2728=00
=.1810=00 16676=00
-,1840-00 -, 6676=00
~,9168~00 0000
.0000 ,0009
0000 «N000
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X¢ 4)eT0=C( §) NUMERATON

ROOT LOCUS GAjNs 18194004
BO0E CAIN & 02046-03
REAL IMAGINARY
PARY PARY
-,13%7=06 0000
-, 187804 0000
-,7030-00 «0000
-,4967=00 +N000
-,9780=0% » 0000
1155901 +0000
764804 +44080-00
1 764%5=01 -,4180+00
-,5658=07 0000
1103407 0000

X( 5)=T0~C( 1) NUMERATOR
ROOT LOCUS GAINs =-,1057+0%
BODE GAIN =  =,8069-00

ROCTS
REAL IMAGINARY
PARY PARY
.02’.0.07 .0000
-,4107=00 «0000
=,1142¢00 01700'00
*,1142¢00 =,1780«00
v4724-00 »0000
-,3502¢04 «N000
-,159%-00 01345014
-,499%5-00 =,334%5¢014
0000 +1000
0000 02000
184
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Xt 6)=70=C( 1) NULNERATO®
ROOY LOCUS GAINe «,790300%
B0DE GAIN o 02709002

ROOTS
REAL I¥aGINARY
PARY PARY
110R600 03764000
04408400 *, 37044090
! °,7664-04 16073000
-,76064-014 -, 4073400
*. 4722404 +0000
-, 1199404 +N000
-,457%=00 0000
' ,0000 0000
«0000 'N000
»0000 +0000

X( 1)=T0=C( 2) NUMERATO®

ROOT LOCUS GAINs  ,4417+03
BODE GAIN = =,6044403

ROOTS
| REAL . 1MAGINARY
PARY PARY
=,14%4-00 «N000
.02“9"02 .0000
«,7044~04 12564401
-,7044-04 -,2504+0%
«,1753=90 1560100
«,1753=00 -,5601-00
-,3807=00 » 0000
u 0000 0000
Y +0000 v3000
+0000 «0000
“ 185
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NG 2)eTAC( B) WHERATOS

ROOT LOCUS GatNe
000C GAIN o  ,3640¢0¢

RoOYS

REsL
PARY
04004400
04034400
'0,0”'00
-,743%9-00
-,743%-00
=,1032¢04
,1032404
1 1299-07
,0000
+0000

..,”‘001

IMAGINARY

PAR?Y
1330900

07430404

'."’.‘ot

+N000
10000
10000

X¢ 3)=T0=C( 2) NUMERATOR,

ROOT LOCUS GAINs
BODE GAIN = 4643403

ROOTS

REAL .
PART
'.1453'00
'0‘493'00
'1424-02
1142402
-,41294¢02
-,1294402
-,2217-00
+0000
.0000
.0000

'.‘361.00

IMAGINARY

PARY
057"'00

*:5796+~00

03’72'00

'.3”2'00

« 3738402

=,3738¢+02

0000
»0000
+0000
»0000

186



i e

X( 4)=70=C( 3) NUNERATOR
ROOT LOCUS GAlve <=,50890402
80DC GAIN & ,3640-03

ROOTS
REAL IMAGINARY
PARY PARY

-,9947=-09% ,0000

i '.3317'00 .0000
) 04043400 0303700
{ © +4043¢00 -,3837=00
i -,2%66~00 1527400
} -,2566-00 =,85274=00

| -, 954400 . 0000

.0000 ,0000

-.1258-07 . 0000

,85472-08 ,0000

X( 5)=T0=C( 2) NUMERATOR
ROOT LOCUS GAIN= =-,793%-00
BODE GAIN = --1034¢0i

’ ROOTS

REAL IMAGINARY
I PARY PARY

I '01‘64'00 01’15.00
-,3464=00 =,1915=00

-,3587-00 +0000

01557‘00 00000

-,3346+02 +0000
-,1944=00 +5305=-00
-, 194100 -,%305=00

+0000 +0000

+5986=07 0000

'1790-07 +0000

187




NC 0)eT0=C( 3) NUNERATOD
ROOT LOCUS GANe  ,367%¢0%
0008 GalIN © 3944002

ROOYS
REAL IMaGINARY
PARY PARY
.Ot“’ﬁt .!7!0-00
034004 =,3744200
*, 324800 N000
*,3092¢01% +0000
,1929¢04 14822404
=,4929¢04 -,4222404
1139600% 10000
0000 +0000
0000 +7000
0000 +0000

X( 1)eT0=C( 3) NUMERATOR
ROOY LOCUS GAINs =,3402¢02
BODE GAIN = 01937404

ROOTYS
REAL IMAGINARY
PARY PAR?T
«,2030-00 0000
«,3789-00 » 0000
-,1284-00 0729100
-,1281-00 -,7291-00
'05025001 onooo
-,6042-01% 02674001
-,60642-01 =,2674401
.0000 «"000
+0000 »J000
.0000 + 3000

188



Ne 8)eT0sC( 3) NUNERATOS

ROOY LOCUS SalNe «,800%003
B00E GaIN o  ,278000)
ROOYS
L, {18 §%aginaRY
PANY PARY
*,1392000 009704
*,$192000 °,8097+04
*,8900-00 992200
-, 390000 *,9022-00
e, 10."02 0 0000
503400 06207604
15034-00 °,6207404
bl o"”‘O’ 0000
0009 1000
,0000 + 7000

X¢ 3)=70-C( 3) NUMERATOR

ROOT LOCUS GAINs <=,1356402
BODE GAIN = ~,9398+03
ROOTS
REAL IMAGINARY
PARY PARY
'019‘0'00 .0000
9752=02 1824400
9752=-02 -,08244-00
-,1278=00 1729900
-, 1278=00 -,7299-00
11922402 +N000
-,5004+01 2000
+0009 » 0000
,0000 0000
0000 +0000
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Xt 4)=T0=C( 3) NUMERATOR
ROOT LOCUS GAJN= =,1109+01

BODE GAIN = +1017+02
ROOTS
REAL IMAGINARY
PART PART
0190‘“09 » 0000
-,2855=06 + 0000
’02369*02 00000
=~,174%-0C «86772=00
-.1745=00 =,6772=00
,0000 «NQ00
-,6513-00 « 0000
02182'00 + 0000
-,1481-00 + 0000
«3391~08 » 0000

Xt 5)=T0=-C( 3) NUMERATOR

ROOT LOCUS GAIN= 2 7594+01
BODE GAIN = 12862~00
ROOTS
REAL IMAGINARY
PARY PARY
=,7623=01 . 0000
~,5018+01 0000
-,1254-00 727900
-,1254-00 ~,7279=00
-,3053-00 . 0000
-, 2668-00 , 0000
+5894-01 . 0000
«1035=06 . 0000
+1594-08 .N000
-,8382-08 . 0000

19C



%E 0)eT0=Ct 3) NIMENATOR
ROOT LOCUS BaINe =,3424-00
000L RAIN o =,9007008

NOOTS
REaL INagINARY
PARY PARY
,4438¢00 10000
3042004 00000
-, 393400 0908600
*, 393400 «,9000-00
11907003 11744004
01907004 *,3744004
05069-00 +0000
+0000 10000
+0000 7000
+0000 +0000

X( 1)=70=C( 4) NUMERATOR
ROOT LOCUS GAINs 1455800
BODE GAIN = ,1365+03

ROOTS .
REAL IMAGINARY
PART PART
-+1122400 /0000
-,3347402 10000
~,1431-00 11991401
~11433-00 =1199140¢
11534+01 10000
-+9065-00 +0000
-,3827-00 10000
,0000 10000
10000 10000
+0000 10000

191



Nt 29e70eC( ) WNERATOR
ROOTY LOCUS SaJNe <=,3130008
0008 6GalN o 0307708

R0378
L {18 I1%aginaRY
PaARY POR?
e
e, ¢
'0’.".0‘ o:m
LY 30004 ooogo
400404 3074200
0 ..".o‘ o, ”".oo
«, 374700 +N000
+0000 +0000
+0000 +0000
+0000 +0000

%¢ 3)eT0=C( 4) NUMERATOR
ROOT LOCUS GAINs  ,665n-03
BODE GAIN & «,3446¢03

ROOTS
REAL IMAGINARY
PARY PARY
01‘5"07 .0000
-,205%¢03 +£000
762n=00 12440601
«7620=00 -,2440404
v1260-01 1400300
«1260~01 -,4003=00
-,8290-00 +0000
-,2454-00 +N000
,0000 00000
+0000 0000

1%



X( 4)=T( -C( 4) NUMERATOR
ROOT LOCUS GAIN= =,703340%

BODE GAIN = =,1349-03
ROOTS <
REAL IMAGINARY
PART PARY
-,9690=-05 » 0000
-,9714=-00 1690601
-.9714-00 ~.6906=01
-.3633=-00 »N000
9662-00 «N000
07641'01 03902'00
7641-01 -,3902«00
0009 «ND00
-.1146-07 0000
-,232R=(8 0000

X( 5)=-T0=C( 4) NUMERATOR
ROOT LOCUS GAINs ,3127-01

BODE GAIN = +3863-00

ROOTS
REAL IMAGINARY
PARTY PARY
-,3746-00 «N000
-,1124+00 »1916=00
-,1124400 -.1916=00
,2157=00 « 0000
. 784n+02 .000¢C
v1111+01 «0000
-,9462=-00 0000
'03“6'07 10000
277207 » 0000
03492'08 90000

193



X¢ 6)e70eC( ¢) NUMERATOR
ROOT LOCUS GAINs 6130401
BODE GAIN & «,1324402

ROOTS
REAL IMAGINARY
PARY PARY
. ‘11“00 . 35‘1'00
11484000 =,394400
", 7323°04 14954500
-,732304 «,4945<00
e,407440% 10000
c,1146404 10000
%,3074=00 10000
»0000 +0000
0000 10000
+0000 +0000



.!KGI.IV 8-850 MELICOPTEN

9P880e 67,0 PY/8¢C,

.lﬂ'l vEituTe 11067 LB, 8
STABILITY DERIVATIVE MATRICES..

t & {ad L 3

EBF-N<x

X
Y
L
N
N

v

1974004

2004-03
"mg-gs
'o.”

i

v
i
-:!::0001
.."0.00’

04080002
18060003

v 00Y
*,4000-03
00303-04
'o".""
0302400
.."‘ .0‘
«,842000%

ct 2
=,5930¢03
11290009
01440002
106900
13494004
*,4226004¢

»AY 1970

08TaR-8 DERVATIVES,
¥ 00Ye 0,0 FY/88C,

Ghunpe 0.0 0geé,

s LEVEL DVNANIC 1P LOSSES (vES)
v [
*,0070-00 -c7300003 ’05800‘
ol?l‘ooi ;oldooo 344e9)
°,2110¢0 447¢03 .n«oos
, 9974004 -.10.!005 ’:loos
0194602 ,1067¢09 'ot 009
®,8049¢03 «,4142¢04¢ 14198006
¥ 007 P poY 0 n0Y
*,4070°014 <«.2003¢02 «~,970n%04
.ltt;-o 0808"03 '0333.‘02
13087 14089004 3937-04
11800004 2078004 .S!!Ooos
*,4040¢00 3644003 12070006
0,4404°08 <,3%509¢02 ~-,3420002
ct s Ct &)
.t 39403 «,35079¢02
10939403 3940004
04492409 «,59¢3¢02
13809904 1000409
0,4072000 -,273%¢04
04400409 +,1340006
19914604 1197406 09174003
0397406 ,2750¢40% <~,3762-08
03174603 +,3702-00 0 2307¢09

*, 3324002
14299403
10000003
14709004
130470603

*,4490008

R DOY

*, 3737204
*,8147004
1046904
°, 2907004
12729003

.7!.'003

TRINNED VELOCITIES WITW RESPECT TO OVERALL VEMICLE REFENENCE aXES~

v
10777002

v
1893309

TRIMNED ITERATION COLUMN VECTOR, TE-

A8ILITY ANIS SYSTEN EULER ANGLESe

4 FY INERTIAL OPEEDe

® “’.’o‘

W P A
12040008 ~,0000 0000
«4196-04  ,9060-03 ,3099-0%

THETAS 396409

10700002

195

=,2046-03



DENOMINATOR CWARACTERISTIC

ROOTS
REAL IMAGINARY
PARY PARY
,1440-00 « 0000
«,5078404 +0000
-,4792-00 0000
+8464-01 13743200
+8464-03 «,3743=00
-,239%-00 19853200
-,239%-00 =,9893+00
-,1332408 +0000
»0000 «N000
»0000 10000
0000 «0000
»0000 10000
NUMERATORS

(NOTE= NUMERATOR ROOTS LESS TWAN 1,0E=7 TIMES THE

LARGEST NUMERATOR ROOT ARE NOY INCLUDED IN THE BODE GAIN),
X¢ 1)eT0=C( 1) NUMERATOR

ROOT LOCUS GAINs 7046404

BODE GAIN = =,2900403

ROOTS
REAL IMAGINARY
PARY PARY

1836407 »0000

-,46608-00 +0000

'077‘6.01 «0000
-,1802-00 11249404
-.1802-00 *,1249¢0¢
=.1109+00 13091404
-,4109+00 =,3091+04

»,95173+04 +0000

»0000 »0000

0000 10000
196
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X( 2)=70=C( 1) NUMERATOR

ROOT LOCUS GAINs , 1452404
BODE GAIN s 12246403
ROOTS
REAL IMAGINARY
PARY PARY
1 4377=04 10000
-,249%¢03 +0000
-,5046¢04 10000
=,18084001 10000
19900804 14443000
1 9908=04 *,4442000
=,5004-00 0000 ’
,6978=008 10000
»0000 »0000
, 0000 +0000

X( 3)eTO=C( 1) NUMERATOR

ROOT LOCUS GAINs 12497403
BO00E GAIN s ~,3062403
REAL IMAGINARY
PARY PARY
-,1290-00 10000
-,5090+04 »0000
-,4103-00 o”’1.°°
-,4403-00 «,99%4=00
-,54085%5-00 10000
1194200 14060«00
+1942-00 -,4068=00
+0000 »0000
:9300-00 »0000
+ 0000 10000

197



X( 4)eTH=C( 1) NUMERATOR

ROOYT LOCUS GAINs
BODE GAIN s =,6850~04

ROOTS

REAL
PARY
'03720'07
-, 3728-07
01702'05
‘..3"‘0‘
e,1043601
-,5121-00
13342404
+4564-00
«1961-00
v1630-07

1985900

IMAGINARY

PARYT
.1630'07

=,1830=-07

0000
0000
+N000
10000
+0000
0‘7‘1'00

-,4741=00

0000

X( 5)eT0=C( 1) NUMERATOR

ROOY LOCUS GAINe

=,4049¢0%

BO00E GAIN = =,3928~00

ROOYS

REAL
PARY
-,8877-01
'o..”‘ﬂl
012"'00
-,5158¢01
-,1642-00
=,1642-00
-,4731-00
02037=06
=,8527=07
0000

IMAGINARY

PARY
0133"00

=:11334<00

+"000
+0000
11339404

-,1339404

+N000
+N000
+7000
«N000

198



X( 6)=TN=C( 1) NUMERATOR
ROOY LOCUS GAINs =,5444401

BODE GAIN = +1920+02

ROOTS
REAL IMAGINARY
PARY PARY
-,7704-01 05296'00
-, 7704=014 =:5296-00
v1727-00 14036=00
01727.00 '0‘036'00
-.50085401 + 000
'0171°‘01 + 2000
-,5054-00 » 0000
01063-08 +1000
0000 0000
0000 +9000

Xt 1)=T0=C( 2) NUMERATQR
ROOT LOCUS GAINs , 4874401
BODE GAIN 3 =,5007403

ROOTS
REAL IMAGINARY
PARY PARY
-,118%-06 «7000
=-,2568¢02 2000
-,4723-01 1251704
-,4723-014 =12547¢014
-,3076-00 ngOQ.OQ
=,3076-00 -,9004=00
-.5643-00 0000
-,8700-01 « 2000
.000n » 000
. 000¢ + 0000

199



X( 2)=T0=C( 2) NUMERATOR
ROOT LOCUS GAINs =,3347402

BODE GAIN = ,1374404

ROOTS
REAL IMAGINARY
PARY PARY
+13%50-00 1320100
+4350-00 -,3201-00
=,3448-00 +0000
-,1524¢04 07349404
-,41921+404 =.7349¢(04
-,0010-00 '7997«00
-,09108-00 =,7997«00
-, 1863-00 «0000
10000 « 0000
+0000 « 0000

Xt 3)eT0=C( 2) NUMERATOR
‘ROOT LOCUS GAINs +,2084-00
BODE GAIN =  ,2005+03

ROOYS
REAL IMAGINARY
PARY PARY
0 3304-04 1234200
+ 3304014 -,2312=00
-,4011-00 +0000
~,1402¢02 17793602
=,4102402 -, 7793402
=,3020-00 A987-00
«,3020-00 -,8987-00
02469-00 10000
10000 10000
+0000 +0000

i kel



X( 4)=T0=C( 2) NUMERATOR
ROOT LOCUS GAINs =~,5790¢02
BODE GAIN = =,1124-03

ROOTS
REAL IMAGINARY
PART PARY
«5002-09 1 3186=07
05002-09 '031'6-07
01662-05 + 0000
-,3495%-00 +A906=00
-, 3498-00 =,A906¢00
v1560-00 14125=00
«1560~-00 =,4425-00
-.1228401 +0000
-, 3694-00 0000
-,6985=-09 0000

Xt 5)=T0=C( 2) NUMERATOR
ROOT LOCUS GAIN= -,923A-00
BODE GAIN & =~,6447-00

ROOTS
REAL IMAGINARY
PARY PART
-,1057+00 1136900
-,1057+00 =,1369«00
11244400 »0000
-,5239-00 0000
-,2768+02 0000
‘03207'00 .0"6'00
-,3207=00 -,8896=00
.2980-07 0000
'01"0.0’ +0000
0000 0000

201



X¢ 6)=T0~C( 2) NUMERATOR
ROOT LOCUS GAINs 1450404
BODE GAIN s v 3152402

ROOTS
REAL IMAGINARY
PARY PART
«1068+00 1421200
» 1065400 ~,4212-00
-,3564~00 0000
'02’0"01 10000
«.9844-00 11801+0¢
'.9341'00 -,1801+01
+1827404 0000
0000 0000
.0000 » 0000
+0000 » 0000

¢ 1)=T0=C( 3) NUMERATOR
ROOT LOCUS GAINs «,3372402
BODE GAIN = ,1531404

ROOTS
REAL IMAGINARY
PARY PARY
-,4410-00 » 2000
-,5665-00 » 0000
-,2090-014 02642004
-,2090-04 =,26042401
'0’272‘01 «0000
-,2547-00 04002404
-,2547-00 =:1002¢0¢
*,109206 »0000
141944 10000
+0000 »0000

202



X({ 2)=T0=C( 3) NUMERATOR
ROOT LOCUS GAIN® =,2344¢01

BODE GAIN = v 1957403
ROOTS
REAL IMAGINARY
PART PARY
-, 934804 0000
-,1409-00 0000
,6072¢01% + 3053004
60724014 =,3093¢014
~,673%8404 «0000
«2415=00 11164408
1 2415-00 *,3164404
0 1107=0A 0000
+0000 7000
0000 000

Xt 3)eTO0=C( 3) NUMERATOR

ROOY LOCUS GAINS «,3941¢02
BODE GAIN 8 =,2374403
REAL IMAGINARY
PART PAR?
0160-02 v2071=00
10460-02 *,2074»00
'01‘10'00 .COOO
11220002 »0000
=,9247¢01 000
-,2570=00 11004004
-,2570-00 *,1003¢04
'033‘.'07 0000
»0000 »0000
0000 0000



Xt 4)eTO=C( 3) NUMERATOR

ROOT LOCUS GAINs «,168940¢
BODE GAIN s 0177404
REAL IMAGINARY
PARY PARY
'.7“6'0‘ .0000
06’23'06 00000
'1768=05 10000
'.1521‘02 10000
-,4543-00 11092404
-,1943-00 =,1052+0¢
-,1020¢04 +0000
v1661-00 + 0000
-,1409-00 » 0000
14730=09 +0000

X( 8)=T0=C( 3) NUMERATOR

ROOY LOCUS GAINs 7516404
BO0DE GAIN = 19952-04
REAL IMAGINARY
PARY PARY
~,2092-07 0000
=,9263¢04 0000
-,2570-00 11005404
=+2570-00 =,4005¢0¢
13821-01 0000
-,529200 10000
-,1440-00 N000
-, 5673-01 +0000
1414009 1000
0000 0000

20l



X(C 6)=T0=C( 3) NUMERATQOR

ROOT LOCUS GAINs =,6051-00
BOOE GAIN = =,7263=-04
REAL IMAGINARY
PART PARY
+1493=04 000
-,1409-00 0000
2242-00 0000
~,4299-00 +7420»00
'012’9'00 '07120'00
-,4808+01 0000
2592=00 12631404
«2592-00 ©, 263104
+0000 +0000
0000 0000

Xt 1)=T0-C( 4) NUMERATOR
ROOT LOCUS GAINs 1337800

BODE GAIN s 19187402

ROOTS
REAL IMAGINARY
PARY PAR?Y
-,2370-06 +0000
-,2715¢+02 +0000
-,1245+00 12064404
«,124%¢00 =,200440%
-,5612-00 +0000
«10808¢03 0000
-,1373+0¢ +0000
-,7301-04 +0000
+0000 +0000
»0000 +0000

205



XC( 2)=T0=C( 4) NUMERATOR
ROOT LJ%US GAIN® «,1004¢02

BODE GAIN s ,3372+02

ROOTS
REAL IMAGINARY
PARY PARY
'0‘0”.01 03000
.03352‘02 .9000
=,95957¢04 «"000
=,1336¢0% 00000
«9648-04 1403500
«96408-01 -,4035-00
-,4224-00 0000
+4502-08 0000
+0000 0000
+0000 + 7000

X{ 3)=T0=C( 4) NUMERATOR
ROOT LOCUS GAINs +1327-00
BODE GAIN s =,5306¢02

ROOTS
REAL IMAGINLRY
PARY PARY
-,1639=00 « 2000
+3417-014 2243700
0341701 -,2437=00
'01’21003 .0000
2077403 12645401
2077401 12645401
-,1378¢01 »0000
+1205-07 »0000
»0000 «2000
.0000 »0000



X( 4)eT0=C( ¢) NUMEPATOR
ROOT LOCUS GalNs =,677R401

BOOF GAIN s 02911-04

ROOTS
REAL JMAGINIRY
PARY PARY
8643-08 0000
‘01385‘01 on°ﬁ0
-,1263¢0% «*000
.03911'00 0”000
01696=0% + 3000
11300001 « 0000
«13R2-00 1420400
01302'00 -,4204209
. 1222-08 +2000
-,46%7=-09 000

X( 5)eTO=C( 4) NUMERATOR
ROOT LOCUS GAiNs  ,1853-01
BODE GAIN s ,1669-00

ROOTS
REAL IMAGINARY
PART PARY
-,9674=01 11432200
-,9676-013 -,1432¢00
2 1400-00 N000
01367403 v 2000
-.1370¢01 2000
01695401 + 7000
-,5172-00 +0000
«6243-08 0000
055‘5'07 .0000
-.21%2-07 0000

207



Xt 6)eT0=C( 4) NUMERATOR
ROOT LOCUS GAINs  ,586r04
BODE GAIN 5= =,3484-04

ROOTS
REAL IMAGINARY
PARY PARY
14269-05% « 1000
-, 4987404 +0000
-.1339001 + 1000
-,4057=-00 10000
-,6025%-04 14762-00
-,6255-04 =,4762-00
01“3.00 03657.00
11443-00 =,3657-00
0000 +0000
10000 +0000

208



SIKONSKY $=98 WELICOPYE®

CASE A

SPEEDe101,9 FY/8E",
GROSS wFIGHTe 11867 L0,

“AY 1970
SEs LEVEL

W DOTs 0,0 FT/SEC,

STABILITY DERIVATIVE MATRICESe

ZBFFN<X ZEIrN<x

Z X2TrN<C<Xx

THE INERTIA TENSOR

Y
*,4249¢02
11444008
*,1933¢02
11947402
9787402
-,8480%02

v coY
+4036=03
-,1300-02
1244704
..‘o".°1
14540-02
14701-02

ct 1)
=, 2780004
=,2753403
'0101..0‘
16799404
18693408
19416403

v
*,3012-00
°,321%¢02
=,394%¢04
e,168%¢03

11748002
13442003

v %Y
-,0262-03

709004
=,349802

.3.’3000
=,9106-04¢
=,2340¢04

c¢ 2
-,003%¢03
14249408
3713004
0 186%¢06
13824404
14836003

v

*,4394=00
°,4778¢034
*,2424403
B489e04
17047402
v,2004¢03

J DOT
'.2’."0‘
0 7743=08
1233702
12024404
0,4486°04
=, 7291-04

ct 3)
11233405
79608403
12459408
12409004

*,1931¢06
12798409

19900004
+7858=07
12870003

[
©,7289¢03
*,41340¢4
'0.1"‘0’
*11709¢05

1407003
=,99529¢0)

P pOY
12109092
1403802
14320004
12079404
1 3902¢03
=,2902¢02

Ct &)
*,020%¢02
14423404
o, 8160002
1234399
=:3024¢04
=,146%5¢06

1789807
12750409
'oto“.oo

nosTAB«8 DENIVATIVES,

GAmMvAs 0,0 DRG,

OVYNAMIC TIP LOSSES (VES),

(]
1046004
'o*t’..o,
o, 5400004
'010‘2‘09
=,2049¢0%
12312404

0 noY
.o”".O’
'.207.007
*, 360000
v, 3302403

12060004
'.‘1""02

120700693
=,1044-10
0230.00’

R
e,6073002
5373003
19029403
12803004
19496003
°,4891409

R DOY
*,3242-00
-, 2230004

.’,,..o‘
13109002
17202404
180095002

TRIMMED VELOCITIES WiTW RESPECT YO OVERALL VEWICLE REFERENCE AXES~

y
11015403

v
1 3693-09

W
« 1695004

TRIMMED ITERATION COLUMN VECTOR, TE~

STABILITY AX1S SYSTEM EULER ANGLES-
AIRCRAFY INERTIAL SPEEDe

12280-00

'01659'01

. ”,..01

11015403

209

4
-,0700

1760201

Tw". L 4 . "t..o’

A
.00n0

«1649<01

-11744<03

PHl «,1744e04



OENOMINATOR CHARACTERISTIC

ROOTS
REAL IMAGINARY
PARY PARY
-,1177¢00 +0000
«,51940014 +2000
=,5767=00 0000
.5800~04 1323500
+5800-04 -,323%5=00
=,3234-00 11220004
-,3234-00 =,1220004
-,342140¢ +0000
0000 +0000
»0000 +0000
+0000 10000
10000 0000
NUMERATORS

(NOTE= NUMERATOR ROOTS LESS THAN $,0E*7 TIMES THE

LARGEST NUMERATOR ROOT ARE NOT INCLUDED IN THE BODE GAIN),
X( 1)eT0=C( 1) NUMERATOR

ROOT LOCUS GAIN®  , 7691401

BODE GAIN s =,7995403

ROOTS
REAL IMAGINARY
PARY PARY
-, 0357=04 10000
-,2940-00 11382404
-,2940-00 -,13824014
=,6406-00 +0000
107400 0307204
+1874=00 =:3872¢04
'0’.03‘01 »0000
»0000 +0000
0000 +0000
+0000 +0000

210



Xt 2)=70=C( 1) NUMERATOR

ROOT LOCUS GAINs 993400
BODE GAIN s ¢ 1511403
REAL IMAGINARY
PART PART
12508-01 +0000
-,4199+03 10000
-,4331¢014 0000
'03165‘01 .0000
01507'00 0".”0'
«1507-00 -,4307+00
-,4237-00 10000
. 0000 »0000
» 0000 0000
. 0000 0000

X( 3)=Tn=C( 1) NUMERATOR

ROOT LOCUS GANs 12762403
BODE GAIN s =,3138+03
REAL IMAGINARY
PARY PARY
-,3064-07 0000
=,5279+01 +0000
-.4711-00 013474014
-.4711-00 =11347404
-.3225-00 +0000
»4133-00 1 3032-00
+4133-00 =,3032-00
=.1080+00 +0000
»0000 0000
0000 0000
211



X( 4)e70=C( 1) NUMERATOR
ROOT LOCUS GAIN® «,1232¢0%
BODE CGAIN 8 <,43134-10

ROOYS
REAL IMAGINARY
PARY PARY
-,4890-06 20000
'0172"0’ + 0000
.20%7-00 1453100
+2057-00 «,4534=00
=,3939-00 »0000
12060404 1 3743404
+ 20604014 *,3743¢01
-,1373¢04 +0000
-,9211-08 «0000
7244-00 +0000

Xt 9)=T0=C( 1) NUMERATOR
ROOY LOCUS GAINs =,350440%
BODE CGAIN s =,2725-00

ROOTS
REAL IMAGINARY
PARY PARY
,0097=01 +0000
-,0296-01 +8260-04
-,0296-01 -,0260-04
-,98564¢404 »0000
-,2060-00 01498404
-,2060-00 *,14504014
-,9970-00 . 0000
-,1490-07 +0000
o“”'ﬂ’ « 0000
»0000 »0000
212
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X( 6)=T0=C( 1) NUMERATOR
ROOT LOCUS GAINa «~,4072¢01
BODE GAIN = +1563¢02

ROOTS
REAL IMAGINARY
PART PARY
'01010*00 05656'00
-,4010+00 -,95656=00
'2347-00 +3613-00
2347=00 =,3643-00
-,5185+01 0000
-,2582+01 »0000
-,4047-00 0000
1232809 0000
0000 0000
+0000 0000

X¢ 1)«T0=C( 2) NUMERAYOR
ROOY LOCUS GAIN®  ,5057¢01
BODE GAIN s =-,6235¢03

ROOTS
REAL IMAGINARY
PARY PARY
'06‘22‘01 .0000
=,2442402 + 0000
-,9987-01 12525404
-.9987-01 -, 2828404
-,4033-00 11202404
«,4033=-00 =,1202¢0¢
-,6682=-00 .0000
0000 +0000
0000 «0000
0000 0000

213



Xt 2)=T0-C( 2) NUMERATOR

ROOT LOCUS GAINs
B0DE GAIN s ,1414404

ROOTS

REAL
PARY
11073400
01073400
=,2094-00
’01230001
=,1230¢4014
=,4016¢01
=,41016404
10000
0000
»0000

'.3544002

IMAGINARY

PARY
12999400

10000
07398404

'073,500‘

0129704

*,1297+04

«N000
0000
0000

Xt 3)eT0~C( 2) NUMERATOR

ROOT LOCUS GAIN=
BODE CAIN = ,1176+03

ROOYS

REAL
PARY
'07’12.07
-.3110-00
-.3116-00
~,4045-00
-.40‘5‘00
:2088=04
02.53'01
»,1397=-00
,0000
0000

-,49%2-00

IMAGINARY

PARY
0000
11146403

14446403

11196404

=:1196404

11304=00

*14304000

+0000
10000
10000

21k



X 4)=T0=C( 2) NUMERATOR
ROOY LOCUS GAINs «,5779002

BO0DE GAIN & ,144n-0)

ROOTS
REAL IMAGINARY
PARY PARY
1289707 00000
=,1603-05 «0000
=,4366-00 142040014
=,4366-00 =11204604
1135600 1302000
+1356-00 =,3628=00
=,1402401 +0000
=,3733=00 0000
«0000 0000
010892-07 +0000

X({ 5)=T0-C( 2) NUMERATOR
ROOT LOCUS GAINs =,9687-00
BODE GAIN 3 ~,4664-00

ROOTS
REAL IMAGINARY
PARY PARY
-.8396-04 1017400
=,8396-014 =,4017¢00
'9073=04 » 0000
'02653‘02 -0000
-, 4158+-00 011’6.01
-,4458-00 -,1196404
-,6188-00 0000
11490-07 »0000
0000 0000
«,1214-07 «0000

215



K¢ 6)oT0-C( 2) NUMERATOR

ROOY LOCUS GAjNs
00DE GAIN 8 ,2074¢02

ROOTS

REAL
PARY
«92640-03%
0924004
*,3534-00
'o"’..O‘
-,6002-00
.0“’2.00
181349001
-,2910-09
0000
0000

07.9”00

§MAGINARY

PARY
+3005=00

+0000
+0000
12340604

*,2349404

«0000
000
«0000
+0000

X¢ 1)=T0-C( 3) NUMERATOR

ROOY LOCUS GAINe
BODE GAIN = 11994404

ROOTS

REAL
PARY
=,1180400
*,6628-00
-, 345%-00
-,3455-00
«,5350¢01
'06’03'01
*®, 6703-01
-,7270-09
7724=48

.0000

-.32’7002

IMAGINARY

PARY
' NOON
«N000
11263404

=,1263¢91

»0000
|2693601

=,2698401

0000
1000
0000

216



X( 2)=7A=C( 3) 'WWHERATOR

ROOY LOCUS GalNe
B0DE CaIN 3 ,A794-03

R0OOTS

HEAL
PARY
o""'ﬂ’
« 8400002
'0103’090
°o$°".°°

+3109-00
=,5980004
+2124-00
02424-00
.0009
«000r

°,3939¢01%

IMAGINARY

PARY
7000

.*gﬂo
01990014

*,1999<01

+0000
1000
0227904

*, 2275408

1000
0000

X( 3)=70=C( 3) NUMERATOR

ROOY LOCUS Galns
B0DE GCAIN & =,2236-03

ROOTS

REAL
PaARY
.!’00'09
1082402
-,3320¢014
-,3530-00
=,3%30-00
'0117“00
-,36R4-02
-,3684-02
«0000
. 0000

e, 0074002

IMAGINARY

PARY
1000
1000
0000
11269604

*,1265¢04

0000
06,35.01

«=,A535«04

+0000
1000

217



X¢( 4)=T0=C( 3) NUMERATOR
ROOT LOCUS GAINs =,150%+04
BO0DE GAIN = 8858401

ROOTS
REAL IMAGINSRY
PARY PARY
-,8744-08 0000
-,1751+02 «N000
-,1212400 11378401
«,4212+00 -,1378¢04
09'3"01 «NO00
10000 0000
'01365‘01 .9000
-,1132+00 0000
0000 +NO0O
19313-09 «N000

Xt 5)eT0-C( 3) NUMERATOR
ROOT LOCUS GAINs 7758401
BODE GAIN s ,5104-01

ROOTS
REAL IMAGINARY
PARY PART
11246-06 , 0000
-,9347+04 .N00O
-, 3514-00 0127004
=,3514-00 -,1270404
11884-01 »0000
-,6192-00 M0N0
=,1191+00 « 0000
=.4420-01 0000
814909 . N0O0
0000 0000

218



X( 6)=T0=-C( 3) NUMERATOR
ROOT LOCUS GAINs =-,1208+04
BODE GAIN = =,2927401

ROOTS
REAL IMAGINARY
PART PARY
'01131¢°° 00000
115700 »N000
-,1036400 +8676%00
~,1036+00 -, 80676=00
'05111‘01 .0000
-,5670-04 12620604
-,5670-04 =,2620404
-,8731-09 0000
0000 0000
0000 »N000

X( 1)=T0=C( 4) NUMERATOR
ROOT LOCUS GAINs ,6682-00
BODE GAIN = «1086403

ROOTS
REAL IMAGINARY
PART PARY
-,5284=01 ,N000
~,2415402 ,N000
-,685R=00 D00
-,1748401 «n000
=,1217+00 023129404
=11217+00 -,2129401
12083401 «NO00
0000 00000
. 0000 .N000
0000 0000

219



X( 2)=70=C( 4) NUMERATOR
ROOT LOCUS GAINs =,1226+02
BODE GAIN = +5318+02

ROOTS
REAL IMAGINARY
PARTY PARY
-,1489-01 02000
-.510%¢02 0000
-.5723¢0¢ alelels)
=, 1474404 «N000
' 7771=0% 1 3529=00
1777401 -,3529=~00
-, 448600 0000
0000 0000
» 0000 1000
10000 0000

Xt 3)=T0=C( 4) NUMERATOR
ROOT LOCUS GAINs 01951-00
BODE GAIN = =,3321+02

ROOTS
REAL IMAGINARY
PARTY PARY
« 310101 11475=00
«3101-01 =,1475=0N
-,4402-00 0000
'0167“03 0000
2809401 12683401
268994014 -, 2683404
=,1770¢014 +N000
-,7405~09 »N000
0000 0000
0000 0000

220



X( 4)=TN=C( 4) ""YMERAT)P
ROOT LOCUS GAINz <, 7889401

BODE GAIN = =, 3664<04¢

ROOTS
REAL IMAGINARY
PART PARY
. 3236=07 + 2000
'01723'05 ."000
-.1800+01 «N000
~,1406+0} NO00
-,3991~00 «0900
1589401 yNON00
«11R7+00 367400
»1187+00 367400
-,3725-04 . "000
,2034-07 «NO00

Xt 5)=T0=C( 4) NUMERATAR
ROOT LCCUS 5AINS 01527-01
BODE GAIN = ¢ 117900

ROOTS
REAL IMAGINARY
PART PART
-,8004-01 v1072+00
-.A004-01 ~,1072¢00
1059400 «"000
1591403 1000
'01739‘01 000
2064401 . 1000
'06171-00 ."000
W1317=-06 7000
'09}21'07 2000

'0605"0R .0000



Xt 6)eT0=C( 4) NUMERATOR
ROOY LOCUS GAINs 1647701
BODE GAIN s <=,6763+01

ROOTS
REAL IMAGINARY
PART PART
02535'06 + 0000
=,5130+02 0000
=,1469¢01 0000
11294-00 1 3286-00
11294-00 -,3286-00
'07‘2"’01 0‘718'00
-,7424=01 «,4718<00
=.4214-00 +1000
01325-08 +0000
0000 ' 0000

222
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a:t'n 888 WELICOPTER

GROSS WEIGHTs 11867 L8,

IPRED169,0 FT/8EC,

MAY $970
W DOTs
SEa LEVEL

MOSTAB-0 DERIVATIVES,
0.0 PY/SEC, CAmmAs 2,0 DEG,
DYNAMIC TIP LOSSES (VES),

STABILITY DERIVATIVE MATRICFSe

V v W P n R
X «,1729¢02 + 3997-01 7499608 =~,60832¢03 1006608 «,1682¢03
4 11190604  ~,4503402 = ,2607401 ~,1118404 <, 718nenY 16808003
2 14200002 ~,00260001 =, 2688403 =~,1165¢n4 «,24%2¢03 09793403
L 12019602 ~,2198¢03 ,3378¢02 ~,1628408 <-,1094¢05 ' 3327¢0¢
M 19225602 2924402  ,1341403 113103 <,2240¢0% ,1177+04
N =,3549¢02 13908403 ©,2798¢03 ~,8%584003 +3980¢08 =,2552¢0%
U por vV pDoTY v DOT P oY @ rOY R DOY
X 1 3074=02 <=,0037<03 =,3611-01 <~,2004402 ~,93%%¢01 =~,1227¢0%
Yy «,832702 07960014 «1272=00 11008402 ~,1803402 =-,2069¢03
I =,2012=02 ~=,3354-02 ~,%924-03 «224%¢01  -,1070+01 12045%-00
L =.2174-00 0 9349-00 ' 339304 12606404 ~, 3158403 11472003
L 12492=03 ~=,7884-01 =,7949-04 13461403 12673004 12356402
N 12241202 ~,2034401 +=,5204-0¢ 0330402 <=,7172402 9304002
ct ) ct 2) ¢t ) €t &
X *,1394¢04 <~ ,394440) 11083405 <«,1879¢0)
Y =,3873¢03 12706085 19988403 +5160¢04
T =.1179¢06 + 3880402 14507603 <,1766+0)
L 11842408 11094006 », 45534064 v 34083008
M 14545406 12074404 =»,2106406 =~,5120+04
N 7386405 7394004 4638408 <,1606e006
THE INERTIA TENSOR
15909404 <-,1571=08 =,4925¢n3
-,1574-06 12750405 ~,3583-n8
-, 4928403 ~=,3583=-08 ,2307+n%

TRINMED VELOCITIES WITW RESPECT TO OVERALL VEWICLE REFERENCE AXES-

U
14689403

v
-,123n-08

W
w,4843401

P
-,0000

A
«0070

R

«,0000

YRIMMED ITERATION COLUMN VECTOR, TE=

1299400 -,2562-01 ,1017+00 +8465~01

$TABILITY AXIS SYSTEM EULER ANGLES-  THETAs

SIRCRAPT [NERTIAL SPEEDe ,1690403

223

) 2.‘5.01

+9009-05

'02196'01

FH! ..?1’5-01



DENOMINATOR CHWARACTERISTIC

ROOTS
REAL IMAGINARY
PARY PART
=.1172400 .0000
-, 4959401 .0000
-, 4663=00 .0000
1208400 330700
.1208+00 ~,3307-00
-,4592-00 11626401
-,4592-00 11626401
-.1824401 +0000
.0000 . 0000
.0000 +0000
.0000 +1000
.0009 ,0000
NUMERATORS

(NOTE= NUMERATOR ROOTS LESS TWaN 4,0E~7 TIMES THE
LARGEST NUMERATOR ROOT aRE NOY INCLUDED IN THE RODE GAIN),

Xt 1)eT0=C( 1) NUMERATOR
‘ROOT LOCUS GAINs  ,4060¢0%

BO0DE GAIN 8 ~,1218+04¢

ROOTS
REAL IMAGINARY
PARY PARY
-,8996-01 +0000
+4824-00 16319404
. 4824-00 =,6319¢08
-.3815-00 11096404
-,3819-00 *,1096+01
-, 0036004 +0000
-,7240-00 »0000
. 0000 .N000
» 0000 +0000
+ 0000 0000

22L



e e emes T o

X( 2)eT0=C( 1) NUMERATOR
ROOT LOCUS GAlNs 1368403

BO0DE GAIN = 17657402

ROOTS
REAL IMAGINARY
PARY PARY
11292-01 «"000
-, 4219403 0000
-,4061¢01 11044403
-,4061+01 -,18444014
14464+00 1324700
14464-00 *,3247.00
-,2974=00 +P000
0000 0000
0000 + 0000
0000 0000

Xt 3)=T0-C( 1) NUMERATO®
ROOT LOCUS GAINs 1 318R¢03

BOOE GAIN = +,4311+03

ROOTS
REAL IMAGINARY
PARY PARY
-,104%¢00 «0000
-,5315¢04 +0000
-.5470-00 1102804
-,3170=-00 =,10828404
23934018 'N000
-,23%1-00 + 0000
1219%=00 +M000
«49%8-07 » 0000
o”’.'t. 0000
,0000 +0000

225



X( 4)=70=C( 1) NUMERATOR
ROOT LOCUS GAINs
BODE GAIN =

-, 440440%
=.9313-04
REAL IMAGINARY
PARY PARY
«1930-06 +N000
01953408 0000
« 104001 03272404
1040404 -,3272408
1058401 0000
=,1906¢04 +0000
359400 1000
-,2820-00 +0000
-,2359-07 «0000
+0000 +0000

X( 5)eT0=C( 1) NUMERATOR

ROOY LOCUS GAINs «,6462401
BODE GAIN = ~-,2553-00
REAL IMAGINARY
PARY PARY
-,1167-06 NO00
'055‘5‘01 00000
-,4027=-00 11842408
-,4027=00 =,1842404
14909-01¢ +NO00
-,6028-00 0000
~,8644~p3 A963=04
~,8644-04 -,69063-04
»0000 000
0000 »0000
226



X{ 6)=T0=C( 1) NUMERATOR

ROOY LOCLS GAINs «,3207401
BODE G4IN = 1163402
ROOTS
REAL IMAGINARY
PARY PARY
-,2846-00 » 7000
.4969-00 A754-04
1 496%-00 = P754=0¢
'0’279-01 06‘37'00
'07279'01 '06‘37-00
-, 434001 1204404
-,4340+0% -.120440¢
989%5-n9 « 0000
0000 0000 -
+00090 «£000

X( 1)=70=C( 2) NUMERATOR

ROOT LOCUS GAINs

18989401

BODE GAIN = ~=,6845+03

ROOTS

REAL
PART
-,7560=08
-,2400¢402
-,7677=014
-,7677=01
bl 5339’00
-,5339=-00
-,8815=00
-,6372=n1
0000
0009

IMAGINARY
PARY
»N000
«NO00
2380401
-,2380¢01
o1669¢°1
-01689001
+NO0D
+ 0000
+N000
0000



Xt 2)=T0=C( 2) NUMERATOR
ROOT LOCUS GAINE =, 36185402

BODE GAIN s +1105+04

ROOTS
REAL IMAGINARY
PART PARY
03914401 156424014
13914901 =,6642401
'01390‘01 o’-06°‘°1
=-,1390+04 =,4860404
+4312-00 v2152+00
01312’00 '021’2'00
-,2623-00 +N000
,0000 «N000
»0000 'N000
0000 0000

X¢ 3)«T0=C( 2) NUMERATOR
ROOT LOCUS GAINs =,5167-00
BODE GAIN s ,133%5¢02

ROOTS
REAL IMAGINARY
PARYT PART
1275402 1000
' 3934-04 «0000
12798402 A883402
2795402 -,00083¢02
-,5537=-00 116654014
-,9937-00 *,1665¢04
-,1564-00 +0000
,0000 +0000
0000 »0000
,0000 +€000

228



X( 4)eT0=C( 2) NUMERATOR
ROOT LOCUS GAINs =,5892+02

BODE GAIN &8 =,1695-03

ROOTS
REAL IMAGINARY
PART PARY
-,3114-00 7000
12343-00 1327900
2343-00 *,3279-00
-,%774=00 11689404
-,9774=00 =,1600404
-,1058404 0000
-,4904-08 20600
016004-09 10000
' 374907 +0000
-,23520-08 +0000

X( 3)=70=C( 2) NUMERATOR
ROOT LOCUS GAINs =-,9063-00

B0DE GAIN s =,4131-00

RoOYS
REAL MG INARY
PARTY PARY
0 76098=04 +0000
,8904-01 195441 =04
«,0904-01 -,9541-04
-,3027¢02 +0000
-,5607-00 01669604
=,5607-00 *,1669¢04
-,0097-~00 +0000
»0000 0000
0 2142-07 v0000
»0000 +0000

229



X( 6)«T0=C( 2) NUMERATOR

ROOT LOCUS GAINs
BODE GAIN = 11881402

ROOTS

REAL
PARY
-,3053-00
«2237-00
02237'00
01106401
« 1406404
'02112‘01
'02112¢°1
» 0000
» 0000
+ 0000

-,166R¢01

IMAGINARY

PART
,0000
1412800

~.4328=-00

11306401

1306404

12360401

=,2360¢04

+0000
«N000
«NO00

X({ 1)=-Y0=C( 3) NUMERATQOR

ROOT LOCUS GAINs
BODE GAIN = 0193904

ROOTS

REAL
PART
-,1820=08
-,8461-00
'01155‘00
-,4431-00
'.4431'00
-,5292¢01
'025“'01
'0254"01
» 0000
, 0000

-,2877¢02

IMAGINARY

PARYT
»0000
0000
«N000
11668404

'01663001

0000
27674013

-,7767+01%

0000
0000

230



X 2)=T0=C( 3) NUMERATOR
ROOT LOCUS GAIN=z =,3165401
BODE GAIN = 1511403

ROOTS
REAL IMAGINARY
PARY PARY
-,5791=-014 » 000
. 1009403 +0000
1266R-00 .0000
'01513'00 .ﬂOOO
-,5761+01 0000
-.8983-01 12477401
-,8983-01 *,2477401
. 0000 +NO00
. 0000 «N000
000" »0000

X( 3)=7T0=C( 3) NUMERATO®
ROOT LOCUS GAINs =,1223+03
BODE GAIN = 2413403

ROOTS
REAL IMAGINARY
PARY PARY
=,1134400 +"000
-.1500-00 » 0000
11197400 2000
«1061+02 2000
-.5226+01 » 20000
=,4674=-00 +1684001
-, 4676=00 -.1684401
, 000" «7000
.0000 »NQ00
.0000 1000

231



X( 4)«70=C( 3) VUMERATOR

ROOT LNCUS GAINs  ,4804-03
BODE GAIN s v1342402
REAL IMAGINARY
PARY PARTY
'1744-05 + 7000
all”‘ﬂ‘ 00000
09972403 « 0000
=-,413%¢00 110254014
-,1135¢00 =,1825%+014
«,1939¢014 +N000
-,1363-00 «N000
' 926N0-04 2000
,0980-09 0000

X( 5)eT0=C( 3) 'UMERATOR
ROOT LOCUS GAINs  ,8482404
BO0DE GAIN = ,582%-04

ROOTS
REAL IMAGINARY
PARY PARY
01608601 1000
-,6132-04 00000
-,1009400 «0000
-,5254¢014 + 0000
-,4619-00 +16A8401
-,46319-00 ,16088004
-,002800 000
-,2922-07 + 7000
0601908 + 2000
,0000 7000

232



X( 6)=T0=C( 3) NUMERATOR

ROOYT LOCUS GAIN=
BODE GAIN = =,2653+01

ROOTS

REAL
PARY
1101400
=,1365-00
=, 9434-01
«,9434~-04
'0’305‘01
'.1436.00
-, 1436-00
-,2098-07
+0000
+0000

-,2043+01

IMAGINARY

PART
0000

10000
06’30'00

'.673"00

+0000
»2580+01

=12580+01

+0000
0000
»0000

¢ 1)=T0=C( 4) NUMERATOR

ROOT LOCUS GAIN=  ,101R¢0%
BO0DE GAIN s 01963403
ROOCTS
REAL IMAGINARY
PARY PARY
9598-08 0000
-,1052¢02 +0000
-,250840% 2000
-,0947=00 10000
'09‘5"01 » 0000
-,1914-04 12008408
=,1911-04 =,2008¢04
12036001 +0000
» 0080 +0000
,0000 + 0000

233



X( 2)=70=C( 4) NUMERATOR
ROOT LOCUS GAIN=s =,1433e02

BODE GAIN = 8056402

ROOTS
REAL IMAGINARY
PARYT PARYT
-,2141-01 «N000
‘o‘l”‘ﬂ? 00000
“,1945401 »0000
+1679=00 +3476=00
+1679-00 “, 347600
-,3526-00 0000
0000 0000
0000 0000
0000 0000

X({ 3)e70=C( 4) NUMERATOR
ROOY LOCUS GAINs= 425800
BODE GAIN = =,1576¢02

ROOTS
REAL IMAGINARY
PARY PART
0 3589=01 1604901
1 3589-01 =,6049«014
-,159%¢03 7000
-,1539=00 «0000
13223401 13230014
' 3223401 -,3%2304014
-,2%560401 0000
-~,2731-08 «N000
,0000 «N000
»0000 0000

23k



X( 4)=-70-C( 4) VUMERATOQR
ROOT LOCUS GAINs =-,0394e04
BODE GAIN = «4987=-04

ROOTS
REAL {MAGINLRY
PARY PARY
-,3214-10 0000
2240=00 v 338509
s2240-00 =,3385=00
-, 2614401 10N0
«209%404 0000
-.1851+01 0000
'1727=05 1000
2306-0Q7 000
01397=04 + 0000
. 000N 0000

X( 3)eT0O=C( &) NUMERATOR
ROOT LOCUS GANs '8212-03
BODE GAIN = +1215400

ROOQTS
REAL IMAGINSRY
PARY PART
8574-01 »N000
-,8415-04 1992603
-,08415-01 =,9926-014
13174402 1000
=,2537+014 2000
-,6701-99 0000
«1196=07 « 2000
«1493=06 «N000
'0‘925'07 .f’OOO

235



X¢ 6)=T0=C( 4) NUMERATOR
ROOY LOCUS GAlNs J716Re0%
80DE GAIN 8 ~=,5535+01

ROOYS
REAL {MAGINARY
PARY PARY
'o""'ﬂ’ + 2000
-,9516041+01 »0000
=,1937¢04 +0000
-,0352-04 +5417-00
-,63%52-01 -,%447=00
+2058-00 +3091-090
+20%58<00 -,3091-00
-,3294-00 +0000
+0000 +2000
»0000 +0000

23¢
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TRIMME" VELOCITIRS »17= QESPECY TO WE
W .
ey rbBet L e Tdy. . L7407 0

TRIVSMED ITe =2 TI100 COLiYy . VELTICK, TFe-
AT = 14t L KR gy
STLRILITY [ uln 2¥a¥ic v (bw & (LES-

TY

a e

AIRCRAFT | 7o SFEECe L /0lyeld

\NeYTAR=R
8 FY/REL,

AR ALE Nl & 1

&
X7+
7Qe-"

") W

x4
* 6
o}iénﬁw
=,7684+"
426,
-.15ﬁ9“

Now L

& oS

Sk
(9E1a-"1
“vihBRe"y
~,4294=r7
BELIR A
'.8591022
W14dFe ¢

Tl 4
. 1F18e" 3
3 ae 4
=.1775%e" 2
- 1liRe 6
“.74fkre 04
FELULIN

01‘75*:3 hd
A ATk 2ol
2177477

hail

¢

=.,oroe

T-IETLI -,

NOT REPRODUCIBLE

VEHTCLE

NERIVATIVES

Sevaz=92,

LSS (YES)

(3
W 2929+22
= 7062+03
-, P706B+n]
2876+24
~,1706+95
10GC+25%

N CTeh
u‘l“‘:‘c
-, 170622
1011402
=.1190+23
7676474
V313340

#3733
VFiRTenZ
2827404

CEFFRE’ CE

DENY

R
-,4375+02
,9041¢03
=, 750Re03
2172404
“:1121¢05
=,1563¢0%
DY
276771
=, 1ldée! 2
=.1896+02
1238572
=y3117¢2)
ig YA |

AXESe



SIKORSKY S-54 WEL!
CASE 11
GROSS WEIGWT® 1106

STARILITY "=5[\ e T

)
-, 5"1 ..’"’;..
.37~v’31
-, 1126078
o.M 8e2
1156603
“.1'07238

I N < @

P

\"r
=,1tH1=%2
106928=L2
iR 6=04
7235014
=, 2k 34=01
'01953.:1

g BT N < X

¢ 1)
=,1%33¢05
=, /530+08
'0/611‘05

271442y
e £576409
e 145%9¢C6

oo BT N <X

TWE INERTI! TE'SOW

CNOPTER

Sogers 33.M FT/SFC,
SEA LFVEL

70LHQ

vF

v
= 90 0ep
179t
.01721’T1
- S neny
1€ /400,
2720008

v T
-0?71L':3

T ELNLIS
6025 =(]
=.142,=00
=,49%u=(1
“.2134¢2)

ce 2
=:5511+03
11245600
2102440 %
edniHeys
4Ndel 4
=.425%4e0)Y

7127604

JUNE 2 1970
Hen(T8=7,5 FT/REC,
CYNAMIC TIP LOBS (YES)

AT CE Y

VA YA
LR 1) 33
=, 1195¢y3
=, nt17ep2

169001
=, 1063403

~ FQY
=, ha21-02
WPTRT=0Y
3n1=02
1 4344=00
'.1078‘00
'01080‘00

ce M)
J129%+05
0115403
1194404
3339404

=, 1h64e00
' 3312¢C4

..2356.05

4764004

MOSTau-H NERIVATIVES

14
o 8Ad460")
=, 932041 §
032700}
*,1610¢"5
01“6?0&9
18491902

p nnt

.0175“32
o 942%}
MO0
0293804
+323%¢03

L LY LIS )

C( &)
348702
e3027en4
'.39160P2
'0113"55
=.2906404
c.1311%¢

=,22%6=C%
275040
+4700=04

GevMase12,8 DEG,

0
W10A7+04
'o?‘ﬂQ‘?)
02729403
1361408
=,174440%
11619404

R rov
=, 91%2¢¢Cy
=,1933402

3907404
=,3202¢03

12672404

« 4438402

1 4284004
1479006
07196609

R
1 3217¢C)
AFV3 (3
J444003
2Ch% 04
'02?.“0‘
=,1329¢09

R o0T

4065408
'.4366001
*=,102240}4
=, 5783¢0)
=,723%402 °

121049C)

TRIMMES VELJCITIES W] Tw RESPFCY TO AVERALL VEW]ZLLE QEFERENCE AXES®

W 3267402

v
*,372%=00

W
R474401

TRIMMETD [TERATION COLYM' VECTOAR, TE-

e 2341=02

STABILSTY AXIS LYSTEN Bk« AGLES®
' 33%¢en2

AIRCRAFT (\FRTIAL

'0’3,7'L1

SPEL(s

.2205=-01

238

P
*.009n"

01“’.00

THETA® -,2237-00

0
+3000

03569'31

R
=, 000"

,2435-01

PH] =02496-08



S$IKORSKY §=58 FELICOPTER

CASE 12

GROSS WEIGWTS 11H67.L6,

SOERDs 67.8 FT/SEC,
SEA (EVEL

JUNE 2 1970
HeD0T8=7,9 FT/SEC,
CYNAMIC TIP LCSS (YES)

SYARILITY I'TWIVATIVE “ATal(7G=

L LT NCX <L S N << )

L N<CSX

THE INERT!a TENSOR

\
“,30n2e(?
S SRTL 4 o)
e, b0 ef2
117900001
10038003
'.15300C3

U rr
e, 1/4b=02
92h0=52
+4492=33
1136700
’11192.02
.01?37.01

20 1)
=,1531+05
=, 7143+C3
-, 59/840%

11420¢L8
W 9054405
VangedhH

v
“,6H4e0(
=, 24/2=02
=,204:,,¢0}
= 011"3003

11394012
e@78heC3

vV Dut
=,2941=03

6205=03
'.63ﬂ5'33

06527'01
'03325'01
'0207“‘01

ol 2)
-06127‘0,
01235408
979202
182906
15141404
=,2156+0%

1623304

v
=, 2374002
=.1107+01
=, R2e53
= . 246602
+3303¢(2
=, 0623403

w Y
=,1674=91
404201
«3924-02
«1283¢01
*,7717-01
'.1570'00

cte ¥)
+1370+05
86775403
«1276+05
16700404
“.106%¢(6
1769405

'.14°q'n5

12404604

MOSTAR=B DFRIVATIVES

-
=, 7300e%3
*e31113en4
“e1500e03
'01739‘0’
+ 1529405
=, 478609

F (nT
©,2202¢22
1993404
14331404
02639004
13540403
=,3236403

Cl &)
=.,4237¢C2
« 3834404
-.“67.32
4032404
'.21?!0?4
*.1294906

“.1460~(9%
12750408
. 1651’:6

GAMMAS=§,3% DEG,

e]
0110904
“.7065+03
+AB40+02
=,9923¢04
“,1968+0%
12095404

4 %07
=.9336401
=,2210¢C2

11176404

'03’0,‘03,

12663404
+1312¢92

12404404
+1651-06
02275405

R
11364003
1548003
8109053
«2017+04

'.8601‘0’
=,3478¢05

R poT

1241904
=.314C+01
-, 446890
*,2092+403

'.,73‘002

11074403

TRIMMED VELZCITIES w]TH RESPECT TO OVERALL VEWICLE REFERENCE AXESe

Jh712602

v
'0‘657'06

«9576+01

TRIMMEC I[TEXATION COLUMM VECTCR, TYE-

£134=0C

-01163-01

.4255'01

STABILITY axI$ SYSTEM EULER ANGLES-

AIRCRAFT [%“tRT1AL SPEEDs

«67R0402

239

p
=.00C0

0695"n1

THETAS =-,1108+00

0
+ 0000

03086'01

R
-,0000

=,1384=01
PH] =,1392-01



SIKORSKY S=%8 KELICOPTER

Case 13

JUNE 2 3970
GPEETS 101.5 FY/SFC,
GROSS nElu~T8 110867.L5,

SYARILITY "ERIVLYIVE vYaTRICt S~

Z EXZCN<C<X

ZBITCN<CX

£ ET NCX

THE INERT!A TENSOR

!
=,1438¢(¢
JURT9=C0
342102
W 9637902
09915+02
=, 9803¢C?

“ 0T
-,1542~(7
1 3958=272
49587-03
1067408
6863=02
-0121’-01

S
-, 1034455
165307
'0.:12’06
1164475
JB777¢C25
61105

v

*,174neQ?

vY0STAR-B DFRIVATIVES
n=f"78-7,% £7/SFC,

SEa LFVEL

‘)

°,874Ge(i" “,7491+°3
0316400z =,1113¢01 =,1173+°.4
3764601 2427403 <=,4R3%e11)
'013,1‘33 -03971001 '01’590:9
01404402 v 7749402  ,103Nn¢ )5
350503 = T414403  =,731%23
Wnlin?Y cal £ oonY
«, 84345203 «,7613-01 ~=,2332er2
o":.":’-nz ."”":1 o;b»’"’ﬂi
~.7497=03 HI6-L2 0327708
01909'0c 01976.01 128653404
’-2560'C1 J4218=C1 ' 3639e03
=.2354¢01 =, 21bé-C7 ~-,2251+°3
o}l Gl 2b) et 33 “( &)
-,6261¢03 21376405 ~=,5646¢72
01232405 7182403 4397404
9453401 12370405 ~=,581%er2
0 1825e0e 61174 0 1229¢75
S7b4elia = ,192¢¢(6 =,2272¢16
=.129.¢00 CJ4Ah%e05 = ,1400e4" 8
HN3Ze06 =, 197n=T4
=,197"=0¢ 27150408
+1533e04 140779

GAM"AI-4.12 DEGv

OYNAMIC TIP 0SS (YES)

”~

1113604
'06965‘93
= A725492
=, 976004
~+e2111¢35

+300Ce04

Qg oY
-, 02%Gen1
=, 225002

+1590=00
=,3534403
2662404
-, 462301

183304
.1407'07
2795405

"
1530292
012603
186634073
12h3Re(4

=, 245he03
=,1089¢1

R oY

113610y
'02’37‘01
=,1492=00
=,157nep3
=.1956402

19432402

TRIMMED VELOCITIES w]TW RESFECT O OVERLLL VEWICLE REFERENCE AXESe

TRIMMED ITERATICON COLUMN VEITTH,

8
13C21+02

02:95‘EC

v
“e9312~-0C6

'll}CZ‘Ui

JSoRéeC]

TE-

J5eb=(1

STABILITY &4X]S SYSTE™ ELLER &' LLES-

AIRCRAFT INERTIAL SPEECS=

0151542D

2Lko

-, R

L6350.73

THETA® -, 7395-C1

IS

.F300

+15Ak=71

Pl

2]
= 0Lee

=.1283=51

-,105¢=01



SIKNASKY S=58 WELICLPTER JUNE 2 3970
CASE 14 SORECS 167, FT/550,
GROSS #g1G- 78 L3867.L5, SLa LRVEL

M0STaged FRIVATIVES
el T8=7,5 FT/8:C, Gav’as<2,84 DEG,
CYNBMIC TIP 0SS (YES)

TABILITY "5at. 03wt " a%alliLe
" : ¢ @ <
X = 1f 590, = 2473=40 =,1911e01 =.7%4Re-)  ,17R6e24 <=,8736e¢(2
v T1ETOT e8P e = 0155008 =, 1150e~% -, f341e2) 7246053
? 11177471 =, 5845077 e, T12e¢03  =,4%77ed  +,203723 «9552¢2)
W 18730, 2,338 03 Leslieer? e, 1674e"h =,1%27¢35 «eb42er,4
Mo LAErAeTs 2112602 ,1416eC3 L 1100e°> -,2206¢0%5  ,6725¢C3
N =, h7s4er7 4227803 e Yhode(T =,1770e"4 14947424 =,2%11¢1,5
o VI EaH TR > ~re % MO " DrY
X JLl3HeTr e anpiend e (7dkeTt =, 22fRe"2 ~=,9130e0% <, 380€-29
Y =.etl9-0. N ET IR J12h3e 0 (104007 ~,258%2407 =,2937¢%%
2 =, 3152='7 =,27/4e=0% L 15%-(3 1 329%¢%1  =,%87%=9C .1C8ReCp
L =8OM§=r:  ,4217=00  ,37%7en1  ,Z6R1erd  -,3310¢353  ,3599e02
Mo oe,e8h1=07 =,857¢03 ,531h-01 «36C0eNy 2687004 «8495¢04
N WE272=72 =,2%47e0] =, 07" 1=U" =,89%Kec, =,4892¢r; 07064472
NN t2) gr 2. (o
X =, 6677404 -,6798e03 1239405 ~-,143847)
Y =.,1247¢53 L1705 e0E L4169eny 15180
1 =.1177ie"w 19540z ,4493eC5 = 1304ke)
L AT L S i734eT85 = 1h57474 2765e"5
*y J10aner A 23955004 =, 2 87458 =,813%e7¢
R X P I A R FART b AnbeLD 2,17 Ve
HE INERT]Z TL'. 5%k
133he° 4 = ,238="4 243123
'.23;‘1‘.é o?,."j"" 02‘7;.?b
26314113 28791 231805
RIMMED VELDITIES wlThm SESPECT T TVERALL VEW,LLF ZEFEFEMCE AKESe
& v e v g R
V1KGS#TT - 1RERel 239001 =00 5000 =.223%

'RIMMED 1Te=aTl(:. CLLJY'. VEZTNR, TE-

R LT L I - L | ,9473= 3 #1701 =, 3%76=21  =,149%="
TARILITY A% ]38 SVRTE Y L_VSs 2" sLEn= TubTAR - 44477 Yr] =,1494<01

JRCRAFT P FRTTal SHEZT2 (14500

2k



SIKORSKY S=5n W=L]CAPTER

CASE 15

STARILITY "FRIVLTIVE

Z B N< X Z £ N <X

Z XN <C<x

THE IMERT!A TENSOR

SPFEN= 1%,
GROSS WFINHT= 11484700,

-,77%7+0?
-, 4G15=11
'014.‘2.”’|
'012A6’r3
=301 2e02
=.1044en

(Cale] |
WE926<03
«,¢5R9e02
'0‘304'02
074?2'01
'1189“'00
1434A=00

ct 1)
-, 472705
'.3097’04
-, 34190,
.1718006
7994404
114°1405

o IE
FYZSFC,

9 197,

%874 =R NERIVATIVES

H=COT® 15,FT/%gC,

GAMMAQOQG.

SE LFVEL SYUAMIC TLP LCSS (VES)
“aTRICr S-
\ w P "
NCLLEL a0 .120R+01 0932473 J19%4402
=, 13¥0er2 = ,8651-00 2783473 =, 64840403
,989¢4=02 =, A721+01 1374472 = ,01734n%
(2097673 7910401 =iP14lera = ,371440)4
(242040 = ,1123403 +3151+n3  =,17%9+(;%
.1299¢03 16694072 <-,1492¢"4 ,1N56+0R
v o ey w DQY F noY 0 rOT
-,1447-02 = ,3174=04 19589-11 28790
JOBPGang W 9294=04 <,1lpdeny =,1792¢07
-,9992=03 1246~-02 =,3087=-10 9985+
-,22K74N1 A600=03 +81394n2  =,10%6+03
=, 1168400 =,3673=(02 =,7438+2 2673404
=,293%=0C =,9704=02 ,1419+02 32r2403
cc 2) ct ) C( 4)
=, 384%en3 =, 2007403 -.1%54en3
11244405 5636403  .4235+04
57218403 = ,1247+0> =.279%402
=, 1455+04 +H149+04 =,1405+06
J103%eNe = 1872406 =,.713Ne04
-, 1870408 = 2393403 =,1507+15
02307‘05 '013‘7*03 '-65320”3
°.1347*03 02750*05 -01985*ﬂ2
-,65372+4n3 ~,1985+02 992N+ 4

CEG,

X
-, 54n4en2
19469403
'.7415‘05
1185Aen¢
=, 110305
=,1598¢05

R DOT
«1532-00
-,1028402
=.1783+02
12295902
“, 3188403
12680404

TRIMMEN VELSCITIES wlTh RESKHECT TO OVERALL VEMICLE REFERPEMCE AXES-

TRIMMED ITERATION COLUMM VEPTAR,

«¢5723=02

252601

)
- ‘55"-00

'0132?‘q1

W
11498402

TE=
«3935-02

SY‘BlLXTV AX]S SYSTEM BULFR AMGLES-

AIRCRAF

T INERT]AL SPEECs

' 500eC2

2h2

<]
'tUnOU

01655’00

THETAS =,1571¢01

NOT RePRODY(Eyg

”

.00%0

«3473=01

LIV

1]
'.0000

-.304ﬂ-01

’01769'01



SIKORSKY S=%8 WFLICOPTER

CASE 16

ZIXIMMN<CX X N<CX

Z T N<L<X

THE INERT!A TEN3CR

SPEEDs 33,8 FT/SEC,
GROSS WEIGHTY® 11na&7,LE,

Lt
‘07761*02
11843408
-,1379+0'3
“.969 /402
100403
-,2237+03

u noT
~,18N4=2
11n2=01
12593-02
016‘7'00
=, 655301
-,9192~-01

ct 1)
-, 3600305
‘05613*03
=, 7005+05
H7RT7405
»23%4405
1126906

SE+ LEVEL

JUNF & 197

STARILITY LERIVATIVE MATRICFS=

"
'09‘24'00
=, 1662+02
'08841‘00
=, 2018+02

11516402
1 2297403

v DoY
|117?‘03
0610“'O1
9420=04

-,6503=00
=, 4234~-01
-,19431+01

c( 2)

-, 4837403
11235405
3677403
\184R+06
, 3583404
-, 8325405

W
=-,79R4+02
»,1841-00
» A790+02
~, 48RG+Q2
-, 2028+02
=, A077+02

W DOT
~,4313=02
,?2185-01
. 3463=02
. 3383=00
=,12C3+00
'01741-00

ct 3
«1204+05
6066403

=,3323+0¢
14514404
~,1849+Q8
«J1R44Q4

iNgTaR=B DERJVATIVES

HeDOTs 1% rT/SEC,

P
-, 4092403
"05417‘03
6488403
-.1538+n5
19534404
+188%404

P DOT
'01‘06602
.8003¢ﬁ1
11294+02
1214104
«30%56+03
=,1050+04

ce 4)
=¢3316+02
3753404
-,3506402
'03996‘n5
-'2734*04
-.11920ﬁ6

n
11184004
-,6737¢03
H6R8402
-,9755+04
-01777‘05
v 3146404

8 roT
-, 7474401
-,2045¢02

6520401
=,3141+03

2608004

0129303

9797404
'a1951'05

7202404

-,19%1-05
1 2750+05
07937'06

17202404
+7937-n§
01919¢n5

Ga¥MAs=26,4 DEG,
DY’ IAMIC TLP LOSS (YES)

R
1565003
07439403
,4436+03
(4139%04

-, 4587¢04
~,1405¢05

R oOT

17055404
-,6287+04
=,6420401
=,1045¢04
=,4506403

15996403

TRIMMED VELCCITIES WITH RESPECT TO OVERALL VEMICLE REFERENCE AXES-

[¥]
v

2972402

v
=, 3725=N8

W
1161C+02

TRIMMED ITERATION COLUMM VEFRTOR, TE-

W 22F1-00

'.1171'”1

«2062=C1

STAPILITY aAx]S ZYSTEM EHLFR ANGLES-

AIRCRAFT INERTIAL SPEEDSs

+ 338002

2L3

P
-00000

1116°+00
THETAE ~-,4597-00

a
.0000

«3604~01

R
-.0000

'02058'01

PH! =,2295-01



SiKORSKY S§-38 WMELICOPTER

CASE {7 SPEEDs 67,8 FT/SFC,
SROSS WEIGHY= 11867,L8.,

STABILITY DERIVATIVE MLiTRICFS»

SEA LEVEL

JUNE 5 1970
H=D0Ts $5,FY/SEC,

MOSTAReR DERIVATIVES
GaMMA==12,8 DEG,
OYMAMIC TLP LOSS (YES)

V) v w P n [*]
X =,3071002 <+,6400-00 ©,4431¢02 <~,7037403 ,121n7¢04  ,2903¢03
Y  +9134e00 ~-,2396402 ~,5853-00 ~,1127+04 <«,6851403 ,677n403
2 ~.9019¢02 =~,169%¢N1 <~ ,1979+03 12244402 = ,4081402 17170403
L =.2605002 =,094ReN2 = 4376402 =,1774¢05 =,94a1¢04 12439404
M ,1001403 ,109ne02 3054402  ,9721¢04 =,2027¢05% =,1919404
N =,1888003  ,3062+03 =,3062+03 ,3%404n03 ,3236¢04 <=,1475¢D8
u por v povY w DOY P pOTY QR nOT R DOT
X -,40%8=02 =,2069-03 e=,1019=C1 =,2270402 <=.R842¢01 ,5099¢04%
y .8829-02 ,6107-0% «3936=01  ,0825¢01 <=,2394402 ~,4082404
2 =.497%-03 ~,4060-03 «5470=02 .72%7¢01 02227401 ~=,1612¢014
L +2748=00 =-,1603-00 11210401  .2%24¢04 <~,.3592403 -,5597¢03
M ~.,2960-02 ~=,2222-01 ~,3282-0% 3613403 ,26%6404 ~-,8018+02
N =.7296=0% <=,2038¢01 =,3165=00 =,5971¢03 ,6346¢02 ,2059+03
ct ) ct 2) ce ) c( &)
X =.2207405 «,6264403 JI14R4e05 <,2729402
Y . 15908402 11222405 16637¢03 3764404
4 '0..'..0, 012‘9‘03 01075‘05 =,2991402
L 42193605  ,176R406 . 1082405 -,1015+09%
M 15525008 7046404 ~, 4H4U®06 ~,15%01¢n4
N .6707¢05 ~,4127¢05 1964405 -,1257+n6
T™ME IMERT!A TENSOR
80977404 =,5638-06 . 4175+n4
-, 5638-06 ,2750+0% .1147-n6
«4175¢04 011‘7'06 -2?01"5

TRIMMED VELOCITIES WITH RESPECT TO OVERALL VEWICLE REFERENCE AXES-

W P n R

J »
«1701+02 =-,0000 00" -,0N0"

v
16563402 <-,1863-08

TRIMMED ITERATION COLUMV VECTOR, TE-

+19%7-00 ~,8557-n2 «3762=01 +3991-n1 «3045-01 -,7277-02

STABILITY AX]S SYSTEM EULER ANGLES- THETAS =,2231=-00 P41 «,7459-02

AIRCRAFT INERTIAL SPEEDes ,4780402

2Ll



JINE 5 197 wASTAR=B DERIVAT]IVES
~«=)0Ts 15,FT/3EC. 5a“MAse8,5 DEG,
Level OY .AMIT TLP LOSS (YES)

SIKORSKY S=%8 «E{ 1COPTL:
CASE 1n  SPEENE®1C1,5 FTISFC,
GROSS WFIGWTE 11467, 6, “E.

STARILIYY "ERIVATIVE MATRICT Se

] b v P e R
X =.1894¢77 = . 5117=N] = 3446402 «,754%5+03 112723404 »1640+03
Y d4087=0% =,3764402 = ,5393=00 -,1205¢04 =-,6742403 1696503
2 =0DR2¢02 = ,217¢¢71 =,72394¢03 -,3592473 -, 184040 8197403
L o=e310Ae04  =,101%¢03 =, 3869402 =:1809¢n5 = ,9026en4 1 2028¢04
“ +9233en0, J10dren2 7622402 1953404 -,2174¢0%5 =,9473403
N =,1237403 03542403 © 4092403 -,3A48¢03 +405%8004 =, 1832405
1 007 v nNAaT < DOT P COT 1 nOY R DOY
X «,3339-92 1678405 = 2626=01 -,2449+n2 ~. P39 « 324%+01
Y v 0622=0, W 7035-31 «5137=01 +9117+91  -.,2444¢02 -,359Ren4
7 LH872-n7% «5379-23  A417~02 +5086431  ,8272-pr =~,6537-90
L 2437-00 2662-01 ,1884401 12603404 = ,3653403 ~,3415403
M 18969=n2 < ,2349-0) +1048+09 13751403 2654604 <=, 4859402
N =.4528=01 =,2357¢01 <,3542+00 <-,4162+4313 ,3349¢02 ,136%403
ct 1) S 2) Ct ) Z( 4
X =,17%9¢205 < 6491403 11536405 <,3188+4-~2
\4 12374400 «1216¢05 6751403 14389414
Z =,1002+04 1451302 12255405 <-,3432¢02
L 17324015 1786604 ,10R2405 1142174
M VIAT71e05 773704 = 1HR306 =,1367+74
N 12571405 = ,25934N5 4089605 =,1471+16
THE INERTIA TENSOR
16349404 =~,2911-p6 12758404
-,2911=06 «2750+05 1 379507
2753404 +3795=07 1 2263+°5

TRIMMED VELACITIES wITH RESFECT TO NVERALL VEHICLE REFERENCF AXES~-

N < v P ‘- R
10352403 =,1397-"4 «1650+02 =,2700 abelgh] -,000N
TRIMMED ITERATINN COLUY VEATOR, TE=
v19°7-00" = ,9319-02 +5124=01 2315-n1 145501 =, 368R-02

STARILITY AX]IZ SYSTEM k'L« A'IGLES=

AIRCRAFT INERTIAL

SPE

(A}
e

+ 101503

THETAs =, 148307

NOT REFRODUCIBLE

2Ls

Pl =,3724-02



8% 1970

HeDOTs 19,FT/SEC, SAMMARaS,1
IYMNAMIC Tk LOSS (YES)

SIKORSKY S=54 WrLICCPTL™
CASE 19 SPELEN=z169,0 FT/SEC,
GROSS MEI3HTs 11M67,LA, SEA LEVEL

STAPILITY CERIVATIVFE “aTwWl!lfSe

; v W P o)
X =.1631402 =<-,4278-N0 =,1560402 ~.7592¢n3 J11r4e0e
Y .46"3'01 -.‘339002 '0146‘001 .l11°7‘0‘ .067‘0‘0}
2 = 1073202 =,4495 401 = 2725403 =,9910+n3 =, 351943
L 19622401 = 1kAneN] 01726402 =,1723¢15 <= ,9566e94
v P49y J1h74en2 J14R9¢08 1167405 =, 23874y8
N =,6724402 W OU2240) = 4462403 =.11944n4 ,5890en4
U noT vV orY 4 DOY P DOT (tIalv] ¢
X =2R06<=03 <« 16dR="3 = I785=01 =,243N¢N2 =, R9784(1
Y 1 1679=-02 7942201 +R237=01 1100842 =,2272+402
7 =.3196=02 <«,4294=92 ,9833=03 14575441 =,1658-0p
L 097701  ,3047-00 .3090%01 2666404 <~ , 3449403
M =,3125-02 = ,486R=01 «1722=00 «3729¢n3 12661404
N =.5912-02 =,2663+01 =,3345=00 <=,2117+03 =,2474402
ct 1) ct 2) C( 3) C{ &)
X -.12”2005 '.6304003 01‘29‘05 '09“9‘12
Y «1446403 y 1224405 R192403 +5150+04
Z =.1177¢06 «492n404 14463405 =,9269402
L .2413+05 1B1AeNs 1936404 2Nn01+05
M 1575404 Jhd32+0d = 2074606 =,2983+%4
N =,7n77+04 =, B62"¢(4 JIIRT40S  =,1715+16
THE INERTIA TENSOR _
15951404 =~,39563-06 JOR124N3
-, 3563-08 2750405 0162217
9R12403 '1622-07 « 2303415

TRIMMED VELOCITIES wlTW RESPECT TO OVERALL VEHICLE REFEPENCF

o8 \ ™ <] ~
y16#7603 = ,2794-08 .9660+01 ~.0"0N noro
TRIMMED ITERATION COLUM™ VECTNR, TE-
1216800 =,1737-01¢ AT74C=01 1 3904-r1 -, 314ReN1

STRRILITY AXY]S SYSTeEM™ E'LFR AMNGLES-

AIRCRAFT INFRTIAL SPFEDE®

+1690+03

THETA® =,PBRit=01

NOT REPRODUCIBLE

2h6

PH!

wMng Tl TERIVATIVES
AEG,

R
=,1054402
07645403
1921903
12441404
12114403
=, 2471405

R 0T

06177'00
'02964‘91
‘|8313-01
=, 750802
=,788n¢01

19810402

AXES~-

-.OﬂOO

=-,8025=N2

-,A0%3=02



SIKARSKY
CASF 2~

S=58 RILICOPTER
“PEL™ 333.8 FY/SEC,

JUVE 2 15970

HeN(CT2=22,5 FT/SFC,

SROSS ~R1G-Ts 1186/,LA,

SEA LEVEL

STARILITY "ERIVvaT]

2 < X

o 7328407
. 1ONe 28

~

oy
= ifin=l7
1815=01
cgB41="y
104 /=0n0
=+l 2%
LINE-R YL

2T N <<

I

2 T

=y NEl0elh
'lj‘,h’dl
.Ij,‘ ‘/"054‘,7

e 51400
W 113100
ciT3eee

-

LN <X

g

T'-: v Fvl‘.‘f"

THE INFSTI

Ve TATRICH S -
v o
=.5540e02 3364401
=.1937¢02 L3264 =00

=, 3703+ 1
-,7153¢;2
-,5762+02
-.,155W4 172

1927=13
WAL I Y
144907
W7 l4eny

v T G
“vd im0l = 10R8-02
975101 . 1473-0G1
-. 4449013 «3781-02
“.1115+¢ 1740050
=.dis9= - ,139¢. 0
=, 18%%en] =, 1630
“i ‘) t( })
= Mylel) Y63+ 4

L LG AR
- 276+ (4
3394404
=, 15394014
- 317+.4

P EL M-
s SN 3
AL L MTE
il Ten
aA WO P

’
[
&
~

14376005 =
r":

087301
ohGeng

vESTAR-B DFRIVATIVES

Grivvaz-431,75 DEC,

CYNAMIC TIP LCSS (YES?

F 2 R
31423402 v 1213404 16296403
“.h552473 -,64%4+03 :9105+03
JROREENS = 225793 «4690N=00
1320405  =,H975+04 1517404
+7R44er4 ~-,1795405 - 6883404
3228+ 74 4752+n4 ~=,1767+05
SENaY el ¢ Al eiohd R DOT
.07345*;1 '0‘612*01 066‘9‘01
+59RAeNY  =,2099+02 ~-,5N84+01
v 1521072 9056421 =,1367+02
01495‘“4 '0?589‘03 -.1295‘0‘
IS T Paly 26466404 =,27299%23
=, 1293+74 ¢2143+03 1242454
O
=.3114e72
3662474
= 332%e2
'06“59*.5
-, Pt Ye" 4 “Q\$\"'
. 1017406 ?QQD
1 ¢
V)
' 293C-"8 s 455+ 4
W ?750¢°8 ' 1994-15
c19948e00 «1482+75

TRIMMEN VELOCITIES w]Te RESPECT TN OVERALL VEWICLLE SEFEPENCF AXESe

c?dbb*:}

TRIMM4ED (& aTioN

\ .
- TAn)en e, 344402

cCorn Ve Tl n, TE=-

. a
[}

- A

. 4 AR

o 1 nesy=

]

STaRIL_ 1Ty
AIRCRAFT

AX]T O SYRTE s Do ®
I[VLRTiAL SPERDE

LUGLESS
OREL oL dol)

2h7

-

¥ ) R

. 00" P00 ~.00n°
WIT T 2 3765-r1 =,1092=r1
THETAE =, 72K 3=01) PH] =.2534-01



DENOMINAT "N AV ALTERISTIC

ROOTS

“ral
LT
-02144'J}
.49 1+001
-03123-03
=, intlb6=00
«3%41-71
v3241-31
'.1956'0?
=, 192670
=,1071+01
.0030
JauUre

ALT0

NUMERATORS

1eG U By
pasY
N2
O'OUQ
.JUhQ
«u0JC
o’}pb'OG
'0339§'Ct
.ﬂ‘ﬁj.ﬂﬁ
~.64b =0T
+ 2070
.000C @%‘%
.000¢ &

1] 018

(NOTE= NUMFIATOR WOUTS LESS THAL 1.0E=7 TIMES TRE

LARGEST NUYERATAR RUOT 4RE 1.CT IVGLUDER IM ThE HODE GAIN),

X( 1)=-To=C( 1)

ROOT LOCUS Gal~se

NURERATCR

1141303

BODE GAIN 3 =.3114403

ROOTS

RE AL
PART
-, 1248=33
-,4931+)1
=,226&4-)10
=, 272h43=)4
-, 27%U=21
-,2Y9N=_1
=, 8u15=30
WOC30
v A
o lFely

IMaGINaRY
PART
000
o 2000
05675'Cr
=13675=CU
oﬁ&b"GG
'0565‘-03
0703(
v uU0C
700
OLC0

248



X( 2)=T0=C( 1) [ UMERATOW
ROOT LOCUS #alhs 1600 L

BODE GAIN = 2813+03

ROOTS
=E AL [ AQINARY
PART PART
07133-31 OUOOQ
-,12%4+0)3 .0n00
-, 4139+731 .ﬂUOU
-, 1165+11 JNOOU
-, 2Yy03-)J1 1 375C=00
=, 297 53=01 =.3750=00
-, 4602=0C 0000
QN0 <0003
.OLCL .DGOU
W OUZH0 L000C

Xt 3)=T0=-C( 1) NUMERATOR
ROOT LOCUS GAINs 1544403
BODE GAIN = +1310+03

ROOTS
nEAL IMAGINARY
PALRT PART
2431-76 0OfneN
-, 496 3+)]] 0000
-,20k5=-00 + 1004
-,8017-01 +C0CD
e 3199-)) « 0300
=-,2210-20 59 02=-00
=,2217=9¢ -, 8902=00
-,9/20=-10 +oNCU
oeno sONA0
0070 «NOZ0

2Lg

NOT REPRODUC\BLE



X{ 4)=-TC=-0C )

'»J“‘;";AYC <

ROOT LOGUS Gelrz  =,1987+08
BODE GalM = LAUBREND
ROOTS
]E AL IMa INARY
PART FART
-.55F5'U’ OGUGD
=, Jon6+1 0T
-014"(‘.)1 o')Of.:a
-,2:91-30 370 2="01
-,20%1-4C -, 37G2=0C
e3n17=01 e 3960=00
IM17=01 =, 396n=0"
-o‘buq-:)d Q{'”U’_‘
Jorrn DG
s Jelals] W O0C0
X( 5)=T0=C( 1) NUMERATOW

ROOY LOCUS GAl' s

BODE GAIN =
ROOTS
REAL
PART
'.1”9?"03
-, 1082+)C

-, 3u0n=-00
01715=-9C
-.3964+)]
-,1549=9)7
-,1549-73C
SO0
W0CZ0C
0130

= 7420=013

-,5867-00

[MAG TN ARY
PART
11587'00
~-,15¢7=0"

0000
0 ‘)000
000
«1140+01
'01143*01
0000
0000
»202¢C

2

N01 REPRODU

0

CIBLE



X( A)=TO=(C( 1) Vs iaT
ROOT Lo RAl 3 =,k3 2%e™1
BONFE Galr = i S1aer,

ROOTS

\'—,.L I.'.'l'.yv -"‘V
Pt Fa~T
.2"'5 ‘.1)_'}/ ...,1.',..
=:3/77%)1 DL
-, 157+ o I Ty
e R Rl I o L0
-.15_.7;'.')'.'. '4395-3{
SR O A e -, 3355
JBu il e S9Jnegl
JHETL =Y = $90henn
LNOTY o NG
Q0NN o JUJ

X({ 1)=TO=0C &) UV aTow
ROOT LOCHE nAll s YL DRI
BODE Gil'v = 0 123D+03
ROOTS
wE AL AN sy

AT PR
TE14="14 R H AN

~e1183-0 o M(30C
=217 5L o 0
387500 W P19 DY
327120 SR S LE B
=,34731-iC AL T
=.14v1="0 - é78nal
".3/'/.':)'1"f‘ « TOCL
o DN A

OOL.' 3 a’Jr“’.\:.

251



X(O 2)=TC=C( ¢) U EXATIL
ROOT LOCUS Lalts  =.3470e0%

BODE GA&l'V = »18001+04

ROOTS
<LeL IvaGlnaxy
CART FART
=.1359=0C OCLL
-.36%9+22 LOC00
=,10h14001 JONCO
=,6383-.0 4236=00
-,6393-10 -, 4234600
,8316-01 388g=0r
8310=01 -.3%8z=0"
-.1162-16 L3680
-01’29"\‘«/ o B0U
'a“":C OUC(‘P

X( 3)=TO=C( 2) “UMERATON
ROOT LOCUS 74INs  =-.4650+(1

BODE GAIN 3 ,9534+(3

ROOTS
REAL IMAGINARY
PART FART
cl0RE=155 050
-, 1h66+)2 »00Ne
-,1013+22 0000
-,3920-00 «5160=00
= 3920-70 -.516L=00
-,1766-50 , 4444400
-,17¢6-9C =,44406=-NN"
-,1370-20 N0
070 i 0U
o (e 000

252



X( 4)=T0=C( 2) WUMERATOR

ROOT LOCUY Galnrs

'0‘107‘02

BODE GaJi = 2059+02

ROOTS

L AL
PART
‘.1635'35
772703
17/?7'03
-, 7¢73=-00
-, 7675=-0C
«14/0-0C
«1470-0C
JOGCU
00U
.Oﬂﬂd

IMAGINGRY
PARTY
0000
«3615=00
-03615.00
t2724'00
'02724'00
06044'00
-,6444=0"
(1000
» 000U
»0000

X( 5)=TOo-C( 2) NUMERATOR

ROOT LOCUS CAlNs

=.9560-00

BODE GAIN = =.5848-00

ROOTS

REAL
PART
-,1925-00
1577=-0C
-,1710=-0C
-.1710-0C
-, 2oH0+0¢
=.17¥22-00
=.1782-02
-,7451-08

0070
v 9314=-29

IMAGINARY
PART

+0000
+0000
0177"00

'01774'0ﬂ
»0000
14511-00

-.4511-00
.noee
«J0C0

NOCC

253



¢ 6)=TO=C( <) HUMERATON?

ROOT LOCUS Galhs 309D,
BODF GAIN = »2800-0%
ROOTS
RKEAL IMAGINARY
PART PART
12.3=06 G000
-,1689=-00 .00CO
02572'01 03658’00
12572-31 “:3656=00
-, 43480=-30 168065=00
-.4350-00 -, 68hb5=00
-,31017+01 L0000
e 5499-00 3000
-.1101-07 vJ0CO
« 0000 0000

Xt 1)=T0=-C( 5) MUMERATOR

ROOT LOCUS GAIN® =.2436402
BODE GAIN =  .5503+02 wot
ROOTS
RE AL IMAGINARY
PART PART
-,1936-01 000
=-.1396-0U «C0CD
-,1897-00 54031 =00
-11867-07 -1 6401-00
-.5126401 .6000
.122400 ,2710+C1
e1224+07 -, 2712+
«4351-0)8 00U
L0050 000
,0000 noLG
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X( 2)=10=C( §)

ROOT LOGUE nelns’

RODE GaN =

ROOTS

X( 3)-
ROOT LICULS nalvs

BODE Cald =

ROOTS

R AL
PLRTY
s 2N S=01
X IR
e, Ja%%+)e
=, 145+ 07

= 1A00+701
~ 23u0=0U
= 237,00
HANANAY
® [(YRENN
R s

ol e
S 01N

To=ll 3)

R Ll
PART
=, /=30
“.1157¢02
=.5112+01
®, 1920sG0
it B 5 BALS 1!
870000
=l =00
o}k'.’&.-;i ,

% < T e

e
¢ w © -

' kj‘..‘ ":AT'J."
Qi el ]

v 3000neC

I“n61 . 0Ry
Pa=T
1003400
=101 e0"0
YRR IS
- 4179+

g il (g
377600
‘06775'UU
0NN
A.00Y
SO0

MUMERAT(R
225340 ¢

-.293C+04

IMaGlInARY
Pe?”

ofiU('ﬁ
00D
«00LY
0639]-90

= 535300
. !’U{i‘/-“"

= o‘.)[)f)".)f
o 3006
Tk

LI

255



XC 4)=T0=C( 3I) "UNMEFAT
ROOT LACUS GAINES =,1473+(C1
BRODE GaAIN = 751401

ROOTS
RF AL IYAGINARY
PARY PART
' 206499=07 « 0000
-, 11/6+02 e 000
-0171"00 05577.00
=,1714~-00 -,5877=00
-, 4639-00 0 5629=00
=, 4639-00 =,5629=00
3LTC=Y0 v 3000
134900 000
Q0C0 « 200C
0000 « 0000

X( 5)=T0=C( 3) NUMERATOR
ROOT LOCUS GAINs 73770
BODE GAIN 3 ~-.2485-00

ROOTS NoT REPRODUC\BLE
KF Al IMLGINARY
PARY PART

+12C83-02 «43311-01
20%3=-01 '0‘611'01
=,5134+)1 «2000
=,1970=00 6I38H=00
*,1905=00 =, 634n=0C -
-,2973-00 «1401-00
=,2973-00 =.1401-00
=,2249-08 « 000U
01923-07 « 2000
0073 » 000G

256



B e L

X( 6)=70=Ct 3) NUMERATQH
ROOT I.LOCLS rAlNs 1344000}
BODL. GAIN 8 =,3272-C4

ROOTS
nE AL IVAGINARY
PLirT PART
-, 3336=0> 0000
-,11/3+02 0000
1293-00 L0000
29"7=00 2823-00
2987=20 -, 282840
=, 192b=00 6 742=0C
-, 1920=2C -,6742=00
-,9944-(00 «+N000
-, BL4A~()B .0000
-, 5892-07 1000
NOT cpRODUCIBYE

X( 1)=TO=C( 4) LUMERATOX
ROOT LACUS SalNs +2523=00
BODE GAIN = =.4762+02

ROOTS
REAL IMAGINARY
FART PaRT
130¢:7=2C 000
'03511‘02 00C0
“,1174+21 11925"‘01
-,1174+01 -,1925+01
-,6226-00 0000
«5704=-0C Q000
-.21h8-40 5000
.2550"]5 .CUUC
Q000 «0000C
JONnNn 0000
257



X( 2)=TN=(.{ 4) WHERATO®
ROOT LNACUS GAll s  =,1014en.
BODE GAIN & '911401

ROOTS
REAL IMAG I ARY
PART PARY
“,1237=0¢ «00GC
=,2724+92 «000C
*,3C76+)1 0009
-, 1046401 LOL00
-, 41/7-02 000
“,14k:3=-012 ' 3643=00
-,1463-02 '03645-00
»,2730-00 000
0020 «000C
0CT0Q 000

X( 3)=TO0=C( 4) NUVFRATOR

ROOT LOCUS RAINE =,2582«0iC
BODE GAIN = =.2078+03 NOT
ROOTS
KEAL 1HAGINARY
PLRT RART
-,1164=06 JOo00
-,2965+01 1048+(2
-,2965+01 =040+ 02
-,59568=-00 H135-00
-.5964=-00 'oble'OD
W2200+01 0000
-,5049-00 P00
-,1719=-00 GO0
«1397-04 0000
0ogo 000D

258

RgPRODUCIBLE



XC 4)e1re(l 3 UK nT0 ¢
ROOT LOCIL SAlLS  =,99A2e0N

BORF Caliv 8 =,7776+0)8

ROOTS
WE Sl INAGI™ LhY
RN Paw?
*e39106=u 1 3435200
*,19%16=0 '.3‘59-0"
=, 2n0%7=0" 000
.SJUU'WI OB“OQOOG
.55?“'91 '0350"00
LA FANY, 2007
o, 033+ ) o 1900
OULLT B0 g
JOULPD 00
June 20006

X¢{ H)eTo=Cl 4) LUARRATCR
ROOT LSCUS T YLY Q?JQQ'UI

BODE Galk =  .2200-00 NOT REPRODUCIBLE

ROOTS
T AL I”ACINLRY
FaART PART
=, 10131=07 +0713=07
-01[.'.51-()/ -o('71}-07
I DY 1300
9/745=00 5,000
W2L66=0T +LOCC
=,115%6+0° «1673=C0
s 11D6+2C =.1671=C0
-, T¥27=10 JOOD0
= &1%71=00 00NC
JOurn 0000

259



X( 6)=TO=C( &) MUrEkal(wr
ROOT LLCUS GAl.s A21T7el )
BODE GAIN 53 =.,4/15+02

ROOTS .
nt 2L I35 INSRY
PeRT PART
=.9262-01 14313300
=,9262-01 =.4113=0C
«9222=1)3 «3626=00
«9222-01 =:3626=00
=,2339+0% 0000
=, 10€5+01 OCLY
-.26¢7-00 6003
\7451-08 /2060
- 114167 .CCEC
Gl +0000  yot REPRODUCIBLE

260



JUNE 2 1970
»enCTe=22,5 FT/5(C,
DYNAMIC TIP LOSS (YES)

SIKORSKY S=-%8 HELICOPTER
CASE 2%  SPRECS10L.OD FT/EEC,
GROSS WEIGWTS 11867.L0, SEA LEVEL

MOST,2R=B NERIVATIVES
GaMMAR-12,8 CEG,

STABILITY DERIVATIVE “ATR[(FS=

R
1204103
JTHRAONY
7370 8
2141404

©,15087+04
. i833enh

Roney

19347y
®ehe3240d
=11519en
*,51914n}
« ,790Re g

20b14003

NOT REPRODUCIBLE

v Y ‘ 3 ¢
X =,2020402 ~=.4165<-00 ~=,5114+402 =,743AR+(3 ¢ 1299¢04
Y 027606701 =,2978402 = ,5542=02 ~=,1237+n4 «,6502+:3
L2 =,6785402 =,1293401 = ,233%eyl =,2434+4.3 ~=,295%¢"8
L =.2C70+402 ~=,6782402 =, 7415402 ~=,1851end =,H210+04¢
M ,9319¢02 678801  ,7465¢402  ,93&7end  =,2237e05
N =.1993+03 13550603 -,3702+403 1130213 1H920+74
U por v oY 2 NGY CRRAYoY a8 noT
X =.5296-02 1164003 = ,2605-01 =,25%694r2 ~=.8575¢}
Y 0 7918=02 e 7049=01 +3795-01 B506eN1 = ,2027¢02
2  J1331-02 .9378=-03 J6556=02 ,7294e08 1438eny
L «3994=30 ~-,1879-00 « 174501 125248074 <+, 3735413
L ' 3904-01 «3720=02 1877=00 JRARONS 2647464
N =,9909=01 =~,2399¢U4 =,4715=N1 =,90907+¢7 1h936er?
el 1) ct 2) ct €l &)
X =,25%43¢05 <.6672403 J16REeCH =, 737Ren
Y 1463503 11202409 18346403 4300604
3 ~=.9863+05 11043203 2211540 =,9042¢01
L 1509409 1736406 L1648e0n = 9822404
M 08’39‘05 «96%0¢0¢ '.1'6;‘?* 3104+ 8
N =,8535¢04 <~,388400% +AG31405 =, 147146
THE INERTIA TENSOR

06.51‘0‘ 137a°.f‘6 '03"39‘(“

' STAO=NA 2750408 ~,7229-C7

1 3930%era =,7229=N7 12213408

TRIMMED VELOCITIES WITh RESPECY TO OVERALL VEWICZLF WEFERENCE AXFSe

J

v

'

I3

v 98644C2 +11863=08 2363072 =.0NCNH -0060
TRIMMED ITERATION COLUM!; VECTOR, TE-
o1717=0C =.5%23-02 JARGEeDl  =,3100-r2 V144601

SYABILITY AXIS SYSTEM EULER ANGLES-

AIRCRAFT INERTIAL SPEED=

«101503

261

THETAz =-,2235-0C

Prl

-
-

=.CC0"

30hbe 2

. x].("-fl



NOMINATOR CHaAGTLRISTIC

0TS

RE L,
i’ “. ’\ T

ok =/

«,55C ¢34
-,8541-)1
e, H/%h=0

1915-11
0193311

°,367"-)0
*,367)=-1C
=,34244()}

+0000
.0Nto
Q60N

IMERATORS
I0TE= NUMERATOR Q00TS LESS TiAN 1.0E=7 TIMES THE
RGEST NU“FRATOR ROOT AKE “GT INCLUDED IN TWE BODE GAIN).

I”uGIhARV

FARY
.”COU
000
1000
N00N0
02622=00

-,7922=0N

1154401

'01154‘01

«N000
0000
+N000
2000

1)=T0=C( 1) JUMERATO"

10T LOCUS fAlNS 6939402
IDE GAIN = =,9967+03
0TS
RE &L 1*AGINARY
PART PART
=,6607-91 + 0000
=, 581541 « 0300
=, 95723-30 01365’01
-, %7235-30 -,1368+02
=, 7247-21 v1307+01
-,724/-01 =-.1307+21
“,5150=-70 0003
0G0 « 0020
007N 0000
oocn « 2000

NOT REPRODUCIBLE

262



N

2)=T0=C( 1) UMERATOR
OT LOCUS GAlhs <=,1164+01

DE GAIN ® .1835+03

0TS
REAL IMAGINARY
PART PART
v1721-07 » 0000
=,1014+403 . 0N0Yp
-,4257+01 «0000
'03216'00 00000
03054'01 .COOO
0 7149+01 +0000
»2469-00 «4571-00
12469-00 -.4571=00
»0000 »0009
,0000 « 2000

3)=70=C( 1) NUMERATOR
OT LOCUS GAINs 02675403
OE GAIN = ~=.8594+02

078
REAL IMAGINARY
PART PARYT
65952-07 «0000
~,5756+01 <0000
-, 4376-00 012‘3*01
-~,4376-00 -,1243+01
-,4683-00 15427-01
-,1683-00 =.5427=01
v5270-00 +0000
«1012+00 +6000
.0000 +0000
+0030 +0000

263



4)=Y0=Ct 1) "UNERaY.
107 LOCUS GAlNS =,830r033

0E CGAIN © 031334=CH
0rs
REAL 194G 1n8RY
PARY PARY
739793 LT
0847972-33 01933021
4797-02 ©01931401
+4021-30 0437002
+4021-0C ©,4378-90
*,4240¢01 +00093
*:3083-03 + 0009
+8343-06 3000
9772-07 +2000
+000C «0000

9)=T0=CC 1) \UMERATON
07 LOCUS GalNs <=,3060¢08

©OF GAIN © 048479038
0Ts
.“L l"-fcl"llw
PART PARY
0201203 0362701
261203 =.3427-04
=,0103°01 «SC0C
-,3179-00 01270421
=.3479=30 3276022
=,0104-20 «090C
=,0209-01 0008
«00C9 2200
«00CC «30C¢
-0‘1’1.2' .:?ﬁc



6)=T0=C( 1) ! UMERATOR

JOT LOCUS ralns 0 127%«01%
JDE GAIN = 291904
0TS
REAL I%AGINARY
PIT PART
e 2361=3Y « 0000
0 7562¢(31 0000
=,7974=)1 8159=0"
*,79/4=01 “.5159=00
0’1"'0: o’“lO'On
e 3134-23C . 3810=0"
=,36067+91 o OCCC
=,3132-J0 «G00D
o 0000C +900C
0020 0000

X¢C 1)=T0=C( 2) rLUMEHLATOR

ROOT LOCUS Galre  ,573140%
3
BODE GAI: s =.%487403 NOT aEPRODUC\BL
ROOTS
FLaL INAGINARY
BLITY PART
o4h731-0¢ 0GE
=e2215+0¢ 2060
-.2114=0¢C \ 2794401
-,2114-00 .,2794+04
<.4171-0C 01170409, :
~.41"1-0U0 -,11754014
*,8664=37 006G
-, 4157=1 3000
QU0 NCIC
«0C70 30006

265



X( 2)=T0-C( 2) NUMERATOR
ROOT LOCUS 5alls  =.3391«02
BODE GAIN = «1603+04

ROOTS .
RFAL [MAGINARY
P4RT PART
«86647-07 «J000
=,3642+02 .0002
-,2073=00 » 000V
v 5784-01 .2310-00
5784-01 -.2310-900
-,20873+01 +0000
-,3807-00 «1354+01
-,3807-00 '01356*01
00070 «2000
» 0090 + 0090

X( 3)=T0=C( 2) NUMERATOR
ROOT LOCUS GAIN®= =,1393+01
BODE GAIN = ..2419+03

ROOTS
! REAL IMAGINARY
PART PART
-,5076=07 0000
-,5429-01 v2326=00
=,5429-01 -,2326~09
-,6248-01 0000
-,2485402 0 3212+02
-,2485+02 -.3212+02
-,4058-00 +1170+04
-,4058-00 -,1170+01
»0000 .0000
»0000 0000

NOT REPRODUCIBLE

N i o a3



o

X( 4)-T0-C( 2} 'UMERATOR

ROOT LOCUS nalhs  =,5317+402

BODE GAIN = 6376+01
ROOTS
RE AL IHAGINARY
FART PART
-, 567007 »200C
-, 422600 1167431
-, 4226-90 -.1167+01
V962601 .3452-00
' 9676-01 =-.3452=00
-, 1354401 . 0000
-, 372472-0C <0000
'07107'01 oqouc
4623-09 0000
00D . 0030

X({ S5)=T0=C( 2) NUMERATIR
ROOT LOCUS fraAalks =,1252+01

BODE GAIN =  .AB77-01 NOT REPRODY g
LE

ROOTS
RECAL IMAGINARY
PART PART
»1051-91 489101
| 1U031-01 -,4891=01
-,8016-01 + 1000
-, 1849402 . 0030
- 4099=00 01174001
-, 4098=-00 'oll?‘*ﬂi
-,6419-00 «0000
-,2554-07 0000
1902=07 « 000
0000 «N000

267




X( 6)=T0=C( 2) NUMERATOR
ROOT LOCUS sAlN= 1277402
BODF GAIN = 2805+02

ROOTS
REAL [MAGINARY
PARY PART
0‘15‘"01 03“(\-0{)
e 4158-01 =, 3446=(CD
-,2869-01 0000
=,2302+01 0000
-,3039=-3C 1130440}
=,3039=00 =.1304+01
¢ 7994-30 5000
01263-07 « 2000
«0CC0 2000
«0000 oCUC

XC $)=T0=C( 3) nUARKATCA
ROOT LOCUS GaINs =,4579¢02
BODE GAIN 5 .257neQ¢

ROOTS
REAL BN ENY i/
PARY PARY
'04151'0' % I (}+1+]
*,4670-00 7000
-,93528-31 « 2005
=,1658-00 263000
=,1654-00 -,2630¢31
=,9675+01 o 2004
-,4342=0C 127500}
=,4362-10 *,127¢¢)}
«0932¢ « 2007
0990 e M00S

NOT REPRODUCIBLE



X(O 2)=T0=00 8) (1 Eu AT

ROOT LCGCUS nalns  =,2812401

BODE GAIN = e1703+03
RONTS
bl [ Kl varY
Py PAxT
-.5377=01 9932=-01
-, 587701 -.5932-01
9730402 3000
o195 =0 12007
-,31?27¢} 110
«4220-90 3144491
8220002 '031‘0*01
s [Hiad) 100D
o b 2993
+ORE (0200

X( 3)=Tr)et,t 3) 2 Y i€upT0Gi
ROOT LCCLS al's  =,%7d)1e02
BODE Cal . 8 <=,0/317¢08

ROOTYS
“T L | Y BRE § 4
L] ) PART
©,9179=)} P fod b
01223432 « 2000
=, 835%1-71 0230733
e, 8358101 * 23073
Y LARIZ! ' 9de

*.83°)=50C
.." ‘.b'!'-

“oi2lv°0

NOT REPRODUCIBLE

~.bL13=30 7397
o051 $5356
G2 TR

269



X( 4)-Tn=-C(
ROOT LOCUS
BODE GAIN =

3) MUAERATON
AAINE - ,2962040)
-, t884=-06
~F AL IMAGINARY
PART PART
.06365-02 0.3“0")-01
-, 8345=-02 -, 3809-01
-.7161-01 00
-,8849+01 « 3000
-,60938=01 01923+01
-,6093-01 =,1523+01
=.1254+01 0000
0029 + 2000
-, 5750-05 0000
-,7912-07 «0000

X¢ 5)=TO=C( 3) “IUMERATQV

ROOT LOCUS GAINS 074510}
BODE GAIN 3 .1433-0¢
ROOTS
wF AL 1486 INARY
PARY PART
01’92'02 «J000
=,5678+01 oi0°0
-, 42%3-00 01232401
-,42%3-00 =.1232+04
«,6397-00 0 JAGY
-,9027-01 +70C3
-, 1v14-01 03308
60671-06 «$009
«93952-00 «2049)
000633 ¢ 2900

270

NOT REPRODUCIBLE



X( 6)=T0=C( 3) (UMERATC-
ROOT LOCUS saln=z  =,1475+0)

BODF GAlN = =.2/09=05

R0CTS
wE AL IMAGTNARY
DART FARTY
-.3%d2-05 0000
-, 8925-01 0 5327-990
-,6925-)1 “¢5327-00C
-,4y50-02 +3915-01
-, 4950-J2 '03915.01
+129$-00 ¢ 3352401
01299'00 ‘03392061
-, 4729401 « 5000
2279=08 «NOYU
0070 « 3003

X 1)=T0=C( 4) NUMERATOR
ROOT LOCUS GAlINS «95938-00
RODE GAIN S + 6349402

ROOTS
REAL IMAGINARY
PART PARY
*,299%-31 « 0000
=, 3105+32 «J30¢C
*,9593¢-00 02642091
-,95%34-00 =,2042¢04
=,1499403 «0000
0134900} «S300
=, 4602-0(C «200¢
e, 7451~ NCCOo
0 JJ00 v 3300
+01900 « 3300

271

NOT REPRODUCIBLE



BODE Gatti =

Xt 2)=To=-C( 4)

ROOT LOCUS SalNs=

REAL
PART
=-,1344-06
-.6478+nN2
-,4894+01
-,1440+01
-,4043~-00
+4028-01
14028-01
-,169%=01
0000
»0030

« 733602

VUAERATON

“vieloede

[MAGINARY

FART
v 30010
«N000
+ 1000
« 0000
»0900
03176.00

'03170'00

«0000
«0000
«0000

XC¢ 3)=T0=C( 4) NUMERATOR

ROOT LCCUS GAIAS =,1243¢))
=,3064¢02
REAL ImAGINARY
PARTY PARY
-,9417-01 0209
«,95483-01 e 2544-0)
-.5483-02 =,2344-09
3008402 0 7300¢01
e 358802 *,730J¢01%
2296401 +700)
«,1531¢01 «0039
-,2588-00 e 301)
.00C0 0092
«0070 «0000

272



XO 4)=T0=0( ¢) LUMERLTOR
ROOT LDGCIS GAIN= . 2951«0
BODF Galll = c1119=n5

RO1TS
el MAGTWARY
PART PART
=.7130=01 « 00N
P R LT.1 bl NGQL
'.12.5?'*01 0”000
= 3400=00 + 000V
« 2443431 «300¢
o 73"4=01 «3307=00
0751"01 'o)}“?'ﬁﬂ
.P‘."‘P o-”o{.‘('
-ob’.S(‘.Sb .ﬂOUfl
W 2H46=07 0000

XC S5)=T(=C( 4) LurgEreTCH
ROCT LOCUS rAlNs  =,srddely

BODE GajM 3 -,.198%-03 NOT REPRODUCIBLE
ROOTS
Feal 1AGIr ARY
bARTY PART
% LLE LD «5326-01
01685=01 =:5526-01
*e7t hd=1] oree
*,8547+32 JL00r
-,1493¢11 .CCOC
e 1%28401 «CCOC
=.6310=00 «200C
©.5275=07 03990.07
=e9z/3=07 - 3939007
=.1/61-1¢ «200C

273



Xt 6)=T0-C( 4) NUVEAT(Q'
ROOT LOCUS GAINsS 774331

BODE CGAIN 3 =.6274+0;

ROOTS
REAL 12AG1MARY
PART FaAsT
«1652-2/ 000
-, 452%+01 o’?OUO
=.1440+01 N0
-.7452-01 14319=00
-.,7452-01 =,4N19=0N
«9315-01 «3015=00
09315-01 -,3015-00
-, 37481-00 « 30199
01560-08 00000
» 0000 00090

NOT REPRODUCIBLE
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DESCYIN LY & cu‘u¢c?79!sflc

RCOTS
st aL IvMa0 1S ARY
T | oY
°,1nt = 1Y 4 4
*,9/60¢0} ACTN
-, 820 7-3C Tl ot
°,94¢3=-01 ofC0C
09('3 4-C1 ..‘10'3-(.—"
N MAN LS =, 340Cen"
e, 931 7= 01930 003
=.93'7=(2 “e3193i 008
*,1'¢%¢3} 000
e, 8/07=()h ofCLL
Janten Nd+ g
o HE=D 20C
NUMERATORS

‘NOYE' NU"?.Y".L‘ NOCTS Ltss f;t‘\ :.oﬁl.7 '!..gs '“e
LARGEST ML® ERATOR RCOT ¢RE *.CT 1MCLUPES IV ThE RORF GAl*).

XC 1)=T6=CCt 1) RUMERL TG

ROOT LCCUS Galrs  ,4/6rel;
N - é 'Y/
BOCE GaAl? 885 /409 NOT REPR00U0|BLE
ROOTS
JFAL 1°4G1%ARY
FeRT PART
«,74"3=n1 0000
-.53.4-3C o 0C0C
*, 167700 160003
=, 3977=0C =.219001
-, 9751401 01000
-,951"5-0C 1172¢¢C3
. 510'9=nC -,372¢¢013
U .300(‘
3rc 2=/ AN
L1 7e oo

276



XC 2)=T0=0CC §) (UFMERATOH
RECT LOCUL RAl' s = bl {Hhe(lD

BOLE GAIN 3 =.5/02+C/

ROOTS
“F AL [“AGINARY
PLRT PART
=,9016-06 » 0000
=, 4972+33 000
=,91724+01 1000
OZJ‘U'UG 00000
1r77-01 ONGC
01":2"*01 023(”:"01
1294401 =.2300+01
=, 27¢9=03 2000
L0010 0000
QU0 L0000

X¢ 3)=T0=C( 1) NUMERATOR
ROCT LOCUS GAINS « 319003

BOCF RaIN 3 1471409
NOT REPRODUCIBLE

ROOTS
“haL [MAGINARY
PART PART
-,94°3-01 « 3000
=.5627+)1L 0000
-,5%44=00 01685+
*.5%43=-0C 016ﬂ5‘01
1 2452+401 «2009
-, 1677=-00 » 2000
01275=00 00
=.1077-06 « N0
LODMD 0002
.0'1”7(1 .-'.':U”L‘

277



X({ 4)=T0=C( 1) U-fraTON

ROQT LOCUS Gall=

-, 7424%0}1

BODF GA'N = =.1366+01

ROOTS
REAL IMAG INARY
PART PART
6097-07 «98.6=27
6U97-0/ - GEln=3?
160103 006D
.2010-00 0000
-,2093-00 «0N0NC
01276'00 oZldd*Oi
01276'00 '02145‘01
«2089+01 000
-020’6+01 0000
X( 5)=T0=C( 1) NUMERATOS
ROOT LOCUS GAIN= =.6574¢01
BODE GAIM = v 7229404
ROOTS
REAL t%AGINARY
PART PART
-.1624-06 0000
-, 58/77+01 0000
-.4791-30 1640+01
-,4791-10 -.16A0+01
«6595-02 0000
-,6000-0C 11003
-.61%2-31 0000
-.4859-11 + 3300
e IVEM Y 000
-.3725=00 T BCRY]

278

“ ‘ REPROD“C

\BLE



XC 6)=TO=Lt 1) GHERLATY
Jehy
ROOT L PCuy saln s 27900

9
' - -.:a .-'5".‘..1'
BOOE l;ﬂ]' - pX®Ro 28

ROOTS “
Y ] x“’-u‘;l!'g&'-hv
3 ":Lf PART
2f£;-0: LU
- z0%6-00 .gggg
-"65?:31 552900
""4ﬂ,31 -, 5529=4n
et 0+01 .2295+01
'ijz‘;*Ul '0?29‘)‘01
(97 79=04 /2900
N0 .cogg
L3090 50350

X{ 1)=T0=C( 2) HUMERATOR
R007 LGGUS RAlns «5661+01

ny
BODE GAIN = .4114+0 NOT REPRODUC)BE

ROOTS
[¥AGINARY
ok 3
| <
- 481471 .3333
g V2712401
121113=32 4
311-09 - 2712401
-'2215-53 V1835401
-°2ab3-50 - 11633401
St b £ 2005
."J.'"!' . }38:
S ‘- '-\ .3. )
'ghf? Y . 5000
o Jtr

279



X( 2)=TA=5( 2) *uigaTos
0T L2%us SAlNs =,3477e72

300E fal', 3 =,1872624

078
AL 144Gl ARY
OART PARYT
0299329 02099
“,2919¢)2 ¢ 3309
=, 475249} ¢ 3000
-,1499=3C 02035001
=,1099-00 =,2039¢3¢
S ELILI)) 0130400
»8386-01 =.14040%
.01””.00 0,000
e 0rn ¢ 1000
« 9600 « 030

X( 3)=T0=C( 2) NUMERATOR

ROOT LOCUS GAIN®S =.9917-0 1 REPRODUCIBLE

NO
BODF GAINeS <=.5632¢04
ROOTS
Eal TMAGL.xaRY
PART LYY )
-,%49%-C2 013020
=¢$493-32 =+1002+00
*,89%9-01 «3000
~,2427402 5843002
=, 2427432 =,5943¢02
=,9946-30 0163901
=,5946-08 =.1639¢01
1297=008 « 7909
03‘130 03000
M bbh ¢3939



X( 4)=T3="( 2) RUYUMFRATCA

ROOT LOCUS rAlNs  =,543540)2
B0D0F GAl.l 3 ~=,1345+02
20078
<EAl 144G livARY
PARY PARTY
=, 2976-91 «J900
*,9563-90 01663+01
=, 95543-900 =,1463¢01
2317-19 02927'00
0 23317°30 =.2927<00C
=,3942401 +0030
-,2423-00 +JJ0
0052"05 ODJUO
=e3379=4¢ «3930
*,93513-3Y « 003

Xt 9)eTi=Cl @) WJIMERTOR

ROOT LCCUS GAINS <=,1164¢03
RODE GAIN = «12R3¢0S
NOT REPRODUCIBLE
ROOTS
RFE.AL IMAGINARY
PaART PARY
o1n351=0% « 0000
-,4051°01 205301
-, 4031-01 =,2053-01
-.2109¢02 «0900
*.9%44-00 484703
=,95%44-00 =e1647404
*,6084-00 «0000
«00No «NNJAN
0N «J000
e 7453 DL

281



X{ 6)=Y0=-C( 2) NUMERATOR

ROOT LOCUS GAlNs 564440}
BODE GAIN = ~,1073+0b
ROOTS
REAL 14161 NARY
PARY PART
-,2362=-00 000
«1690-00 444700
0 1690-00 -,4447-00
H869=-00 » 0000
~,3580+01 20000
-,6178=02 v1002+0Y
,6178=02 -+1402+401
, 0000 0000
0000 «0000
,00090 «ON0C

X( 1)=70=C¢ 3) '"NUMERATIR

ROOY LOCUS GAINS ~=,4410¢02
BODE GAIN = =.1438+10
ROOTS
REAL I“AGINARY
PART PART
«,9290-01 <0000
=,5692-00 ONGC
,169C-00 02077+01
-,1690-00 =,2677+0%
-,5457+(1 «0000
-,5513=00 1 1645+01
-,9515=10 =,1645+)1
1794=29Y B DR
'04‘44'08 03000
00719 « 2000

282

NOT

REPRODUCIBLE



X(O 2)=TN=C( 3) JUMERATL

ROOT LIRS salve  =,252448
BODE GAIIN = =.7028+0A
ROOTS
RE AL 114451 ARY
ParT PAxT
“,47106=05 02000
2420408 ielth)
1285=-00 e S0
=-,91038-1)1 2300
=, NT585=1 it 000
=.92N1+01 Q0N
-, 1311-2C W 27C0+01
“,1511=2C = 2730¢08
LHLR0 Q3L

0T

+300¢

XU X)=TO=CC( 3) *UMERATO~

ROONT LaCUS 5810 =,120040]7
R[PROD“C\BLE
BODE Gal™ s .5311+02 noT
ROOTS
LA IMaGIN4aRY
Pril PART
Y L L) s R
104002 0300
c,928%38-01 «N0C2
-,2739=01 05192'01
=,2739-71 -."192«01
=:543%0+01 o 226D

".59‘4“"').)
=e5048-17
JOO3N

JLUuT

11647+
~.1647+33

« J000

00N

283



X{ 4)=T0N=C( 3) *“UMERATOD
ROOT LOCUS GAINE  =,8994=00

BONE Gal'v = c1563e04

ROOTS
REAL IMAGIMARY
PART PART
=-,29972=01 QN0
-.3167+02 0000
-.8i122=-02 11074+
-, 8852-02 =.1974401
-.2135+01 +AN00
-, 8973-01 00000
e 4026=01 000¢
e 1670=0/ 0000
-, 4576-06 0000
-, 9269=07 J009C
X( 5)=TO=Cl 3) LUMERATOR, Nor REPRODUCIBLE

ROOT LOCUS GAlNE 261401
BODE GAIN s ~=.1230+04

ROOTS
REAL IMAGINRY
PARY PART
ONBL=3 «J00V
=,5457¢01 0000
=,95933-00 0 16%6¢01
=,9933-00 =,1656+01
-, 6/1-00 0000 J
-.9294-01 +000 .
*,3055=-21 0003
267700 0000
*.1115-0/ 0000
.C0%0 +0000
284



XC 6)=T0=C( 3) “NUMERATOR
ROOT LCCU> nAlME <« ,37K940)

BOCE CAlv = +1C2Y+07
ROOTS
RFLL IMAGINARY
PLaT PaRT
W S647=-01 D02
-,89/3-01 0000
=.9951-01 «5495=00
=,95951+-01 -,5498=00
-, 4995+01 +00C0
-.1/722-00 2749401
=e1722-0C =,2749+01
e 320107 0000
. 000C 0000
«2UN0 » 3000
X( 1)=T0=2( 4) JUMERATOR QDUC\B\'E

tPR
ROOT LOCUS falvs  ,7517-00 not R

BODE GAll: s =,7292+0A7

ROOTS
RF AL IMAGINARY
PARY PARTY
02315=07 900
-, 4191-07 .39C0
-,2609432 «00C
-,5798-2C +N000
=, JHnS=0] 0000
=,3821-30 2523401
=,3311-0C =,2923+01
=, 2244401 01000
2154031 N00Q
00729 « 3000

285



X( 2)=T0=C( 4) WUMERATCH

ROOT LOCUS GAIAN:

« 1427402

BODE GAIN = =.5615+04

ROOTS

RE AL
PART
'01159'06
-. 9620402
-,51484+01
=.1955+01
-,27948=-00
v 1565-00
01965'00
-,2218-01
+4627-09

.00C0o

1MaGINARY
PART
QUOUD
s 100C
1000
«5QC0
«N000
03171'00
-.3171=-0"
3009
0000
0000

NoT REPRODY G, 5 ie

X( 3)=70=-C( 4) NUMERATOR

ROOT LOCLS GAIN® =~,1211-01
BODE GAIN 3 +1485408
ROOTS
TMAGIA WRY
35:# PLRT
-02596’05 oigg?
2426404 .BOPU
109102 .nono
.36?7’32 ~ 1395440
:‘gi:i-az '.1035‘0"
':2295‘01 oaghg
'.89’5'01 .5onL
XIH: 2000



XC A)=T0=0( 2 *(rTapln
ROOT LOGLY rnalte  =,hpeely

BEPF Calt ° e INEHeqie

ROCTY S
W aL IMAGINARY
ket P
=, 25d1t=07 o("’?}‘"}?
~eg vt =1t/ =, 672017
s 784 31 o QU
=l 8040} o NIl
LY 4-R K LTS CNLY
=.253=11 Mslslele
WELTIL A5 oD
W 21PN o S L I
oA 1Z=aD *, 37%%e
~olald=it DOUL

XO 9)eTher! &) “LHERaT(

ROOT LAG" “Alig  =,hal7ely

BODE FAT1: = =,3424¢ )4 NOT REPRODUCIBLE
ROOTS

AL RN T
SR | BALT
O S | o HGLUE
=, 451051 o Jli2eny
‘.‘5'2"1 c 8ligeind
“ideiYeg o.b"t
=, 27210} o o0
o83/ e} ol U3
".él","’",? .ﬂr:’:
o870 )= es%l02? .
Y L ) .:b”bo' ?
1BVEToth o DY



X( 0)=Y0=C( ¢) 'UvVERATLS

ROOT LOCUS %alts 82870
BODE G4l 8 12t69e97
ROOTS
kEaL IMAGINARY
wIET FakT
“.1514=07 0000
=,49358+01 0000
*,19%3401 02000
=,95708=0} 4770600
=.5743-03 “,4776=00
0 10693-00 2790=0N
e QU93=0C 279090
-,2612-00 obooc
«J0CC +00CC

NOT REPRODUCIBLE

A ol e ol T



